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Abstract 
We describe a rare presentation of acute 

lymphoblastic leukemia in a young adult male 
who at the beginning of the disease lacked the 
Philadelphia chromosome in bone marrow and 
blood cells and fluorescence in situ hybridization 
was negative for the presence of a clone with the 
BCR-ABL1 rearrangement. The patient initially 
had pancytopenia with a blast cell count of 5% 
in the peripheral blood that evolved to a phase 
with progressive leukocytosis and a sudden rise 
in blast cells 7 months later. At this time, his bone 
marrow aspirate showed the presence of a near-

triploid karyotype containing two Philadelphia 
chromosomes. The multiple karyotypic 
changes observed in our patient support the 
notion that leukemic progression involves 
several cytogenetic evolutionary processes, the 
first step of which may not necessarily involve 
acquisition of the Philadelphia chromosome.  

Keywords
Late-appearing Philadelphia chromosome, 

adolescent ALL, BCR-ABL1, dasarinib

Introduction
Philadelphia-positive (Ph+) acute lympho- 

blastic leukemia (ALL) is a distinct clinical 
entity characterized by a reciprocal translocation 
between chromosomes 9 and 22 (Philadelphia 
chromosome). The translocation generates the 
constitutively activated BCR-ABL1 tyrosine 
kinase, responsible for both acute and chronic 
disease. Unlike in chronic myeloid leukemia 
(CML) where most cases express the p210 BCR-
ABL1 fusion protein, expression of the minor 
BCR-ABL1 p190 isoform is most common 
in ALL, indicating a distinction between true 
de novo ALL from CML in lymphoid blastic 
phase(1). Ph acquisition is presumed to be an early 
pathogenic event in acute leukemia presented at 
diagnosis in almost all patients with a classical 
clinical picture (2). 

We describe a young adult ALL patient 
whose chromosome analysis revealed a normal 

karyotype at the time of diagnosis and for 7 
months, when hematological relapse occurred, 
karyotyping revealed the presence of two 
abnormal clones containing the Ph chromosome. 
An overview of the literature of patients with 
acute lymphoblastic leukemia and late appearing 
Philadelphia chromosome in presented.

Material and Methods
Chromosome preparations were performed 

according to standard protocols and results 
are reported using the International System 
for Human Cytogenetic Nomenclature(3). 
Fluorescence in situ hybridization studies (FISH) 
were performed using a t(9;22) specific BCR-
ABL1 dual color, dual fusion probe (Abbott 
Molecular, Vysis. IL). A minimum of 200 nuclei 
and a minimum of 5 metaphases were scored 
using a fluorescence microscope (Axioplan 2, 
Zeiss, Germany). Images were captured using 
a black and white CCD camera processed with 
the ISIS software program (MetaSystems, 
Germany).

Molecular studies were performed from total 
RNA extracted from the bone marrow sample 
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using the TRIzol® LS reagent (Invitrogen, US). 
cDNA was prepared from 2μg of total RNA 
with the Superscript II cDNA Synthesis Kit 
(Invitrogen, US) according to manufacturer’s 
instructions. 

Case Report and Results
A 19- years-old male, a known case of type 

I diabetes mellitus and thalassemia minor, 
presented in April 2011.  A complete blood 
count showed: hemoglobin of 9.7 g/L, white 
blood cell count of 3x109/L containing 5% 
circulating blasts and platelets 23x109/L. Bone 
marrow examination showed 62% blasts whose 
morphology and immunophenotype were 
consistent with B-cell ALL. 

Cytogenetic studies performed from diagnostic 
bone marrow and blood cells revealed a normal 
male diploid karyotype in 40 metaphases 
analyzed. Fluorescence in situ hybridization 
using a locus-specific BCR-ABL1, extra signal 
dual-color translocation probe (Vysis) on 200 
bone marrow cells was negative for the presence 
of a clone with the BCR-ABL1 rearrangement 
(Table 1). Treatment with UKALL 2003 protocol 
was initiated and at day 15 his bone marrow 
showed morphologic remission. Consolidation 
treatment was given after which he remained 
pancytopenic. From July 2011 no further therapy 
was provided and he traveled abroad. One month 
later while still without therapy, quantitative real-
time PCR array was found to be BCR-ABL1 e1a2 
positive with BCR-ABL1/ABL1 ratio of 0.08%.

Table 1. Serial clinical-biological findings in a patient

Abbreviations: WBC= white blood cells; Hb=hemoglobin; Plts= platelets; MTX= methotrexate; 6-MP=6-
mercaptopurine; nA= not availabl
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 In August 2011, the patient was seen again 
at our hospital and began a course of combined 
therapy consisting of high dose methotrexate 
and 6-mercaptopurine followed by maintenance 
therapy. At this time, we retrospectively examined 
his bone marrow and blood cells from the time of 
presentation but no Ph-positive metaphases were 
detected and repeated FISH analysis showed no 
BCR-ABL1 positive cells. However, when the 
number of blastic cells increased drastically in 
November 2011, chromosomal analysis revealed 
a near-triploid karyotype containing 2 Ph 
chromosomes in 17 metaphases: 73,XXYY,+1, 
+2,+3,+4,+5x2,+6x2,+8,+9,t(9;22)(q34;q11), 

+10x2,+11,+12,+13,+14,+15,+16,+17,+18, 
+19,+20,+21,der(22)t(9;22)(q34;q11),+22 
(Figure 1). In addition to near-triploid karyotype, 
cytogenetic analysis showed another additional 
clonal change, a pseudodiploid karyotype 
containing one der(22)t(9;22)(q34;q11) 
chromosome in 4 out of 25 analyzed metaphase 
cells: 46,XY,+4,+6,-9,-12,-19,+21,der(22)
t(9;22)(q34;q11) (Figure 1C). 4 metaphases 
were normal.

The fusion of BCR and ABL1 genes was 
confirmed by fluorescence in situ hybridization 
analysis (Figure 1B and Figure 1D) and 
reverse transcription-polymerase chain reaction 

Table 2. Previously reported acute lymphoblastic leukemias with late appearing t(9;22)

Abbreviations: f=female; M=male; nA=not available; nD=not done; BMT=bone marrow transplantation; 
m-BCR=minor BCR; M-BCR= major BCR
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analysis revealed the presence of the p190 
BCR-ABL1 chimeric transcript. He was started 
on combination Hyper-CVAD chemotherapy 
with dasatinib. One month later, no immature 
cells were seen in his bone marrow aspirate and 
chromosome analysis revealed a normal diploid 
karyotype. FISH studies showed the BCR-ABL1 
rearrangement in 10% of the interphases with 
the persistence of extra chromosomes 9 and 22. 
The patient traveled outside to receive allogeneic 
bone marrow transplantation. 

Discussion
Developing the Philadelphia chromosome, 

considered a primary anomaly during the course 
of acute lymphoblastic leukemia is an unusual 
phenomenon. In addition to the present case, 
only 14 other cases (11 males and 3 females) 
have been reported in the literature (4-14).  The 
B-cell phenotype was predominant in reports 

and notably all the 4 reported patients with T-cell 
ALL were children (4, 8-10). As shown in Table 
2, the presence of minor or Major- BCR was 
evaluated in 9 patients (7-14). While both the p190 
and p210 varieties of BCR-ABL1 mRNA were 
observed in ALL with late-appearing Ph, the 
major BCR-ABL1 transcript was predominant 
in children with T-cell phenotype (3 out of 4 
evaluated T-ALL cases) (8-10). 

In the previously described cases, the 
acquisition of Ph was detected between 4 and 
46 months after diagnosis (median 15 months). 
As in our patient, the appearance of Ph was 
correlated with disease progression, which was 
the first or second relapse or the terminal stage. 
In most cases, the Ph chromosome developed in 
a karyotypically normal cell while its acquisition 
was associated with clonal evolution in 10 out of 
12 patients with available cytogenetic data. 

Figure 1. Chromosomal and fluorescence in situ hybridization (FISH) studies from bone marrow cells performed 
at the time of relapse. (A) Karyotype of the patient showing near-triploidy and the presence of two Philadelphia 
chromosomes. (B) Hybridization on metaphase spreads using the t(9;22) specific BCR-ABL1 tricolor dual 
fusion +9q34 probe (Abbott Molecular, Vysis. IL) showing 2 major BCR-ABL1 fusion signals on Philadelphia 
chromosomes and a minor fusion on the der(9) chromosome. (C) Pseudodiploid karyotype showing numerical 
chromosomal anomalies and the presence of der(22)t(9;22)(q34;q11) chromosome. (D) Hybridization on 
pseudodiploid metaphase applying the BCR-ABL1 dual color, dual fusion probe showing one fusion signal on 
der(22) chromosome.
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The late-appearance of Ph chromosome in 
our patient may be explained by few Ph-positive 
clones during the initial phase of the disease. 
Several observations support this notion. 
Firstly, although most ALL patients with the 
Ph chromosome demonstrate other negative 
prognostic factors, such as hyperleukocytosis 
and high initial blast cell counts (2), our patient 
presented with low WBC counts containing 
only 5% of blast cells. Secondly, there is good 
evidence that during the initial phase of the 
disease the Philadelphia chromosome was absent 
in the majority of marrow and blood cells in our 
patient. Taking into consideration the number 
of metaphases analyzed leaves little doubt 
that the Philadelphia chromosome appeared 
subsequently in our patient. 

An alternative possible explanation would be 
that the Ph chromosome appeared secondarily 
in already leukemic cells, representing either 
clonal evolution or reflecting a state of genetic 
instability in the bone marrow. Findings in 
previously reported Ph+ ALL patients who were 
Ph-negative at the time when the diagnosis was 
established, are compatible with this possibility 
(8,10,13). The presence of BCR-ABL1 positive cells 
in our patient was first noted 4 months after the 
initial diagnosis and at a time when his therapy 
was stopped for two months. It is possible that 
the lack of therapy in our patient could induce an 
environment that allows the evolution of a new 
leukemic clone.

The transition from hematologic remission 
to Ph- positive ALL in our patient occurred 3 
months later associated with markedly increased 
circulating blasts in blood (75% at relapse 
versus 5% at diagnosis). The rapid change 
from hematologic remission to detection of 2 
Ph chromosomes suggests that leukemic cells 
with two Ph had marked selective advantage 
although it is possible that the presence of two Ph 
chromosomes might be caused by the polyploidy 
of the cells. 

Additional numerical aberrations in 
Philadelphia chromosome-positive leukemias 
are non-random and strongly associated with 
disease progression; therefore, the presence 
of near–triploid karyotype in our patient could 
contribute to intrinsic aggressiveness of the 
disease. While it is most likely that the growth-
promoting effects of the BCR–ABL1 fusion gene 
can be attributed as a major driver of the disease, 
we cannot exclude the possibility that the Ph 
chromosome evolved subsequent under the 
selective pressure of cytotoxic chemotherapeutic 
agents and imparted a growth advantage over 
the Ph-negative cells that carried numerical 
abnormalities. 

The appearance of the Ph chromosome during 
the course of acute leukemia has been rarely 
documented. Nevertheless, these cases support 
the concept that developing Ph may be only one 
part of a much larger network of leukemogenesis, 
at least in some patients.
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