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T he cereb rosp inal f lu id  (CSF) a n d  p lasm a  levels o f  C E A , A F P , a lp h a  
a n d  b e ta  hCG  w ere d e te rm in ed  b y  rad io im m unoassay  in  19 c h ild re n  w ith  
a c u te  lym phob las tic  leu k ae m ia  (A L L ). C SF in  16 p a tie n ts  a t  th e  o n se t o f 
A L L  w as exam ined  in  th e  f i r s t  w eek  a f te r  diagnosis an d  su b s e q u e n tly  every  
tw o  m o n th s. I n  4 o th e r  ch ild ren  in  second com plete  rem ission  o f  A L L , CSF 
w as exam ined  ev ery  tw o  m o n th s  a s  well. E lev a ted  values o f  C E A csf w ere 
p re se n t in  1/16 p a tie n ts  a t  th e  o n se t o f  A L L , of A F P csf 0 /15 , a lp h a  hCGcsF 
in  2/16, b e ta  hCGcsF in  2/16 cases. T he  eleva ted  levels o f  th e s e  m a rk e rs  in  
C SF becam e no rm al in  successive lu m b a r p u n c tu res  and  n o n e  o f  th e se  chil­
d re n  developed cen tra l n e rv o u s  sy s tem  (CNS) relapse in  f u r th e r  follow -up. 
Iso la te d  CNS relapses w ere d iagnosed  13 tim es in  7 children . E le v a te d  CEAcsp 
levels w ere found  in  8/13 cases (m ax im um , 25.0 ng/m l) a n d  in  one  p a tie n t 
C EA csf levels co rre la ted  w ell w ith  p leocytosis. E lev a ted  A F P csf values 
w ere p re sen t in  0/13 cases, a lp h a  hCGcsF >u 0/13 an d  b e ta  hCGcsF in  3/13 
p a tie n ts  and  becam e n o rm a l b y  th e  n e x t CSF exam ination . T h e  d e te rm in a ­
tio n  o f C EA , A F P , a lp h a  a n d  b e ta  hCG  in  p lasm a did  n o t  p la y  a  ro le in 
m o n ito ring  CNS re lapse  in  A L L  p a tie n ts .

In spite of prophylactic treatment 
against central nervous system (CNS) 
leukaemia, 10% of the children with 
acute lymphoblastic leukaemia (ALL) 
will suffer from extension of the disease 
to CNS [3, 4] This aggravates the 
prognosis considerably. In a previous 
paper we have pointed to the useful­
ness of plasma CEA determination in 
children with acute leukaemia [5].

The purpose of the present study 
was to determine the usefulness of 
serial measurements of CEA, AFP, 
alpha and beta hCG on cerebrospinal

fluid (CSF) in children with acute 
leukaemia, especially in patients with 
CNS relapse.

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

A  to ta l  o f 19 p a tie n ts  w ith  A L L  aged 
fro m  2 to  14 years w ere s tu d ie d , 16 o f  th em  
a t  th e  o n se t o f A L L , 4 p a t ie n ts  w ere in  
second  com plete  rem iss ion . C SF  in  15 
ch ild ren  a t  th e  onse t o f  a c u te  leukaem ia  
w as s tu d ied  in  th e  f irs t w eek  a f t e r  diagnosis 
a n d  subsequen tly  ev ery  tw o  m o n th s . In  
4 p a tie n ts  in  second co m p le te  rem iss ion  o f 
A L L , C SF  was ta k e n  e v e ry  m o n th s . Leu-
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k a e m ia  o f  CISI S was n o t d iag n o sed  in  any  
e x a m in e d  p a tie n t a t  th e  o n se t o f  ALL. 
I s o la te d  CNS relapses w ere  d iagnosed  in 
13 t im e s  in  7/19 p a tie n ts  w ith  A L L : 3 
tim e s  in  2 children , tw ice  in  2 p a tie n ts  and 
o nce  in  3 p a tien ts . L eu k aem ia  o f  CNS was 
d iag n o sed  on  th e  basis o f  c lin ica l sym p tom s 
a n d  e x am in a tio n  o f C SF . A ll o f  these 
p a t ie n ts  h a d  received “ p ro p h y la c tic ” CNS 
t r e a tm e n t  including c ran ia l ir ra d ia tio n  and 
in t r a th e c a l  in jections o f  m e th o tre x a te .  The 
C N S re lap se s  w ere tr e a te d  b iw eek ly  w ith 
in t r a th e c a l  in jections o f  m e th o tre x a te , ara- 
b in o s id e  hyd roch lo ride  an d  hyd ro co rtiso n e . 
C E A , A F T , a lp h a  and  b e ta  s u b u n its  o f hCG 
in  C S F  w ere d e te rm ined  b y  d o u b le -an ti­
b o d y  rad io im m u n o assay  te c h n iq u e  as d e ­
sc r ib ed  ea rlie r [1]. P la sm a  leve ls o f  these 
m a rk e rs  w ere dete rm ined  s im u ltaneously .

R e s u l t s

T able  I

C erebrosp inal flu id  CEA, A F P , a lp h a  an d  
b e ta  hC G  c o n c e n tra tio n s  a t  th e  o n se t o f  

ch ild h o o d  lym phob lastic  leukaem ia

No. CEA AFP alpha hCG- beta hCG-

l. 0.0 16.5 0.0 0.0
2. 0.0 20.0 0.0 0.1
3. 0.0 42.0 0.0 0.6*
4. 0.0 2.4 0.0 0.0
5. 0.0 5.0 0.3* 0.0
6. 0.0 40.0 0.0 0.0
7. 0.0 24.0 0.0 0.0
8. 0.0 12.0 0.0 0.0
9. 0.0 0.0 0.0 0.0

10. 0.0 0.0 0.0 0.7*
11. 0.0 6.6 0.0 0.0
12. 1.0* 11.0 0.0 0.4
13. 0.0 6.0 0.0 0.0
14. 0.0 6.4 0.4* 0.2
15. 0.0 6.0 0.0 0.2

* V alues h igher than  normal

Normal values of the investigated mark­
ers in plasma (P ) and CSF

The upper limit for CEA, AFP alpha 
and beta hCG in plasma and CSF 
was found to be less than

CEAp 
AFPp 
alpha hCGp 
beta hCGp 
C E A c s f  
A F P c s f  
alpha hCGcsF 
beta hCGcsF

— 4.1ng/ml
— 12.2 ng/ml
— 1.0 ng/ml
— 0.4 ng/ml
— 0.0 ng/ml
— 53.2 ng/ml

0.0 ng/ml
— 0.4 ng/ml.

CSF CEA, AFP, alpha and beta hCG 
levels in 15 children with ALL at the 
first diagnostic lumbar puncture

Leukaemia of CNS was not diagnosed 
in any examined child at the onset 
of ALL. Results of marker levels in 
CSF are shown in Table I.

Elevated C E A cse  levels were found 
in 1/15, A F P csf  in 0/15, alpha 
hCGcsF in 2/15, beta hCGcsF in 2/15 
cases. Plasma CEA, AFP, alpha and 
beta hCG levels in these children did 
not reach the upper limit of normal. 
The elevated CSF levels of these 
markers became normal in succes­
sive lumbar punctures. None of pa­
tients with elevated marker levels in 
CSF developed CNS relapse in further 
follow-up.

CSF CEA, AFP, alpha and beta 
hCG levels in patients with CNS relapse

The results of marker levels in CSF 
and plasma are shown in Table II. 
Protein concentration in CSF was in 
the range of 16 mg to 284 mg/dl, and 
pleocytosis from 16 to 602 per mm3. 
Elevated plasma CEA levels were
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T a b le  I I

C EA , A F P , a lp h a  an d  b e ta  hCG levels in p la sm a  an d  cereb rosp inal flu id  in  ch ild ren
w ith  CNS re lap se

No.

Cerebrospinal 
fluid (CSF)

CEA
ng/ml

AFP
ng/ml

alpha hCG 
ng/ml

beta hCG- 
ng/ml

Protein
mg/dl

Pleocy­
tosis 

1 mm*
Plasma CSF Plasma CSF Plasma CSF Plaema C8F

l . 20 113 0.0 0.0 6.0 25.0 0.0 0.0 0.0 0.0
2. 20 133 5.0* 3.0* 0.0 0.0 0.0 0.0 0.0 0.0
3. 16 16 9.5* 0.0 1.0 6.0 0.0 0.0 0.0 0.1
4. 34 290 ( - ) 2.0* ( - ) 2.6 ( - ) 0.0 ( - ) 0.2
Ö. 284 602 0.0 4.0* 9.0 1.7 0.0 0.0 0.0 0.0
6. 60 49 0.0 25.0* 0.0 5.4 0.4 0.0 0.0 0.4
7. 18 28 6.0* 0.0 6.0 2.5 0.0 0.0 0.0 0.0
8. 32 80 0.0 0.0 1.5 27.0 0.5 0.0 0.0 0.5*
9. 30 80 4.0 0.0 0.0 10.0 0.0 0.0 0.0 0.2

10. 122 501 2.0 1.0* 0.0 7.0 0.4 0.0 0.0 1.0*
11. 96 39 2.0 2.0* 0.0 1.3 0.0 0.0 0.0 0.0
12. 20 381 24.0* 0.0 5.0 7.0 0.0 0.0 0.2 0.6*
13. 15 96 10.0* 0.0 7.0 3.0 0.0 0.1* 0.0 0.0

* values higher th a n  norm al
( —) m arkers were no t determ ined since there  w as n o t enough plasma.

observed in 5/12 patients and the 
highest CEA level was 24.0 ng/ml. 
Elevated C E A csf  levels were noted 
in 6/13 cases, but in children with 
elevated C E A csf  level we did not ob­
serve any simultaneous abnormal CEA 
level in plasma. The highest C E A csf 
concentration was 25.0 ng/ml. Ele­
vated C E A csf  levels became normal 
by the next CSF examination. In one 
patient the C E A c sf  level correlated 
well with pleocytosis (Fig. 1).

AFP levels in plasma and CSF were 
normal and so were the alpha and beta 
hCG levels in plasma. Elevated alpha 
hCGcsF levels (0.1 ng/ml) were found 
in 1/13 cases and beta hCGcsF in 3/13 
patients at 0.5, 1.0, 0.6 ng/ml, respec­
tively. Elevated alpha and beta hCG 
levels were normal in the next CSF 
examination. CNS leukaemia was not 
preceded by a rise o f  C E A c sf  or alpha 
and beta hCGcsF in any case.
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D iscussion

Earlier we have reported on the 
usefulness of CEA determination in 
plasma in children with acute leukae­
mia [6]. Elevated plasma CEA levels 
were noted in 5/12 patients with CNS 
relapse. These findings suggested that 
CEA determination in CSF in children 
with ALL might prove useful in the 
early detection and monitoring of 
treatment of CNS leukaemia. Hill et 
al [2] observed an elevated CEA level 
(0.5 ng/ml) in the CSF of an adult 
patient with CNS leukaemia. In the 
present study elevated C E A c s f  levels 
(maximum, 25 ng/ml) occurred in 6/13 
cases. In one patient with CNS relapse 
the C E A c s f  level correlated well with 
pleocytosis and reflected the activity 
of leucaemic involvement of the CNS. 
On the other hand, elevated C E A csf 
levels had normalized by the next 
CSF examination in spite of the activ­
ity of CNS leukaemia. CNS leukae­
mia was not preceded by a rise of 
C E A c s f  in any case. We did not ob­
serve C E A c sf  activity in 4/12 patients 
with elevated plasma CEA levels and, 
vice versa, we did note plasma CEA 
activity in 4 children with elevated 
C E A c s f  levels. Thus, we suggest that 
concentration of CEA in plasma and 
CSF are independent. Perhaps, an ele­
vated plasma CEA level in these chil­
dren might announce a bone marrow 
relapse as we showed in a previous 
study [5]. We also found elevated 
C E A c s f  levels in 9% of children with 
acute inflammatory CNS disease [1]. 
Similar observations concerning the 
activity of CEA in CSF in non-malig­

nant patients were reported by Hill et 
al [2] and Suzuki and Tanaka [6].

We should consider whether the 
C E A c s f  activity in children with 
CNS relapse depends upon the produc­
tion of CEA by leukaemia cells or 
whether anti-CEA antibodies used in 
our assay crossreacted with related 
CEA antigens i.e. NCA (nonspecific 
crossreacting antigen). The question 
requires further investigations of CEA 
in CSF in children with ALL and other 
malignant diseases. We have not found 
any data on the behaviour of AFP, 
alpha and beta hCG in CSF of patients 
with CNS leukaemia. In the present 
study, elevated AFP, alpha and beta 
hCG levels in CNS relapses had an in­
cidental character and their behaviour 
in CSF did not reflect the activity of 
CNS leukaemia.
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