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Specific chromosome abnormalities occur in most cases of secondary myelodysplastic 
Syndromes (MDSI, broadly defined to include acute nonlymphocytic leukaemia (ANLL). 
To explore their relation with the type of prior cancer and its treatment, and their use 
in predicting response of the secondary MDS to therapy, 216 patients from the literature 
were analyzed. Abnormal karyotypes were grouped into 10 nonoverlapping categories, 
depending first upon the presence of abnormalities of chromosomes 5 and 7 ( - 5 .  5q-, 
-7,  7q-), then upon specific rearrangements seen in de novo ANLL. and finally upon other 
structural or numerical abnormalities. Karyotype correlated with type of prior cancer 
(p = .002).  - 5 ,  -7 and additional whole chromosomes were associated primarily ( 6 - 4 6  TO) 
with prior haematologic malignancies, and the specific rearrangements and 5q- groups 
(70-71 ma) with prior solid tumors. Karyotype also correlated with prior rherapy 
(p = .0009). - 5 ,  -7 and 7q- were highly ( >  85 "0)  associated with chemotherapy (alone 
or with radiotherapy); the 5q-, specific rearrangements, normal. and "other" structural 
abnormalities groups were often (29-60 mo) associated with radiotherapy alone. Finally, 
karyotype also predicted achievement  o f  comple te  remission ( C R ) ;  Sq- a n d  -5  were 
associated with the lowest CR rate (13 To), specific rearrangements and other structural 
abnormalities with the highest (65 ma). Prospective studies are required to determine if  
karyotype is an independent risk factor. 

.4s more patients with cancer have been success- 
fully treated with radiation and/or  chemotherapy, 
there have been increasing numbers of reports of 
secondary myelodysplastic syndromes (MDS), in- 
cluding acute nonlymphocytic leukaemia (ANLL), 
occurring a m o n g  such patients (1-2). To date,  
relatively fen of these patients have had cytogenetic 
studies donelwhen they developed the secondary 
MDS. Only five sizeable series of banded chromo- 
some studies have been published (3-10). I n  these 
studies it has been suggested that kar!otype may 
be related t o  type of prior malignancy, and 'or type 
of  prior treatment.  It has also been suggested that 

karyotkpe may be the major  predictor o f  response 
t o  treatment of the secondary MDS. Because of the 
small numbers of patients studied in each series thi. 
conclusions ha\ e been tenuous. This review coli- 
siders the  relation of karyotype to the type of prior 
disease. the  nature of prior treatment, and th: 
response t o  therapy of  the secondary MDS in 216 
patients f rom the above 5 published series. 

Materiak and methods 
Fo: pU;poSeS of th i s  re\ le\+, the 5 studies, compribing 2.'; 
parientc \\ith iecondar! \IDS following rherap! for I. 

primary disease, were carefully exar;' 
cases reasonably successfully anal) z: 
niques were included. Cases which 
Fourth international Workshop on < 
kemia (31hlWCL) from the Unibr: 
University of .Minnesota, the Finst.:- 
were listed with their respe<ti\e S .  

(Table I ) .  

TABLE I 
Porienr charocrerisr,cs in .five studies II 

~~~~ ~ 

Chi<.. 

References 3- 

To male 4Y 

Age at secondary 51DS o'rs) 
Median .. 
Range 6--  

Median 56 
Range IO- 

Malignant lymphoma 16 
Multiple myeloma 8 

Number of cases 6! 

<' 

Mos from initial treatment'diagnnsis 

First disease (cancer) 
Hodgkin's disease 3-  

Other haematologic ca. 
Breast 6 
Ovary 
Uterusicervix 6 
Lung 3 

8 Colorectal 
Other solid tumor 6 
Benign 

Prior therapy ("70)  

Radiation 
Minimal (R)  

Chemotherapy 
Single (C) 
Combination (CC) 21 

R + C  
R + C C  5 
RR + C 
RR - C C  .. 

Intensive 3: 
Minimal -_ 
None L: 

no Complete remission 
Durarion (mos)  

1 

Major (RR) 16 

I 1  

Combined modality 

7 '  

Treatment for secondar!. MDS (ob) 

7 -  

Response io intensire treatment 
-41 

Median 3 
Range b--: 

Survival (mor) 
.Median 
Range (1-4 

Onl! secondar) 4 ~ i . L .  * *  Origi1.i 
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Primary ditease. were carefully examined. Only those 216 
;aces reasonablv successfully analyzed with banding tech- 
niques here included. Cases which uere included in the 
Founh International Workshop on Chromosomes in Leu- 
bsmia (3'"IWCL) from the University of Chicago, the 
Cni\ersity of Minnesota. the Finsen Institute and France 
\sere listed with their respective submitting institution 
(Table I ) .  

Patient characteristics which were available for most 
of the cases are summarized in Table 1 .  The series dif- 
fered in the type of patients included. The WlWCL and 
Minnesota series included only cases meeting the criteria 
for a diagnosis of ANLL (11). In each series there was 
a slight predominance of females, and the median age 
ranged from 5 5  to 63.  The median time from the primary 
disease (or its treatment) to the diagnosis of e secondary th 

lary 
f 
f 

I A B L E  I 
poirent .haracrerrsrics in five studies of 5anded chromosome anolvses in secondorv UDS 

Chicano French Finsen 4thlWCL. Minnesota' Total 
ield 
hcology,  Department of 
3f Minnesota Health Sciences 

Minnesota, U S A .  and the 
:al Genetics, University of 
inland 

L _ _ ~ ~  ~~~~~~~~~ ~~~ ~~ ~~~~~~~~ ~ 

Reicrences 3-5 6 
\umber of cases 63 55  
'TU male 19 49 
~ g e  ai secondary 51DS (yrs) 

\ledian 55 60 
Range 6-76 13-89 

\los from initial treatment/diagnosis to secondary MDS 
Sledian 56 72'' 
Range 10-192 24-288 

Hodgkin's disease 37 I. 

\lalignanr lymphoma 16 I I  
Slultiple myeloma 8 13 
Other haematologic ia. 4 
Breast 6 16 
O\ ar)  3 < 
Uterus ?ervi.\ 6 4 
Lung 3 7 

Colorecral 8 4 
Orher solid iumor 6 15 
Benign 5 5 

F i x  disease (cancer) (ob) 
-7 

7 

Prior therapy ("'0) 

Radiation 
llinimal I R )  3 

4lajor t R R )  I6 
Chemotherapy 

Single (C) I 1  
Combination (CC) 'I 

R - C  3 

Combined modality 

R - CC 8 
R R  - C c 

R R  - CC 35 
T:eaiment ior secondary \IDS (ob) 

7.8 
42 
45 

9 
36 
44 

I O  
20 
u) 

216 
47 

63 
22-75 

5 5  
1 8 - 3  

59 
22-76 

astic 
*LL). 
r use 
ature 
mes,  
* 5q-, 
other 
ancer 
6 ob) 
oups 

xapy 
done 
.tural 
ially. 
u ere 
: U p  

n t  

48 
12-120 

58 
7-204 

76 
35-182 

No. ?o 
62 29 
31 14 
19 9 

7 3  
28 13 
16 7 
9 4  
7 3  
7 3  

20 9 
I O  5 

36 
21 

5 
2 

10 
I4 

5 
5 
0 

0 
7 

22 
I I  
I 1  

3 
22 
6 
0 
3 
0 

I I  
I I  

20 
I O  

5 
I O  
15 
15 

5 

0 
15 
0 

c 

I O  59.. 

15 7 
17 8 
20 9.- 
24 11 
31 I4 

4 2  
8 4  
6 3  

56 26 
55  25". 
73 34 
28 13 
58 27 

2s 12-9 

IO 
5 

I4 
'9 

19 
8 

17 
14 

I O  
IO 

25 
5 

18." 

0 
5 

36 
7 

0 
0 
6 

36 

IS 

0 
30 

< : major predictor of response 
condary MDS. Because of the 
ients studied in each series the 
:n tenuous. This review con- 
karyotype to the type of prior 
of prior treatment, and  the 
of the secondary MDS in 216 
)eve 5 published series. 

_ _  
Inrensi\e 
\ l in imal  

45 
12 
43 

53 
13 
28 

75 
I O  
IO Vone 44 

vo Complere remission 30 
Rcjponse IO intensive treatment 

41 26 53 38 
Duration cmo,) 

- \ledtan 20 5 1.5 3 
u n  hnou n 

Range 6-43 - l * - 3 4 +  6-l9+ 2-11 
S u r ~ i i a l  ( m o r )  

- \ledian 7 3 9 3 1  5 
Range 0-43 - 1-16 0-39 0-2 I 0-39 

* Only =:ondar? . 4NLL.  *I Original data pro\ided in years, * * *  Amount of prior therapy not specified. 

methods 
IC\ \ ,  the 5 ttudies. comprising 232 
) \1DS follouing therapy for a 
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disorder ranged from -18 to 76 months: these differences, 
in part, probably represent differences in the date at which 
the diagnosis of the secondar! \IDS !\as made. 

The series differed in two important respeits. The first 
diseace was primarily (63 ob-63 “ 0 )  haematologic in  the 
Chicago and Finsen studies. The first disease \vas most 
often a solid tumor or a nonneoplastic disorder (herein 
abbreviated benign) in the 3‘>IWCL and Irlinnesota 
series. Prior therap! tended to be more intensive in those 
series including primarily haematologic malignancies 
(Table I ) .  

In an attempt to correlare chromosome findings of the 
secondary MDS ~ i t h  their response to therap!, onl! those 
cases treated with currently acceptable induction chemo- 
therapy for ANLL 1i.e. combination chemotherapy uhich 
included cytarabine and an anthracysline or high dose 
cytarabine) Here Considered. The frequency of such 
therapy differed among the series. and onl! a total of 7 3  
cases iould be used for this analvsis. 

Results 

Karyotype classification 

An abnormal karyotype was reported in 185 cases 
(86 40). Abnormal karyotypes uere  grouped into 
I O  nonoverlapping categories. Sixty-six percent 
(142) of the cases had one  of the abnormalities of 
chromosomes 5 or 7 (i.e. -5,  5q-, - 7 ,  7q-) frequently 
reported in secondary MDS. Each of these cases 
was assigned to one of 7 groups: -5, 5q-, -7 ,  7q-,  
-5 and -7 ,  5q- and -7, other combinations of 5 
and/or  7 abnormalities (misc. 5 8: 7 )  (Table 2 ) .  Pa- 
tients wirh abnormal karyotypes not including one 
o f  these abnormalities were classified into one of 
3 groups: a “specific” group (i.e. those containing 
one  of the reciArring specific rearran, w n e n t s  as- 
sociated with de n o w  ANLL), an additions, 
“adds”. group (i.e. a karyotype with only additions 
o f  whole chromosomes), and an “other” strucrural 
abnormalities group. The largest category uab the 
rnonozomy 7 (-7) group which comprised 24 To of 
all patients. Interestingly, among the 52  cases in this 
group. 21 had 1 single abnormal clone n i th  -7 as  
the only abnormality. The smallest karyotype group 
(misc. 5 & 7) consisted of 9 cases. The “specific” 
rearrangements group was comprised of 5 cases 
with t(15;17), 2 ui th  t (6 ; l l ) ,  and one each ui th  
t (9 ; I l ) .  t(11;19) and t(8:21). 

Relation between karyotype, prior disease, 
and prior therapy 

Each kar!otype group included patients with a wide 
spectrum of prior diseases, but the relatite freqaen- 
cy of the different diseases varied (Table 2). A -  
though the incidence of specific haematologic ma- 
lignancies (i.e. Hodgkin’s disease ys. malignant 
lymphoma \ s. multiple myeioma vs. other) or so- 
lid tumors (breast vs. oLary. vs. other) did not var! 
signiiicantl! cp > .09) among chromosonie groups. 
whether the prior disease \!as a haematologic ma- 
lignancy, a solid rumor or nonneoplastic did 
(p  = ,002).  In particular, the karyotype groups in- 
cluding a - 5  or c? -7 tended to be largely composed 
of patients \\ i!h a prior haematologic malignanq 
(67 O-ob--S6 ‘yo). as did the karyotype group \qith 
only additions of u hole chromosomes (75 co). The 
specific rearrangements and 5q- karyotype group‘ 
were primaril! (70-71 Eo) comprised of patien!< 
who initial!! had solid tumors. 

The kar!-onpe groups also baried significantl! 
accordinp io :he type of prior therapy the patient< 
comprising :hem had received (p  = .0009). 0 ~ t . r  
85 “0 of the karyotypes including a - 5 ,  -7 ,  or 7 q -  
\ w e  seen in patients who had received prior 
chemotherapy alone or in combination with radio- 
therapy. In contrast, 60 E o  of the patients with 3 

specific rearrangement had received only radio- 
therapy, as had nearly one-third of patients with 
normal karyotypes, a 5q- or other structural ab- 
normalities. In this analysis, significant difference. 
among karyotb-pe groups according to the exrenr 
of radiation (minimal vs. major) or chemotherap! 
(single agen: \ s .  combined) the patient had recei\ed 
could nor be sho\Vn. However, detailed description. 
of prior trea:rnenr \\ere often not available and thu. 
an accurate assignment to extent of radiotherap! 
or chemo!h:iaF!, may not have been possible. The 
-? group, hoire\er.  tended to be associated with 
combination as opposed to single agent chemo- 
therap! (among patients recei\ing chemotherap! . 
E6 “0 \ s .  1-1 ro respectikely). Karyotype groups did 
differ ( p  = ,031 in their incidence of patients nhL1 

ha3 re:ei\ed limited as compared to more euen,i\ i’ 
single modali:! therapy (Table 2 ) .  The -5 and l h e  
-- hhr!Ot!.pe groups \+ere primaril) (83-8s rul a‘- 
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karyotype, prior disease, 

ii. 'ed patients with a wide 
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? 

> f  specific haematologic ma- : 
kin's disease vs. malignant 
le myeloma vs. other) or so- .' 

avary, vs. other) did not vary ' 
I among chromosome groups, 
.me \\as a haematologic ma- 
mor or nonneoplastic did 
lar, the karyotype groups in- 

.ided to be largely composed 
)r haematologic malignancy 
J the karyotype group with 
!e chromosomes (75 To). The 
its and  5q- karyotype groups 
. I  4 )  comprised of patients 
.d tumors. 

ups also varied significantly 
of prior therapy the patients 
received ( p  = .0009). Over 

ws including a - 5 ,  -7,  o r  -q- 
ts who had received prior 
)r  in combination with radio- 
60 "0 of the patients with a 
i t  had received only radio- 
i hird of patients u.ith 
5q- or other structural ab-  

ilysis, significant differences 
ups according to the extent 
~ 3 .  major)  or chemotherapy 
nzd) the patient had received 
.N eLer. detailed descripticns 
often not available and thils 

i t  to extent of radiotherapy 
not ha\  e been possible. The 
nded to be associated with 
red to single agent chemo- 
its receiving chemotherapy, 
bel!). Karyotype groups did 
ir  incidence of patients who 
compared IO more extensive 
y (Table 2). The  - 5  and the 
:re primarily (53-85 0%) as- 
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J 
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sociated with extensive therapy while patients with 
normal karyotypes or specific rearrangements had 
often (63-67 070) received more limited single 
modality therapy. 

In  an  attempt to evaluate the interaction of type 
of prior disease and therapy on the chromosome 
abnormality, karyotype was correlated with type 
of prior therapy separately for  patients with prior 
haematologic malignancies and solid tumors (Table 
3). In both instances, type of therapy tended to as- 
sociate with karyotype group ( p  = .06). Among 
patients with haematologic malignancies, chemo- 
therapy alone had been given to most (64-83 To) 
patients in the -5 and 5q-  karyotype groups, while 
combined modality therapy had been received by 
most patients with a -7, a 7q- ,  other structural ab-  
normalities or a normal karyotype (54-93 %). In 
contrast among patients with prior solid tumors, 
only in the -7 group had a majority of patients 
(57 To) received combined modality therapy; radia- 
tion alone was received by almost half of the pa- 
tients in the normal karyotype, the 5q-, and  the 
“other” structural abnormality groups (42-47 070). 

and  in almost all patients (86 Po) in the “specific” 
abnormality group. Chemotherapy alone had been 
received by most patients in the 7q- group.  

Similarly, karyotype group was correlated with 
the type of prior disease separately for patients 
treated with radiation, chemotherapy or combined 
modality approaches (Table 3).  Among patients 
treated with only radiation, type of initial disease 
significantly correlated with karyotype group 
(p = .03). A prior haematologic cancer was fre- 
quently found only in the -7, -7 and -5, and the ad-  
ditions of  whole chromosome groups. In all other 
groups most patients had had solid tumors. Among 
patients treated only with chemotherapy, type of 
initial disease did not correlate with karyotype 
group. Among patients treated with combined mo- 
dality approaches, type of first disease correlated 
only weakly (p = .06) with karyotype: most pa- 
tients had previously had haematologic neoplasms; 
the major ekep t ion  was the 5q- group in which 6 
of 7 patients had previously had a solid tumor.  Al- 
though the explanation for these results is unknown 
one  hypothesis is that the type of radiation ad- 
ministered differs more between solid tumors and 

haematologic malignancies than does the type of 
chemotherap?. Certainly, for many solid tumor5 
radiation is more localized than it usually is for 
Hodgkin’s disease or  malignant lymphoma - the 
2 major prior haematologic malignancies in  thecs 
series. 

Relation between karyotype, patient 
characteristics, response to treatment and 
survival 
.4lthouph the se?; distribution (medians 75-58 ro 
male). age at diagnosis of the secondary MDS 
(medians 53-66 years) and time between initial and 
secondae diseases (medians 18-70 months) t aried 
s o m w h a t  among chromosome groups, overall the 
differences icere not significant (Table I). When in-  
dividual groups were compared, time to the second- 
ary >IDS was significantly longer in the group with 
additional *hole chromosomes as compared to the 
group with a normal karyotype (70 vs. 48, p = .04). 

Only 73 of the 216 patients received intensike 
treatment for their secondary MDS, limiting detail- 
ed analysis of :he effect of karyotype on response. 
Houever ,  kar!otype appeared to correlate with 
achieLsment of complete remission @ = .04, Tabls 
5).  The response rate was lowest in patients w i t h  
abnormalities of chromosome 5 (5q-  or -5) regard- 
less of whether abnormalities in Chromosome 7 
were also present; only 13 To responded. Similarly. 
a lotv response rate in patients with denovo ANLL 
with abnormalities of chromosome 5 was seen i n  
the 4“IIwCL (9). The best response rate (65 vo) 
mas seen in patients with specific rearrangement. 
or other structural chromosome abnormalities. 
Numbers of cases were too small to statisticall! 
compare durarion of remission (Table 4). 

.Among the 7 3  patients receiving intensive treat- 
ment for their secondary XfDS, the rate of complete 
remission \\as not correlated with whether the first  
disease was haematologic (,40 ro), a solid tumor 
(39 Eo) or benign ( 2 5  Fo). Houever ,  response tiif‘ 

highl) correlated with type of prior treatmen: 
( p  = , 0 0 5 ) .  .Among patients treated only u I r h  
radiation 67 achieved Lomplete remission, KXT~- 

pared to 24 %o treated ui th only chemotherap! 3 r d  

28 0-0 treated uith both modalities. Similar re.ul:. 
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i 

have been reported by others ( 

was correlated with karyotype y 
patients with different first di.  
difference \vas seen only fo. 
(p  = .003, Table 5 ) .  tVhen rrsr 
with karyotype groups sepa: 
previously treated with radiat.  
or both ,  a trend toward signifi. 
for  patients previously r t  
(p = .07, Table C j .  The data L 

to suggest that karyotype ma! 
prognostic factor,  especially u 

has been less extensive. 
Median survival ranged fror 

the various karyotype groups 1 

sults were not statistically d i f i i  
-7 group tended to survive Ion 
group. p = .06; -7 vs. 5q-, p = 

when survival was considered 
tients in the -7 group, those 
abnormality survived a medial 
those with -7 plus other abnorr. 
6 months (p = .096). The l a -  
sentially identical to that for pa 
with -7 and - 5 ,  and -7 and 5q- I 

Discussion 
This analysis of 216 published 

TABLE 5 
Response to inrensiie treatment by h -  

Karyor!pe group, 

- 5 :  5q.: 
-7 6; - 5 ;  .- & sq. 
.-; iq. 

Normal 
Additions 
Other structural. 
specific rearrangrrnenls 

CR = compie:e :erni,r:on 
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have been reported by others ( 12). %’hen response 
it as correlated with karyotype groups separately for 
patients with different first diseases. a significant 
difference was seen only for the solid tumors 
( p  = ,003. Table 5 ) .  When response u a s  correlated 
with karyotype groups separately for patients 
previously treated with radiation, chemotherapy, 
or both, a trend toward significance was seen only 
for patients previously receiving radiation 
( p  = .07, Table 5 ) .  The data could be interpreted 
to suggest that karyotype may be an independent 
prognostic factor, ?specially when prior treatment 
has been less extensive. 

Median survival ranged from 3 to 9 months for 
the various karyotype groups (Table 4). These re- 
sults were not statistically different. However, the 
-7 group tended to survive longer ( -7  group vs. -5 
group, p = .06; -7 vs. 5q-, p = .08). Interestingly, 
ivhen survival was considered separately for pa- 
tients in the -7 group, those with -7 as their only 
abnormality survived a median of 10 months and 
those with -7 plus other abnormalities a median of 
6 rnonrhs ( p  = .096). The latrer survival is es- 
sentially identical to that for patients in the groups 
~ i t h  -7 and - 5 ,  and -7 and 5q- (median 5 months). 

if : 

Discussion 
This analysis of 216 published cases of secondary 

LIDS on whom banded chromosome analyses were 
obtained confirms i n d  extends previously suggested 
correlations between karyotype and  type of prior 
disease and prior therapy. In particular, 5q- and 
-7 have previously been correlated respectively with 
prior solid tumors (5) and  prior haematologic ma- 
lignancies (6), and a -7 has been previously cor- 
related with more extensive prior thelapy (6, IO). 
The interaction of these two factors requires fur- 
ther study with prospective collection of detailed 
data regarding primary therapy and sophisticated 
multivariate analyses of results. 

Karyotype as classified here also correIated with 
response to intensive chemotherapy. Patients with 
abnormalities of chromosome 5 ,  especially a 5q-, 
rarely achieved remission with conventional induc- 
tion chemotherapy. Patients with specific rear- 
rangements and other structural abnormalities seen 
in de novo ANLL frequently achieved remission 
and some of these patients were long-term disease- 
free survivors. Kantarjian et  al., in a preliminary 
report, also found that karyotype significantly cor- 
related with response t o  intensive induction chemo- 
therapy and that the specific rearrangements seen 
in de novo ANLL were most often associated with 
response (13 ) .  More patients must be studied pro- 
spectively to determine if karyotype is an indepen- 
dent prognostic factor. Moreover, it is not clear that 
the karyotype classification used here is the best one 
and other approaches should be tried. 

~ 

Paiients with Paiienis 
only prior with prior 

411 paiients radiarion solid !umors 

Ka:)oi)pe groups s o .  NO. NO. 
c a w  CR‘ cases CR cases CR 

_ _  
-?: >q-;  
-7 - 5 :  _- 6; iq- 16 13 ob 3 0 8 0 
.-: -9. 19 32 ob 2 50 4 6 33 m0 

\orm31 1.4 43 rQ 6 61 ma to 20 ob 

Other siructurai: 
qxcific rearranycmcnrs 1- 65 ob 9 89 “‘0 13  77  r o  

.Additions 6 50 r a  1 100 4 I 100 

p = ,036 p = ,068 p = ,003 

* CR = iornplsre renilision. 
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Although the results f rom this analysis of previ- 
ously published series are  provocative, the limita- 
tions of such an  evaluation are  obvious. The  only 
way to clearly answer questions regarding the rela- 
tion of specific chromosome abnormalities t o  ex- 
posure to  prior radiation and  chemotherapy, to  
type of prior disease a n d  to response to  treatment 
of the secondary MDS is a large prospective trial 
where all patients have good chromosome studies, 
detailed information o n  prior therapy, and optimal 
uniform treatment of the secondary MDS. 
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Translocation (1 
non-lymphocyt i 
association 

A reciprocal apparently balanced [ 

@21;q23), was the sole chromosomr 
of suspected acute leukaemia. The 
posure to mutagenic agents, prese' 
lasting 17 months before ANLL-\I 
irradiated after surgical removal of a 
with .4NLL-M1. Both patients hac 

We have found 4 patients with t '  
had a myelodysplastic syndrome at r 
the others survived after different 

Comparison of the cytogenetic f 
tion was apparently identical. The t 
The clinical features were somewha: 
included male sex, age over 50, . 
haematopoietic cells in a preleukaer 
posure to irradiation occurred in 1 
presently be listed as a non-random 
myeloid cells. 

It has become increasingly e \  ic 
types of neoplastic cells are char 
chromosomal abnormalities, t 
numerical (1).  

Acute non-lymphocytic leu1 
characterized by highly non-rar 
abnormalities (2). Karyotypic 
valuable diagnostic parametet 
between the different leukaemi 
particular, between several o 
morphologic subtypes of the dih 
significance of karyotyping in 


