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ABSTRACT. Hereditary tyrosinemia type I (H'IT-I) is an 
inherited metabolic disorder with severe liver disease and 
a high risk for hepatic malignancy. Patients with H'IT-I 
are monitored with repeated analyses of serum amino acids, 
urine succinylacetone, and serum a-fetoprotein (AFP). On- 
cofetal markers CA 125 and CA 19-9 are elevated in serum 
of patients with various gastrointestinal diseases and ma- 
lignancy. To study the biology of oncofetal antigens in 
tyrosinemia and to assess the possible usefulness of these 
markers in H'IT-I, we studied serum concentrations of CA 
125 (n = 160) and CA 19-9 (n = 188), together with AFP 
(n = 337), in serial samples from 10 patients. At early 
stages of the disease, most children with an acute type of 
disease had a remarkably elevated serum CA 125 concen- 
tration (153-1560 IU/L) that normalized gradually after 
the institution of therapy. Serum CA 125 levels may thus 
reflect acute metabolic imbalance in fulminant H'IT-I. The 
patients with a chronic type of disease showed CA I25 
levels within the normal range at diagnosis that slowly 
increased as the liver condition worsened. These concen- 
trations, however, never reached values seen in acute H l T -  
I. Serum concentration CA 19-9 in HlT-I was mostly 
normal. Serum AFP levels fluctuated in all patients and 
positively correlated with tests for metabolic state and 
biliary function. A distinct increase in the serum AFP level 
was recorded in association with the detection of massive 
hepatocellular carcinoma and also preceded metabolic im- 
balance leading to porphyria crises. Fluctuations in serum 
AFP concentration, however, limit its usefulness in early 
detection of developing hepatic malignancies or porphyria 
crises in HlT-I. Serum CA 125 or CA 19-9 are also 
unlikely to offer diagnostic tools for detecting developing 
hepatocellular carcinoma in H'IT-I. (Pediatr Res 35: 205- 
208,1994) 
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HTT-I is an inborn error of tyrosine metabolism caused by a 
deficiency of fumarylacetoacetase. an enzyme most abundantly 
present in the liver and kidney (I) .  HTT-I manifests with either 
acute hepatic failure during the neonatal period or with liver 
cirrhosis, rickets, and renal tubulopathy in infancy. The treat- 
ment with a low-tyrosine, low-phenylalanine diet usually amelio- 
rates the clinical symptoms and improves liver function. Bio- 
chemical monitoring of the patients is performed by regular 
analyses of plasma amino acids and AFP concentration (2, 3). 
However, even during the most strict diet, the accumulation of 
toxic tyrosine metabolites persists, leading to an inevitable pro- 
gression of the liver disease with a high risk of malignancy. HCC 
develops in at least 37% of patients surviving beyond the age of 
2 y (4). Because of the high risk of cancer and the poor prognosis, 
an early liver transplantation is today the treatment of choice for 
these children. However, the recent finding of restraining the 
accumulation of toxic metabolites by 4-hydroxyphenylpyruvate 
dioxygenase inhibition may offer an alternative therapy (5). 

AFP, an oncodevelopmental glycoprotein, is produced pri- 
marily by the fetal yolk sac and liver (6). In addition, increased 
AFT production is associated with hepatic regeneration and 
malignancy (7). In tyrosinemia, the liver always produces ele- 
vated levels of serum AFP (8). No exact analyses concerning the 
effect of the dietary balance and the liver function on the serum 
AFP concentration in HTT-I are available. Malignant transfor- 
mation in patients with tyrosinemia induces a further rise in the 
AFP concentration, but early recognition of the developing ma- 
lignancy may be delayed because of constantly high and fluc- 
tuating AFP levels. 

We have studied the expression of two tumor markers, CA 
125 and CA 19-9, in patients with HTT-I. Both markers are 
detected by MAb originally raised against cystadenocarcinoma 
and colorectal cell line, respectively (9, 10). They are known to 
be expressed in adult patients with various gastrointestinal ma- 
lignancies ( l l ,  12), and elevated serum levels have been reported 
in patients with HCC (13, 14). On the basis of these data and 
realizing the possible pitfalls of serum AFP measurements, we 
started to use measurements of serum CA 125 and CA 19-9 to 
detect tumors in the HTT-I livers at an early stage of the disease 
and to gain information on the biology of CA 125 and CA 19-9 
in this disease. Moreover, the relationship of serum AFP concen- 
trations to the new tumor markers and to the clinical and 
metabolic state in children with tyrosinemia was studied in detail. 

PATIENTS AND METHODS 

Palienls. Ten patients, three girls and seven boys with HTT-I, 
were followed up for 0.2 to 2.6 y after diagnosis at the Children's 
Hospital, University of Helsinki, and the University Hospital of 
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Tampere and Turku in Finland from 1986 to 1991. Mean age at 
the diagnosis was 0.8 y (range, 0.1 to 3.0 y). 

The diagnosis was based on a characteristic clinical picture, a 
high plasma tyrosine and methionine concentration, and an 
increased urinary excretion of succinylacetone (Table I). In six 
of the patients the diagnosis was confirmed by fibroblast fum
arylacetoacetase determination. All patients had coagulopathy, 
low serum albumin levels, high serum AFP levels, and high 
urinary excretion of o-aminolevulinate together with extremely 
low erythrocyte o-aminolevulinate dehydratase activity. The pa
tients were treated with a low-tyrosine, low-phenylalanine diet 
supplemented with other essential amino acids. Four of them 
also received N-acetylcysteine. 

During this study, six patients underwent orthotopic liver 
transplantation at a mean age of 1.6 y (range, 0.4 to 2. 7 y), and 
two patients are on the transplant list. All children who had 
transplants are alive and without any signs of malignancy after 
a follow-up of 0.1 to 2.3 y. 

Acute type of HTT-1. Six patients (Table I. patients 1-6) had 
an acute type of HTT-1 (onset of symptoms at <6 mos of age). 
Their mean age at diagnosis was 0.4 y (range, 0.2-0.5 y). At this 
point, all six children had tumor-like liver nodules visualized by 
ultrasonography or computed tomography. These children were 
followed up for 0.2 to 1.4 y from diagnosis. One of them (patient 
3) had areas of malignant cell clusters in her liver at transplan
tation performed I y after the detection of the disease. 

Chronic type (J{ HTT-1. Four patients (Table I, patients 7-1 0) 
had a chronic type of HTT-1 (onset of symptoms at >6 mo of 
age). Mean age at diagnosis of these children was 1.3 y (range. 
0.1-3.0 y). Early diagnosis of patient I 0 (at age 0.1 y) was based 
on neonatal screening because of positive family history. One of 
these four patients (patient 9) had radiologically detectable nod
ules in the liver at the time of diagnosis. Patients with chronic 
HTT-1 were followed up for 0.7 to 2.6 y from diagnosis. Two of 
them (patients 8 and I 0) had several porphyria crises (at the ages 
of 3.2-3.7 and 1.5-2 y, respectively), which were treated by i.v. 
heme arginate (Leiras Pharm, Turku. Finland). Two patients 
(patients 7 and 8) died before liver transplantation was available: 
one died at 2.4 y of HCC. and the other at 3.7 y of septic 
infection. 

Laboratory investi,;ations. Altogether. 298 serum samples 
(mean number of samples per patient. 30: range, 7 to 90) were 
collected for AFP measurements. They were subsequently used 
for additional analyses of the newer markers. 

Serum levels of C A 125. C A 19-9. and AFP were measured 
using commercially available RIA (Abbott Laboratories, North 
Chicago, IL). with sensitivity limits of 5.3 IU/L. 5.6 IU/L, and 
I llg/L. respectively. The reference values of these markers for 
children more than I y of age have been reported using the same 
laboratory conditions recommended by the manufacturer ( 15, 
16 ). The normal 90th percentile in this age group for C A 125 is 
22 IU /L. and for C A 19-9 it is 56 IU /L. We also studied 39 
children who were 0.1 to 1.0 y old for serum C A 125 and C A 
19-9 reference values at this age group. Samples were collected 
in association with elective neonatal surgery in otherwise healthy 
children. The normal upper 90th percentile for C A 125 was 40 
IU/L at age 0.1-0.5 y and 22 IU/L at age 0.5-1.0 y, and the 
corresponding values for CA 19-9 were 25 IU/L and 45 IU/L. 

The metabolic control of the disease was monitored by meas
urements of plasma amino acid concentration. urinary excretion 
of succinylacetone, and erythrocyte ii-aminolevulinate dehydra
tase activity. The routine investigations during the follow-up 
included measuring the values of serum liver aminotransferases, 
'Y-glutamyl transpeptidase. alkaline phosphatase. bilirubin, al
bumin, protein, C-reactive protein and creatinine concentration. 
prothrombin time, urinary excretion of ii-aminolevulinate, and 
liver ultrasonography. Because we minimized the blood drawn 
for sampling. it was not always possible to measure all these 
parameters at the same time point. Values from eight patients 
were used for comparisons because of insufficient simultaneous 
laboratory data from the two earliest cases. 

Statistical analyses. The Spearman rank correlation was used 
to compare serum tumor marker levels with other laboratory 
data. 

RESULTS 

Serum Cl 125 Concentration. Serum CA 125 was analyzed in 
160 serum samples obtained from patients with HTT -I. and the 
levels ranged from <5.3 to 1560 IU /L. Forty-two percent of the 
samples showed a serum C A 125 concentration above the normal 
90th percentile. 

I. A elite type o( /ITT-I. Four of the six patients with acute 
disease (patients 3-6) had remarkably elevated serum CA 125 
levels at diagnosis (153, 1560,500. and 464 IU/L. respectively). 
which declined to normal within 4 mo (Fig. lA ). Two of the six 
patients (patients I and 2) had normal values at diagnosis, which 

Table I. A,;e, dia,;nostic laboratory parameters. and other in.fimnation in children with tyrosinemia 

Patient no. 
P-tyr/met 
(l'mol/L)* 

Age at di
agnosis (y) 

Acute HTT-1 
I 
2 
3 

4 
5 
6 

Chronic HTT-1 
7 
8 

9 
10 

0.2 
0.5 
0.4 

0.4 
0.5 
0.2 

1.4 
3.0 

0.7 
0.1 

833/1 050 
600/800 
206/-

185/438 
659/749 
383/206 

404/347 
447/10 

278/48 
370/33 

----- --·- -

U-SA 
(mmol/ 

mol creat)t 

110 

197 
778 
580 

87 
376 

S-AFP (!'g/L/ 
MOMlt 

87 145/413 
187 500/15 625 
107 718/3 591 

76 200/990 
127 636/42 550 
142 600/692 

75000/10714 
I 500/214 

212700/17725 
199 000/6 

Follow-up 
time (y) 

0.2 
0.2 
1.4 

0.4 
0.6 
0.7 

0.9 
0.7 

1.6 
2.6 

Tx at age 0.4* 
Tx at age 1.0 

Other information 

Tx at age 1.8. areas of malignant cell clusters in 
the liver at Tx 

On the transplant list 
Tx at age 1.1 
On the transplant list 

Died of HCC at age 2.4 
Porphyria crises at age 3.2-3. 7: died from 

sepsis at age 3. 7 
Tx at age 2.3 
Porphyria crises at age 1.5-2: Tx at age 2. 7 

*Upper normal limit for plasma tyrosine (P-tyr): age< 0.3 y. <97 l'mol/L and age 2!: 0.3 y. < 121 l'mol/L. Upper limit for plasma methionine 
(P-met): age< 0.3 y. <24 11moi/L and age 2!: 0.3 y, <30 11moi/L. 

tUpper normal limit for urine succinylacetone (U-SA)< 10 mmol/mol creatinine (creal). 
t S-AFP. Serum AFP: MOM. multiples of age-related median (shown for AFP because of remarkable change in reference values with age). 
§ Tx. liver transplantation. 
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Fig. I .  Serum CA 125 concentrationsduring the follow-up in patients 
with hereditary tyrosinemia. Two patterns were seen: the patients with 
acute disease showing decreasing levels during the time course ( A )  and 
the patients with chronicdisease showing increasing levels with advancing 
disease ( B ) .  The .shadc~d arcla shows the normal range for CA 125 in 
children. The two patients with a later HCC are indicated with durk dors. 
Note the different time and CA 125 scales in ..I and R. 

elevated rapidly above the reference range during the first 4 mo 
before early liver transplantation. 

2. Chronic type c?fHTT-I. Patients 9 and 10 with chronic type 
of disease had normal values at diagnosis, which slowly increased 
during the follow-up (Fig. 1 B). The highest serum CA 125 peaks 
in patient 10 coincided with the episodes of porphyria crises and 
neurologic symptoms (Fig. 2). Patients 7 and 8, with late mani- 
festation of the disease, constantly showed normal serum CA 
125 values. 

3. Hepatic malignancj~. Patient 7 died of HCC without any 
alteration in her serum CA 125 level. whereas her serum AFP 
concentration increased with advancing disease. Also, serum CA 
125 did not elevate in the one patient (patient 3) with areas of 
malignant cell clusters in her liver at transplantation before this 
operation. 

No significant correlation between serum CA 125 values and 
laboratory parameters for the metabolic control of HTT-I, liver 
function, or other tests was noted. 

Serum CA 19-9 Concentration. Serum CA 19-9 values varied 
from <5.6 to 85 IU/L and were within the normal range in 182 
(97%) of the 188 samples. The type of tyrosinemia or the 
occurrence of malignancy did not affect the serum CA 19-9 
levels. Slightly elevated concentrations (85 IU/L) were seen in 
only one patient at diagnosis (patient I). He was the youngest 
patient and had the most severe and acute type of HTT-I, 
manifesting at the age of 6 wk with acute liver failure. His CA 
19-9 level normalized after institution of dietary treatment sup- 
plemented with intravenous glutathione. 

Serum AFP Cuncmtration. Serum AFP was measured in a 
total of 337 samples. In all patients. serum AFP levels were 
elevated at diagnosis and ranged from 1 500 to 213 000 pg/L, 
corresponding to 6.0 to 17 725 multiples of the age-related 

AGE (years) 

Fig. 2. Serum AFP (11p1wr punc.1) and CA 125 (1ou.c.r panc,l) levels in 
patient 4 with a chronic type of hereditary tyrosinemia. Note the contin- 
uous decrease in serum AFP and increase in serum CA 125 values during 
regular prophylactic treatment with heme arginate ( 1 I : I ) .  Episodes of 
porphyria are indicated by urrobt,.s. The .s/~crclcd urc7u.s show the reference 
range for serum AFP and CA 125 levels. 

median (Table 1).  The AFP levels decreased in all patients after 
the institution of therapy and with advancing age but still re- 
mained abnormally high. 

1. Acule tjpe of HTT-I. All patients with acute tyrosinemia 
had a fluctuating serum AFP level without any clear correlation 
with metabolic control or clinical picture. The lowest and highest 
AFP values in these six patients ranged from 14 000 to 28 000 
pg/L (mean, 2 1 000 pg/L) and from 48 000 to 132 000 pg/L 
(mean, 82 000 pg/L), respectively. corresponding to a 1.9- to 7.6- 
fold variation in the serum AFP level. 

2. Chronic type of HTT-I. The patients with chronic disease 
had rather stabile serum AFP levels during the long follow-up 
period. Two clear exceptions with more than 10-fold increases 
in serum AFP levels were noted: in patient 10 before porphyria 
crises (from 1 000 to 2 1 000 pg/L. Fig. 2) and in patient 7 before 
diagnosis of HCC (from 25 000 to 250 000 pg/L). 

3. Hepatic malignancj3. One of the patients with the acute 
type of HTT-I (patient 3) had areas of malignant cell clusters in 
her liver at transplantation, but she had only 2-fold increases in 
the serum AFP level (from 27 000 to 55 000 pg/L) during the 
preceding 2 mo. The other patient with the chronic type of HTT- 
I (patient 7) had a 10-fold increase in the serum AFP level (from 
25 000 to 250 000 pg/L) before she died of HCC. 

A positive correlation between serum AFP level and some 
markers for the metabolic control (serum methionine, n = 15 1 .  
p = 0.0002; tyrosine. n = 157, p = 0.0002) and parameters for 
liver function (serum alkaline phosphatase. n = 95. p = 0.0001: 
total bilirubin, n = 61, p = 0.0001: conjugated bilirubin, n = 33. 
p = 0.002: and 7-glutamyl transpeptidase, n = 77. p = 0.0001) 
was observed. 

DISCUSSION 

HTT-I is seen at diagnosis with either acute, rapidly evolving 
hepatic failure or a more chronic hepatopathy with sequential 



progression from micronodular to macronodular cirrhosis and 
regenerative foci susceptible to malignant transformation (17). 
The liver damage is thought to be caused by toxic tyrosine 
metabolites, maleylacetoacetate and succinylacetoacetate. which 
accumulate regardless of an adequate dietary therapy (3). 

The tumor markers CA 125 and CA 19-9 are elevated in adults 
with gastrointestinal malignancy and are thus candidate markers 
for malignant transformation in the pathologic liver tissue in 
hereditary tyrosinemia. The possible oncofetal nature of CA 125 
and CA 19-9 is suggested by their strong expression in fetal 
tissues (9, l I, 12). Our results on CA 125 support this view: the 
enhanced production of CA 125 in HTT-I, analogous to AFP. 
may be a consequence of a fetal type of gene expression in 
tyrosinemia. In contrast to CA 125 and AFP, the pattern of CA 
19-9 expression was not shifted to such a fetal direction. 

Most ofthe patients with acute HTT-I had remarkably elevated 
serum CA 125 levels during the first months of the disease, which 
gradually normalized after the institution of dietary therapy. 
These children also had radiologically detectable liver nodules at 
diagnosis. High initial serum CA 125 concentration may thus 
indicate a fulminant onset of the disease and reflect the metabolic 
state within the liver. This view is supported by the association 
of elevated serum CA 125 level and episodes of porphyria. 
However, no significant correlation between serum CA 125 level 
and laboratory parameters for metabolic state was noted. The 
patients with a chronic type of disease and long follow-up periods 
showed slowly increasing serum CA 125 levels. The increasing 
serum CA 125 level in these patients can reflect the progression 
of liver damage and development of macronodular cirrhosis. 

In contrast to serum CA 125, the concentrations of CA 19-9 
were practically always within reference values. This was also the 
case in the two patients with HCC. Serum CA 19-9 measure- 
ments are thus not valuable in the follow-up of patients with 
HTT-I. 

Serum AFP measurements have been used in the early diag- 
nosis of hereditary tyrosinemia (8, 18) and as an indicator of 
hepatic malignancy. The constantly elevated levels of AFP, how- 
ever, hamper its use as a marker for the development of malig- 
nancy in hereditary tyrosinemia. The AFP levels at diagnosis 
varied over a wide range from patient to patient, possibly indi- 
cating various degrees of liver damage in these children. During 
the follow-up, the concentrations remained abnormally high, 
and minor fluctuations occurred in all patients. The noted clear 
correlations between serum AFP level and laboratory parameters 
of the liver function suggest that the fluctuations in serum AFP 
levels may reflect the pathologic condition of the liver in HTT- 
I. In two children, a marked elevation in serum AFP levels 
during the therapy was noted: in one of them, hepatic malignancy 
was subsequently detected. and in the other one the increase in 
serum AFP level preceded episodes of porphyria. Thus, even a 
clear increase in the serum AFP level does not always mean the 
development of malignancy in the liver. Furthermore, one of the 
two patients with malignancy (histologically proven at transplan- 

tation, but clinically not evident) did not have a clear elevation 
in the serum AFP level. 

We conclude that fluctuations in serum AFP concentration 
limit its usefulness in early detection of developing hepatic 
malignancies or porphyria crises in children with tyrosinemia. 
Serum CA 125 levels were mostly highly elevated at the early 
phase of acute tyrosinemia. Measurements of serum CA 125 or 
CA 19-9 levels do not, however, seem to offer diagnostic tools 
for determining whether HCC is developing in these patients 
because the levels were normal in the two patients in whom a 
histologically proven overt hepatic malignancy developed. 
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