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D e p a r t m e n t  o f  P a e d i a t r i c s ,  U n i v e r s i t y  M e d i c a l  
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C y t o g e n e t i c  a n a l y s e s  w e re  p e r f o r m e d  on 43 c h i l d r e n  
w i t h  a c u t e  l y m p h o b l a s t i c  l e u k e m i a  (A LL )  b e f o r e  s t a r t i n g  
t h e  t h e r a p y .  E v a l u a b l e  m e t a p h a s e s  were o b t a i n e d  i n  26 
ca s e s  ( 6 0 . 4 6  %). The p r o g n o s t i c  v a l u e  o f  t h e  i n i t i a l  
ch romosome p i c t u r e  and t h a t  o f  t h e  d i f f e r e n t  n o n -  
c y t o g e n e t i c  p r o g n o s t i c  f e a t u r e s  was s t u d i e d .  I n  14 o u t  
o f  26 c h i l d r e n  ( 3 3 . 8 5  %) c l o n a l  ch rom osoma l  a b e r r a t i o n s  
were  f o u n d .  The p r o g n o s i s  i n  t h e  n o r m a l  and 
n o r m a l / a b n o r m a l  g r o u p s  was s i g n i f i c a n t l y  b e t t e r  t h a n  i n  
p a t i e n t s  w i t h  o n l y  a b n o r m a l  c e l l s .  They f o u n d  t h e  
r e m i s s i o n  r a t e  o f  t h e  d i p l o i d  and h y p e r d i p l o i d  g r o u p s  
t o  be b e t t e r  and t h e  s u r v i v a l  d u r a t i o n  s i g n i f i c a n t l y  
l o n g e r  t h a n  i n  t h e  p s e u d o d i p l o i d  p a t i e n t s .  S t u d y i n g  t h e  
c o r r e l a t i o n  be tw een t h e  c y t o g e n e t i c  and non - с у t o g e n e t i c  
f i n d i n g s  t h e  d i p l o i d y  and h y p e r d i p l o i d y  seemed t o  
a s s o c i a t e  w i t h  low r i s k  f a c t o r s ,  w h i l e  p s e u d o d i p l o i d y  
w i t h  h i g h  r i s k  f a c t o r s .  When o p p o s i t e  c y t o g e n e t i c  and 
n o n - с у t o g e n e t i c  p r o g n o s t i c  p a r a m e t e r s  were a s s o c i a t e d ,  
t h e  ou tc om e  o f  d i s e a s e  was d e t e r m i n e d  by t h e  
c y t o g e n e t i c  p i c t u r e .  I n  e i g h t  p a t i e n t s  o u t  o f  t h e  14 
c h i l d r e n  w i t h  a b n o rm a l  k a r y o t y p e  v a r i o u s  s p e c i f i c  
a b e r r a t i o n s  were  f o u n d .  W h i l e  p a t i e n t s  w i t h  s p e c i f i c  
t r a n s l o c a t i o n s  had a p o o r  p r o g n o s i s ,  t h e  p r o g n o s i s  o f  
t h e  p a t i e n t s  w i t h  6 q -  was r e l a t i v e l y  good .  The f i n d i n g s  
s u p p o r t  t h e  n e c e s s i t y  o f  ch romosome e x a m i n a t i o n  i n  a l l  
t h e  c h i l d r e n  w i t h  ALL a t  d i a g n o s i s  i n  o r d e r  t o  
d i s t i n g u i s h  t h e  p oo r  r i s k  p a t i e n t s  f r o m  t h e  good  o n e s .

INTRODUCTION

In  the l a s t  decade t h e  t h e r a p y  o f  c h i l d r e n  w i t h  a c u t e  l y m p h o i d  

l e u k e m i a  (A L L )  has  c o n s i d e r a b l y  i m p r o v e d .  More t h a n  80 \  o f  

p a t i e n t s  b e l o n g  t o  t h e  g ro u p  w i t h  l o n g  t e r m  s u r v i v a l  / 8 , 2 4 / .  

T h e r e  a r e  c h i l d r e n ,  h o w e v e r ,  who r e s p o n d  v e r y  p o o r l y  t o  t h e  

c u r r e n t  t h e r a p y .  F u r t h e r m o r e ,  t h e  s i d e  e f f e c t s  o f  a g r e s s i v e
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c h e m o - ,  and r a d i o t h e r a p y ,  t h e  bo n e  mar row a p l a s i a ,  and  t h e  

c o n s e q u e n t  s e v e r e  i n f e c t i o n s  and b l e e d i n g s  a r e  a l s o  t o  

be  t a k e n  i n t o  c o n s i d e r a t i o n  / 1 8 , 2 2 / .  Wi th t h e  p o s s i b i l i t y  

o f  bone  mar row t r a n s p l a n t a t i o n  i n  f i r s t  r e m i s s i o n  f o r  a l l  

p a t i e n t s  t h e  i d e n t i f i c a t i o n  o f  t h o s e  who r e s p o n d  p o o r l y  t o  

c u r r e n t  c h e m o t h e r a p e u t i c  r e g i m e s  and  t h a t  o f  t h e  l o n g  t e r m  

s u r v i v o r s  w i t h  t h e  c o n v e n t i o n a l  t h e r a p y  seems t o  be e q u a l l y  

c h a l l e n g i n g  / 6 / .

Among t h e  c l i n i c a l  and l a b o r a t o r y  f i n d i n g s ,  w h ic h  a r e  u s e f u l  

i n  d i s t i n g u i s h i n g  t h e  h i g h  r i s k  p a t i e n t s  f rom t h e  l o w  r i s k  

o n e s ,  t h e  i n i t i a l  ch romosome f i n d i n g s  p r o v e d  t o  be c r u c i a l .  A 

r e l a t i o n s h i p  b e tw e e n  chromosome f i n d i n g s  and t h e  p r o g n o s i s  o f  

t h e  p a t i e n t s  was f i r s t  d e m o n s t r a t e d  by S e e k e r - W a l k e r  e t  a l .  i n  

1 9 7 8  / 3 1 / .  A t  t h e  b e g i n n i n g  t h e  c l a s s i f i c a t i o n  a c c o r d i n g  t o  t h e  

m o d a l  chromosome n u m ber  was f o u n d  t o  be o f  p r o g n o s t i c  v a l u e  

/ 2 9 , 3 0 , 3 1 , 3 4 / .  S i n c e  t h a t  t i m e  s e v e r a l  s p e c i f i c  a b e r r a t i o n s  

h a v e  been o b s e r v e d .  On t h e  b a s i s  o f  t h e s e  f i n d i n g s  12 

c y t o g e n e t i c  s u b g r o u p s  w i t h  d i f f e r e n t  p r o g n o s i s  can  be 

d i s t i n g u i s h e d  / 2 , 3 6 / :  a f t e r  t h e  s e p a r a t i o n  p a t i e n t s  w i t h  n o r m a l  

k a r y o t y p e  t h e  p a t i e n t s  w i t h  s p e c i f i c  t r a n s l o c a t i o n s  and w i t h  

t h e  d e l a t i o n  o f  l o n g  arm o f  ch rom osome  6 a re  s e l e c t e d .  The 

p a t i e n t s  l e f t  a r e  d i v i d e d  a c c o r d i n g  t o  t h e i r  modal  ch romosome 

n u m b e r  i n t o  h y p e r d i p l o i d - A  (ch r om osom e number be tw een  4 7 - 5 0 ) ,  

h y p e r d i p l o i d - B  ( m o r e  t h a n  50 c h r o m o s o m e s ) ,  p s e u d o d i p l o i d  

( 4 6  chromosomes w i t h  s t r u c t u r a l  a b e r r a t i o n s ) ,  and h y p o d i p l o i d  

g r o u p s  ( l e s s  t h a n  46 c h r o m o s o m e s ) .  R e c e n t l y  two  f u r t h e r  

c y t o g e n e t i c  g r o u p s  w i t h  d i f f e r e n t  p r o g n o s i s  have  been 

d i s t i n g u i s h e d  / 7 , 1 3 / :  one w i t h  t / 1 1 ; 1 9 /  and a n o t h e r  w i t h  n e a r  

h a p l o i d  chromosome n u m b e r .

By m u l t i v a r i a t e  a n a l y s i s  o f  d i f f e r e n t  p r o g n o s t i c  f a c t o r s  on 

a g r e a t  number  o f  p a t i e n t s  w i t h  ALL t h i s  c y t o g e n e t i c  

c l a s s i f i c a t i o n  p r o v e d  t o  be o f  i n d e p e n d e n t  p r o g n o s t i c  v a l u e :  

s p e c i f i c  t r a n s l o c a t i o n s  and p s e u d o d i p l o i d y  seem t o  a s s o c i a t e  

w i t h  a w o rs e ,  t h e  h y p e r d i p l o i d y  and  d e l e t i o n  o f  6q w i t h  a 

b e t t e r  p r o g n o s i s  / 2 , 2 9 , 3 6 / .

F rom 1978 t o  1986  c y t o g e n e t i c  a n a l y s e s  were p e r f o r m e d  on 43 

u n t r e a t e d  p a t i e n t s  w i t h  ALL.  E v a l u a b l e  m e ta p h a s e s  were  o b t a i n e d  

i n  26 cases  ( 6 0 ,  46 %) .  A l t h o u g h  t h e  s m a l l  number o f  p a t i e n t s
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does  n o t  a l l o w  t o  p e r f o r m  a m u l t i v a r i a t e  s t a t i s t i c a l  a n a l y s i s ,  

o u r  d a t a  seem t o  be s u i t a b l e  f o r  s t u d y i n g  t h e  r e l a t i o n  o f  

ch romosome ch a n g e s  t o  p r o g n o s i s  i n  ALL and f o r  t h e  e v a l u a t i o n  

o f  t h e  p r e d i c t i v e  v a l u e  o f  c y t o g e n e t i c  ch anges  i n  s e l e c t i n g  t h e  

mo s t  s u i t a b l e  t h e r a p y .

MATERIALS AND METHODS

C y t o g e n e t i c  s t u d i e s  o f  26 c h i l d r e n  w i t h  ALL a r e  s u m m a r i z e d  
i n  r e l a t i o n  t o  t h e i r  c l i n i c a l  and h a e m a t o l o g i c a l  f i n d i n g s .  
B e s i d e  t h e  p r o g n o s t i c  v a l u e  o f  chromosome c h a n g e s ,  t h e  
c o r r e l a t i o n  be tw e e n  t h e  c y t o g e n e t i c  and o t h e r  c l i n i c a l  and 
l a b o r a t o r y  p r o g n o s t i c  f a c t o r s  were  a l s o  s t u d i e d .  The i n i t i a l  
d i a g n o s i s  o f  ALL was based  on c y t o l o g i c  e x a m i n a t i o n  o f  Giemsa 
s t a i n e d  mar row and p e r i p h e r a l  b l o o d  sm ea rs ,  as w e l l  as on 
c y t o c h e m i c a l  a n a l y s i s .  A l l  p a t i e n t s  were  s t u d i e d  f o r  
m o r p h o l o g i c a l  and i m m u n o l o g i c a l  p h e n o t y p i n g .  We s t u d i e d  t h e  
p r o g n o s t i c  v a l u e  o f  c e r t a i n  n o n - с у t o g e n e t i c  p r o g n o s t i c  
f e a t u r e s :  age ,  s e x ,  i n i t i a l  w h i t e  c e l l  c o u n t ,  t h e  m o r p h o l o g i c a l  
and i m m u n o l o g i c a l  f e a t u r e s  o f  b l a s t s .

C y t o g e n e t i c  s t u d i e s  were p e r f o r m e d  on bone m a r r o w  a n d / o r  
p e r i p h e r a l  b l o o d  w i t h o u t  s t i m u l a t i o n  by t h e  t e c h n i q u e  o f  Rowley 
and P o t t e r  / 2 7 / .  S h o r t - t e r m  c u l t u r e s  were used  and h a r v e s t e d  
u s i n g  m o d i f i c a t i o n s  o f  t h e  t e c h n i q u e  o f  Moorhead  e t  a l  / 1 7 / .  
G - b a n d i n g  chromosomes were  p r e p a r e d  a c c o r d i n g  t o  S e a b r i g h t ' s 
m e th od  / 2 8 / .  I n  each  c ase  1 0 -2 0  o r  more m e t a p h a s e s  were 
a n a l y s e d .  I n  k a r y o t y p i n g  t h e  i n s t r u c t i o n s  o f  t h e  I n t e r n a t i o n a l  
S ys te m  f o r  Human C y t o g e n e t i c  N o m e n c l a t u r e  were f o l l o w e d  / 9 / .  
P a t i e n t s  were c l a s s i f i e d  i n t o  d i f f e r e n t  ch ro m o so m a l  g r o u p s  i n  
t h r e e  r e s p e c t s :  1.  By t h e  p r e s e n c e  o r  absence  o f  an a b n o rm a l  
c l o n e  and by t h e  p r o p o r t i o n  o f  t h e  a b n o r m a l  c e l l s :  n o r m a l  (NN, 
a l l  m e t a p h a s e s  were  c y t o g e n e t i c a l l y  n o r m a l ) ,  n o r m a l / a b n o r m a l  
(NA,  c e l l s  w i t h  and w i t h o u t  ch romosome a b n o r m a l i t y  a t  t h e  same 
t i m e )  and a b n o r m a l  ( a l l  c e l l s  were  c y t o g e n e t i c a l l y  a b n o r m a l )  
s u b g r o u p s  were  d i s t i n g u i s h e d .  2.  On t h e  b a s i s  o f  t h e  modal  
ch romosome number p a t i e n t s  were c l a s s i f i e d  i n t o  d i p l o i d ,  
p s e u d o d i p l o i d ,  h y p e r d i p l o i d - A , h y p e r d i p l o i d - B  s u b g r o u p s .  3. 
F i n a l l y ,  we f o l l o w e d  t h e  r e c o m m e n d a t i o n  o f  Y u n i s  and  B r u n n i n g  
/ 3 6 / .  The r e m i s s i o n  r a t e ,  t h e  med ian  d u r a t i o n  o f  r e m i s s i o n  and 
t h a t  o f  s u r v i v a l  o f  t h e  a b o v e - m e n t i o n e d  c y t o g e n e t i c  s u b g r o u p s  
w e re  compared  t o  e v a l u a t e  t h e  p r o g n o s t i c  s i g n i f i c a n c e  o f  t h e  
ch romosome a b e r r a t i o n s  and n o n - с у t o g e n e t i c  p r o g n o s t i c  
p a r a m e t e r s .  M e d i a n  v a l u e s  were  e s t i m a t e d  by means o f  K a p l a n -  
M e i e r  l i f e  t a b l e  c u r v e s  / 1 1 / .  The c o m p a r i s o n  o f  t h e  s u r v i v a l  
c u r v e s  was p e r f o r m e d  by l o g  r a n k  t e s t  / 2 1 / .
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RESULTS

C l i n i c a l ,  h a e m a t o l o g i c a l  and c y t o g e n e t i c  d a t a  o f  t h e  

p a t i e n t s  a re  s u m m a r i z e d  i n  T a b le  I .  T w e n t y - f o u r  o u t  o f  26 

p a t i e n t s  s t u d i e d  w e n t  i n t o  r e m i s s i o n  ( r e m i s s i o n  r a t e  2 4 / 2 6 ) .  

M e d i a n  r e m i s s i o n  d u r a t i o n  was 17 m o n t h s ,  m ed ia n  s u r v i v a l  v a l u e  

was 32 months .  Ten c h i l d r e n  a re  s t i l l  a l i v e ,  8 o f  them are i n  f i r s t  

r e m is s i o n .  In four  cases t h e  s u r v i v a l  proved to  be longer  than f i v e  years.  

N o n - с у t o g e n e t i c  p r o g n o s t i c  f a c t o r s :  R e m i s s i o n  r a t e ,  med ian

d u r a t i o n  o f  r e m i s s i o n  and s u r v i v a l  o f  p a t i e n t s '  g r o u p s  

c l a s s i f i e d  a c c o r d i n g  t o  t h e i r  age ,  s e x ,  i n i t i a l  w h i t e  c e l l  

c o u n t ,  t h e  m o r p h o l o g i c a l  and i m m u n o l o g i c a l  f e a t u r e s  o f  b l a s t s  

a r e  shown i n  T a b le  I I .  No d i f f e r e n c e  i n  r e m i s s i o n  r a t e s  be tw e e n  

t h e  p a t i e n t s '  g r o u p s  was f o u n d .  The d i f f e r e n c e  o f  t h e  m ed ia n  

d u r a t i o n  o f  r e m i s s i o n  and s u r v i v a l  p r o v e d  t o  be s i g n i f i c a n t  

b e t w e e n  p a t i e n t s  w i t h  T - c e l l  m a r ke rs  and t h o s e  w i t h  n o n - T ,  n o n -  

B c e l l  l e u k e m ia  o n l y .

P r o g n o s t i c  e f f e c t  o f  t h e  p r e s e n c e  and a b s e n c e  o f  a b e r r a t i o n s  

and  t h a t  o f  t h e  p r o p o r t i o n  o f  c y t o g e n e t i c a l l y  a b n o r m a l  c e l l s .  

A t  t h e  t i m e  o f  t h e  d i a g n o s i s  12 o u t  o f  26 c h i l d r e n  had n o r m a l  

k a r y o t y p e  (NN 4 6 . 1 5  4 ) . E i g h t  o u t  o f  t h e  14 c h i l d r e n  w i t h

ch ro m o s o m e  a b e r r a t i o n s  had a m i x t u r e  o f  n o r m a l  and

c y t o g e n e t i c a l l y  a b n o r m a l  c e l l s ,  w h i l e  i n  s i x  c a s e s  o n l y  

a b n o r m a l  c e l l s  were  o b s e r v e d  (NA 3 0 .7 7  %, AA 2 3 . 0 8  %).  I n  t h e  

n o r m a l  and n o r m a l / a b n o r m a l  g ro u p s  a s i g n i f i c a n t l y  b e t t e r  

p r o g n o s i s  was f o u n d  c o m p a r e d  t o  t h a t  o f  p a t i e n t s  w i t h  o n l y  

a b n o r m a l  c e l l s  (p  < 0 . 0 5 )  ( T a b l e  I I I ,  F i g u r e  1 ) .  A l l  c h i l d r e n  

who a r e  s t i l l  a l i v e  b e l o n g  t o  t h e  NN and NA g r o u p s ,

r e s p e c t i v e l y .

P r o g n o s t i c  v a l u e  o f  t h e  m o d a l  chromosome n u m b e r :  12 o u t  o f  t h e  

26 ALL c h i l d r e n  had d i p l o i d ,  e i g h t  had p s e u d o d i p l o i d ,  and s i x  

had  h y p e r d i p l o i d  c h ro m o s o m e  number .  I n  t h e  l a t t e r  g r o u p  f o u r  

p a t i e n t s '  modal  c h ro m osom e  number was b e t w e e n  47 and 5 0 ,  w h i l e  

i n  t w o  cases  i t  was o v e r  5 0 .  One c h i l d  w i t h  Down synd rom e had 

2 1 - t r i s o m y  i n  t h e  p e r i p h e r a l  l y m p h o c y t e s  and  bone  mar row c e l l s  

as  w e l l .  He was c o n s i d e r e d  t o  be c y t o g e n e t i c a l l y  n o r m a l .

C o m p a r i n g  t h e  p r o g n o s t i c  f a c t o r s  o f  t h e  g r o u p s  w i t h  

d i f f e r e n t  modal  ch ro m o so m e  number we f o u n d  t h e  r e m i s s i o n  r a t e
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o f  t h e  d i p l o i d  and h y p e r d i p l o i d  g r o u p s  t o  be b e t t e r  and 

s u r v i v a l  d u r a t i o n  s i g n i f i c a n t l y  l o n g e r  t h a n  t h o s e  i n  t h e  

p s e u d o d i p l o i d  c a t e g o r y  ( T a b l e  I I I ) .  The r e m i s s i o n  and s u r v i v a l  

c u r v e s  r e f l e c t  t h e  same c o r r e l a t i o n  ( F i g s .  2 ,  3 ) .  A l l  c h i l d r e n  

b u t  one who a r e  s t i l l  a l i v e  b e l o n g  t o  t h e  d i p l o i d  and 

h y p e r d i p l o i d  g r o u p s .

C o r r e l a t i o n  o f  t h e  mo da l  chromosome number  w i t h  n o n - с у t o g e n e t i c  

p r o g n o s t i c  f a c t o r s :  we f o u n d  two  k i n d s  o f  c o r r e l a t i o n  be tw een

t h e  c y t o g e n e t i c  and n o n - с у t o g e n e t i c  p r o g n o s t i c  f i n d i n g s .

F i r s t ,  t h e  c y t o g e n e t i c  p r o g n o s t i c  f a c t o r s  o f  good p r o g n o s i s  

a s s o c i a t e d  w i t h  t h e  g o o d ,  t h o s e  o f  p o o r  p r o g n o s i s  w i t h  t h e  bad 

n o n - с у t o g e n e t i c  p r o g n o s t i c  p a r a m e t e r s .  The d i p l o i d  and

h y p e r d i p l o i d  ch romosome number o f  b e t t e r  p r o g n o s i s  j o i n e d  t h e  

f e m a l e  s e x ,  t h e  age be tw e e n  2 and 11 y e a r s ,  and n o n - T ,  non-B  

c e l l  l e u k e m i a .  More t h a n  h a l f  o f  t h e  p s e u d o d i p l o i d  p a t i e n t s  a t  

t h e  same t i m e  w ere  y o u n g e r  t h a n  2 o r  o l d e r  t h a n  11 y e a r s  and 

t h e  m a j o r i t y  o f  them was m a l e .  T - and В- c e l l  c h a r a c t e r i s t i c s  

were  a p p a r e n t  o n l y  i n  t h e  d i p l o i d  and p s e u d o d i p l o i d  g r o u p s .

On t h e  o t h e r  h a n d ,  t h e  a s s o c i a t i o n  o f  some o p p o s i t e  

p r o g n o s t i c  p a r a m e t e r s  was also a p p a r e n t :  most o f  the h y p e r d i p l o i d  

p a t i e n t s  had h i g h  i n i t i a l  w h i t e  c e l l  c o u n t  and mos t  o f  t h e  

c a s e s  o f  t h e  p s e u d o d i p l o i d  g r o u p  w ere  o f  L^ m o r p h o l o g i c a l  

c h a r a c t e r i s t i c s  ( T a b l e  I V ) .  What i s  i m p o r t a n t ,  t h e  p r o g n o s i s  o f  

t h e s e  p a t i e n t s  was d e t e r m i n e d  by t h e  c y t o g e n e t i c  f e a t u r e s .  

P r o g n o s t i c  s i g n i f i c a n c e  o f  t h e  s p e c i f i c  t r a n s l o c a t i o n s :  i n  

e i g h t  o u t  o f  14 c h i l d r e n  w i t h  a b n o r m a l  k a r y o t y p e  v a r i o u s  

s p e c i f i c  t r a n s l o c a t i o n s  and d e l e t i o n  o f  t h e  l o n g  arm o f  

chromosome 6 were  d e t e c t e d .  S i x  o f  them b e l o n g e d  t o  t h e  

p s e u d o d i p l o i d ,  two  t o  t h e  h y p e r d i p l o i d  g r o u p .  The p a t i e n t s  

w i t h o u t  any s p e c i f i c  a b e r r a t i o n s  l e f t  were d i v i d e d  i n t o  

p s e u d o d i p l o i d  (2 p a t i e n t s ) ,  h y p e r d i p l o i d  (2  p a t i e n t s )  and 

h y p o t e t r a p l o i d  (2  p a t i e n t s )  g r o u p s ,  r e s p e c t i v e l y  ( T a b l e  I ) .  

S p e c i f i c  t r a n s l o c a t i o n s  and d e l e t i o n  were  u s u a l l y  o b s e r v e d  i n  

p s e u d o d i p l o i d  c e l l s .  I n  two  p a t i e n t s ,  h o w e v e r  ( 2 1 , 2 2 ) ,  s p e c i f i c  

t r a n s l o c a t i o n  t (1  ; 19 ) and d e l a t i o n  ch romosome 6 were  i n  

h y p e r d i p l o i d  c e l l s .  A c c o r d i n g  t o  B l o o m f i e l d  e t  a l  / 2 /  t h e  

s p e c i f i c  a b e r r a t i o n  i s  more o f  p r o g n o s t i c  v a l u e  t h a n  t h e  modal
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