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Prognostic factors in acute lym phoid leukaem ia 
of childhood. I. Cytogenetic studies

[Judit Szollár, T R évész, É va Szakmáry, Gabriella K ardos,
Hona Zimonyi, D  Schtjler

Second D e p a rtm e n t o f P aed ia tric s , Sem m elw eis U n iv e rs ity  M edical S choo l, a n d  
M unicipal H e im  P á l C h ild ren ’s H o sp ita l, B udapest

T he resu lts  o f ch rom osonal a n a ly s is  o f bone-m arrow  cells o f 30 ch ild ren  
w ith  u n tre a te d  acu te  lym pho id  leu k ae m ia  a re  repo rted . O n th e  b a s is  o f th e  
m o d a l chrom osom e n u m b er found  in  th e  cell clone show ing th e  m o s t freq u en t 
ab e rra tio n , th e  p a tie n ts  could  be  classified  in to  hypodip lo id , p seud o d ip lo id , 
h y p erp lo id  an d  no rm al g roups. P seu d o d ip lo id y  p red ic ted  a  p o o r  prognosis 
w hile th e  su rv iva l r a te  o f p a tie n ts  w ith  no rm al or h y p erp lo id  ch rom osom e 
c o u n ts  w as favourab le .

Since the advent of banding tech­
niques chromosome analysis has in ­
creasingly been used for characterisa­
tion  o f malignant cell proliferation. 
Among the various types o f acute leu­
kaemia it was the acute myeloid type  
(AML) in which correlation between 
morphological properties and cyto­
genetic characteristics has been de­
scribed: e.g. 8; 21 translocation was 
fairly frequent in type M2 15; 17 
translocation in M3 (promyelocytic) 
leukaemia [6]. The importance o f  
cytogenetic studies was further rein­
forced by the fact that certain trans­
locations involve cellular oncogens or 
protooncogens and they may have a 
causative role in activation of the 
proliferative process. For instance, in  
8; 14 translocation characteristic of 
B urkitt’s lymphoma, the protoonco­
gen c-myc is transferred, in Phila­
delphia positive CML the oncogen 
c-abl is transferred from chromosome 
9 to 22 [5, 12]. In acute lymphoid

leukaemia (ALL) the initial attem pts 
to  find such correlations have been 
less successful. In this condition the 
caryogram is often indistinct, making 
exact localisation of breaks and trans­
locations nearly impossible. In  recent 
years improved techniques and in­
creasing interest have resulted in  a 
growing importance o f cytogenetic  
studies in ALL [13].

Our attention was turned first to 
the chromosome analysis o f  bone- 
marrow cells of patients afflicted  by 
AML. In recent years we have regu­
larly investigated the spontaneously  
dividing cells of the bone-marrow spe­
cimen obtained for diagnostic purpos­
es. Like other investigators, we have 
found certain correlations between  
chromosome aberrations and the type  
of leukaemia on the one hand and the 
outcom e o f the disease on the other 
hand. Here we offer some results of 
these observations.

Acta Paediatrica Hungarica 27, 1086 
Akadémiai Kiadó, Budapest



290 J  Szollár et al: Prognosis of A L L

M a t e r i a l  a n d  M e t h o d s

P a tien te . 30 p a tie n ts  a ffe c te d  b y  A LL , 
a d m i t te d  to  e ither o f o u r  d e p a r tm e n ts  
d u rin g  th e  years  1981 — 1983, p a r t ic ip a te d  
in  th e  s tu d y . Some o f th e i r  d a ta  are 
su m m e d  u p  in  T able I .  T h e  d iag n o sis  w as 
s e t u p  b y  bone-m arrow  a sp ira tio n  o r  b iopsy.

C rite ria  o f com p le te  rem ission w ere a s  fo l­
low s: co m p le te  clinical recovery , n o rm al 
p e rip h e ra l b lo o d  p ic tu re , a t  le a s t m o d e ra te ­
ly  ce ll-r ich  bone-m arrow , less th a n  5%  
ly m p h o b la s ts  in  th e  bone-m arrow . All 
b o n e -m arro w  o r  ex tram ed u lla ry  e x a c e rb a ­
tio n s o f th e  leukaem ic process w ere  r e ­
g a rd ed  a s  a  re lapse .

T able I

Som e h aem a to lo g ica l p a ram ete rs  o f A L L  p a tie n ts

Modal chromosome count 
in the cell clone with the 
most frequent chromosomal 

aberration

Number
of

patients

Mean
age,

years

Mean Hb 
level, 

mmol/m

Mean initial 
leucocyte 

count,
G/I

FAB
type

Cell surface 
marker

35— 45 5 3 5.3 24 L l =  2
L2 =  3

T =  2

46— pathological
a. t ( 9 ; 22) 4 5 3.9 14 L l =  1

L2 =  3
T  =  1

b . t(2 ; 3) 1 4 5.6 8.8 L2 —

c. t(8 ; 14) 3 10 6.1 3.8 L3 =  3 И II M

47— 60 6 3 5.2 32 Il II
r-H

 
<M

hi hi —

46—norm al 11 5 5.3 7.2 L l =  9
L2 =  2 cALLa —j— =  7

C ytogenetic methods. S p o n ta n e o u s  d iv i­
s io n  o f  bone-m arrow  cells o b ta in e d  for 
d ia g n o s tic  purposes w as e x am in ed  either 
in  d ir e c t  p rep a ra tio n s  o r  a f te r  a n  incuba­
t io n  fo r  som e hours . T h e  te c h n iq u e  of 
R o w le y  a n d  P o tte r  [8] w as  ap p lied . K ary o ­
ty p in g  w as  carried  o u t in  m ic ro p h o to g ram s 
o b ta in e d  a f te r  m odified  A S G -try p s in  band- 
in g  [10 ]. I n  ev a lu a tio n  w e o b se rv ed  th e  
reco m m en d a tio n s  of th e  In te rn a t io n a l  Sys­
te m  fo r  H u m an  C y to g en e tic  N om encla­
tu r e  [7 ] . T he  presence o f a  c lo n a l a b e rra ­
t io n  w a s  s ta te d  w h en ev er i t  o ccurred  in  
a t  le a s t  tw o  d ip lo id , p seu d o d ip lo id  or 
h y p e rd ip lo id  cells o r a t  le a s t  th re e  hy p o ­
p lo id  ce ll divisions.

I n  o rd e r  to  judge th e  c lin ica l im portance  
o f t h e  cy togene tic  f in d in g  th e  aberra tions 
w e re  classified  accord ing  to  th e  m o d a l chro­

m osom e n u m b e r  of th e  clone show ing  th e  
m o s t f r e q u e n t chrom osom e a b e rra tio n . 
36 — 46 w a s  classified as hy p o d ip lo id , g ro u p  
tw o  c o n ta in e d  th e  pseudodip lo id  lines c a r­
ry in g  tra n s lo c a tio n s , 47 — 60 w as reg a rd ed  
as  h y p e rd ip lo id y  and  th e  fo u r th  g ro u p  
co m p rised  cases w ith  a  n o rm a l 46 c a ry o ­
ty p e .

R e s u l t s

In  30 cases, 65% of all ALL cases 
diagnosed during the three years, we 
were able to  obtain appropriately 
banded metaphases o f good quality, 
10—30 in  each patient. Comparison 
o f th e patients’ clinical, haem atologi­
cal and cytogenetic data resulted in
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T a b l e  I I

R ela tionsh ip  b e tw een  cy togene tic  find ing  a n d  clin ical course in  A L L

Modal chromosome count 
In the cell clone with the 
most frequent chromo­

somal aberration

Number
of

patiente
Remission

rate
Duration of 

remission, 
months

Survival
time,

months
Death
rate

35—45 5 3/5 13 15 3/5

46—abnorm al
a. t(9 ; 22) 4 4/4 10 13 2/41
b. t(2 ; 3) 1 1/1 10 11 1/1 6/8
c. t(8 ; 14) 3 1/3 1 1 3/3 J

47—60 6 6/6 13 14 2/6

46—normal 11 9/11 7 8 2/11

some characteristic relationships 
(Table II). The mean age of patients 
exhibiting 8; 14 translocation was hig­
her than that of the three other groups 
and all three patients’ cells exhibited 
L3 morphology. Surface marker stud­
ies revealed in all three patients cells 
of type B. The majority of cases with 
a normal 46 karyotype showed type 
Lx and a positive reaction with cALLa 
antigen.

In evaluating the clinical course, 
usual survival curves could not be 
constructed because of the shortness 
of follow-up periods. The poorest re­
mission rate and clinical course were 
seen in В-cell leukaemia exhibiting 
8: 14 translocation. All three patients 
died soon after onset of the disease. 
The best clinical results were achieved 
in the group with 46 chromosomes and 
in the group characterised by hyper- 
ploidy (Table II). The overwhelming 
majority of these patients 15 among 
17, attained remission and 13 of them 
are still in remission at the time of 
preparing this manuscript. Two of the

four patients with 9: 22 translocation 
relapsed and died. The girl with 2: 3 
translocation died of alveolar pro­
teinosis during complete remission. 
Similarly, infection was the cause of 
death in one patient with hypoploidy 
being in remission at the time of 
death. Hyperploidy was encountered 
in 6 patients; 2 of them died, 4 are 
still in complete remission. The best 
remission rate was seen in this group.

D iscussion

Improved chromosome banding 
technique allowed us to perform cyto­
genetic analysis of bone-marrow blast 
cells in 30 children with recently diag­
nosed ALL admitted in the period 
1981 to 1983. The 65% success rate 
approximated the international mean 
but lagged behind the results achieved 
by the great centers with extensive 
experience. Yunis et al. [15] obtained 
evaluable karyotypes by bone-marrow 
cultures and methotrexate banding in 
90—95% of all cases examined. Their
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results have not yet been confirmed 
by many investigators, but their 
achievement is still remarkable for 
the high success rate and resolving 
power. The possibility of identifying 
several thousands of bands foretells 
a new era of even more refined anal­
ysis of breaks.

Our patients were classified accord­
ing to the modal chromosome count 
of the clone exhibiting the most fre­
quent chromosome aberration. Five 
patients showed hypoploidy. Accord­
ing to the morphological FAB classi­
fication [2] two of these patients were 
classified as Lx and three as L3; in 
two patients surface marker tests 
revealed T-cell properties (Table I). 
In spite of the short follow-up, two 
patients have already relapsed and 
another patient died during complete 
remission.

There is no unanimous opinion 
about the chances of remission in the 
literature. Some authors regard hypo­
ploidy as a sign of poor prognosis [4], 
in others’ opinion these patients face 
an outcome more favourable than the 
average 3, 9, 13]. In our experience 
the rate of hypoploidy is influenced 
by the technique of preparation, 
therefore only clonal aberrations must 
be used for prognostic analysis.

Nearly all investigators agree in 
that the worst prognosis is encoun­
tered in the group with 46 plus trans­
location, i.e. pseudodiploidy [11, 13, 
14]. Our findings confirm this opi­
nion, as these patients posed the most 
severe clinical problems, although 
their age or blast mass alone would 
not have classified them into a group

of poor prognosis. Their remission 
rate did not significantly differ from 
that of the other groups; still, these 
patients had the lowest survival rate. 
Especially cases with В-type cells 
and 8; 14 translocation showed a poor 
response to therapy: only one patient 
attained transitory remission and all 
three patients died soon after diagno­
sis (Table II). This type of transloca­
tion results in rapid, agressive proli­
feration and promotes the develop­
ment of chemotherapy-resistent cell 
clones. Recent observations, however, 
suggest that therapy with new types 
of cytostatic drugs capable of de­
stroying cells with a short cell cycle 
can be successful. Two Philadelphia 
positive (9: 22 translocation) cases 
out of four have died but the two sur­
vivors have been in remission for 10 
and 19 months. The death of the 
child with 2: 3 translocation in com­
plete remission could be ascribed to 
chance.

The best results were achieved in 
the groups with hyperploidy and nor­
mal karyotype. Fifteen out of seven­
teen patients belonging to either group 
attained full remission and 13 of them 
are still in remission. This is in agree­
ment with other observations of in­
vestigators 9, 13].

Chromosome analysis of the bone- 
marrow at the time of diagnosis is not 
only helpful in characterising the leu- 
kaemic process but also presents im­
portant prognostic information. Our 
findings have corroborated previous 
observations in that certain types of 
chromosome aberration, especially 
pseudodiploidy predict relative re­
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sistance to usual therapy. By help of 
Cox’s multivariance analysis the par­
ticipants of the Third International 
Workshop on Chromosomes in Leu­
kaemia stated that the prognostic 
value of chromosomal aberrations is 
independent of the prognostic factors, 
like age, sex and initial leucocyte 
count [13].

Further advance in preparation 
techniques will increase the value of

cytogenetic findings in the diagnosis 
and therapy planning of leukaemia. 
By the rapid progress in molecular 
genetics it can be hoped that certain 
DISTA technologies will soon be used 
in the exact diagnosis of leukaemia; 
e.g. rearrangement of the immuno­
globulin chain genes in В-cell lym­
phoma and leukaemia already proves 
the presence of monoclonal cell prolif­
eration at an early stage [1].
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