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The plasma carcinoembryonic antigen, alpha-fetoprotein and the
alpha and beta subunits of human chorionic gonadotropin levels were
measured by radioimmunoassay in 44 children with acute leukaemia. These
markers were determined repeatedly every 3 months at different stages of
the disease (at onset, in complete remission, during bone marrow and extra-
medullary relapse). Elevated CEA levels were present in 64% of children at
the onset ofacute leukaemia and during bone marrow relapse. Elevated CEA
levels decreased during induction treatment and they became normal with
attainment of complete remission. In 7/12 patients who developed bone
marrow relapse elevated CEA levels and in 4 of them raised levels appeared
3-4 months before there had been any other evidence of relapse. In 6/13
patients with extramedullary relapse, elevated CEA levels were found. AFP,
alpha and beta hCG values in different stages of the disease were elevated
sporadically; they did not reflect the activity of leukaemia.

Since the discovery of carcinoem-
bryonic antigen by Gold and Freed-
man [10] there has been an intense
interest in studies of tumour markers.
Three of the best characterized tu-
mour markers are carcinoembryonic
antigen (CEA), alphafetoprotein (AFP)
and human chorionic gonadotropin
(hCG). Up to now, the majority of
investigations were done in adults
with solid tumour [1, 2, 4, 22, 8, 18,
19, 21, 22].

The purpose of the present paper
was to evaluate the usefulness of serial
determination of CEA, AFP, alpha

and beta hCG in plasma of children
with acute leukaemia (AL).

Material and Methods

Forty four children aged from 2 to 14
years suffering from acute leukaemia were
included in this study. There were 32 boys
and 12 girls. Acute limphoblastic leukae-
mia (ALL) was diagnosed in 41, and acute
myeloblastic leukaemia (AML) in 3 pa-
tients. Six of them died during induction
treatment. CEA, AFP, alpha and beta hCG
were determined repeatedly every 3months
at different stages of leukaemia (at onset,
complete remission, bone marrow and
extramedullary relapse) by double-anti-
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body radioimmunoassay technique [6].
Statistical significance between means was
tested using the “u”-test and Student’s t
test at the significance level of p = 0.05.

Results

The upper normal limits for plasma
CEA, AFP, alpha and beta hCG
in healthy children were established
by us earlier [6]; they were less than
4.1 ng/ml for CEA, and less than 12.2
ng/ml of AFP, less than 1.0 ng/ml for
alpha hCG, and less than 0.4 ng/ml
for beta hCG.

Plasma concentrations of CEA and
AFP in children with acute leukaemia
are shown in Figs 1 and 2.

CEA in plasma

Elevated plasma concentrations of
CEA at the onset of AL and bone
marrow relapse were found in 28/44
cases (63.6%). Slightly elevated con-
centrations in the range of 4.2-10.0
ng/ml were found in 18/44 patients,
and in 10 other children CEA levels
were high. The highest were 53.0
ng/ml and 65.0 ng/ml, tenfold higher
than accepted as the upper limit of
normal. The mean plasma CEA level
at the onset of leukaemia was 8.43 +
12.4 ng/ml, significantly higher than
the mean level in healthy children
(0.83 1-60 ng/ml) and higher than
the mean level in complete remission
(2.75 Az 3.94 ng/ml), p < 0.05. Among
children at the onset of AL the highest
mean was 5.5 ng/ml. During remission
it was 15 ng/ml, and in healthy
children 0.0 ng/ml. Elevated CEA
levels at the onset of AL decreased
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during induction treatment and they
became normal with attainment of
complete remission (Fig. 3). During
complete remission, CEA levels were
estimated repeatedly and the highest
values were analysed. In 11/38 patients
was the plasma CEA level elevated;
the highest one was 21.5 ng/ml, 4
months before the child’s death dur-
ing bone marrow relapse.

AFP in plasma

In 4/44 children elevated AFP lev-
els were found at the onset of AL.
The highest concentraton was 100.0
ng/ml. Repeated assays revealed that
the AFP values of all of the positive
patients returned to normal values of
less than 12.2 ng/ml with the attain-
ment of complete remission. Elevated
plasma AFP levels in complete remis-
sion were observed in 4/38 children.

The mean AFP level in plasma at
the onset of leukaemia was 5.81 dr
d; 15.7 ng/ml, not significantly higher
than the mean during complete remis-
sion (3.63 dr 7-9 ng/ml) and in healthy
children. The mean AFP level was 1.4
ng/ml at the onset of AL, 1.0 ng/ml
during complete remission, and 1.5
ng/ml in healthy children.

Alpha and beta hCG in plasma

The alpha hCG levels in plasma at
the onset of AL as well as during
complete remission were lower than
the upper limit of normal, 1.0 ng/ml.
The mean alpha hCG level at the onset
of AL was 0.07 dr 0.2 ng/ml and dur-
ing remission 0.1 £ 0.2 ng/ml/p >
>0 .05). Elevated beta hCG levels at
the onset of AL were found in 1/44
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and during remission in 1/38 cases. Serial plasma CEA, AFP, alpha and
The augmented values dropped to nor-  beta hCG determinations

mal in further observations. No statis-

tical differences were found between The plasma levels of tumour mark-
the mean beta hCG level at the onset ers were determined repeatedly dur-
of ALL (0.03£0.1 ng/ml) and in com- ing the course of chemotherapy and
plete remission (0.03 £+ 0.2 ng/ml). after the cessation of treatment. In 12
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children with AL, successive bone
marrow relapses were observed. In
7/12 elevated CEA levels were found,
and in 4 of them raised levels appeared
3-4 months before the bone marrow
relapse. The plasma AFP, alpha and
beta hCG levels in bone marrow re-
lapses were normal and their behaviour
during different stages of the disease
did not reflect activity of leukaemia.

In 13 children an extramedullary
relapse occurred during haematologi-
cal remission: 12 times in the CNS and
once in the testis. In 6/13 patients
raised CEA levels were observed while
AFP, alpha and beta hCG levels were
below the upper limit of normal. The
elevated CEA levels were found in 5
cases of CNS relapse (the highest
concentration was 24.0 ng/ml), and in
one boy with leukaemia infiltration in
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the testis (9.5 ng/ml). We did not
observe the progression of CEA levels
in successive determinations before a
CNS relapse had appeared.

A representative patient in whom
the CEA levels seemed to be well cor-
related with the activity of leukaemia
(Fig. 4) was the boy with leukaemic
infiltration in the testis. Eight months
after the cessation of therapy the
plasma CEA level was 4.0 ng/ml. Five
months later this rose to 9.0 ng/ml
but no symptoms of relapse could be
found. After 5 further months the boy
was admitted with leukaemic infil-
trations in the testis without symp-
toms of bone marrow relapse, then the
CEA level increased to 9.5 ng/ml.
After orchiectomy, irradiation of the
testis and chemotherapy the boy had
a level of 8.5 ng/ml which then fell to
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Months after cessation of therapy

Fig. 4

0.0 ng/ml. During further 12 months
the boy was still in complete remission
and plasma CEA concentration was
still undetectable.

Discussion

The usefulness of measuring CEA,
AFP, alpha and beta hCG levels in
paediatric malignancy has not been
clarified although in children with
active neuroblastoma and retinoblas-
toma raised levels were reported
which fell to normal if treatment was
successful [18, 7, 9, 11, 14, 20]. We
have not found any report discussing
the behaviour of CEA, AFP, alpha and
beta hCG in haematological malignan-
cies of children. On the other hand,
elevated CEA levels in plasma were
noted in adults suffering from leu-
kaemia [3, 8, 18, 13]. Lamerz and
Fatah-Moghadam [12] who summar-
ized the data in this field reported
that among 94 leukaemic patients
CEA levels were elevated in 35%. In
our study we have found raised
CEA levels in 28/44 children (64%o)
with AL. Elevated CEA levels in

children at the onset of AL returned
to normal within 2-3 months after
complete remission. In 4/12 patients a
CEA level augmented to above the up-
per limit of normal preceded by 3-4
months the occurrence of a bone mar-
row relapse. A similar observation was
that in a boy with extramedullary re-
lapse in whom increased CEA levels
preceded over five months the leukae-
mic infiltration in the testis. The ques-
tion arises, what causes the high activ-
ity of plasma CEA in children with
AL?

In the present study we could not
decide whether leukaemic cells pro-
duced and released CEA. It cannot be
excluded that leukaemic blasts pro-
duced and liberated CEA or that de-
struction of the intestinal mucosa rich
in CEA due to its leukaemic infiltra-
tions produced the high CEA activity
in plasma. It should also be considered
that anti-CEA antibodies used in our
assay might crossreact with CEA-like
glycoproteins such as nonspecific cross-
reacting antigen (NCA). In this case,
a high activity of plasma CEA might
be caused by the liberation of NCA
from leukaemic cells, or it may have
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depended upon the destruction of tis-
sues made rich in NCA by leukaemic
infiltrations.

The high activity of CEA in plasma
of leukaemic patients may also depend
on the condition of the liver. This or-
gan may be unable to metabolize nor-
mal amounts of CEA produced in the
intestinal mucosa or cope with the
increased CEA production during re-
generative processes.

Thus, all the above mentioned pos-
sibilities or their combinations may
produce elevated CEA levels in plas-
ma. The answer to the question on
what this depends requires further
investigations ofthe nature and behav-
iour of CEA in children with leukae-
mia.

The plasma AFP level in children
with AL was elevated in 9.1% of the
cases. Evaluating the behaviour of
AFP in different stages of the disease,
we suggest that AFP did not reflect
the activity of leukaemia. Similar
views are shared by several authors
[5, 15, 16, 17]. Also, the elevated beta
hCG level had an incidental character,
and the alpha hCGlevel did not reach
the upper limit of normal, and this
seems to exclude the use of determin-
ing hCG subunits as a marker of AL.
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