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Clonal Chromosomal Abnormalities in
Philadelphia-Negative Cells and Their Clinical
Significance in Patients with Chronic Myeloid

Leukemia: Results of a Single Center

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: Chro nic mye lo id le u ka e mi a (CML) is a ha e ma to lo gi cal di se a se cha rac te ri sed
by the pre sen ce of re cip ro cal t(9;22) trans lo ca ti on, cal led Phi la delp hi a (Ph) chro mo so me. Highly
im pro ved ha e ma to lo gi cal and cyto ge ne tic re sults we re re por ted in pa ti ents with chro nic pha se CML
af ter in tro duc ti on of ima ti nib in to the mar ket. Re cently a num ber of stu di es draw at ten ti on to the
emer gen ce of clo nal chro mo so mal ab nor ma li ti es (CCAs) in Ph (-) cells du ring cyto ge ne tic fol low-
up of CML pa ti ents. The cli ni cal sig ni fi can ce of the CCAs has not yet be en cle arly de fi ned. The pre s-
ent study aims to de mons tra te the oc cur ren ce pat tern of CCA in Ph (-) cells in our co hort of CML
pa ti ents and to in ves ti ga te the im pact of CCAs on the co ur se and prog no sis of CML. MMaa  ttee  rrii  aall  aanndd
MMeett  hhooddss::  A to tal of 45 pa ti ents we re eva lu a ted. Thirty-fi ve pa ti ents with clo nal chro mo so mal ab nor-
ma li ti es in Ph(-) cells cons ti tu ted the first gro up (GI), which was com pa red to a se cond gro up (GI I)
of 10 pa ti ents with comp le te cyto ge ne tic res pon se but no CCAs in terms of sur vi val and di se a se pro-
g res si on. RRee  ssuullttss:: The most fre qu ent CCAs we re -21, -18 and -20, fol lo wed by -22, -10, -17 and -19.
Tri so mi es of Y and 8 we re se en in 2 pa ti ents. In 9 ca ses struc tu ral ab nor ma li ti es, such as del(7)(q11),
del(17)(q11q21) and dif fe rent mar ker chro mo so mes we re ob ser ved. The re we re no dif fe ren ce bet -
we en the two gro ups in terms of sur vi val and prog res si on. Dyspla si a to so me ex tent se ems to oc cur
in both gro ups ir res pec ti ve of pre sen ce or ab sen ce of CCAs. CCoonncc  lluu  ssii  oonn::  Ac cor ding to our re sults, the -
re is no con vin cing evi den ce that CCAs can al ter the na tu ral co ur se of CML on ima ti nib. We sug-
gest that, re gu lar cyto ge ne tic mo ni to ring with clas si cal cyto ge ne tic analy sis is es sen ti al for CML
pa ti ents on tyro si ne ki na se in hi bi tors, ho we ver it wo uld be ad vi sab le to con firm and fol low the most
fre qu ently ob ser ved nu me ri cal ab nor ma li ti es by FISH tech ni qu e as well.

KKeeyy  WWoorrddss::  Le u ke mi a, mye lo ge no us, chro nic, bcr-abl po si ti ve; prog no sis; chro mo so me aber ra ti ons 

ÖÖZZEETT  AAmmaaçç::  Kro nik mi ye lo id lö se mi (KML), Phi la delp hi a (Ph) kro mo zo mu ola rak ad lan dı rı lan, re -
sip ro kal t(9;22) trans lo kas yo nu ile ka rak te ri ze he ma to lo jik bir has ta lık tır. İma ti ni bin pi ya sa ya ve -
ril me sin den son ra, kro nik faz da ki KML has ta la rın da yük sek oran lar da he ma to lo jik ve si to ge ne tik
tam ya nıt lar el de edil me ye baş lan mış tır. Ya kın za man lar da KML has ta la rı nın ta ki bin de Ph (-) hüc -
re ler de klo nal kro mo zo mal ano ma li le rin (KKA) or ta ya çık tı ğı na da ir bir di zi ça lış ma ya yın lan mış -
tır. Bu KKA'la rın kli nik an la mı he nüz açık lık ka zan ma mış tır. Bu ça lış ma nın ama cı mer ke zi miz de
iz le nen KML has ta la rın da KKA gö rül me ka lıp la rı nı ve bu ano ma li le rin kli nik an la mı nı araş tır mak -
tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ça lış ma ya 35'i KKA'lı (GI) 10'u KKA'sız (GI I) ol mak üze re tam si to ge ne -
tik ya nıt lı top lam 45 has ta da hil edil miş ve bu iki grup sağ ka lım ve has ta lık prog res yo nu açı sın dan
kar şı laş tı rıl mış tır. BBuull  gguu  llaarr::  En sık gö rü len KKA'lar sı ra sıy la -21, -18, -20, , -22, -10, -17 ve -19'dur.
İki has ta da tri zo mi Y ve 8 gö rül müş tür. Do kuz has ta da del(7)(q11), del(17)(q11q21) ve fark lı mar -
ker kro mo zom lar ol mak üze re ya pı sal ano ma li ler göz len miş tir. GI ve GII ara sın da sağ ka lım ve has -
ta lık prog res yo nu açı sın dan an lam lı fark sap tan ma mış tır. KKA'dan ba ğım sız ol mak üze re her iki
grup ta da disp la zi nin dü şük oran da or ta ya çık tı ğı göz len miş tir. SSoo  nnuuçç::  El de et ti ği miz so nuç lar, ima -
ti nib kul la nan has ta lar da gö rü len KKA'la rın has ta lı ğın do ğal sey ri ne et ki et ti ği ne da ir ye ter li ka nıt
sun ma mak ta dır. Ti ro zin ki naz in hi bi tör te da vi si al tın da ki has ta lar da dü zen li iz le min kla sik si to ge -
ne tik ana liz le ya pıl ma sı en uy gun yol dur. An cak, sık tek rar la yan sa yı sal ano ma li le rin FISH tek ni -
ği ile doğ ru lan ma sı ve ta ki bi de ya pıl ma lı dır. 
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hro nic mye lo id le u ka e mi a (CML) is a clo -
nal ha e ma to lo gi cal di se a se cha rac te ri sed by
the pre sen ce of t(9;22)(q34;q11) trans lo ca -

ti on which re sults in Ph chro mo so me, in abo ut
95% of ca ses. This re cip ro cal trans lo ca ti on le ads to
the well-known re ar ran ge ment bet we en the ABL
ge ne on chro mo so me 9 and the BCR ge ne on chro-
mo so me 22. The re sul ting BCR-ABL fu si on ge ne
en co des a pro te in with in cre a sed tyro si ne ki na se
ac ti vity, which plays the ma jor ro le in CML pat ho -
ge ne sis.

Bet ter un ders tan ding of mo le cu lar bi o logy of
the di se a se led to the in tro duc ti on of ima ti nib me-
sy la te, a po tent ABL ki na se in hi bi tor. With this
new agent, high ra tes of cyto ge ne tic res pon se are
ac hi e ved in chro nic pha se CML pa ti ents. Res pon -
ses are mostly du rab le in tho se with ma jor cyto ge -
ne tic res pon se. 

Cyto ge ne tic ab nor ma li ti es ot her than Ph
chro mo so me ha ve be en re por ted to oc cur du ring
the na tu ral co ur se of the di se a se.1 Oc cur ren ce of
ad di ti o nal cyto ge ne tic ab nor ma li ti es in the Ph (+)
cells is de fi ned as clo nal evo lu ti on (CE) and is con-
si de red a pre ce ding sign for ac ce le ra ti on. Emer-
gen ce of clo nal chro mo so mal ab nor ma li ti es (CCA)
in Ph(-) cells has al so be en do cu men ted in pa ti ents
using in ter fe ron (INF)-alp ha and ima ti nib mesy la -
te. However, the in ci den ce and the cli ni cal sig ni -
fi can ce of tho se CCAs as well as the ir inf lu en ce on
prog no sis ha ve not be en a ma jor po int of in te rest
un til re cently. The aims of this study we re to de-
li ne a te the oc cur ren ce pat tern of CCA in Ph (-)
cells in our co hort of CML pa ti ents and to in ves ti -
ga te the im pact of CCAs on the co ur se and prog no-
sis of CML.

MA TE RI AL AND MET HODS
DE SIGN

A to tal of 183 Ph-po si ti ve chro nic pha se CML pa-
ti ents who we re tre a ted with INF and/or ima ti nib
mesy la te in the Ha e ma to logy De part ment of Cer-
rah pa şa Me di cal Fa culty bet we en 1994 and 2007
we re inc lu ded in the study. The fi les of all en rol -
led pa ti ents as well as the da ta ba se of the Ge ne tics
De part ment we re ret ros pec ti vely re vi e wed in

terms of ba se li ne and fol low-up cyto ge ne tic re-
sults. In for med con sent was ob ta i ned be fo re the
re vi ew pro cess. One hundred and six out of 183
pa ti ents had been monitored with cyto ge ne tics.
CCAs in Ph(-) cell po pu la ti on we re de tec ted in 35
of tho se 106 (33%) pa ti ents. The cli ni cal da ta of
the 35 pa ti ents with CCAs in Ph(-) cells we re re-
vi e wed in de ta il and com pa red to 10 ca ses of CML
pa ti ents (10/106 pa ti ents; 9%) with comp le te cy-
to ge ne tic res pon se and no ot her clo nal chro mo so -
mal ab nor ma li ti es. Dysplas tic chan ges in bo ne
mar row samp les we re al so eva lu a ted in re la ti on to
pre sen ce or ab sen ce of CCAs. For this pur po se, bo -
ne mar row samp les we re re vi e wed for signs of dys-
pla si a.

STUDY PO PU LA TI ON

In to tal, 45 pa ti ents we re eva lu a ted in 2 gro ups.
The first gro up included 35 pa ti ents with clo nal
chro mo so mal ab nor ma li ti es in Ph(-) cells. At the
ti me of ima ti nib tre at ment, the ir me di an age was
45 ye ars (ran ge: 15-78); 34 pa ti ents we re in the
chro nic pha se and one in an ac ce le ra ted pha se.
The me di an fol low-up du ra ti on was 49 months
(ran ge: 17-132). Ma le to fe ma le ra ti o was 24/11.
Twenty-two pa ti ents had be en pre vi o usly tre a ted
with hydrox yu re a (HU) alo ne and 8 with INF in-
c lu ding 1 in com bi na ti on with cyta ra bi ne (ARA-
C). The me di an fol low-up du ra ti on af ter ima ti nib
the rapy was 45 months (ran ge: 10-66). Ten pa ti -
ents with CCR and no CCAs com pri sed the se c-
ond gro up. The me di an age was 44 ye ars (ran ge:
28-56) and ma le to fe ma le ra ti o was 1. Thre e of
the pa ti ents had re ce i ved a pri or co ur se of INF
be fo re ima ti nib. The me di an fol low-up in the se -
cond gro up was 28 months (ran ge: 9-73). The
cha rac te ris tics of the patients are sum ma ri sed in
Tab les 1-2.

DE FI NI TI ONS

Clo na lity as sess ments we re ma de ac cor ding to the
ru les of In ter na ti o nal System for Hu man Cyto ge -
ne tic No menc la tu re (ISCN) 1995/2005.2,3 Struc tu -
ral chro mo so me ab nor ma li ti es and tri so mi es we re
de fi ned as “clo na l” if they we re pre sent in at le ast
2 me tap ha ses. Mo no so mi es considered clo nal only
if they exist in at le ast thre e cells. Samp les carr ying
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ad di ti o nal chro mo so mal ab nor ma lity only on 1
me tap ha se we re considered non-clo nal and were
exc lu ded.

Cyto ge ne tic res pon ses to the rapy were de fi ned
as fol lows:4

Comp le te cyto ge ne tic res pon se (CCR) in di ca -
ted that the re we re no Ph+ cells at all. 

Pre sen ce of less than 35% Ph+ cells was de sig -
na ted as ma jor cyto ge ne tic res pon se (MCR). 

Par ti al (PCR) and mi nor cyto ge ne tic res pon -
ses (MiCR) we re con si de red if the fre qu ency of Ph+
cells li ed bet we en 35-65% and 66-95%, res pec ti -
vely. 

No cyto ge ne tic res pon se was de fi ned as the
pre sen ce of 96-100% of Ph+ cells.

CON VEN TI O NAL CYTO GE NE TICS

Con ven ti o nal cyto ge ne tic analy ses we re per for med
in the Cyto ge ne tic La bo ra tory of Me di cal Bi o logy
De part ment of Cer rah pa şa Me di cal Fa culty af ter 24
h or over night uns ti mu la ted cul tu re of bo ne mar-
row. GTL ban ding was app li ed and chro mo so me
ab nor ma li ti es we re des cri bed ac cor ding to the
ISCN 1995/2005.2,3 At le ast 20 me tap ha ses we re
eva lu a ted whe ne ver pos sib le. 

STA TIS TI CAL ANALY SIS

All des crip ti ve and com pa ra ti ve sta tis ti cal analy ses
we re car ri ed out using SPSS v.11 for Win dows. The
gro ups we re not nor mally dis tri bu ted; we the re fo -

re used the non-pa ra met ric Mann-Whit ney U test
to com pa re dif fe rent pa ra me ters in the 2 gro ups. A
p va lu e < 0.05 was con si de red sta tis ti cally sig ni fi -
cant. 

RE SULTS

CYTO GE NE TICS IN PA TI ENTS WITH CCAS

In 35 pa ti ents the emer gen ce of a cyto ge ne ti cally
ab nor mal clo ne in Ph(-) cells was ob ser ved af ter
a me di an of 13 months (ran ge 3-35 months) 
fol lo wing ima ti nib on set. All pa ti ents had com-
plete haematological response (CHR) to imatinib,
and 1 par ti al, 10 ma jor and 24 comp le te cyto ge -
ne tic res pon se when clo nal chro mo so mal ab nor -
ma li ti es we re no ti ced in Ph(-) cells. Fo ur of 
10 ca ses (pa ti ents 4, 20, 21, 23) with MCR at 
the ti me when the CCAs we re dis co ve red, im pro -
ved the ir cyto ge ne tic res pon se to CCR, alt ho ugh
one of the se pa ti ents (pa ti ent 4) re tur ned to 
MCR af ter 2 suc ces si ve samp les with CCR. One
of the 10 MCR ca ses (pa ti ent 35), reg res sed 
to MiCR. One pa ti ent with par ti al cyto ge ne tic 
res pon se (pa ti ent 14) at the ti me of first CCA 
oc cur ren ce prog res sed to MCR. Anot her pa ti ent
(pa ti ent 10) lost his CCR that had be en ac hi e ved
at the ti me of emer gen ce of the first CCAs and
went back to MiCR. This pa ti ent un der went 
al lo ge ne ic stem cell trans plan ta ti on from his 
HLA full match brot her but di ed 1 month af ter
trans plan ta ti on du e to trans plant re la ted in fec ti -
on. 
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TABLE 2: Characteristics of CML Patients with CCR and No Other CCAs.

Abbreviations: F: female, M: male, CR: cytogenetic response, Dx: diagnosis, CCR: complete cytogenetic response, MiCR: minor cytogenetic response, MCR: major cytogenetic response, BM: bone marrow, NA:

not available.

Patient No.

36

37

38

39

40

41

42

43

44

45

Gender

M

F

F

M

F

M

M

M

F

F

Age at Dx

(years)

51

45

49

30

43

28

56

49

31

38

Sokal Score 

at Dx

0.631

0.716

1.091

1.303

1.262

0.537

0.796

5.689

1.210

0.821

Interferon prior

to imatinib

Yes

Yes

Yes

No

No

No

No

No

No

No

Age at imatinib

onset (years)

51

47

50

33

43

28

57

49

32

38

Months on 

imatinib

34

50

52

9

27

33

11

28

11

12

Best CR

CCR

CCR

CCR

CCR

CCR

CCR

CCR

CCR

CCR

CCR

Time to best 

CR (months)

20

10

19

4

27

14

6

24

3

6

Overall survival

(months)

73

72

65

9

27

35

24

29

25

13

Dysplastic

changes on BM

No

No

No

No

No

No

No

Yes

Yes

Yes



Up to 9 cyto ge ne tic analy ses of bo ne mar row
we re re gu larly per for med every 6 to 12 months ac-
cor ding to cyto ge ne tic re sults for each ca se du ring
the fol low up pe ri od af ter ima ti nib. Twenty-nine
dif fe rent kinds of cyto ge ne tic ab nor ma li ti es we re
ob ser ved (mo no so mi es of all chro mo so mes, tri so -
mi es of chro mo so mes 8 and Y, struc tu ral ab nor -
ma li ti es in vol ving chro mo so mes 7 and 17, and
dif fe rent mar ker chro mo so mes) in a to tal of 165
events. Nu me ri cal chro mo so me ab nor ma li ti es, es-
pe ci ally mo no so mi es we re pre do mi nant in our se-
ri es. Mo no so mi es of all chro mo so mes we re
ob ser ved clo nally at le ast in one ca se. The most
pro mi nent one was -21 which was ob ser ved in 14
ca ses. Mo no so mi es of 18 and 20 we re se en in 13 ca -
ses each, -10, and -22 was ob ser ved in 11 ca ses
each, and -17 and -19 we re pre sent in 10 ca ses
each. Tri so mi es of Y and 8 we re se en in 2 pa ti ents.
In 9 ca ses struc tu ral ab nor ma li ti es, such as
del(7)(q11), del(17)(q11q21) and dif fe rent mar ker
chro mo so mes we re ob ser ved. CCAs in the study
po pu la ti on were shown in Tab le 3. Fi gu re 1 shows
the chro mo so me in vol ve ment in 35 pa ti ents with
CCAs in Ph(-) me tap ha ses.

Twenty-seven of 165 (16%) cyto ge ne tic ab-
nor ma li ti es we re ob ser ved in a me di an of 2 analy-
ses (ran ge 2-4), alt ho ugh not al ways con se cu ti vely,
in 12 ca ses. Monosomy of -21 was ob ser ved in at
le ast 2 dif fe rent bo ne mar row samp les in 3 ca ses
(pa ti ents 8, 12, 24), -6 in 2 ca ses (pa ti ents 3, 12), -
8 in 2 ca ses (pa ti ents 3, 4), +8 in 2 ca ses (pa ti ents
17, 21), -9 in 2 ca ses (pa ti ents 3,4), -13 in 2 ca ses
(pa ti ents 3,12), and -20 in 2 ca ses (pa ti ents 28,31).
The fol lo wing cyto ge ne tic ab nor ma li ti es we re de-
tec ted mo re than on ce in one ca se each:
del(7)(q11) (pa ti ent 35), –Y (pa ti ent 4), +Y (pa ti -
ent 8), -3 (pa ti ent 24), -10 (pa ti ent 4), -14 (pa ti ent
4), -15 (pa ti ent 4), -16 (pa ti ent 4), -17 (pa ti ent 9),
-18 (pa ti ent 4), -22 (pa ti ent 1) and a mar ker chro-
mo so me (pa ti ent 29).  

CLI NI CAL COM PA RI SON BET WE EN CAR RI ERS AND 
NON-CAR RI ERS OF CCAS

In or der to eva lu a te the im pact of oc cur ren ce of
CCAs on the prog no sis and na tu ral co ur se of
CML du ring ima ti nib tre at ment we com pa red

CCA carriers (gro up I) with non-car ri ers (gro up
II) in terms of ove rall sur vi val and tre at ment re-
s pon se. The re we re no sta tis ti cally sig ni fi cant dif-
fe ren ces in ba sic cha rac te ris tics bet we en the 2
gro ups ex cept that the du ra ti on of tre at ment with
ima ti nib was shor ter in gro up II (27.5 months vs
44.5 months) (Tab le 3). Dyspla si a to so me ex tent
se emed to oc cur in both gro ups ir res pec ti ve of
pre sen ce or ab sen ce of CCAs. The ove rall sur vi val
du ra ti ons we re not sig ni fi cantly dif fe rent sin ce
all pa ti ents we re ali ve at the end of the fol low-
up pe ri od, ex cept one pa ti ent that lost the comp -
le te cyto ge ne tic res pon se and was trans plan ted
for this re a son but di ed du e to trans plant re la ted
in fec ti on. 

DIS CUS SI ON

CML pa ti ents with CCAs in Ph(-) cells ha ve re-
cently be en re por ted in a co up le of se ri es.5-7 The
fre qu ency of CCAs in Ph(-) cells dif fer bet we en 2%
and 24% in dif fe rent re ports.8,9 We fo und a fre qu -
ency of 33% in our pa ti ents. This may se em hig her
than the re sults in re la ted li te ra tu re. Ho we ver, the
in ci den ce of CCAs in Ph (-) cells in the li te ra tu re
co uld ha ve be en un de res ti ma ted be ca u se CML
scre e ning has of ten be en per for med using FISH or
by sco ring only the cer ta in ab nor ma li ti es li ke Ph
chro mo so me, -7, or +8 on G-ban ded pre pa ra ti ons.5,9

Bumm et al in di ca ted the ne ed for furt her stu di es
with clas si cal cyto ge ne tics to es tab lish the cor rect
fre qu ency of CCAs.10 Our re sults to tally de pend on
clas si cal cyto ge ne tics, which might be an exp la na -
ti on for the hig her ra te of CCAs. If only the tri so -
mi es and struc tu ral ab nor ma li ti es are con si de red,
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FIGURE 1: Chromosome involvement in 35 patients with CCAs in Ph (-)
metaphases.
M: marker chromosome.
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Patient No. Clonal Chromosome Abnormalities in Ph(-) cells (%) Time on Imatinib 
(months)

1 -17 (%18), -21 (%14), -22 (%32) 23
-22 (%17) 50
-18 (%15) 58

2 -10(%15), -16 (%15) 4
-1 (%15), -17 (%15), -22 (%20) 53

3 -Y (%20), -4 (%16), -5 (%12), -6 (%12), -8 (%12), -9 (%24), -12 (%12), -13 (%24), -15 (%28), -16 (%12), -18 (%12), -19 (%28), -20 (%20), -21 (%24), -22 (%12) 25
-6 (%12), -8 (%20), -20 (%16) 31/3
-8 (%11), -9 (%15), -13 (%11), -20 (%11) 39/9

4 -Y (%14)* , -10 (%14)* , -14 (%18), -15 (%14), -16 (%11)* 8
-Y (%10), -3 (%10), -7 (%13), -8 (%10), -9 (%10), -10 (%13), -11 (%10), -14 (%10), -15 (%10), -18 (%13), -20 (%13), mar1 (%10),mar2 (%7)* 19
-4 (%15), -8 (%20), -9 (%15), -10 (%25), -13 (%30), -14 (%15), -15 (%25), -16 (%20), -18 (%15), -21 (%15), -22  (%15) 25

5 -Y (%25) 33
-10 (%15), -12 (%15 42

6 -17 (%14), -19 (%14) 23
-10 (%11) 34
-17 (%20) 42

7 -X (%21) 14
8 +Y (%30), -17 (%20) 29

+Y (%10), -Y (%16)*, -7 (%10)*, -10 (%10)*, -13 (%13)*, -15 (%13)*, -18 (%27)*, -21 (%23)*, -22 (%10)* 37
-21 (%10)* 43
+Y (%83) 50

9 -12 (%17), -20 (%13)
10 -22 (%19) 7

mar (%25) 18
mar (%12)* 25

11 -7 (%14), -18 (%19), -21 (%14) 28
-8 (%14), -13 (%14), -15 (%14) 34
-19 (%14) 41

12 -9 (%23), -17 (%31)*, del(17)(q11q21) (%23)*, -21 (%23)* 5
-6 (%15), -13 (%15), -15 (%20), -19 (%15), -21 (%15) 19
-6 (%15), -10 (%15), -13(%15), -18 (%20) 26

13 -5 (%16), -17 (%32) 12
-21 (%12), mar (%8) 29

14 -7 (%15)*, -20 (%27) 16
15 -16 (%22), -18 (%17), mar (%11) 22
16 -10 (%15), -20 (%15) 19

-9 (%20) 25
17 -20 (%16) 20

+8 (%7) 26
+8 (%16) 34

18 -6 (%15), -14 (%15), -21 (%25) 12
-4 (%12,5), -8 (%12,5), -10 (%12,5), -17 (%12,5), -20 (%21) 45

19 -20 (%13) 9
20 +Y (%16), +8 (%10,5) 3
21 -8 (%17), -16 (%10), -18 (%10), -19 (%10) 4

-9 (%10), -18 (%13) 7
-6 (%15) 13

22 -19 (%18), mar (%23,5) 8
23 -18 (%16) 9
24 -3 (%15), -14 (%15), -21 (%15) 4

-2 (%14), -3 (%14), -4 (%19),-8 (%19), -9 (%14), -10 (%14), -21 (%24) 31
25 -17 (%11,5), -21 (%19) 17

-19 (%18) 36
26 mar (%10) 5
27 -6 (%15), -10 (%15), -14(%15), -17(%20), -20(%25), -21(%25) 35
28 -19 (%11), -20 (%11) 13

-3 (%13), -20 (%10) 21
29 -10 (%16), -12 (%16), -13 (%16), -17 (%16), -18 (%16), -19 (%21), -21 (%16), -22 (%16), mar (%11) 7

mar (%4) 14
30 -Y (%19), -8 (%19), -11 (%10), -13 (%12), -14 (%12), -18 (%10), -19 (%16) , -20 (%19), -21 (%19), -22 (%10) 23

mar(%15) 39
31 -18 (%17), -22 (%13) 9
32 -X (%20), -21 (%25), -22 (%15) 6
33 -Y (%26), -8(%16), -14(%16), -18(%16), -20(%32), -22(%16) 27
34 -20 (%7,5) 11
35 del(7)(q11) (%33), -7 (%11)* 29

der3? (%21)**, del(7)(q11) (%21), -12 (%21), der12? (%12,5)**, -19 (%25)**, mar (%12,5)** 40

TABLE 3: Clonal Chromosomal Abnormalities in Ph (-) clone.

*Observed both in Ph+ and Ph- metaphases,**Observed in Ph+ cells, repeating abnormalities are bold typed.



the fre qu ency of CCAs in our se ri es al so co mes
down to 13%.

The me di an ti me to first de tec ti on of CCA in
Ph(-) cells on ima ti nib has be en re por ted to dif fer
bet we en 6 and 18 months.6,11 In our pa ti ent gro up
it was 13 months (ran ge 3-35 months). O’S he a et
al, and O’D wyer et al al so re por ted a si mi lar me di -
an ti me of ap pro xi ma tely 13 months.9,12

We ob ser ved in Ph (-) cells of 11 pa ti ents so -
me clo nal chro mo so me ab nor ma li ti es (-Y, -5, -7
and +8) that ha ve be en re por ted to oc cur in mye -
lodys plas tic syndro me. Of tho se 11 pa ti ents, six
had dysplas tic chan ges in the ir bo ne mar row sam-
p les. De i nin ger et al re cently re por ted 2 ca ses of
MDS/AML (6.7%) in 30 pa ti ents with CCAs in 
Ph(-) cells in a me di an fol low-up of 51 months.13

Con si de ring the low num ber of re por ted ca ses in
the li te ra tu re one might as su me that the ove rall
in ci den ce of MDS is not high. In our study, no ne
of the six pa ti ents with dysplas tic bo ne mar row
chan ges had cli ni cal fin dings of a con cur rent
MDS.

The most frequently reported autosomal ab-
normalities in Ph(-) cells of CML patients are -
7/7q- and +8.2,3,6,8,9,14-22 We fo und per sis tent
del(7)(q11) ab nor ma lity only one pa ti ent. The re are
thre e re por ted ca ses with this ab nor ma lity in CML
pa ti ents. Ter re et al re por ted del(7)(q11) in Ph(-)
cells in one of the ir ca ses, whe re as Mi ya mo to and

Schoch et al fo und the sa me ab nor ma lity in the
Ph(+) cells of the ir ca ses.7,21,23 Our pa ti ent with
del(7)(q11) ac hi e ved only ma jor cyto ge ne tic res -
pon se fol lo wing 45 months on ima ti nib. Al most all
of the -7 and +8 ab nor ma li ti es in our se ri es we re
tran si ent and did not ha ve any cli ni cal sig ni fi can -
ce.

We de tec ted del(17)(q11q21) in one pa ti ent.
As far as we know, this ab nor ma lity was not re-
por ted in CML, but the re are two re por ted acu te
prom ye locy tic le u ke mi a ca ses and two dif fu se lar -
ge B-cell lympho ma ca ses.14,22,24 Our del(17)
(q11q21) pa ti ent had a low So kal sco re and ac hi -
e ved comp le te cyto ge ne tic res pon se wit hin 12
months of ima ti nib tre at ment. He had be en in
CCR for abo ut thre e ye ars at the ti me of en rol -
ment. 

Mo no so mi es 21, 20 and 18 we re the most fre-
qu ently ob ser ved chro mo so me ab nor ma li ti es in
our se ri es. O’S he a D et al re por ted -20 in one of
the ir 7 ca ses.9 -X was de tec ted in two of our ca ses;
in one pa ti ent, as a so le ab nor ma lity and in the ot -
her to get her with -21 and -22. Lin et al al so re-
por ted co-oc cur ren ce of -X and -22 in one
pa ti ent.19

Loss of the Y chro mo so me is known to be an
age-re la ted phe no me non. Se ve ral gro ups stu di ed
the loss of Y chro mo so me in ha e ma to lo gi cal di se -
a ses both as an aging phe no me non and as part of
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Group I [Ph(-) with CCA] Group II [Ph(-) without CCA] P

Number of patients 35 10 >0.05

Age at diagnosis (years) 45 (15-78) 44 (28-56) >0.05

Sokal score 0.887 (0.498-3.331) 0.820 (0.537-5.689) >0.05

Spleen size at diagnosis (cm)* 6 (0-27) 3.5 (0-25) >0.05

WBC at diagnosis (/mm3) 126000 (17400-375000) 99300 (5500-573000) >0.05

Hb at diagnosis (g/dl) 11.4 (5.9-15.8) 11.8 (9-14.3) >0.05

Platelet count at diagnosis (/mm3) 316500 (62000-1845000) 241000 (196000-482000) >0.05

Months on imatinib 44.5 (10-66) 27.5 (9-52) 0.047

No. of patients with a prior history of interferon 8 (8/34; 23%) 3 (3/10; 30%) >0.05

Overall survival (months) 49 (17-132) 28 (9-73) >0.05

No of patients with dysplasia in BM 8 (8/34; 23%) 3 (3/10; 30%) >0.05

TABLE 4: Comparison of Characteristics between Carriers and Non-Carriers of CCAs.

Abbreviations: BM: bone marrow, Hb: haemoglobin, WBC: white blood cell count.

* measured in cm as palpable portion of spleen beyond left costal margin.
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the le u ke mic pro cess and they ag re ed that the
loss of the Y chro mo so me was pre sent in both
nor mal and ma lig nant mar rows and its fre qu ency
in cre a ses with age in both si tu a ti ons. It is ra re be -
low the age of 50, but in cre a ses up to 25% af ter 80
years.18,25,26 The ove rall fre qu ency of –Y in bo ne
mar row samp les has be en re por ted bet we en 3.4%
and 8.2%.25,27 If –Y is ob ser ved in a mi no rity of
cells, it is as su med to be re la ted to age, but when
it is ob ser ved in a hig her pro por ti on of cells
(>75%), it is usu ally con si de red a se con dary event
as so ci a ted with the un derl ying pat ho logy.25,26 Ho -
we ver, -Y se ems harm less in terms of di se a se pro-
g res si on.11,13,27 We ob ser ved -Y in 6 of our ca ses.
In no ne of our ca ses –Y was pre sent in mo re than
26% of the cells. No ne of tho se 6 pa ti ents we re
ol der than 70 and no ne had a poor cli ni cal out-
co me.

Our re sults are not in li ne with tho se of the re -
le vant li te ra tu re in terms of high mo no somy fre-
qu en ci es. This can be exp la i ned by the fact that in
most of the abo ve-ci ted stu di es cyto ge ne tic analy-
sis was per for med using FISH to scan so me pre-de -
ter mi ned ab nor ma li ti es or by sco ring only those
par ti cu lar ab nor ma li ti es on G-ban ded pre pa ra ti ons.
However, in our study, we so lely, de pen ded on
clas si cal kar yoty ping and the re fo re we we re ab le
to se e all the ab nor ma li ti es.

On the ot her hand, it is dif fi cult to in ter pret
mo no so mi es in cyto ge ne tics be ca u se of the risk of
“cre a tin g” them in the pro cess of sli de ma king. Ho -
we ver, not all of the mo no so mi es are to be con si -
de red tech ni cal er rors. The re are, for examp le,
per sis tent mo no so mi es that were ob ser ved in two
or mo re mar row samp les of the sa me pa ti ent in our
se ri es. Ove rall, we co uld not de mons tra te any sig-
ni fi cant dif fe ren ce in terms of di se a se prog res si on
and di se a se fre e sur vi val in Ph(-) CML pa ti ents
with or wit ho ut mo no so mi es.

Despi te the ad van ces in mo le cu lar cyto ge ne -
tic tech ni qu es, clas si cal cyto ge ne tics is still re gar -
ded as the “gol den stan dar d” in the fol low-up of
ha e ma to lo gi cal ma lig nan ci es. The re a son for pre-
fer ring FISH and RT-PCR to kar yoty ping is the
fast and easy app li cation of the se tech ni qu es. How-

ever, they are only con fi ned to cer ta in parts  of the
ge no me and alt ho ugh they are go od in tra cing spe-
ci fic ab nor ma li ti es, they do not gi ve in for ma ti on
abo ut ad di ti o nal ab nor ma li ti es. Con se qu ently,
they do not put new in for ma ti on in to the da ta po -
ol of the sub ject, but clas si cal cyto ge ne tics pro vi -
de a who le vi ew of the ge no me and the re fo re,
must be per for med whe ne ver pos sib le. Mo le cu lar
cyto ge ne tic tech ni qu es sho uld rat her be used as an
ad junc ti ve test. In res pect to our da ta, we re com -
mend that es pe ci ally mo no so mi es of chro mo so mes
20, 22, 18 sho uld be chec ked by FISH as well. Du -
e to the ret ros pec ti ve na tu re of this study, we co -
uld not con firm our clas si cal cyto ge ne tic re sults by
FISH. 

Eti o lo gic fac tors as so ci a ted with the de ve lop -
ment of CCAs in Ph(-) cells are di ver se. Se ve ral
mec ha nisms, inc lu ding the effect of drugs such as
in ter fe ron and ima ti nib ha ve be en suggested. As in
so me ot her stu di es, we co uld not de mons tra te any
de fi ni ti ve ca u sa ti ve re la ti ons hip bet we en ima ti nib
and the emer gen ce of CCAs.13

Du e to low num ber of pa ti ents, no sub gro up
analy sis co uld be per for med; thus, the re are no ro-
bust da ta to com ment on the cli ni cal or prog nos tic
sig ni fi can ce of a cer ta in clo nal ab nor ma lity in our
co hort of pa ti ents. We ob ser ved that a CCA, alo ne
or in com bi na ti on with ot her ab nor ma li ti es, co uld
va nish and re cur du ring fol low-up wit ho ut any cli -
ni cal re le van ce. This ma kes the who le is su e dif fi -
cult to in ter pret. 

With the li mi ted da ta we ob ta i ned from our
study, we conc lu de that the emer gen ce of CCAs
must be a mul ti fac to ri al phe no me non. Ima ti nib
may play a ro le as shown in ot her stu di es but we
we re not ab le to de mons tra te any ne ga ti ve ef fect
of ima ti nib.7 The se clo nal ab nor ma li ti es se em to
oc cur ran domly on a rat her uns tab le back gro und
of di vi ding cells. We co uld not as so ci a te CCAs
with MDS de ve lop ment in our pa ti ents tho ugh se -
ve ral of them had mi nor dysplas tic chan ges in the -
ir mar rows. Our da ta cle arly in di ca te that
oc cur ren ce of CCAs in Ph(-) cells do es not ha ve a
ma jor im pact on the cli ni cal out co me of pa ti ents
who had ac hi e ved at le ast a MCR. The ove rall sur-



vi vals as well as the sus ta i ned res pon se ra tes we re
not dif fe rent in car ri ers and non-car ri ers of CCAs
in our study. Alt ho ugh the du ra ti on of ima ti nib
tre at ment in the non-car ri er gro up was sig ni fi -
cantly shor ter than in the car ri er gro up, its me di -
an was far be yond the me di an ti me to first
ap pe a ran ce of CCAs (27 vs. 13 months). We the re-
fo re con si de red the dif fe ren ce neg li gib le. But we
still think that mul ti cen ter stu di es with lar ge num-
bers of pa ti ents are re qu i red to iden tify the de ve -

lop ment pat tern and cli ni cal con se qu en ces of
CCAs in Ph(-) cells. Cur rently, the re is no con vin -
cing evi den ce that CCAs can al ter the na tu ral co -
ur se of CML. The re fo re, one may not con si der the
emer gen ce of CCAs to re de sign a tre at ment plan.
However, ac cu mu la ting da ta may chan ge our con-
cept of hand ling pa ti ents with CCAs; the re fo re we
still sug gest re gu lar cyto ge ne tic mo ni to ring with
clas si cal cyto ge ne tic analy sis for CML pa ti ents on
tyro si ne ki na se in hi bi tors.
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