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Abstract

We report two children with hepatoblastoma (HB) with a history of neonatal

necrotizing enterocolitis (NEC). Case 1 was diagnosed with HB at 5 months of

age. Liver enlargement was found during the NEC operation at 3 months of

age and then was clinically diagnosed by imaging. After six chemotherapy

courses, a partial hepatectomy was performed. Three months after ceasing the

chemotherapy, a chest computed tomography scan suggested that distant

metastasis of the tumor should be considered, and the lesion was removed.

However, 9 months after the operation, alpha‐fetoprotein concentrations were

increased, and abdominal imaging showed a recurrence of the tumor in situ,

resulting in a hepatectomy. Case 2 was diagnosed with NEC shortly after birth

and underwent an intestinal resection and anastomosis 1 month later. He was

diagnosed with HB at 3 years of age. Hepatectomy was performed after five

courses of chemotherapy. Chemotherapy was stopped after 10 courses, and

alpha‐fetoprotein concentrations were normal. At present, both children have

survived and are in a healthy condition. Physicians should be aware of the

possibility of HB and a history of NEC in children. Premature birth and low

birth weight are common factors leading to the pathogenesis of HB and NEC.

The association between these two diseases requires further study.
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1 | BACKGROUND

Hepatoblastoma (HB) is the most common primary
malignant hepatic tumor in infancy and childhood,
occurring predominantly in the first 2 years of life [1].
While the etiology of HB remains unknown, it
is associated with low birth weight, Beckwith‐
Weidemann syndrome, preterm delivery, polyhydram-
nios, and eclampsia/severe preeclampsia [2]. Several
factors, such as the completeness of tumor removal,
serum alpha‐fetoprotein (AFP) concentrations, tumor
size, tumor multifocality, and distant metastases, are
associated with the prognosis of HB [3]. Neonatal
necrotizing enterocolitis (NEC) is among the most
common and lethal gastrointestinal diseases that occur
in premature infants, leading to high short‐term and
long‐term morbidity and mortality [4]. We report two
cases of premature infants who had a history of NEC
and were diagnosed with HB. This report mainly
discusses the etiology and pathogenesis between NEC
and HB. The patients' and disease characteristics are
shown in Table 1.

2 | CASE PRESENTATION

2.1 | Case 1

A 5‐month‐old boy, who was conceived by in vitro
fertilization, was delivered at 28 weeks and weighed
1260 g at birth. One month after delivery, abdominal
distension occurred with no known cause. An imaging
examination showed NEC and surgery was performed. An
ileal fistula was found 3 months later, and liver enlarge-
ment was noted during surgery. The serum AFP concen-
tration was 560,537 ng/mL, and an abdominal enhanced
computed tomography (CT) scan showed a lesion of
approximately 9.2 cm× 7.3 cm× 9.6 cm in the left lobe of
the liver. Chest CT and cranial magnetic resonance
imaging showed no apparent abnormalities. A histological
examination confirmed a malignant tumor, which was
most likely HB. Therefore, the tumor was clinically
diagnosed as HB, PRETEXT II. According to the CCCG‐
HB‐2016 protocol [5], the AFP concentration was greatly
decreased (11,619 ng/mL) after three cycles of C5V
chemotherapy. A Driver DNA assay then showed an

TABLE 1 Two cases' disease characteristics.

Case 1 Case 2

Sex Male Male

Gestational age (weeks) 28 27 + 3

Birth weight (g) 1260 1150

Maternal pregnancy age (years) 32 38

Age at diagnosis of HB 5 months 12 days 3 years and 2 months

PRETEXT II II

AFP (ng/mL) 560,537 114,434

TBIL (μmol/L) 62.25 5.94

Pathological type Fetal type Mixed fetal and embryo

Tumor size 9.2 cm × 7.3 cm × 9.6 cm 6.87 cm × 4.94 cm × 3.8 cm

Disease sites Left lobe of liver, lung metastasis Right dorsal lobe of liver

Medical history NEC NEC

treatment Chemotherapy, primary tumor resection Chemotherapy, primary tumor resection

Follow‐up time (months) 54 53

Outcome Disease progression Disease remission

Abbreviations: AFP, serum alpha‐fetoprotein; HB, hepatoblastoma; NEC, neonatal necrotizing enterocolitis; TBIL, total bilirubin.

CANCER INNOVATION | 533



ARID1A stop mutation and CTNNB1 missense mutation.
However, after four courses of treatment, the AFP
concentration increased to 133,218 ng/mL. The chemo-
therapy regimen was adjusted to C5VD and continued for
two courses, and the AFP concentration decreased to
117,706 ng/mL. Tumor resection was performed and
postoperative histopathology suggested HB. After receiving
four courses of C5VD chemotherapy after surgery, the AFP
concentration decreased to a nadir of 74.87 ng/mL. After
five courses of surgery, AFP concentrations increased,
which led to a change in the chemotherapy regimen to
ifosfamide, carboplatin, and etoposide with two courses of
chemotherapy (cyclophosphamide, etoposide, and carbo-
platin). However, the AFP concentration then increased to
496.543 ng/mL. CT scans of the chest and abdomen
showed no apparent abnormalities. Thirteen courses of
chemotherapy were performed over a long time. Therefore,
the chemotherapy was stopped and AFP concentrations
were monitored regularly. Three months following the
discontinuation of chemotherapy, AFP concentrations
increased to 6101 ng/mL, and abdominal enhanced CT
showed nodular high‐density shadows on the left edge of
the liver. Chest CT showed nodular shadows on both
lungs, which suggested tumor recurrence and distant
metastases. The lung tumor was removed following three
cycles of platinum‐based chemotherapy. Postoperative
pathology indicated HB lung metastasis. An additional
six platinum‐based chemotherapy courses were adminis-
tered postoperatively, and AFP concentrations and chest
and abdominal images were regularly re‐examined. Nine
months after the lung surgery, AFP concentrations
progressively increased again, and abdominal ultrasonog-
raphy showed a recurrence of the tumor in situ in the left
lobe of the liver. Partial hepatectomy was performed. The
AFP concentration was 417.8 ng/mL following four cycles
of platinum‐based chemotherapy. After 54 months of
follow‐up, our patient is still in stable partial remission in
accordance with the criteria for evaluating the primary
tumor response of solid tumors.

2.2 | Case 2

A 3‐year‐old boy, who was conceived by in vitro fertiliza-
tion, was delivered at 27+ 3 weeks and his birth weight
was 1150 g. Intestinal resection and anastomoses were
performed for NEC 1 month after birth, and an abdomi-
nal mass with no known cause was found 2 weeks later.
The AFP concentration was 114,434 ng/mL. Abdominal‐
enhanced CT revealed masses of low density and a hetero-
geneously enhanced mass of 6.87 cm×4.94 cm× 3.8 cm in
the right dorsal lobe of the liver (Figure 1). Chest CT and
cranial magnetic resonance imaging showed no apparent

abnormalities. An ultrasound‐guided percutaneous biopsy of
the tumor could not be performed owing to the high location
of the tumor and its close relationship with the inferior
vena cava and right diaphragmatic surface. Therefore, the
clinical diagnosis was HB, PRETEXT II. According to the
CCCG‐HB‐2016 protocol [5], four cycles of C5V chemo-
therapy were performed. An abdominal CT scan showed
that the size of the lesion in the right lobe of the liver
(3.2 cm×2.4 cm×2.7 cm) was smaller than previously
observed. The AFP concentration was reduced to 4088 ng/
mL. Surgery was then scheduled. After a 2‐week chemo-
therapy interval, the AFP concentration increased to
21,235 ng/mL preoperatively, which led to a change in the
chemotherapy regimen to C5VD. After an additional course
of chemotherapy, the AFP concentration decreased to
7324 ng/mL, and tumor resection was performed. A
histological examination confirmed HB. After three courses
of chemotherapy for postoperative C5VD, the AFP concen-
tration returned to normal (2.38 ng/mL). Ten courses of
chemotherapy were administered to the child. AFP concen-
trations and chest and abdominal imaging were normal.
After 53 months of follow‐up, our patient is still in stable
complete remission in accordance with the criteria for
evaluating the primary tumor response of solid tumors.

3 | DISCUSSION
AND CONCLUSIONS

HB is the most common primary pediatric liver tumor.
It is usually diagnosed during the first 3 years of life,
and most cases are sporadic [6]. Pu et al. reported that
infants whose mothers are younger than 20 years or
older than 30 years have an increased risk of
developing HB [7]. In the current report, the mothers

FIGURE 1 Transversal computed tomography sections of a
liver tumor in case 2.
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of both children were older than 30 years. The high
incidence of HB is generally associated with low birth
weight and early gestational age [8]. Children with a
very low birth weight (<1500 g) have an increased risk
of HB [8]. Children with a gestational age of <33
weeks and younger children also have a higher risk of
HB [9]. Notably, both of the children in the current
report had a history of NEC. Preterm birth and low
birth weight are also the most consistent risk factors
for the development of NEC [10]. The two children in
this report were premature infants with a birth weight
of <1500 g.

In case 1, an ARID1A stop mutation and CTNNB1
missense mutation were detected. ARID1A is a tumor
suppressor gene that is mutated in various human
cancers and in 10%–15% of liver cancer [11]. In HB,
CTNNB1, which encodes β‐catenin, is the most fre-
quently mutated driver proto‐oncogene, with a mutation
frequency of 50%–90% [12]. Point mutations and in‐frame
deletions in exon 3 in CTNNB1 have been reported as the
leading cause of HB [13]. ARID1A stop mutations and
CTNNB1 missense mutations are also factors of a poor
prognosis in children.

Liver damage occurs in NEC. Inflammatory cytokines
produced in the gut enter the liver through portal
blood flow. In addition, the liver produces inflammatory
cytokines, such as tumor necrosis factor‐α and
interleukin‐18 [14]. These cytokines can cause liver
damage. A study using myeloperoxidase immunostaining
showed neutrophil infiltration in the liver in the NEC
group [15]. Leucine‐rich repeat‐containing Gprotein‐
coupled receptor 5 (LGR5) is a marker of stem cells in
the gut, stomach, hair follicles, and breast. In contrast to
the colon and intestines, LGR5 stem cells are not
present in the steady‐state liver, but occur during tissue
damage [16].

HB is rarely diagnosed in children with a history of
NEC. Therefore, the findings of our patients are
important. Premature delivery and low birth weight are
common factors contributing to HB and NEC. Therefore,
further study is required to determine whether there is
an association between HB and NEC.
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