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Abstract 

Chronic myeloid leukemia (CML) is a clonal hematopoietic stem cell disorder. It is uncommon disease in childhood, it accounts for only 
2-5% of all leukemia and yearly rate of less than 1 case per 100,000 population in the age group younger than 20 years. 

Introduction
CML is characterized by the presence of the Philadelphia 

(Ph) chromosome, formed by reciprocal translocation between 
the long arms of chromosome 9 and 22, t (9; 22) (q34; q11). 
The classical Ph chromosome is detected in 90% of CML cases; 
however, 5-10% of CML cases have variant Ph chromosome 
translocation in which the Ph chromosome is derived through 
rearrangements other than the classic t (9; 22).

The present study reports the first CML, presenting in the 
infantile again accelerated phase and demonstrating the three-
way Ph chromosome variant t (9; 22; 14) (q34; q11.2; q32).

Case Report
Our case is a 10 month old boy product of a non-

consanguineous marriage with full term, vacuum-assisted vaginal 
delivery due to delay in progression of delivery, the antenatal 
period was uneventful and the baby had normal birth weight 
and Apgar score, he was growing normally till the age of 8 month 
when noticed to have progressive pallor and reduced activity 
followed by gradual abdominal distension with intermittent low 
grade fever, he was evaluated in his scheduled vaccination clinic 
for the 9 months vaccinations schedule when he was found to 
have huge splenomegaly and marked leukocytosis with white 
blood cell (WBC) count of more than 100×109/L.

Family history revealed that the maternal grandfather died 
of unknown blood malignancy and his maternal uncle was 
diagnosed with renal malignancy. However, the mother had no 
history suggestive of inherited cancer syndrome. On physical 
examination, the child was pale. He had massively enlarged firm 
spleen, that extended down to his pelvic rim, and generalized 
minimal lymphadenopathy. He was not dysmorphic and the 
rest of his physical examination was unremarkable. A written 
informed consent was taken from the patient’s custodian to 
publish this case report. 

Complete Blood Count 
Complete blood count (CBC) and differential was performed 

using an Automatic Hematological Analyzer Sysmex XE-
5000(Sysmex America, Mundelein, IL). His CBC and differential 
showed a hemoglobin (Hb) level of 6.2 g/dL, a platelet count 
of 615×109/L, and a WBC count of 115.28×109/L with 19% 
neutrophils, 11% lymphocytes, 3% monocytes, 19% eosinophils, 
23% basophils, 4% metamyelocytes, 4% myelocytes, and 10% 
blast cells.

Peripheral Blood Smear 
Peripheral blood smear showed marked leukocytosis with 

marked left shift to the level of blast cells, marked eosinophilia 
and basophilia. Marked anemia and thrombocytosis with 
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presence of dwarf megakaryocytes were seen throughout the 
slide.

Bone Marrow Aspirate and Biopsy
Bone marrow aspirate was a particulate and hemo diluted 

with increased eosinophilic and basophilic precursors. The 
myeloid precursors showed sequential maturation, decrease in 
erythroid precursor count with normal maturation. Blast cells 
were up to 17%. They were large in size with moderate N:C 
ratio, open chromatin and prominent nucleoli, and basophilic 
cytoplasm. Marked increase in dwarf megakaryocytes were also 
seen.

On Biopsy, bone marrow structure was disorganized with 
significant cellular streaming. The cellularity was similar 
to the aspirate; however, other areas showed increased 
megakaryocytes and marked increase in reticulin deposition 
where megakaryocytes occupied significant part if the marrow 
and were seen in fibrotic background.

Immuno Pheno Typing 
Briefly, immune pheno typing on this patient’s EDTA-anti 

coagulated peripheral blood was performed as follows: 0.5 ml 
of blood was mixed with 10 mL of red blood cell lysing solution 
and then centrifuged at 540g for 5 minutes. The supernatant was 
then discarded and the cell bottom was further washed with in 
phosphate buffer saline. A 100 µL of cell suspension was added 
to the tubes containing pre-titrated volumes of monoclonal 
antibody-cocktails (Becton Dickinson, USA). These monoclonal 
antibodies were used in conjunction with four fluoro chromes, 
i.e., FITC, PE, APC, and PerCP in each tube. The samples were 
run on FACSCanto II instrument and the analysis was done by 
FACS Diva software (BD Biosciences, San Diego, CA). The flow 
cytometry data was analyzed, and the lineage blast of the blasts 
was determined in each case depending upon the expression of 
lineage specific markers. The blast cells in this sample showed 
as a population in the CD45 dim (i.e. blast gate) and accounted 
to 10%. The gate was positive for: CD33, CD 34, CD117, CD38, 
CD58, HLA-DR and the aberrant marker CD7. It was negative 
for: MPO, CD13, Tdt and all other T cells and B cells lymphoid 
markers. The aberrant markers detected were: CD7 expression, 
and the negative expression of MPO and CD13.

Cytogenetic Analysis

Figure 1: Giemsa-banding karyogram of this patient’s bone 
marrow showing the involvement of chromosomes 9, 14 and 22 
(arrows) in the translocation process.

Chromosome analysis using GTG banding was done as 
described previously [1]. Karyotyping was performed in 20 
metaphases from this patient’s unstimulated bone marrow 
sample according to the nomenclature of the International System 
for Human Cytogenetics [2] and 19 showed 46,XY,t(9;14;22)
(q34;q32;q11.2) (Figure 1). 

Fluorescence In Situ Hybridization 
Fluorescence in situ hybridization (FISH) was performed 

usingBCR-ABL1tri-color dual fusion probes (Yvsis, Abbott 
Molecular Inc., IL) to detect BCR-ABL1translocation as described 
previously [3]. It showed “nuc ish(ABL1,BCR)x3 (ABL1 con 
BCRx1)”seen in all of the 100 analyzed nuclei (Figure 2A).This 
result was consistent with the three-way variant abnormal 
pattern seen in the karyogram and indicated the implication of 
chromosome 14 as the third partner in the t(9;22) translocation 
(Figure 2A & 2B). 

Figure 2A: Fluorescence in situ hybridization on interphase 
nuclei (left and middle) and metaphase (right) showing two ABL1 
signals on chromosome 9 (red), two BCR signals (green) one on 
the normal chromosomes 22, and the other on chromosome 14, 
and the fusion gene BCR-ABL1 (yellow) on 22q confirming the 
three-way Philadelphia chromosome translocation.

Figure 2B: An ideogram showing the rearrangement occurred 
in this t (9;22;14) (q34;q11;q32) three-way translocation 
Philadelphia chromosome seen in this case.

Molecular Analysis
On this patient’s EDTA whole blood sample, quantification 

of BCR-ABL1 P210 transcript by real-time reverse transcriptase 
polymerase chain reaction (RT-PCR). This was performed by 
using the GeneXpert® Dx System (Roche Diagnostics GmbH 
Mannheim) as described before [4,5] and found this chimeric 
transcript to be present at a level of 36% International Scale (IS) 
unit (i.e. %BCR-ABL1:ABL1 = 36% (IS)) (Figure 3).
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Figure 3: Quantification of BCR-ABL1 P210 transcript by real-
time reverse transcriptase polymerase chain reaction showing 
the fusion transcript curve in this patient’s sample (below) and 
its absence in normal sample.

Discussion
CML is rare among childhood leukemias. Its incidence 

increases with age, from a rate of 0.09/100000 among those ≤ 15 
years old to 7.88/100000 among those ≥ 75 years old [6]. CML 
is genetically characterized by the presence of the reciprocal 
translocation t(9;22) with the formation of Ph chromosome. 
This translocation fuses the ABL1 gene on chromosome 9 with 
the breakpoint cluster region on chromosome 22. Although 
indistinguishable by classical cytogenetics, the abnormal fusion 
leads to the expression of three variant types of BCR-ABL1 
mRNAs. The first two, found in up to 98% of CML cases, consist 
of BCR exons 13 (b2) or 14 (b3) fused with ABL1exon 2(a2). The 
third variant, found in about 25% of ALL cases, involves BCR 
exon 1(e1) and ABL1 exon 2(a2) (Figure 4). 

Figure 4: A simplified cartoon showing exon map of BCR, 
ABL1 and BCR-ABL1 transcripts. The e14a2 (b3a2) (upper), 
e13a2 (b2a2) (middle), and e1a2 (lower) transcripts with their 
respective length in base pair (bp) and common primer locations 
are shown (arrows). 

CML can present in one of three phases-chronic phase, 
accelerated phase, or blast crisis. Most patients present in the 
chronic phase and may be asymptomatic. When symptoms 

and signs are present, they are often mild and are caused by 
the accumulation of mature and immature granulocytic cells. 
Generalized malaise, weakness, weight loss, fever, pallor, 
and organomegaly, particularly splenomegaly, are frequent 
presenting symptoms. The accelerated phase is characterized 
by increased marrow or blood blast cell values of 10% to 
19%, peripheral basophilia greater than 20%, persistent 
thrombocytopenia unrelated to therapy or thrombocytosis 
unresponsive to therapy, and increasing spleen size or WBC 
count. If marrow or blood blast cell percentages exceed 19% of 
total leukocytes, this signifies a transition to blast crisis, which 
may be myeloid, lymphoid, or mixed. Presentation in blast crisis 
can mimic an acute leukemia of lymphoid or myeloid lineage, 
and in this case the cells harbor the Philadelphia chromosome 
[7].

Prior to the availability of Imatinib, the initial treatment 
with Hydroxy urea, followed by interferon-alpha with or without 
Cytosine Arabinoside, was the routine clinical management 
for children with CML before undergoing allogenic-stem cell 
transplantation, a procedure recommended for all patients 
with a matched donor. But the management of CMLin children 
changed dramatically with the introduction of TK inhibitors 
(TKIs). Unfortunately, outcomes for patients presenting in 
an advanced stage-accelerated phase or blast crisis CML-
continues to be poor, requiring chemotherapy and allogeneic 
hematopoietic stem cell transplantation to attempt cure. Some 
CML cases have variant Ph translocation where a chromosome 
other than 9 and 22 is involved. Several chromosomes have been 
reported to be involved in variant Ph chromosome formation, 
some are more frequently involved than others [8]. One of these 
infrequently reported chromosomes is chromosome 14. The 
three-way variant Ph t(9;22;14)(q34;q11.2:p11) found in our 
case has been reported before [9]. However, none of those cases 
with this particular translocation presented in infancy [10]. 

Two major mechanisms of this translocation are possible. The 
first one, t(9;22) occurs as first event and after that, chromosome 
14 will be implicated in the process as second event. The second 
mechanism can involve the three chromosomes, 9, 22, and 14 
from the beginning of translocation process [11]. The fact that 
all studied cells from our patient had t(9;22;14)(q34;q11.2:p11) 
as the sole cytogenetic abnormality, suggested that in this case, 
the later mechanism was more likely. 

The prognostic impact of the variant translocations is still 
controversial. Damla Eyüpoğlu et al. [12] found that Among the 
180 patients with Ph-positive CML who were treated in Hacettepe 
University Faculty of Medicine Division of Hematology, variant 
translocations were detected in Five patients (2.7%) and the 
rearrangements were in chromosomes 2 (2 cases), 11, 14 and 
15. All the patients were treated with imatinib or Dasatinib. All 
patients reached a stable major molecular response suggesting 
a prognosis not worse than standard translocation individuals 
[13]. El-Zimaity et al. [13] investigated the characteristics and 
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outcomes of 44 patients with variant translocations among 
721 CML patients treated with imatinib. The only significant 
difference in clinical characteristics was a higher frequency of 
accelerated phase in those with variant translocations (56% vs. 
38%) [14].

It is important to realize that chromosomal abnormalities 
including variant Ph chromosome appearing as a new 
cytogenetic abnormality in addition to the classical Ph (clonal 
evolution) has a bad prognostic value [14,15]. However, our 
case is different. This patient has the Ph chromosome variant 
(9;22;14)(q34;q11.2;q32) as the sole chromosomal abnormality 
(single clone in origin) without previous treatment. Our patient 
was started on hydroxyl urea (20 mg /kg) and dasatinib (120 
mg /m2). His blood count after one month from starting therapy 
was completely normalized and showed: Hb level of 12.1 g/dL, a 
platelet count of 225×109/L, WBC count of 5.69×109/L, with 10% 
neutrophils, 81% lymphocyte, 0% monocytes, 4%eosinophils, 
and 4% basophils.

Like the few reported cases with this translocation, our 
patient seems to be responding well to TKI [16]. However, longer 
follow up is still needed to confirm that.

Conclusion
The present study reports the first case of an infant CML 

patient presented with the accelerated phase of the disease, 
who demonstrated the three-way Ph translocation variant 
t(9;22,14)(q34;q11;q32). This study also demonstrates that 
this patient was successfully treated with hydroxyl urea and the 
TKI, Dasatinib. However, longer follow up is needed to confirm a 
favorable and prolonged molecular response.

References
1.	 Claussen U, Michel S, Mühlig P, Westermann M, Grummt UW, et al. 

(2002) Demystifying chromosome preparation and the implica- 
tions for the concept of chromosome condensation during mitosis. 
Cytogenet Genome Res 98(2-3): 136-146.

2.	 Simons A, Sha er LG, Hastings RJ (2013) Cytogenetic nomenclature: 
changes in the ISCN 2013 compared to the 2009 edition. Cytogenet 
Genome Res 141(1): 1-6. 

3.	 Siu LL, Ma ES, Wong WS, Chan MH, Wong KF (2009) Application of 
tri-color, dual fusion fluorescence in situ hybridization (FISH) system 
for the characterization of BCR-ABL1 fusion in chronic myelogenous 
leukemia (CML) and residual disease monitoring. BMC Blood Disorders 
9: 4. 

4.	 Jobbagy Z, van Atta R, Murphy KM, Eshleman JR, Gocke CD (2007) 
Evaluation of the Cephied GeneXpert BCR-ABL assay. JMD 9(2): 220-
227. 

5.	 Muller MC, Cross NC, Erben P (2009) Harmonization of molecular 
monitoring of CML therapy in Europe. Leukemia 23(11): 1957-1963.

6.	 Tanizawa A (2016) Optimal management for pediatric chronic myeloid 
leukemia. Pediatrics International 58(3): 171-179. 

7.	 Nathan and Oski’s Hematology and Oncology of Infancy and Childhood. 
pp. 1604.

8.	 Mysorekar w, Subramanjan M, Kilara N, Sundareshan TS (2015) 
Variant Philadelphia translocation in chronic myeloid leukemia: A 
report of five cases. J Can Res Ther 11(3): 654.

9.	 Mitleman F, Johansson B and Mertens F (2017) Mitelman Database of 
Chromosomes Aberrations and Gene Fusions in Cancer.

10.	Mitelman F, Johansson B and Mertens F (2017) Database of 
Chromosome and Gene Fusions in Cancer.

11.	Mysorekar VV, Subramanian M, Kilara N, Sundareshan TS (2015) 
Variant Philadelphia translocations in chronic myeloid leukemia: A 
report of five cases. J Can Res Ther 11(3): 654.

12.	Eyüpoğlu D, Bozkurt S, Haznedaroğlu İ, Büyükaşık Y, Güven D (2016) 
The Impact of Variant Philadelphia Chromosome Translocations on 
the Clinical Course of Chronic Myeloid Leukemia. Turkish Journal of 
Hematology 33(1): 60-65. 

13.	El-Zimaity MMT, Kantarjian H, Talpaz M, O’Brien S, Giles F, et al. 
(2004) Results of imatinib mesylate therapy in chronic myelogenous 
leukaemia with variant Philadelphia chromosome. British Journal of 
Haematology 125(2): 187-195.

14.	O’Dwyer ME, Mauro MJ, Kurilik G (2002) The impact of clonal evolution 
on response to imatinib mesylate (STI571) in accelerated phase CML. 
Blood 100(5): 1628-1633.

15.	Schoch C, Haferlach T, Kern W (2003) Occurrence of additional 
chromosome aberrations in chronic myeloid leukemia patients treated 
with imatinib mesylate. Leukemia 17(2): 461-463.

16.	Mitelman F, Johansson B and Mertens F (2017) Mitelman Database of 
Chromosome Aberrations and Gene Fusions in Cancer.

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                        Track the below URL for one-step submission 
                https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/CTOIJ.2017.04.555647

http://dx.doi.org/10.19080/CTOIJ.2017.04.555647

https://www.ncbi.nlm.nih.gov/pubmed/12697995
https://www.ncbi.nlm.nih.gov/pubmed/12697995
https://www.ncbi.nlm.nih.gov/pubmed/12697995
https://www.ncbi.nlm.nih.gov/pubmed/12697995
https://www.ncbi.nlm.nih.gov/pubmed/23817294
https://www.ncbi.nlm.nih.gov/pubmed/23817294
https://www.ncbi.nlm.nih.gov/pubmed/23817294
https://www.ncbi.nlm.nih.gov/pubmed/19583844
https://www.ncbi.nlm.nih.gov/pubmed/19583844
https://www.ncbi.nlm.nih.gov/pubmed/19583844
https://www.ncbi.nlm.nih.gov/pubmed/19583844
https://www.ncbi.nlm.nih.gov/pubmed/19583844
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1867453/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1867453/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1867453/
https://www.ncbi.nlm.nih.gov/pubmed/19710700
https://www.ncbi.nlm.nih.gov/pubmed/19710700
https://www.ncbi.nlm.nih.gov/pubmed/26646444
https://www.ncbi.nlm.nih.gov/pubmed/26646444
https://www.ncbi.nlm.nih.gov/pubmed/26458641
https://www.ncbi.nlm.nih.gov/pubmed/26458641
https://www.ncbi.nlm.nih.gov/pubmed/26458641
https://www.ncbi.nlm.nih.gov/pubmed/26458641
https://www.ncbi.nlm.nih.gov/pubmed/26458641
https://www.ncbi.nlm.nih.gov/pubmed/26458641
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4805334/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4805334/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4805334/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4805334/
https://www.ncbi.nlm.nih.gov/pubmed/15059141
https://www.ncbi.nlm.nih.gov/pubmed/15059141
https://www.ncbi.nlm.nih.gov/pubmed/15059141
https://www.ncbi.nlm.nih.gov/pubmed/15059141
https://www.ncbi.nlm.nih.gov/pubmed/12176881
https://www.ncbi.nlm.nih.gov/pubmed/12176881
https://www.ncbi.nlm.nih.gov/pubmed/12176881
http://www.ncbi.nlm.nih.gov/pubmed/12592348
http://www.ncbi.nlm.nih.gov/pubmed/12592348
http://www.ncbi.nlm.nih.gov/pubmed/12592348
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/CTOIJ.2017.03.555611
http://dx.doi.org/10.19080/CTOIJ.2017.04.555647


	Title
	Abstract 
	Introduction
	Case Report
	Complete Blood Count 
	Peripheral Blood Smear 
	Bone Marrow Aspirate and Biopsy
	Immuno Pheno Typing 
	Cytogenetic Analysis
	Fluorescence In Situ Hybridization 
	Molecular Analysis
	Conclusion
	References
	Figure 1
	Figure 2A
	Figure 2B
	Figure 3
	Figure 4

