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Prenatal and postnatal histories of very low birthweight infants who
developed hepatoblastoma*

Abstract

Key words

KENICHI MARUYAMA,! HITOSHI IKEDA,> TAKENOBU KOIZUMI! AND YOSHIAKI TSUCHIDA?
'Departments of Neonatology and *Surgery, Gunma Children’s Medical Center, Gunma, Japan

Background: Hepatoblastoma in children of very low birthweight (< 1500 g) is increasing in J apan and this has
suggested the presence of either a genetic or environmental etiology. This study was aimed at revealing common
prenatal and postnatal histories, including family history of hepatoblastomas in children of very low birthweight.
Methods and Results: The medical records of 15 patients, nine boys and six girls, were reviewed. The
patients were diagnosed at the age of 6~77 months (median 16 months). Their birthweight ranged from
560 to 1380 g (median 826 g) and the gestational age was 2333 weeks (median 25 weeks). No parents were
exposed to any occupational risk factors and there were no characteristic features in the parents’ history or
the maternal reproductive history, although one patient was born to a mother who had taken a contraceptive
before she got pregnant with the patient as a result of in vitro fertilization. A ventricular septal defect and
an atresia of the external auditory canal were congenital anomalies seen in the patients, but congenital
anomalies associated with hepatoblastoma were not seen. Early postnatal illnesses included respiratory
distress syndrome in six patients, symptomatic patent ductus arteriosus in three patients, chronic lung disease
in seven patients, cytomegalovirus hepatitis in one patient and cholelithiasis in one patient. Oxygen therapy
was given to 13 patients for a period of 4-508 days (median 112 days) and lengths of oxygen therapy and
assisted ventilation were significantly longer in patients with a stage IIIB or IV tumor than those with a stage
Il or IITA tumor (P = 0.0040 and 0.0190, respectively). Furosemide was used in 13 patients for a period of
6-460 days (median 88 days) and the length of the treatment was also significantly longer in patients with
advanced tumors (P = 0.0420). Among the patients at 23-25 weeks of gestation, these treatments tended to
be longer in patients with a stage IIIB or IV tumor than those with a stage II or IIIA tumor.

Conclusions: These results suggest the presence of an environmental etiology, rather than a genetic one, which
is responsible for the development of hepatoblastoma in children of very low birthweight. Close monitoring of
the children after being discharged from the neonatal intensive care unit is essential and a case-control study is
necessary to identify risk factors for hepatoblastoma in children of very low birthweight.

hepatoblastoma, postnatal history, prenatal history, very low birthweight.

Hepatoblastoma is the most common malignant hepatic tumor
in children. Morphologically, epithelial components of hepato-
blastoma resemble differentiating hepatocytes at different
stages of normal development and the tumors are classified
into fetal, embryonal and anaplastic type tumors.! While
hepatoblastoma is believed to be an embryonal tumor which
results from developmental disturbances during organogenesis,
little is known about the etiologies of the tumor. Beckwith—
Wiedemann syndrome, hemihypertrophy, trisomy 18 syndrome
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and familial adenomatous polyposis are associated with the
tumor and genetic and molecular studies are focused on the
identification of the genes responsible for the abnormalities
and hepatoblastoma >* Germline mutation in the 5 end of the
adenomatous polyposis coli gene, which is located on the long
arm of chromosome 5 in band g21, was found to be associated
with hepatoblastoma.* "The proportion of patients with a
congenital anomaly, however, is only approximately 6% and
the majority of patients are not associated with congenital
anomalies.” However, there are some possible connections
between oral contraceptive intake, alcohol abuse during preg-
nancy, hormonal treatment for sterility, parental occupational
exposure to metals, petroleum products and paints or pigments
and the occurrence of hepatoblastoma.5?

In the previous paper, we analyzed the data in the Japan
Children’s Cancer Registry to examine the impression that a
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considerable number of hepatoblastomas had developed in
premature infants and showed that hepatoblastoma in chil-
dren of very low birthweight (< 1500 g) was increasing in
Japan.'® There was a significant linear trend toward an in-
crease in the percentage of the patients with hepatoblastoma,
which was 7.6% in the 5 year period from 1990 to 1994. The
incidence of live premature babies of very low birthweight is
0.5-0.6% of all live births.! As the phenomenon was specific
to hepatoblastoma, it was suggested that there were some
reasons for the increase, apart from the simple increase in the
number of premature infants who survive. In addition, the
increase was attributed to the significant increase in the per-
centage of patients of extremely low birthweight (< 1000 g)
and the incidence peak in the number of patients in the
birthweight range of < 1000 g was separated from the second
peak in the range of 2500-4000 g. These epidemiological
observations have suggested that etiological factors, either
genetic or environmental, may be present.

As the next step in the investigation, we have analyzed the
patients’ data and have clarified the characteristics of hepato-
‘blastomas in children of very low birthweight. Through

reviewing the surgical and pathologic aspects of the tumors, it -

has become evident that hepatoblastomas in children of very
low birthweight are advanced in stage and that the patient’s
prematurity at birth is related to the development of hepato-
blastomas with unfavorable biological behavior; these findings
have been published in a separate paper.!? In this paper we
report the results of the analysis of prenatal and postnatal his-
tories of the patients including their family histories and
reveal perinatal events common to hepatoblastomas in chil-
dren of very low birthweight.

Methods

A total of 15 hepatoblastoma patients of very low birth-
weight (< 1500 g) diagnosed during the 11 years between
1985 and 1995 were identified from the data in the Japan
Children’s Cancer Registry and the database of medjcal
journals which collected manuscripts written in Japanese
and published in the same period.”” Medical information on
the patients was obtained from the hospitals where neonatal
intensive care was given as well as from those responsible
for treatment of the tumor.

The patients, nine boys and six girls, were diagnosed at
the age of 6—77 months (median 16 months)..Their birth-
weight ranged from 560 to 1380 g (median 826 g) and the
gestational age was 23-33 weeks (median 25 weeks). The
tumor was stage II in four patients, stage ITIA in six, stage
IIIB in three and stage IV in two according to the classifi-
cation of the Tapanese Society of Pediatric Surgeons which
was based on the number of liver segments involved, the
extent of local (capsular and vascular) invasion, the regional
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lymph node involvement and the presence of distant meta-
stasis.21® The medical records of all patients were reviewed
and the data analyzed in this study included the parents’
occupation and medical history, maternal reproductive
history and the patient’s prenatal history. In addition to
congenital abnormalities and early postnatal illnesses of the
patients, treatments, medications and radiological exami-
nations which were given while in a neonatal intensive care
unit were examined. As the gestational age of the patients
with a stage IIIB or IV tumor was significantly lower than
that of the patients with a stage II or IIIA tumor, birth preva-
lence rates of congenital abnormalities, incidences of early
postnatal illnesses, lengths of treatments or medications and
numbers of radiological examinations in these two groups
were compared. :

One patient (case 1) was excluded from the statistical
analysis because of insufficient information on the perinatal
period. All data are presented as the range and the median.
Statistical analysis was done using the Fisher’s exact proba-
bility test to compare the birth prevalence rates of congenital
abnormalities and the incidences of early postnatal illness.
Differences between the patients with a stage II or HIA
tumor and those with a stage ITIIB or IV tumor in lengths of
treatments and medications and numbers of radiological
examinations were evaluated by the Mann—Whitney U-test.
Significance was defined as P < 0.05.

Results

Family history and prenatal and postnatal histories of the
15 hepatoblastoma patients are summarized in Tables 1 and 2.

Parents’ occupation, medical history and maternal
‘reproductive history

The occupational history was obtained from 12 fathers and
14 mothers. As far as we can tell from the information, there
were no specific exposures to the reported risk factors for
hepatoblastoma in the parents. Among those whose infor-
mation was obtained, only one mother was positive for
serum anti-hepatitis C virus (HCV) antibody, but there were

.no parents who were positive for serum hepatitis B antigen

or who had received blood transfusion. None had a history
of liver disease or familial adenomatous polyposis.

Twelve of 15 mothers had had an earlier pregnancy
before they gave birth to the patient and the numbers of pre-
vious pregnancies were one in seven mothers, two in four
and three in one mother, Nine mothers were parous; eight of
them were unipara and one was bipara. Three mothers had
a history of spontaneous abortion and another two had
undergone therapeutic abortion. There was no stilibirth in
the previous pregnancies,
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Prenatal history of hepatoblastoma patients

One patient was born to a mother who had taken a contra-
ceptive for 4 months until 6 months before she became
pregnant with the patient as a result of in vitro fertilization.
No others had taken contraceptives or had been treated for
. sterility. During the pregnancy of the patient one mother
consumed a negligible amount of alcohol and another smoked
cigarettes until 28 weeks of gestation. Pregnancy was com-
plicated with pre-eclampsia in one mother who was treated
with methyldopa and hydralazine hydrochloride to control
blood pressure. Deliveries of four patients were complicated
with prolonged rupture of the membrane (> 24 h). Tocolytic
agents, such as ritodrine hydrochloride and magnesium sul-
fate, were administered in two cases, Carbazochrome sodium
sulfate and tranexamic acid were used fo control antepartum
hemorrhage in one. Infections were suspected during the preg-
nancies of four patients and antibiotics such as latamoxef
sodium and erythromycin were given in one case. Intrauterine
growth was retarded in six patients, but no antenatal corti-
costeroid therapy to stimulate fetal lung maturation was given.
Seven patients were delivered by cesarean section and the
other seven vaginally. The mother’s age when she gave birth
to the patient was 23-39 years old (median 30 years old).

Congenital abnormalities and early postnatal illnesses

A small ventricular septal defect that closed spontaneously in
late infancy and an atresia of the external auditory canal
were congenital abnormalities seen in the patients. No other
signs of congenital abnormalities, including those such as
Beckwith-Wiedemann syndrome, hemihypertrophy or trisomy
18 syndrome, were seen. The serum immunoglobulin M level

Table 3 Congenital abnormalities and early postnatal illnesses
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at birth was examined in nine patients and was higher than the
upper limit of the normal range, 20 mg/dL, in three patients,
suggesting the presence of intrauterine infections. Six patients
suffered from respiratory distress syndrome. Symptomatic
patent ductus arteriosus was diagnosed in three patients and
chronic lung disease developed in seven. A variety of infec-
tions were diagnosed in 12 patients and these included
bacterial and viral pneumonia, bacterial and fungal sepsis,
bacterial omphalitis and cytomegalovirus hepatitis. Liver dys-
function, defined as that with high serum glutamic—pyruvic
transaminase (GPT) levels (>100TU/L) was seen in one
patient with cytomegalovirus hepatitis in whom the maximum
GPT level was 757 IU/L. No other abnormality in the hepato-
biliary system, except cholelithiasis in one patient, was seen.
There was no significant difference between nine patients with
a stage II or IITA tumor and five patients with a stage IIB or
IV tumor in the number of congenital abnormalities or early
postnatal illnesses (Table 3).

Treatments, medication and radiological examinations
during neonatal intensive care

The length and frequency of treatments, length and frequency
of medication and number of radiological examinations during
neonatal intensive care in 14 patients, excluding case 1, are
listed in Table 4. Oxygen therapy was given to 13 patients for
a period of 4-508 days (median 112 days). Eleven of them
were treated with assisted ventilation for 1-295 days (median
98 days). Phototherapy was necessary to control hyperbilirubi-
pemia in 13 patients for 2-27 days (median 6 days). Twelve
patients received blood transfusions and blood derivatives,
such as immunoglobulins, serum albumin, plasma protein
fractions, anti-thrombin III and anti-hemophilic factor XIII,

Congenital abnormality and early postnatal illness

Stage of tumor’

IL A (n=9) B, IV (n=15)

Gestational age (weeks)*
Birthweight (g)*
Congenital abnormalities
High serum IgM at birth (> 20 mg/dL})
Respiratory distress syndrome
Symptomatic patent ductus arteriosus
Chronic lung disease
Infection

Bacterial

Viral

- Fungal

Unknown
Liver dysfunction (GPT > 100 IU/L)
Cholelithiasis

25-32 (28)
607-1188 (865)

23-25 (24)
560-826 (734)

HOWRLOMAIWLWNDWLED
O HNDWWLWU D= NO

#Data are expressed as the range and the median, Case 1 was excluded from the analysis because of insufficient information. IgM, immuno-

globulin M; GPT, glutamic~pyruvic transaminase.
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Table4 Length (frequency) of treatments and medication and number of radiological examinations at the neonatal intensive care unit

No. patients* Range Median
Treatments (days)
Oxygen therapy 13 4-508 .o 112
Assisted ventilation 11 1-295 98
Phototherapy 13 2-27 6
Blood transfusion* 12 1-44 6
Blood derivatives* 12 1-15 : 3
Medication (days)
Furosemide 13 6-460 88
Aminophylline .10 2-118 30
Spironolactone 8 11-352 71
Dopamine 6 5-95 34
Alphacalcidol 6 13-40 53
Ampicillin 6 2-19 4
Cefmetazole 5 341 - 4
Dexamethasone 4 11-15 12
Phenobarbital 4 18-90 40
Dobutamine 4 10-79 43
Mefenamic acid* 4 2-3 3
Lung surfactant* : 4 1 : 1
Radiological examinations (no.)
Plain chest or abdominal X-ray 14 2-122 26
Computed tomography 10 1-2 .1

*Case 1 was excluded from the analysis because of insufficient information. These are expressed as frequencies (times) instead of
lengths (days).

Table 5 Differences in length (frequency) of treatments and medications and number of radiological examinations according to patient’s
stage of tumor

Stages IT, IIA (n=9) Stages IIB, IV (n = 5) P
Treatments (days)
Oxygen therapy 0-118 (78) 112-508 (290) . 0.0040
Assisted ventilation 0-113 (18) 21-295 (155) 0.0190
Phototherapy 2-27(8) . 0-12(3) 0.3636
Blood transfusion* 0-10 (4) 044 (7) 0.4376
Blood derivatives* 0-5(2) 0-15 (2) 1.0000
Medication (days)
Furosemide 0~180 (35) 35-460 (300) 0.0420
Aminophylline 0-118 (30) 0-66 (0) 0.1469
Spironolactone 0-~180 (11) 0-352 (35) . 0.7972
Dopamine 0-32 (0) 0-95 (35) 0.1898
Alphacalcidol . 0-120 (0) 0-172 (0) 1.0000
Ampicillin ©0-19(0) 0-12 (0) 1.0000
Cefmetazole : 0-6 (0) 0-41(3) . 0.2977
Dexamethasone - 0-12 (0) 0-15 (0) 0.6064
Phenobarbital 0(0) 0-90 (21) 0.0190
Dobutamine T 0-10(0) 0-79 (35) 0.1119
Mefenamic acid* 0-3 (O 0-3 (0) 0.6742
Lung surfactant* - : 0-1(0) : 0-1(0) 0.9255
Radiological examinations (no.)
Plain chest or abdominal X-ray 2-58 (20) 26-122 (55) 0.0599
Computed tomography 0-1(1) . 02 (1) 0.3636

Case 1 was excluded from the analysis because of insufficient information. *These are expressed as frequencies (times) instead of lengths
(days). Data are expressed as the range. Figures in parentheses are the median value.
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Fig.1 Among the patients at 23-25 weeks of gestations, oxygen
therapy (a) and furosemide treatment (b) tended to be longer in
patients with a stage IIIB or IV tumor (@) than those with a stage
I or ITA tumor (O).

were also administered to 12 patients. Thus, all the 14 patients
had received blood products or preparations derived from
blood. With regard to medications, a total of 58 drugs were
used during the neonatal intensive care of the patients and
12 drugs were given to four or more patients. In particular,
furosemide was used in 13 patients for a period of 6-460 days
(median 88 days). Aminophylline was given to 10 patients and
spironolactone to eight. Plain films of the chest and the
abdomen were taken in all patients and the number of radio-
graphs was 2-122 (median 26). Examination of the brain or
the abdomen by computed tomography (CT) was performed
once or twice (median 1) in 10 patients.

. Table 5 shows the quantitative differences between nine
patients with a stage II or IITA tumor and five patients with a
stage IIB or IV tumor in treatments, medications and
radiological examinations. Lengths of oxygen therapy and
assisted ventilation were significantly longer in patients with
a stage IIIB or IV tumor than those with a stage II or ITA
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tumor (P = 0.0040 and 0.0190, respectively). The furosemide
treatment was also significantly longer in patients in the
former group than in the latter (P =0.0420). Among the
patients at 23-25 weeks gestation, these treatments tended to
be longer in patients with a stage IIIB or IV tumor than those
with a stage II or IITA tumor (Fig.1). The phenobarbital
treatment was longer in patients with a stage IIIB or IV
tumot, as all the four patients who received phenobarbital
were among the patients in this group. Although more radio-
graphs were taken in patients with advanced tumor, the
difference was not statistically significant (P = 0.0599).

Discussion

There were several epidemiological studies which reported
relationships between high birthweight and an increased
risk of specific childhood malignancies.!*!® Our previous
study was of particular importance because it revealed
an association between very low birthweight (< 1500 g)
and hepatoblastoma and urged determination of a hidden
etiology of tumor development. The primary purpose of the
present study was to reveal the family history or perinatal
factors which were common to hepatoblastomas in children
of very low birthweight. With respect to the parents’ his-
tory and the maternal reproductive history, there was no
characteristic feature, The parents were not exposed to any
reported occupational risk factors. Hepatitis-causing viral
infections or liver disease were not common, although one
mother was positive for the antibody to the HCV. This virus
is causally associated with hepatocellular carcinoma in
adults, but it appears to be unrelated to childhood hepato-
blastoma.!® No patient was a member of a family with
adenomatous polyposis.

One patient was born to a mother who had taken a
contraceptive before she became pregnant with the patient as
a result of in vitro fertilization. As we were unable to obtain
information from each patient’s family in the present study,
the contraceptive was not identified and details of the
treatment for infertility were not known. It is possible, as has
been suggested in some case reports,®® that the contraceptive
or hormonal treatment accompanying in vitro fertilization
was related to hepatoblastoma development in the child.
However, the contraceptive or hormonal treatment would not
make a great contribution to the association between hepato-
blastoma and very low birthweight, as only one patient had a
mother with this history. Other prenatal histories seemed to
be etiologically insignificant and the age at which the
mothers gave birth to the patients also was not significant. In
the present study, the reasons for premature birth as well as
those for cesarean section were not examined, but antepartum
infection, intrauterine growth retardation and fetal asphyxia
were supposed to be the reasons.
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In this series, six patients suffered from respiratory distress
syndrome and the disease was a radiologically severe form in
five patients. Symptomatic patent ductus arteriosus manifested
in three patients and chronic lung disease developed in sevén.
Consequently at least one of the three diseases, which are
frequently seen in premature infants, was diagnosed in five of
the nine patients with a stage I or IITA tumor and four of the
five patients with a stage IIIB or IV tumor. Incidences of liver

disease and liver dysfunction were not high in these patients,

but hepatitis was caused by cytomegalovirus infection in one
‘patient and the postnatal course was. complicated with chole-
lithiasis from as early as 6 weeks of age in another.

The second purpose of the study was to compare the
family history or perinatal factors of the patients with an
advanced or unresectable tumor and those with a localized
oneé. Our surgical and pathologic review revealed that
hepatoblastomas associated with very low birthweight were
at an advanced stage and that stage IIIB tumor involving all
liver segments and stage IV tumor with distant metastasis
developed in children with extreme prematurity at birth,!?
The gestational age and the birthweight of the patients with
a stage IIIB or IV tumor were significantly lower than those
of patients with a stage II or IITA tumor.”? These results led
us to examine the differences between the characteristics of
the patients. Of the treatments and medications given at a
neonatal intensive care unit, oxygen therapy and assisted
ventilation were continued for a longer period in stages IIIB
and IV patients than stages II and IITA patients. The length
of furosemide treatment was also significantly longer in
patients in the former group. More radiographs were taken
in patients with advanced tumors, but the difference was not
statistically significant. Diuretics, as well as oxygen and
assisted ventilation, were indicated because of respiratory
distress syndrome, patent ductus arteriosus and chronic lung
disease. Infection of the respiratory system was another
reason for the oxygen management. This information indi-
cates that the advanced stages of the tumor are related to the
longer treatments with oxygen, assisted ventilation and
furosemide. As the patients with advanced tumors were
extremely premature at birth, it is reasonable that these
patients needed more intensive treatment; however, the
advanced stages of the tumor still tended to be related to the
longer treatments when only patients of extreme prematurity,
23-25 weeks gestation, were compared. Therefore, along
with the results of the surgical and pathological review, it
appears that there is a close correlation between the patient’s
prematurity, the intensive treatment due to illnesses charac-
teristic of prematurity and the development of advanced
hepatoblastoma with unfavorable biological behavior.

The relationship may be explained by assuming the
presence of genes responsible for both the patient’s pre-
maturity and the development of hepatoblastoma. However,
congenital anomalies seen in the patients, ventricular septal
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defect and atresia of the external auditory canal are not
suggestive of genetic predisposition to prematurity and
hepatoblastoma. Even if such genes are present, it is unlikely
that they, at the same time, regulate the ability of tumor cells
to invade or metastasize and decide the biological behavior
of the tumor. It is likely that intensive treatments given to
the infants result in the development of unfavorable
hepatoblastoma. If the sensitivity to genetic damage, similar
to that demonstrated in fetal monkey,” exists and differs
according to the stage of organogenesis, the liver cells
exposed to etiological factors in the earlier stage of organo-
genesis may transform into cells with biologically more
unfavorable characteristics. It is also .possible that the liver
cells which are exposed to a larger quantity of carcinogens
transform into more unfavorable tumor cells. There is some
evidence of an association between tumor development and
reactive oxygen, furosemide and spironolactone adminis-
tration.'®2° Aminophylline is known to increase mutagenesis
by carcinogens.?! A

Based on the results of this study, we conclude that a
case-control study should be conducted to seek the possible
presence of etiologies. Although the exact etiology is not yet
known, children weighing less than 1500 g at birth who are
at high risk of developing hepatoblastoma should be closely
monitored even after they are discharged from the neonatal
intensive care unit.
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