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Abstract

Aims: The primary aim of this study is to characterize hepatocellular malignant neoplasm, NOS
(HEMNOQOS), a new provisional entity describing a subset of paediatric hepatocellular tumours,
which have histological features of neither typical hepatoblastoma (HB) nor hepatocellular
carcinoma (HCC).

Methods and results: The clinicopathological features of 11 patients with HEMNOS were
analysed retrospectively. The median age and serum alpha-fetoprotein level at diagnosis was 7
years and 182 000 ng/ml, respectively. Ten patients presented with pretreatment extent of disease
(PRETEXT) stages I11/IV multifocal tumours, eight with major vascular involvement, three with
lung metastases and three with extrahepatic extension. The original pathology diagnoses were: HB
in seven patients, HCC in two and HEMNOS in two. Our pathology review of pre-chemotherapy
specimens showed that six tumours had equivocal/overlapping histological features of HB and
HCC, four had predominant HB histology along with focal HCC-like histology and one had HB
histology. Seven of nine post-chemotherapy resection specimens showed predominant HCC-like
histology. Beta-catenin, glypican 3 and spalt-like transcription factor 4 immunostaining showed
that all the tumours had a mixed HB/HCC immunophenotype. Telomerase reverse transcriptase
immunostaining showed nuclear staining in nine of the 11 tumours. All patients received
chemotherapy and achieved gross total primary tumour resection. Nine of the 11 patients were
treated with established HB chemotherapy regimens. After a median follow-up of 6.1 years (range:
1.2-11.8 years), all patients were in remission.

Conclusions: HEMNOS is a subtype of HB with focal HCC-like histology, a high-risk clinical
profile but favourable outcome following chemotherapy and complete tumour resection.
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Introduction

Paediatric malignant epithelial liver tumours are rare, and are divided into two major
histological subgroups: hepatoblastoma (HB) and hepatocellular carcinoma (HCC).1 HB
occurs mainly in infants and young children between the ages of 6 months and 3 years, with
only 9% of cases occurring in children older than 4 years of age. In contrast, paediatric HCC
usually affects older children and adolescents, with approximately 13% seen in children
under the age of 5 years.2 Hepatocellular malignant neoplasm, NOS (HEMNOS) is a new
provisional entity describing a small subset of paediatric malignant hepatocellular tumours
that demonstrate complex morphologies and, in some cases, an admixture of histological
patterns typical of both HB and HCC in the same tumour, precluding their exact
classification.3 In 2002, Prokurat and colleagues first reported on seven malignant
hepatocellular tumours that developed in older children and adolescents and showed
histological features that were not typical of HB or HCC.# They proposed the term
transitional liver cell tumour (TLCT) based on the hypothesis that these tumours may
represent a new entity different from both HB and HCC. In that series, only three patients
had pre-chemotherapy biopsies, all of which were suggestive of HB. All other histological
and immunohistochemical features described were from post-chemotherapy specimens. It is
well known that some post-chemotherapy HB specimens may have pleomorphic and or
anaplastic areas, resembling HCC.® Therefore, controversy exists as to whether these
tumours are HBs with chemotherapy-induced HCC-like histology, clonally progressed HBs
or a true new entity. As such, in 2014, an international paediatric liver tumour consensus
classification abandoned the term TLCT in favour of HEMNOS.3 An accurate diagnosis of
HEMNOS is critical for the selection of appropriate treatment, but remains challenging due
to its rarity and limited knowledge of its clinicopathological features. Therefore, to
characterize this entity more clearly, we analysed retrospectively the clinicopathological
features of 11 patients with HEMNOS.

Materials and methods

CASE SELECTION

After approval by the institutional review board (CHLA-16-00115), the surgical pathology
archives of Children’s Hospital Los Angeles were searched for patients who were at least 3
years of age, and were diagnosed with malignant epithelial liver tumours during the time-
period between 1 January 2000 and 28 February 2016. All patients selected had slides
available for histopathological verification. The slides from liver biopsy, tumour resections
and/or liver explants from 41 patients were reviewed. Seventeen patients with typical HB
histology, eight patients with classic HCC histology and five patients with fibrolamellar
HCC histology were excluded from further analysis. Eleven patients with either pre- or post-
chemotherapy specimens showing either equivocal/overlapping histological features of HB
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and HCC or both HB and HCC-like (reminiscent of HCC) histology, consistent with
HEMNOS/TLCT,3 were subjected to detailed clinicopathological evaluation. HCC-like
histology was defined as large atypical hepatocyte-like cells with prominent nucleoli,
abundant cytoplasm and a high mitotic activity, resembling HCC.

EVALUATION OF CLINICAL PARAMETERS

Demographic data (age and gender), tumour location and tumour size were extracted from
surgical pathology reports. Clinical information including staging, treatment and follow-up
was collected by retrospective medical record review. Tumours were staged using the
pretreatment extent of disease (PRETEXT) staging system.6

HISTOPATHOLOGICAL ANALYSIS

All slides from the 11 cases were re-evaluated by two authors (S.Z. and L.W.) for
histological features of the tumours and the presence or absence of vascular invasion.

IMMUNOHISTOCHEMICAL STAINING

Results

One to two representative formalin-fixed, paraffin-embedded blocks from each case were
selected for immunohistochemical staining. Automated immunohistochemical staining was
performed with a Leica Bond Max Instrument (Leica, Buffalo Grove, IL, USA). Tissue
sections (4 um) were deparaffinized, rehydrated and treated with 3% hydrogen peroxide for
15 min to quench endogenous peroxidase. Antigen retrieval was performed using a bond
epitope retrieval solution [an ethylenediamine tetraacetic acid (EDTA)-based buffer and
surfactant] at pH 9.0 for 20 min. The slides were first incubated with one of the following
primary antibodies: beta-catenin (3.5 mg/l, Leica), glypican-3 (1:50; Biocare, Concord, CA,
USA), spalt-like transcription factor 4 (SALL4) (ready to use; clone 6E3; Cell Marque,
Rocklin, CA, USA) and telomerase reverse transcriptase (TERT) (A-6) (1:50; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA), following the manufacturers’ instructions. After
incubation with either an antimouse or antirabbit secondary antibody, a Bond Polymer
Refine Detection system (Leica) was used for single brown colour staining with 3,3
diaminobenzidine (DAB) chromogen. Appropriate positive and negative controls were
included and evaluated with the specimens tested.

CLINICAL FINDINGS

The clinical features are summarized in Table 1. There were 10 males and one female. The
median age at diagnosis was 7 years (range: 4 — 15 years). The median alpha fetoprotein
(AFP) level was 182 000 ng/ml (range: 617-1 280 000 ng/ml). The majority of patients
presented with right upper quadrant abdominal pain and three patients (cases 1, 6 and 11)
presented with an acute abdomen due to tumour rupture. Ten of the 11 tumours (eight in the
right lobe, one in the left and two involving both lobes) showed multifocal nodules on
diagnostic radiographic imaging studies. PRETEXT stage was Il in one patient, Il in seven
patients and 1V in three patients. Seven patients had portal vein involvement, and one had
inferior vena cava involvement. Three patients (cases 3, 5 and 7) had lung metastases and
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three (cases 1, 2 and 11) had extrahepatic extension. Patients 4 and 6 had a history of
prematurity.

HISTOLOGICAL FINDINGS

All patients had a liver biopsy or primary tumour resection before chemotherapy. The
original pathology diagnoses were: HB in seven patients, HCC in two, TLCT in one and
HEMNOS in one. After chemotherapy, pathology diagnosis was changed from HB to TLCT
in one case and from HCC to HB in another. Extensive vascular invasion was noted in 10 of
the 11 tumours. Neither small-cell undifferentiated nor mesenchymal components were seen
in any patient.

Pathology review performed as part of this study revealed six pre-chemotherapy tumours
with equivocal/overlapping histological features of HB and HCC (Figures 1A and 2A,B),
four with predominant HB histology along with focal HCC-like histology (Figure 3A,B) and
one with classic fetal HB histology only (Figure 4A). Seven of nine post-chemotherapy
resection specimens showed predominant HCC-like histology in viable tumours (Figures
1C, 2C, 3C,D and 4B). Focal HB histology was also present in five of the seven tumours.
One post-chemotherapy specimen showed predominant HB histology and one had complete
tumour necrosis. In addition, focal cytoplasm vacuolation, nuclear clearing and syncytial
multinucleated hepatocyte-like giant cells were also seen occasionally. Table 2 depicts a
summary of pathology features of all 11 patients with HEMNOS. Histological examination
of uninvolved liver revealed no significant pathological abnormalities in all cases.

IMMUNOPHENOTYPICAL FINDINGS

All tumours had mixed beta-catenin immunostaining patterns corresponding to their
histological features: predominantly weak membranous staining in fetal HB histology;
predominantly strong cytoplasmic staining in embryonal HB histology; and strong mixed
membranous and cytoplasmic staining with focal nuclear staining in HCC-like and equivocal
histology (Figure 1B). All tumours were positive for glypican 3 with a predominantly finely
granular canalicular pattern in fetal HB histology, and often strong diffuse cytoplasmic and
granular canalicular staining patterns in other histologies (Figure 4C). SALL4 was also
positive in every case with variable nuclear expression; a negative to focal weak positive
staining in fetal HB histology; frequently extensive positive staining in embryonal HB
histology; and focal weak to moderate positive staining in HCC-like and equivocal histology
(Figure 4D). Nine of 11 tumours showed nuclear staining of TERT: strong and diffuse
positive in five tumours (Figure 5A); moderate positive in one tumour (Figure 5B, case 2);
weak positive in three tumours (Figure 5C, cases 4, 7 and 9); and negative in two tumours
(Figure 5D, cases 5 and 8) and surrounding uninvolved normal liver. Immunophenotypical
features from patients 2 and 5 were presented in part in another study.’

TREATMENT

Two patients (cases 1 and 11) with tumour rupture underwent gross total primary tumour
resection at diagnosis. Patient 11 had microscopic residual disease in the liver. The
remaining nine patients received neoadjuvant chemotherapy. Seven of the nine patients
(cases 3-7, 9 and 10) had a partial radiographic response to neoadjuvant chemotherapy and a
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decline in serum AFP levels from diagnosis. After neoadjuvant therapy, five patients (cases
2-5 and 7) underwent hepatic lobectomies and two of them (cases 3 and 7) also had their
lung metastases resected. Four of these five patients achieved complete tumour resection and
one patient has focal involvement of the surgical margin microscopically. One patient (case
8) underwent hepatic trisegmentectomy and had a positive microscopic surgical margin.
Three primary tumours (cases 6, 9 and 10) remained unresectable following neoadjuvant
chemotherapy. However, these three patients achieved complete remission following
orthotopic cadaveric liver transplantation. All but two patients (cases 4 and 11) were treated
using established HB chemotherapy regimens with the majority receiving cisplatin and
doxorubicin.

Three patients experienced local relapse. Patient 4 had three local recurrences, which were
treated with chemotherapy and surgical resections. Patient 5 experienced two local
recurrences and was treated with chemotherapy and tumour resection followed by a
cadaveric liver transplant. Patient 11 had one local recurrence and was treated with surgical
resection and chemotherapy followed by a cadaveric liver transplant. After a median follow-
up of 6.1 years (range: 1.2-11.8 years), all patients were in complete radiographic remission.
Ten patients maintained normal serum AFP levels and one patient (case 11) had falling AFP
levels 6 weeks following liver transplant.

Discussion

This study represents a case series of HEMNOS/TLCT diagnosed and treated at a single
institution. Each of our patients had a pre-chemotherapy tumour specimen to evaluate
histology and complete clinical information. As the majority of HBs occur in patients
younger than 3 years, we included only patients older than 3 years in this study. The median
age of 7 years (range: 4 — 15 years) in our series is similar to the previous series.* The male
to female ratio is 1.5:1 for HB8 and 3:1 for paediatric HCC.? Interestingly, the male to
female ratio in the current series was 10:1. This may be due to a relatively small sample size.
At diagnosis, serum AFP is elevated in more than 90% of HB patients'9-13 and in
approximately 70% of paediatric HCC patients,141° although AFP levels are typically lower
in HCC compared to in HB. All our patients had elevated AFP levels with a median level of
182 000 ng/ml. Similar to the Prokurat et a/. series,* we found that the tumours occurred
predominantly in the right lobe of liver. The majority of our patients had advanced tumours
and all patients except for patients 4 and 9 would have been considered high-risk patients
according to the SIOPEL (Société Internationale d’Oncologie Pédiatrique — Epithelial Liver
Tumour Study Group) risk stratification.®

Patients with HEMNOS in this study had complex tumour histologies with six of the 11 pre-
chemotherapy biopsies/resections showing equivocal/overlapping histological features of
HB and HCC, four with predominant HB histology along with focal HCC-like histology and
one with classic fetal HB histology only. The latter might not have been representative of the
whole tumour, as the resection specimen of the same tumour following neoadjuvant
chemotherapy clearly showed both fetal HB and HCC-like histology. Post-chemotherapy
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resection specimens showed predominant HCC-like histology in seven of the 9 cases. Focal
HB histology was also present in five of the 7 cases. The coexistence of both HB and HCC-
like histology raises the intriguing possibility that HEMNOS is a clonally progressed HB
with focal HCC-like histology. Mixed HB and HCC histology has been described rarely in
mixed hepatoblastoma.16-21 Consistent with previous observations,*® we found that post-
chemotherapy specimens had more HCC-like histology than pre-chemotherapy specimens.
Moreover, two post-chemotherapy specimens showed only HCC-like histology, which
suggest that without pre-chemotherapy biopsy, these cases might have been misdiagnosed as
HCC. A small core needle biopsy may result in a sampling error and thus fail to reveal the
underlying true histological phenotype of the hepatic neoplasm. Therefore, in order to
diagnose liver tumours appropriately in children older than 3 years of age, an open pre-
chemotherapy wedge biopsy should be considered.

Prokurat ef a/* found that three of seven TLCT tumours exhibited predominantly
membranous staining pattern for beta-catenin, and the remaining four tumours showed
predominantly cytoplasmic staining with variable nuclear staining. In this study, we
observed mixed beta-catenin immunostaining patterns in all tumours. Glypican 3 is an
oncofetal protein that is expressed in both HB22 and HCC.23 All tumours included in this
study were positive for glypican 3, with variable staining patterns corresponding to their
histological features. SALL4, a regulator of embryonal development, is expressed in fetal
liver cells, silenced in fully differentiated hepatocytes and reactivated in a subset of adult
HCC24-26 and some HBs.27 In a recent study,28 we found that SALL4 was expressed highly
in embryonal HB, whereas fetal HB showed a negative or relatively weak focal punctate/
clumped nuclear staining pattern. Our unpublished data show that SALL4 staining is mild
(punctuate/clumped pattern) to marked (diffuse pattern) positive in classic paediatric HCCs.
In this series, variable SALLA4 staining patterns were seen in different regions of the same
tumour. Overall, the immunophenotypical features of HEMNOS are consistent with a mixed
HB/HCC immunophenotype.

Telomerase is known to be silenced in normal somatic cells due to the down-regulation of
TERT after birth and reactivated by activating 7ERT promoter mutations in some malignant
cells.2%-31 Eichenmuller et a/32 reported that 7ERT promoter mutations were identified in
two of three patients with TLCT but not in any of 33 typical HBs. Recently, Sumazin et a/33
reported that only two of 88 HBs had somatic point mutations at the 7E£RT promotor.
Interestingly, these two patients were the oldest children in their series (aged 6 and 8 years).
One of them was diagnosed as HEMNOS. These findings suggest that the 7ERT promoter
mutation might be associated with HEMNOS. In line with the above findings, we found that
TERT expression was present in nine of the 11 tumours studied, and not in the surrounding
uninvolved liver, indicating increased telomerase activity in the majority of HEMNOS.

With increased complete remission rates achieved by liver transplantation and refinement of
chemotherapy, the 3-year overall survival of high risk HB patients has improved steadily
during the last three decades (53% in SIOPEL 2,34 69% in SIOPEL 312 and 83% in SIOPEL
43%). In contrast, the prognosis of paediatric HCC remains extremely poor, with the overall
5-year survival approximately 22-28%.15:36.37 Although the majority of our patients were
high-risk patients, all our patients survived with a median follow-up of 6.1 years. This
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finding is in contrast to the Prokurat et a/. series,* in which four of the 7 patients died of
disease after a median follow-up of 22 months (range: 0.5-60 months). It is plausible that
the four tumours not biopsied at original diagnosis might be HCC instead of TLCT, thus
explaining the poorer prognosis. Additionally, in the same series, complete surgical resection
followed by normalization of serum AFP was achieved in only one patient. Most of our
patients were diagnosed with HB prior to this review; nine of the 11 patients received
established HB chemotherapy, with the majority receiving cisplatin and doxorubicin. More
importantly, in spite of advanced stage, gross total tumour resection was achieved in all our
patients. Patient 11 was treated initially with standard HB chemotherapy but had local
tumour recurrence with progressive disease on first salvage chemotherapy. However, this
patient had multifocal disease limited to the liver and was able to achieve complete
radiographic remission following a recent cadaveric liver transplant, and had declining
serum AFP levels. At the end of follow-up, all patients were in complete remission. The
high survival rate of our series support further that HEMNQOS is best considered as a subtype
of HB.

The pathogenesis of HEMNOS/TLCT is largely unknown. Eichenmuller et a/32 found that
TLCT tumours share the common CTNNBI mutation with HBs, but additionally
demonstrated chromosomal instability due to deletions of the genome guardians RADI7and
TP53, and TERT promoter mutations. They also found that TLCT had 27 mutations/case,
higher than HB (2.9 mutations/case), but lower than adult HCC (45 mutations/case).38 Based
on the above findings, they concluded that TLCT is a genetically derailed progeny of HB.
The overall clinicopathological features of our serials support that HEMNOS/TLCT may
begin with HB, acquiring more mutations along the differentiation pathway resulting in
aggressive HB with HCC-like features. Further studies looking at the molecular pathways
involved in this group of tumours are necessary.

The limitations of our study include a relatively small number of cases, its retrospective
nature and variations in treatments. Nevertheless, to the best of our knowledge, our study
represents the largest case series on HEMNOS/TLCT to date. The results of our study
support that HEMNOS is a subtype of HB with focal HCC-like histology, a high-risk
clinical profile but favourable outcome following chemotherapy and complete surgical
resection. Reclassification of this tumour as a subtype of HB might facilitate appropriate risk
stratification and treatment.
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Figure 1.
Case 2. A, Representative pre-chemotherapy wedge biopsy of liver tumour showed two cell

populations, one with round vesicular nuclei and abundant clear to eosinophilic cytoplasm,
morphologically suggestive of pleomorphic fetal hepatoblastoma (HB) (right lower); the
other characterized by large atypical hepatocyte-like cells with prominent nucleoli, abundant
cytoplasm and a high mitotic activity (left upper), resembling hepatocellular carcinoma
(HCC) histology (insert, higher magnification of left upper part). B, Predominantly weak
membranous staining in fetal HB histology and strong mixed membranous and cytoplasmic
staining with focal nuclear staining in HCC-like histology. The post-chemotherapy resection
specimen showed a treated tumour with areas of necrosis and fibrosis admixed with large
areas of viable HCC-like histology (C) and focal fetal HB-like histology (D). The former
was characterized by large, anaplastic cells with abundant eosinophilic cytoplasm, numerous
mitoses and focal prominent formation of eosinophilic cytoplasmic globules (A,C,D,
haematoxylin and eosin stain; B, beta-catenin staining).
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Figure 2.
Case 6. The patient presented with tumour rupture. The pre-chemotherapy wedge biopsy of

liver tumour showed a heterogenous malignant tumour with equivocal histological features.
There were areas suggestive of atypical embryonal hepatoblastoma (HB) (A) and areas
reminiscent of hepatocellular carcinoma (HCC) (B). The post-chemotherapy liver explant
showed that the viable tumour cells were composed morphologically of two types of cells.
The predominant cells contained variably sized cells including large, anaplastic cells with
numerous mitoses and apoptosis and cytoplasmic vacuolation, resembling HCC-like
histology (C), and the other showing small round nuclei and abundant eosinophilic to clear
cytoplasm, consistent with fetal HB histology (D) (haematoxylin and eosin stain).
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Figure 3.
Case 5. The pre-chemotherapy needle biopsy of liver tumour showed two distinct groups of

cells, one morphologically consistent with fetal/embryonal hepatoblastoma (HB) (A) (insert,
higher magnification of left middle part showing malignant epithelial cells), and the other
with larger hyperchromatic nuclei, coarse chromatin, eosinophilic cytoplasm, and frequent
mitosis, suggestive of hepatocellular carcinoma (HCC)-like histology (B). Both post-
chemotherapy resection (C) and recurrent tumours (D) showed a malignant hepatocellular
tumour, resembling HCC with focal glandular structures (D, arrow). No definite HB
histology was seen in tumour resections (haematoxylin and eosin stain).
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Figure 4.
Case 7. A, The pre-chemotherapy needle biopsy of liver tumour showed a uniform

population of cells with abundant clear (light area) or eosinophilic (dark area) cytoplasm,
consistent with typical fetal hepatoblastoma (HB). B, The post-chemotherapy resection
specimen demonstrated focal viable tumour with two distinct cell populations, one was
consistent with fetal HB histology (lower part) and the other hepatocellular carcinoma
(HCC)-like histology (upper part) characterized by large cells with prominent nucleoli;
abundant eosinophilic granular cytoplasm; and increased mitotic activity. Of note, there was
no transitional zone between these two histological patterns. C, Glypican 3 staining was
positive in both populations of cells with much stronger cytoplasmic staining in HCC-like
histology than in fetal HB histology. D, spalt-like transcription factor 4 (SALL4) staining
showed moderate to strong positive in HCC-like histology and a focal weak positive manner
in fetal HB histology (A,B, haematoxylin and eosin stain; C, glypican 3; D, SALL4).
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Figureb5.
Representative telomerase reverse transcriptase (TERT) staining patterns. A, strong diffuse

nuclear staining; B, moderate nuclear staining; C, weak nuclear staining; D, complete
negative nuclear staining.
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Table 2.
Pathology features of 11 patients with HEMNOS
Dx Pathology review
Caseno. Prechemo Post-chemo Pre-chemo Post-chemo
1 HB NA HB + focal HCC-like NA
2 HB TLCT Equivocal HCC-like + focal HB
3 HB HB Equivocal HCC-like
4 HCC HB Equivocal HB
5 HB HB HB + focal HCC-like  HCC-like
6 TLCT TLCT Equivocal HCC-like + focal HB
7 HB HB HB HCC-like + focal HB
8 HCC HCC HB + focal HCC-like  HCC-like + HB
9 HB HB Equivocal HCC-like + focal HB
10 HB HB HB + focal HCC-like  NA (not viable)
11 HEMNOS NA Equivocal NA

Page 16

HEMNOS, Hepatocellular malignant neoplasm, NOS; Dx, Diagnosis; HB, Hepatoblastoma; HCC, Hepatocellular carcinoma; TLCT, Transitional

liver cell tumour; NA, Not available.
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