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Abstract

Despite hepatocellular carcinoma’s position as the second most common pediatric liver tumor, it is a rare tumor in
children warranting international collaboration to improve outcomes. Few cases diagnosed in earlier stages, when
confined to the liver and responding to systemic treatment or with resectable metastases, may be cured by
complete resection and/or orthotopic transplantation. Complete resection is the only chance for cure; therefore, all
attempts should be made to make these options available. Despite modest progress in locoregional treatments,
these serve in most cases as palliative treatment or as a bridge to definitive treatment at best. Currently used
systemic treatments have response rates below 50%. Five-year survival in advanced stages is below 30%. The
international Paediatric Hepatic International Tumour Trial trial is evaluating novel systemic treatments in pediatric
hepatocellular carcinoma. Patients suffering from these tumors likely benefit from targeted treatment based on
molecular aberrations corresponding with tumor subtype.
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INTRODUCTION

Despite its low incidence of approximately one per million children, hepatocellular carcinoma (HCC) is the
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second most common primary pediatric liver cancer (http://seer.cancer.gov). In adults the incidence of
HCC is much higher making it the third worldwide cancer-related cause of death. HCC continues to pose a
significant therapeutic challenge. Despite overall progress in pediatric and adult oncology, the cure rates in
non-resectable HCC remain dismal, with 5-year overall survival ranges of 20%-30% in most multicenter
trials evaluating systemic treatment. The abundance of data from both basic research efforts and clinical
trials in adult HCC may be used to explore the most common aberrant molecular signaling pathways, to
stratify subtypes, and to guide research efforts to learn if these findings are present in pediatric HCC as well.
Stratification according to tumor subtype with accompanying molecular aberrance print may serve as a
guide for targeted systemic treatment in pediatric HCC.

ETIOLOGY AND CLASSIFICATION

Pediatric HCC may be divided into “de novo” HCC and HCC developing in a setting of underlying liver
disease!".

De novo HCC (~70% of cases) may be subcategorized based on histology in three subtypes: conventional
type HCC, HCC with elements of hepatoblastoma, and fibrolamellar hepatocellular carcinoma.

Conventional type HCC is histologically similar to HCC in adult patients without cirrhosis. HCC with
elements of hepatoblastoma is by convention now termed hepatocellular neoplasm not otherwise specified
(HCN-NOS) and may respond differently to chemotherapy based on its biology"”. Fibrolamellar
hepatocellular carcinoma (FL-HCC) is usually a solitary tumor, often containing a central necrotizing scar,
and made up of lamellar stroma with polygonal tumor cells.. It predominantly occurs in older children and
adolescents and comprises approximately 20% of all HCC in children®. It was previously thought that FL-
HCC had a superior prognosis to conventional HCC; however, more recent reports disprove this'®”.

Pediatric HCC associated with underlying disease (~30% of cases) may originate from a number of
conditions causing hepatocellular destruction. Amongst these are Alagille syndrome, alpha 1-antitrypsin
deficiency, ataxia telangiectasia, auto-immune hepatitis, Fanconi anemia, Gardner syndrome, familial
adenomatous polyposis, familial progressive intrahepatic cholestasis, hemochromatosis, liver mitochondrial
respiratory chain disease, primary sclerosing cholangitis, transaldolase deficiency, type 1 glycogen storage
disease, tyrosinemia, Wilson disease, and hepatitis B and C. The incidence of hepatitis B related pediatric
HCC - which was particularly high in low- and middle-income countries in Sub-Saharan Africa, Southeast
Asia, and South America - has declined significantly since the introduction of large-scale hepatitis B
vaccination programs'®.

Only a low percentage of pediatric HCC cases can be linked to cirrhosis'”. There are indications that fewer
genetic changes are needed for tumors to occur in the pediatric age group"”. Although the end stage
cirrhosis does not frequently occur in children, the process of repeated cycles of damage and repair resulting
consecutively in disturbed cell signaling, hyperplasia, dysplasia, and ultimately tumor formation is highly
similar to tumorigenesis in adult HCC patients!

11]

MAJOR MOLECULAR ABERRANCES

In both pediatric and adult conventional HCC, actors in growth, development, and differentiation pathways
are frequently dysregulated"*"". Major aberrant molecular components in both pediatric and adult HCC are
WNT/CTNNB1 (Beta-catenin), EPHB2 (ephrin type B receptor 2), TGFB1 (transforming growth factor beta
1), and MTOR (mechanistic target of rapamycin)"?.
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Furthermore, in adult HCC, the angiogenesis and apoptosis pathways are frequently affected"". These
signaling pathways are significant as the only targeted agents with some efficacy in adult HCC are sorafenib
and its generational successors which are multi kinase inhibitors targeting these pathways'. Despite a lack
of evidence that these pathways are significantly aberrant in pediatric HCC, results from a small pediatric
series using sorafenib combined with cisplatin and doxorubicin have been encouraging"*. Although results
from adult HCC studies cannot be directly extrapolated to the pediatric patient group, the efficacy of
sorafenib in pediatric HCC may indicate overlap and potentially similar tumor subtypes. Further
development of targets and biomarkers in pediatric HCC is warranted.

SURGICAL AND SYSTEMIC TREATMENT

Complete surgical resection - including orthotopic liver transplant - is essential to cure pediatric HCC. In
contrast to findings in hepatoblastoma'”, a negative resection margin has the potential to affect long-term
survival in pediatric HCC. Ziogas et al." analyzed the National Cancer Database (106 children with HCC
treated between 2004 and 2015) and demonstrated the negative impact of resection with a tumor positive
margin on overall survival. The difference in overall survival between patients undergoing liver
transplantation and patients undergoing resection was not significantly different (P = 0.20). In both groups,
however, increased overall survival compared to resection with a tumor positive margin was found (P =
0.001 for transplantation vs. positive margin resection and P = 0.003 for negative vs. positive margin
resection). Although the difference between liver transplantation and resection with a negative margin was
not significantly different, there is a clear trend toward better survival after transplantation, especially in
higher tumor stages. These findings reiterate the importance of early referral for transplant evaluation.
Furthermore, no difference was shown between patients who underwent liver transplant within or outside
the Milan criteria"®, once again emphasizing these criteria may not be applicable to this patient group.

However, only a small fraction of patients is eligible for surgery (~20%) or transplantation at diagnosis.
Thus, efficacious systemic treatments are urgently needed. HCC is relatively chemoresistant with a response
rate below 50%, which does not translate into satisfactory long-term survival. Previous trials from pediatric
liver tumor study groups have treated HCC with the same chemotherapy regimens as hepatoblastoma.
Although there has been great progress in the outlook of high risk and advanced hepatoblastoma, efficacy in
pediatric HCC is limited and there have not been significant improvements in survival due to these
treatments"”'*.

The presently run collaborative trial on pediatric liver tumors, the Paediatric Hepatic International Tumour
Trial (PHITT), has a separate treatment approach for HCC (https://clinicaltrials.gov/ct2/-
show/NCT03017326). In the PHITT trial, patients (younger than 30 years of age) with HCC are divided into
two groups: a group of resectable HCC and a group of unresectable and/or metastatic HCC.

Patients with resectable HCC will be observed without chemotherapy after resection or transplantation if
they have an underlying metabolic, genetic, or viral infection-mediated predisposing condition. The
rationale behind this approach is that (1) current studies in adult HCC do not support a role of adjuvant
chemotherapy, and (2) tolerance for chemotherapy in the context of possible liver dysfunction/cirrhosis is
decreased. However, it is important to note that the potential role and the optimal regimen of adjuvant
chemotherapy for HCC in the context of underlying disease are unknown"?. In case of “de novo” HCC
(including FL-HCC), patients will be treated with 4 cycles of cisplatin and doxorubicin (“PLADO?), as that
is the only regimen pediatric tumor groups have reported some effectiveness with and no other efficacious

chemotherapy is available at the moment"”*"),
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Patients with unresectable and/or metastatic HCC will be randomized to a time-intensive treatment with
PLADO with sorafenib or PLADO with sorafenib and GEMOX (gemcitabine and oxaliplatin) and re-
evaluated at set time points. Doxorubicin + sorafenib has been previously explored in adults with advanced
HCC, and GEMOX + sorafenib is another example of a regimen that has shown some efficacy in adult HCC
and is now used in pediatric patients*. A prolonged complete response in a 25-year-old woman with FL-
HCC on this regimen showed potential for efficacy in a young, non-cirrhotic patient”. The data from the
PHITT trial will need to answer whether there is efficacy in a larger group of pediatric and adolescent
patients.

Identification and where possible validation of prognostic biomarkers and toxicity biomarkers will also be
performed within the PHITT trial. In the meantime, analyses from molecular research efforts point in the

25-27]

direction of different HCC subtypes which may respond best to precision medicine® ",

LOCOREGIONAL TREATMENT

When both surgery and systemic treatment fail, only locoregional treatment options remain. Transarterial
chemoembolization (TACE), transarterial radioembolization with yttrium-90 (TARE-Y90), stereotactic
radio frequency ablation (SRFA), and magnetic resonance imaging-guided high-intensity focused
ultrasound (MR-HIFU) are such options. However, there is limited experience in children with these
methods.

Recently, Aguado et al.” reported a clinical trial investigating 10 patients (3 FL-HCC, 3 HCC, 2 HB, and 2
HCN-NOS) with unresectable and/or metastatic disease who received treatment with TARE-Y90 as
palliative treatment or bridge to liver transplant. All patients received prior chemotherapy and/or targeted
therapy. Six had laparotomies with lobectomies performed in 4 cases. One patient had TACE and RFA.
Median survival post-TARE-Y90 was 4 months (range, 2-20 months). In one patient with HCN-NOS the
response after TARE-Y90 allowed for a liver transplant. The possibility to provide radiation to the tumor,
thus reducing toxicity, is a major advantage. TARE-Y90 is commonly used in adult patients with HCC,
where it is superior to TACE in terms of time-to-progression of disease, toxicity, and posttreatment quality
of life”.

Weiss et al.”” described 21 TACE procedures that were performed on 8 patients with HCC (including one
with FL-HCC). It was well tolerated by all 8 patients with adverse events mainly classified as grade 1. Three
patients had a partial response, five demonstrated stable disease and 2 patients died due to progression.
Bridging to transplantation was achieved in 6 patients after a mean of 3 TACE procedures. The 5-year
overall survival was 83% with a mean follow up of 8.2 years (range 3.4-11 years).

The complete response rate after SRFA is comparable with that achieved by liver resection”'. In 2020,
Hetzer et al.”” presented the largest pediatric series of 10 patients with 15 liver masses (including one with
HCC), who underwent SRFA. Complete radiological response was observed in all cases. Complications
included temporary portal vein thrombosis, and temporary paresis of the diaphragm (each one patient). For
one patient with HCC (centrally located tumor, 3 cm in diameter), SRFA was applied as a bridge to
transplantation. Histological examination confirmed complete tumor apoptosis in this patient.

High-intensity focused ultrasound (HIFU) is a non-invasive ablation method that uses focused ultrasonic
waves (0.8-1.6 MHz) to destruct the target located deep in the body (by thermic effect or by phenomenon of
cavitation)”. In 2013 Wang et al.”” presented their first experience with HIFU combined with TACE in 12
patients with unresectable hepatoblastoma. Complete ablation was achieved in 10 patients (83%). Two



Weeda et al. Hepatoma Res 2021;7:43 | https://dx.doi.org/10.20517/2394-5079.2021.10 Page 5 of 7

patients died from tumor progression. The median survival time was 21.5 months, and the survival rates at
1 and 2 years were 91.7% and 83.3%, respectively. There is no data on children with HCC. A clinical trial
investigating feasibility and safety of MR-HIFU was reported by Napoli ef al.*” in 2013. He reported 6 adult
patients with osteoid osteoma. In 2018, Sharma et al.”** described their early experience with MR-HIFU
ablation to treat symptomatic benign, locally aggressive, and metastatic tumors in children. Two clinical
trials were designed in Children’s National Medical Center to investigate feasibility and safety of MR-HIFU
ablation in children with osteoid osteoma (NCT02349971, Jan 2015-Oct 2020) and with refractory or
relapsed solid tumors (NCT02076906, Apr 2014-Apr 2021). HIFU seems a promising method that may be
combined with systemically administered thermally sensitive chemotherapy.

DISCUSSION AND CONCLUSION

The mainstay in curative treatment of pediatric HCC is complete resection; this includes transplantation.
Resection with a tumor-negative margin is crucial. In patients with pediatric HCC where there is any doubt
regarding safe resection with a negative margin, early referral for transplant assessment is warranted. Milan
criteria may not apply in this patient group.

Locoregional treatment modalities may serve as palliation in addition to providing options for a bridge to
surgery/transplantation. Worth mentioning here are TACE, TARE-Y90, and SFRA specifically as a valuable
option for small but centrally located or multifocal HCC.

Systemic treatment is indicated for patients diagnosed in advanced stages who are not primarily amenable
for surgical treatment (including liver transplant) or who suffer recurrence, and adjuvant systemic
treatment is indicated for patients with “de novo” HCC. The presently run PHITT trial may have the power
to answer which regimens would best be used in these scenarios and results are eagerly awaited.
Furthermore, ongoing molecular research efforts clarifying aberrance signatures accompanying the diverse
HCC subcategories based on etiology may guide targeted treatment in the future.
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