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Chronic myeloid leukemia (CML) is a clonal myaa
eloproliferative disorder characterized by masaa
sive proliferation and accumulation of myeloid 

cells that differentiate normally.1,2 Almost all patients 
carry a specific translocation [t(9;22)(q34;q11.2)]3 and 
derivative [der(22)]- the Philadelphia chromosome 
(Ph)- that results in the juxtaposition of the DNA seaa
quence from the BCR-ABL genes,4 and encodes a 210a
kilodalton dysregulated tyrosine kinase, which is necaa
essary and sufficient for leukaemogenesis.5,6 Although 
this Ph chromosome is thought to be the initial event in 
CML, the acquisition of additional cytogenetic abnoraa
malities are likely responsible for disease progression.4 

The emergence of nonarandom chromosomal abaa
normalities in addition to the Ph chromosome is a 
wellarecognized occurrence in CML and is referred 
to as clonal evolution.4 It is a marker of disease proaa
gression and is thought to reflect the genetic instabilaa
ity of the highly proliferative CML progenitors.4 The 
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frequency of clonal evolution increases with advancing 
stage of CML, and is reported in about 30% of cases 
with accelerated phase7 and up to 80% in blast phase.8 
About 5% to 10%9 patients showed variant Ph transloaa
cation by the involvement of one or more chromosome 
regions in addition to chromosomes 9 and 22.4,10 The 
clinical and prognostic significance of these cases have 
not been well described.8 Other chromosomal abnoraa
malities including an extra Ph chromosome, trisomy 
8, trisomy 19, and isochromosome 17q (with loss of 
p53)11 or 20q,12 which occur as the disease transforms 
to the aggressive phase. Regardless of the underlyaa
ing mechanisms, the net result of additional genetic 
abnormalities is the potential for a more malignant 
phenotype and, possibly, less dependence on BCR-
ABL for proliferation and survival.4,7 

The detection of these cytogenetic abnormalities 
may be important in stratifying patients into good and 
bad prognostic groups and to offer them appropriate 
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treatment options. Furthermore, until now there has 
been no data on the prevalence of these translocations 
from our region. Our objective was to determine the 
frequency and type of additional chromosomal abaa
normalities other than (9; 22) (q34; q11) in patients 
with CML. To the best of our knowledge the impact of 
these abnormalities on the response to imatinib has not 
been studied from our region.

PATIENTS AND METHODS
This study was a descriptive, prospective analysis of 219 
patients with Phapositive CML (chronic, accelerated 
and blast phase according to WHO criteria),12 in all age 
groups and both sexes treated at Aga Khan University 
Hospital over a period extending from May 2001 to 
June 2007. The diagnosis of CML was based on characaa
teristic peripheral blood smear and bone marrow examaa
ination findings and was confirmed by presence of the 
Philadelphia chromosome on bone marrow cytogenetic 
studies or detection of the BCR/ABL translocation by 
polymerase chain reaction (PCR).

All 219 patients received hydroxyurea as an initial treataa
ment, which also included 10 patients who were preatreataa
ed with interferon. Imatinib mesylate was started at doses 
of 400 mg daily for the chronic phase and 600 mg daily for 
the accelerated and blast phase of the disease. We studied 
the cytogenetic response of this group. Cytogenetic analyaa
sis on cultured bone marrow aspirate samples antiacoaguaa
lated with heparin was performed using conventional trypaa
sinagiemsa Gabanding technique, and described accordaa
ing to the International System for Human Cytogenetic 
Nomenclature (ISCN). At least 20 metaphases were anaaa
lyzed where possible. Cytogenetics was performed every 3 
to 6 months while on imatinib mesylate. Clonal cytogenetaa
ic evolution was defined as gains in at least two metaphases 
or losses in at least three metaphases.

RESULTS
In 219 cases of Ph+ CML, we identified 34 (15.5%) 
cases that developed 51 additional chromosomal abnoraa
malities (Table 1). Prior to starting imatinib 5 cases of 
the 34 had a variant translocation, including two who 
were preatreated with interferon alfa. The rest of the 29 
cases acquired chromosomal abnormalities after startaa
ing imatinib mesylate, which also included 8 cases that 
received interferon prior to imatinib.

Karyotype analysis 
We identified trisomy 8 as the commonest additional 
chromosomal abnormality, followed by variant Ph chroaa
mosome and other random abnormalities (Figure 1). 
Trisomy 8 was detected as an isolated abnormality in nine 

cases, and it was noted in combination with other chromoaa
somal aberrations in four cases. During a median followa
up of 18 months (range, 3a40 months) only one patient 
died in this group. Variants of Philadelphia chromosome 
were found in seven cases; five at diagnosis and two acaa
quired later. Chromosomes 1, 3, and 5 were involved with 
one in each case and two cases had a chromosome 12 and 
17 translocation in addition to t(9;22). Median followaup 
of this group was 13 months (range, 2a36 months). Other 
abnormalities included monosomy 7 in combination with 
other aberrations (n=4), double Ph+ (n=7) and deletion 
Y (n=2) (Table 2). Overall, seven patients had more than 
one chromosomal abnormality. 

Table 1. Baseline characteristics of the 34 Ph+ CML patients with 
additional chromosomal abnormalities.

Characteristics Value (n)

Phase*

   Chronic 21

   Accelerated 10

   Blast 03

Gender

   Male 27

   Female 07

Age, median (years) 38

   Range 19-62

Prior interferon therapy 10
*defined according to WHO criteria.

Other random abnormalities

Trisomy 8
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Figure 1. Frequency of various cytogenetic aberrations in 34 cases of Philadelphia-
positive chronic myeloid leukemia.
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Table 2. Philadelphia-positive chronic myeloid leukemia patients with additional chromosomal abnormalities.

No. Age Prior 
therapy Phase Initial karyotype at

diagnosis

Time
of CE
(mo)

Karyotype with additional abnormalities Follow-
up (mo)

1 24 HU CP 46XY, t(9;22)(20) 24 46XY, t(6;7), t(9;22) (17) 36

2 38 HU CP 46XY, t(9;22) (20) 18 47XY, +8, t(9;22) (10) 19

3 24 HU, IFN  CP 46XY, t(9;22) (20) 10 46XY, -3, -7, t(9;22), 14p+, mar (8) 33

4 39 HU, IFN CP 46XY, t(9;22) (20) 8 47XY, +8(2), 45XY, -7, t(9;22), (9) 18

5 24 HU CP 46XY, t(9;22) (20) 11 47XY, +8(2) 20

6 35 HU, IFN CP 46XY, t(9;22) (20) 25 45XY, -7(9), 47XY, +8(5), 46XY, t(9;22) (22) 18

7 35 HU CP 46XX, t(9;22) (20) 11 47XX, t(9;22), +Ph (11) 36

8 27 HU, IFN CP 46XY, t(9;22) (20) 8 47XY, t(9;22), +Ph (05) 28

9 19 HU CP 46XY, t(9;22) (20) 27 47XY, +8(5) 19

10 34 HU, IFN CP 46XX, t(9;22) (20) 16 47XX, +8(12) 17

11 47 HU, IFN CP 46XY, t(3;9;22) (20) Diag 46XY, t(3;9;22) (20) 17

12 54 HU CP 46XY, t(9;22) (20) 21 47XY, +8(3), inv9, t(9 ;22) (12) 16

13 51 HU CP 46XX, t(9;22) (20) 5 46XX, t(9;22), inv9(15) 11

14 26 HU CP 46XY, t(9;22) (20) 11 45X-Y(6), 46XY, t(9;22) (20) 12

15 40 HU CP 46XY, t(9;22) (20) 6 47XY, t(9;22), +Ph (11) 12

16 37 HU, IFN CP 46XY, t(9;22) (20) 10 45X-Y(10) 38

17 37 HU CP 46XY, t(5;9;22) (20) Diag 46XY, t(5;9;22) (10) 6

18 40 HU CP 46XX, t(1;9;22) (20) Diag 46XX(16) 13

19 58 HU, IFN CP 46XY, t(9;12;22) (20) Diag 46XY, t(9;12;22), +Ph (2)/ 
46XY, t(9;12;22) (15) 8

20 48 HU CP 46XY, t(9;22) (20) 8 47XY, t(9;22), +Ph (3) 14

21 62 HU CP 46XY, t(9;22) (20) 4 47XY, +8, t(9;22)(2) 3

22 30 HU AP 46XX, t(9;22) (20) 14 46XX, t(3;11), t(9;22), mar (10) 5

23 39 HU AP 46XY, t(9;22) (20) 12 46XY, t(9;22), del 20(20) 24

24 43 HU BC 46XY, t(9;22) (20) 24 46XY, t(1;2), t(9;22) (20) 43

25 37 HU AP 46XY, t(9;22) (20) 30 46XY, t(9;12;22) (11) 40

26 38 HU AP 46XY, t(9;22) (20) 22 47XY, +8 (14) 40

27 30 HU BC 46XY, t(9;22) (20) 20 47XY, +8, t(9;22), +Ph (10) 26

28 31 HU AP 46XY, t(9;22) (20) 20 47XY, +8 (3) 39

29 46 HU AP 46XY, t(9;22) (20) 9 47XY, +8 (7) 17

30 48 HU BC 46XY, t(9;17;22) (12) Diag 46XY(26) 13

31 44 HU AP 46XX, t(1;6), t(9;22) 
(20) 18 50XX, t(1;6), t(9;22), +8, +19, +21, +Ph (4) 15

32 24 HU, IFN AP 46XY, t(9;22) (20) 18 46XY, -3, -6, -7, t(9;22), 14p+, mar(14) 24

33 51 HU AP 46XY, t(9;22) (20) 6 46XY, t(9;17;22) (20) 16

34 45 HU, IFN AP 46XX, t(9;22) (20) 13 46XX, t(7;9), t(21;22) 36
CE: clonal evolution; HU: hydroxyurea; IFN: interferon-alfa; CP: chronic phase; AP: accelerated phase, BC: blast crisis; Diag: at diagnosis. 
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A complete cytogenetic response was observed in 5 of 
34 (14.7%) patients with additional cytogenetic abnoraa
malities. These included three cases with trisomy 8, who 
developed trisomy 8 in their Phanegative clone while on 
imatinib at 17, 39 and 40 months of followaup. The other 
three cases with trisomy 8 in a Ph negative clone by conaa
ventional cytogenetics showed either signs of progressive 
disease or BCR/ABL positivity by FISH technique. Two 
patients that had a complete cytogenetic response with 
imatinib had a variant chromosome at the time of preaa
sentation. At the median followaup of 19 months (range, 
3a43 months), 25 patients were alive, 8 had died with proaa
gressive disease and 2 were lost to followaup.

DISCUSSION
In chronic phase CML, Philadelphia chromosome and 
BCR/ABL translocation is supposed to be the sole acaa
quired genetic abnormality, so imatinib mesylate was 
assumed to be an ideal agent to block the defect, beaa
cause it specifically inhibits the tyrosine kinase activity 
of the BCR/ABL protein.1,12 The acquisition of secondaa
ary cytogenetic abnormalities may represent the changaa
ing natural history of CML in an era of tyrosine kinase 
inhibitors, treatmentarelated effects or the manifestaaa
tion of an underlying stem cell defect.13,14 Emergence 
of these cytogenetic abnormalities after interferon are 
a well known phenomenon in 50% to 60% cases; howaa
ever, recently it has been recognized in patients receivaa
ing imatinib as well.14,15 We found the overall frequency 
of additional chromosomal abnormalities in 34 (15.5%) 
cases, including Philadelphiaanegative clones in 6 cases. 
A similar incidence is observed in previous reports.14 
Of the 34 patients, 13 (38%) had trisomy 8, making it the 
most common chromosomal aberration in this group. 
This is in comparison with other studies conducted by 
O’Dwyer et al14 and Medina et al (32%).16 In the present 
study, variants of Ph chromosome, which involves t(9;22) 
in association with another chromosome, were seen in 
22% of cases, which is in contrast to Mohamed et al1 who 
reported variants in 8.6% of such cases. Chromosomes 1, 
3, 5 (n=1 in each), 12 (n=2) and 17 (n=2) were involved 
in addition to 9 and 22 in our study. The frequency of 
monosomy 7 and double Philadelphia is less in our seaa
ries, however, and the incidence of the loss of the Y chroaa
mosome is comparable to previous reports.17 The signifiaa
cance of the loss of the Y chromosome is unclear; it has 
been observed in healthy males. 

Random chromosomal abnormalities found in inaa
dividual patients were loss of chromosome 3 and 6 in 
combination with monosomy 7 (n=4); del 20q (n=1), 
mar (n=3), all in combinations, 14p+ (n=2), and inaa
version 9 (n=2). Other random abnormalities included 

t (1; 2), t (3; 11) in combination with mar, t(7; 9) in 
addition to t(21; 22), t(1; 6) and t(6; 7). Marker (mar) 
chromosome is a structurally abnormal chromosome in 
which no part can be identified; the clinical significance 
of this abnormality is not known.18 

Clonal evolution in interferonatreated patients is a 
well documented phenomenon and usually an indicaaa
tion of disease progression,10 but recently this phenomaa
enon has been recognized in patients treated with imaaa
tinib mesylate.15 The extent to which these aberrations 
affect the prognosis and response to the therapy has 
only been studied in a small number of cases.10,15 

The mechanism of the emergence of these abnormal 
clones is unclear.14 The assumed causes of these additional 
chromosomal abnormalities include the inherent ability of 
a CML clone to transform into another malignant disoraa
der such as myelodysplasia,16 or there may be a multiastep 
leukemogenic pathogenesis apart from the BCR/ABL 
dependant mechanism, or it could be due to imatinib meaa
sylate, which blocks the activity of BCR/ABL proteins so 
the remaining cells proliferate and develop random abaa
normalities in a Philadelphiaa negative clone.14a16 Another 
possibility is the inherent instability of the CML clone 
that predisposes to other abnormalities.4 

In this series we identified a very small subset of paaa
tients whose Ph+ clone remained sensitive to imatinib 
mesylate despite the presence of additional chromosomaa
al abnormalities. A complete cytogenetic response was 
reported in 26% cases earlier;1 in contrast we observed 
this response in only 14% of patients. This supports a 
role for a monitoring algorithm that includes periodic 
bone marrow karyotyping of CML patients receiving 
imatinib mesylate to exclude the unrecognized coexaa
isting myelodysplastic clones and/or clinical evolution 
in the absence of Ph+ cells. The early recognition of 
these abnormalities will lead to earlier and appropriate 
therapeutic intervention, which may include increasing 
the dosage of imatinib mesylate, combination therapy, 
other investigational agents and the choice and timing 
of allogeneic stem cell transplantation before progressaa
ing to the accelerated or blast phase.13

In conclusion, acquisition of additional chromosomaa
al abnormalities in CML is a well known phenomenon 
that can occur with tyrosine kinase inhibitors as well. 
There are some postulated mechanisms, but the exact 
pathogenesis and the underlying biology in acquisition 
of these abnormalities remains unclear, and requires 
molecular insights to clarify the details. Early identiaa
fication of these abnormalities may help in adapting a 
more appropriate therapeutic approach. However, large 
multiacenter studies are needed for further clarification 
of the clinical relevance.



original research report ADDITIONAL CHROMOSOMAL ABNORMALITIES

Hematol Oncol Stem Cell Ther 1(3)     July 2008 hemoncstem.edmgr.com170

1. Mohamed AN, Pemberton P, Zonder J, Schiffer 
CA. The effect of imatinib mesylate on patients 
with Philadelphia chromosome- positive chronic 
myeloid leukemia with secondary chromosomal 
aberration. Clin Can Res. 2003;9:1333-37.
2. Deninger MWN, Goldman JM. Chronic myeloid 
leukemia. Curr Opin Hematol. 1998;5:302-08.
3. Bumm T, Muller C, Al-Ali KH, Krohn K, Shep--
herd P, Schmidt E, Leiblein S, Franke C, Hennig 
E, Friedrich T, Krahl R, Niederwieser D, Deininger 
MW. Emergence of clonal cytogenetic abnor--
malities in Ph-cells in some CML patients in cy--
togenetic remission to imatinib but restoration of 
polyclonal hematopoiesis in the majority. Blood. 
2003;101(5):1941-49.
4. Cortes J, Dwyer MEO. Clonal evolution in chron--
ic myelogenous leukemia. Hematol Oncol Clin N 
Am. 2004;18:671-684.
5. O’Brien SG, Guilhot F, Larson RA, Gathmann 
I, Baccarani M, Cervantes F, Cornelissen JJ, 
Fischer T, Hochhaus A, Hughes T, Lechner K, 
Nielsen JL, Rousselot P, Reiffers J, Saglio G, 
Shepherd J, Simonsson B, Gratwohl A, Goldman 
JM, Kantarjian H, Taylor K, Verhoef G, Bolton 
AE, Capdeville R, Druker BJ. IRIS Investiga--
tors. Imatinib compared with interferon and low 
dose cytarabine for newly diagnosed chronic 
phase chronic myeloid leukemia. N Engl J Med. 
2003;348(11):994-1004.
6. Elefanty AG, Hariharan IK, Cory S. Bcr-abl, the 
hallmark of chronic myeloid leukaemia in man, 
induces multiple haemotopoietic neoplasms in 
mice. Embo J. 1990 Apr;9(4):1069-78.
7. Cortes J, Talpaz M, Giles F, O’Brien S, Rios MB, 
Shan J, Garcia-Manero G, Faderl S, Thomas DA, 
Wierda W, Ferrajoli A, Jeha S, Kantarjian HM. 

Prognostic significance of cytogenetic clonal 
evolution in patients with chronic myelogenous 
leukemia on imatinib mesylate therapy. Blood. 
2003;3794:3800-101.
8. Anastasi J, Feng J, Le Beau MM, Larson RA, 
Rowley JD, Vardiman JW. The relationship be--
tween secondary chromosomal abnormalities 
and blast transformation in chronic myelogenous 
leukemia. Leuk. 1995;9:628-33.
9. Kadam PR, Nanjangud GJ, Advani SH. The oc--
currence of variant Ph translocations in chronic 
myeloid leukemia (CML): a report of six cases. He--
matol Oncol. 1990 Nov-Dec;8(6):303-12.
10. EI-Zimaity MMT, Kantarjian H, Talpaz M, 
O’Brien S, Giles F, Garcia-Manero G, Verstovsek S, 
Thomas D, Ferrajoli A, Hayes K, Nebiyou Bekele B, 
Zhou X, Rios MB, Glassman AB, Cortes JE. Results 
of imatinib mesylate therapy in chronic myelog--
enous leukemia with variant Philadelphia chromo--
some. Br J Haematol. 2004;125:187-195.
11. Kantarjian HM, Dixon D, Keating MJ, Talpaz 
M, Walters RS, McCredie KB, Freireich EJ. Char--
acteristics of accelerated disease in chronic my--
elogenous leukemia. Cancer. 1988;61:1441-6.
12. Druker BJ, Talpaz M, Resta DJ, Peng B, Buch--
dunger E, Ford JM, Lydon NB, Kantarjian H, Cap--
deville R, Ohno-Jones S, Sawyers CL. Efficacy and 
safety of a specific inhibitor of the BCR-ABL tyro--
sine kinase in chronic myeloid leukemia. N Engl J 
Med. 2001;344:1031-7.
13. Golderg SL, Madan RA, Rowely SD, Pecora 
AL, Hsu JW, Tantravahi R. Letter to editor: Myelo--
dysplastic subclones in chronic myeloid leukemia: 
implications for imatinib mesylate therapy. Blood. 
2003;101:781.
14. O’Dwyer ME, Gatter KM, Loriaux M, Druker BJ, 

Olson SB, Magenis RE, Lawce H, Mauro MJ, Mazi--
arz RT, Braziel RM. Demonstration of Philadelphia 
chromosome negative abnormal clones in patients 
with chronic myelogenous leukemia during major 
cytogenetic responses induced by imatinib mesyl--
ate. Leuk. 2003;17:481-7.
15. Marktel S, Marin D, Foot N, Szydlo R, Bua M, 
Karadimitris A, De Melo VA, Kotzampaltiris P, Dazzi 
F, Rahemtulla A, Olavarria E, Apperley JF, Goldman 
JM. Chronic myeloid leukemia in chronic phase 
responding to imatinib: the occurrence of addi--
tional cytogenetic abnormalities predicts disease 
progression. Haemtol. 2003;88:260-7.
16. Medina J, Kantarjian H, Talpaz M, O’Brien S, 
Garcia-Manero G, Giles F, Rios MB, Hayes K, Cor--
tes J. Chromosomal abnormalities in Philadelphia 
chromosome-negative metaphases appearing 
during imatinib mesylate therapy in patients with 
Philadelphia-positive chronic myeloid leukemia in 
chronic phase. Cancer. 2003;98:1905-11. 
17. Bumm T, Muller C, Al-Ali HK, Krohn K, Shep--
herd P, Schmidt E, Leiblein S, Franke C, Hennig E, 
Friedrich T, Krahl R, Niederwieser D, Deininger 
MW. Emergence of clonal cytogenetic abnor--
malities in Ph- cells in some CML patients in cy--
togenetic remission to imatinib but restoration of 
polyclonal hematopoisis in the majority. Blood. 
2003;101:1941-9.
18. Starke H, Raida M, Trifonov V, Clement JH, Lon--
carevic IF, Heller A, Bleck C, Nietzel A, Rubtsov N, 
Claussen U, Liehr T. Molecular cytogenetic char--
acterization of an acquired minute supernumerary 
marker chromosome as the sole abnormality in 
a case clinically diagnosed as atypical Philadel--
phia-negative chronic myelogenous leukaemia. Br 
J Haematol. 2001 May;113(2):435-8.

REFERENCES


	Additional chromosomal abnormalities in Philadelphia-positive chronic myeloid leukemia
	Patients and Methods
	Results
	Discussion
	References


