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Abstract

Liver tumors account for approximately 1-2% of all pediatric malignancies with the two most
common tumors being hepatoblastoma (HB) and hepatocellular carcinoma (HCC). Previous
Children’s Oncology Group studies have meaningfully contributed to the current understanding
of disease pathophysiology and treatment, laying groundwork for the ongoing prospective
international study of both HB and HCC. Future work is focused on elucidating the biologic
underpinnings of disease to support an evolution in risk categorization, advancements in the
multi-dimensional care required to treat these patients, and the discovery of novel therapies.
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INTRODUCTION

Liver tumors account for 1-2% of malignancies occurring in pediatric patients.! The

two most common liver tumors are hepatoblastoma (HB) and hepatocellular carcinoma
(HCC). HB occurs at a median age of 3 years while conventional HCC occurs
predominantly in adolescence. A hybrid entity, termed hepatocellular neoplasm not
otherwise specified (HCN NOS), occurring in children of intermediate age, can be a
challenging histopathologic diagnosis and constitutes an evolving genomic phenotype.23



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

O’Neill et al.

Page 2

Fibrolamellar carcinoma (FLC), previously grouped with conventional HCC, is now
recognized as a unique pathologic entity based both on its characteristic histology and a
defining DNAJB1::PRKACA chimeric fusion.*> While other rare primary tumors arise from
the liver in pediatric patients, they are outside the scope of this report.8 The focus of this
manuscript will be on the transformative care of patients with HB and HCC reflective of past
and ongoing efforts within the Liver Tumor Committee of the Children’s Oncology Group
(COG).

STATE OF DISEASE

Epidemiology

Hepatoblastoma occurs with an approximate incidence of 2 cases per million children per
year in the United States.? Only a minority of patients carry a germline predisposition
associated with an increased incidence of HB.7-10 Low-birth weight confers the highest
relative risk of developing HB, particularly for premature infants born at less than 1,000,
although the etiology of this risk remains unclear.11 The incidence of HB has increased
globally over the last decade potentially secondary to the improved survival of premature
infants.12 An elevated serum alpha-fetoprotein (AFP) is a hallmark of HB and has been
utilized as a surrogate for disease response to therapy.1® The three-year overall survival
(OS) for patients with non-metastatic HB is currently greater than >90% following receipt
of cisplatin-based chemotherapy and complete resection of the primary liver tumor.14-16
Outcomes for patients with high-risk or metastatic disease have improved only minimally
over the last two decades with survival rates ranging from 60-80%.17:18

HCC in pediatric patients, in contrast to disease in adults, traditionally arises de novoin
the context of a normal liver and at a rate of ~1 case per million children per year.1® The
20% of cases that occur secondary to cirrhosis are often related to hereditary, structural, or
metabolic syndromes.20 AFP is elevated in approximately two-thirds of cases. While 3-year
outcomes for patients with resectable disease at diagnosis approach 90%, the majority of
patients present with advanced disease and have a dismal outcome of <20%.29-21 Pediatric
HCC, while more chemotherapy-responsive than adult HCC, does not usually respond
adequately enough to facilitate primary resection.20:22 HCN NOS behaves clinically more
similar to HCC than HB; outcomes are therefore poor in advanced disease.3 FLC is a rare
subtype of pediatric primary liver cancer. Incidence rates are likely underestimated given
lack of disease-specific billing codes, non-familiarity with disease histology, and variable
testing for the recently recognized, diagnostic genomic alternation: a DNAJB1::PRKACA
fusion.23 Similar to conventional HCC, complete surgical resection is a requisite for cure
of FLC. There is no efficacious standard of care for this disease and systemic responses to
chemotherapeutics or immunotherapeutics are unpredictable.>24

The last decade of work has been focused on pursuit of a harmonized, global approach to
the diagnosis, staging, and risk stratification of pediatric HB and HCC intended to facilitate
an international paradigm necessary for the study of these rare diseases. This manuscript
describes recently established standards from the COG AHEPOQ731 trial (NCT00980460),
the ongoing COG AHEP1531 trial (NCT03533582), and forthcoming endeavors that will
support future study of these uncommon tumors.

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 September 01.
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RECENT FINDINGS

The Liver Tumor Committee in COG has been conducting prospective trials for pediatric
patients with primary liver tumors since the 1970s. In aggregate, these trials demonstrated,
for the first time, that prognosis is tied to Evans surgical stage, that resection at diagnosis
followed by adjuvant chemotherapy improves outcomes, that cisplatin and doxorubicin
are the mainstays of treatment, but that a subset of patients can be cured without use

of doxorubicin, and that histology can impact outcome.2>-28 These trials paved the way
for conduct of COG AHEPO0731, a trial intended to decrease therapy for patients with low-
risk tumors resectable at diagnosis, intensify therapy to facilitate surgery for unresectable
tumors, and identify novel agents for patients with high-risk, metastatic disease.

Systemic Therapy

Surgery

AHEPOQ0731 risk-stratified patients with hepatoblastoma into 4 categories based upon
surgical resectability, histology, and serum AFP levels at diagnosis. Very low-risk patients
(resected at diagnosis, pure fetal histology) were observed following resection without
receipt of adjuvant chemotherapy. Outcomes for these patients were excellent (100% 5-year
0S) validating similar results from previous small cohort reports.2729 Low-risk patients
(resected at diagnosis, non-pure fetal histology) received two cycles of cisplatin-containing
chemotherapy (cisplatin/5-FU/vincristine; C5V), a reduction compared to the historic 4
cycles, with retained 4-year event-free survival (EFS) of >90%.1° Patients with intermediate-
risk, unresectable disease received a novel regimen of doxorubicin added to the C5V
backbone (C5VD) with a resultant improvement in 5-year OS from a historic ~75% to
>90%.14 Patients with metastatic disease or a serum AFP <100 ng/dL received an upfront
window therapy of vincristine/irinotecan (V1), with a C5VD backbone to follow. While not
powered to study outcomes, results from this stratum demonstrated that V1 is an effective
anti-tumor combination for patients with advanced disease.18 Addition of temsirolimus to
the VI window (VIT) did not further improve response rates.30 It is recognized now, in
hindsight, that tumors associated with a low AFP level at diagnosis were likely rhabdoid
tumors as “low AFP-secreting HB tumors” are exceedingly rare in current HB trials and
often reflective of small tumor size.3! Patients with small cell undifferentiated (SCU)
histologic features, of any proportion, were restricted to stratum 3 if fully resected given
that this histologic feature was felt to confer a poor prognosis. This theory, surrounding the
adverse impact of SCU histology, has now been disproven.32

Historically, over 60% of children presented with lesions unresectable by conventional
surgery. Due to progress in the study of neo-adjuvant chemotherapy, over 75% of these
tumors now decrease sufficiently in size to allow for conventional resection.14 Despite

these improvements, significant numbers of patients will still require total hepatectomy and
orthotopic liver transplant (OLT) to achieve cure. Approximately 30% of patients on the
intermediate-risk arm of AHEPO731 underwent OLT which is perceived to have contributed
to improvements in overall survival; however it remains prudent to recognize the association
of OLT with lifelong medical therapy, end-organ toxicity, risk for secondary malignancy and
the related impacts on quality of life.14 Future HB treatment strategies will require focus

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 September 01.
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on alternative tactics to improve tumor responsiveness and facilitate conventional resection.
Interventional radiology strategies (i.e., chemo- or radioembolization) may benefit patients
with suboptimal responses to chemotherapy, serving as a bridge to conventional resection,
but they still require prospective, formal study in pediatric patients.

STRATEGIC APPROACH TO THERAPY

Histology, Staging, and Risk Stratification

Recognizing the need to conduct larger, international studies to power conclusions
surrounding chemotherapeutic and surgical interventions, the first step in fostering
collaboration was to establish an International Histologic Consensus Classification to be
used across consortia. Histopathologic consensus was historically challenged by the rarity
and heterogeneity of these neoplasms (Figure 1) as well as a standard in trials, apart from
COG, to diagnose these tumors clinically (by age, radiographic findings, and AFP levels)
thereby bypassing diagnostic biopsies and tumor banking at enroliment. The first Consensus
Classification was drafted in 20112, validated using the international CHIC database33, and
is currently in use by international pathology reviewers participating in the current COG
AHEP1531/ Paediatric Hepatic International Tumour Trial (PHITT) which will be described
further below.

The next step was to arrive at a common denominator for staging and risk stratification.

HB risk stratification and treatment in the older COG legacy trials (INT0098 and

P9645) were based upon surgical stage, metastasis, and histology and differed from the
PRETEXT algorithm used by international colleagues in Japan and Europe. PRETEXT, a
radiographically based system, defines the PREtreatment EXtent of disease. The PRETEXT
Groups (I, I, HI, 1V) were first introduced by the Société Internationale d’Oncologie
Pédiatrique — Epithelial Liver Tumor Study Group (SIOPEL) group in the 1990s and

are defined by the number of contiguous uninvolved sections of liver (Figure 2). The
PRETEXT Annotation Factors (V,P,E,F,R,C,N,M) have evolved over time and were revised
as “PRETEXT 2017” for global use in AHEP1531/ PHITT (Figure 2).34

In the past decade, the pediatric trial groups from the United States, Japan, and Europe
formed a cooperative consortium, the Children’s Hepatic tumors International Collaboration
(CHIC), with the primary objective of developing a common global approach to HB

risk stratification. The CHIC unified global risk stratification was developed by statistical
interrogation of a large collaborative international dataset for patients treated on eight legacy
trials performed by the participating trial groups between 1989 and 2006. PRETEXT group
(LIL11,1V) and metastatic disease (M) were already known to be highly predictive of
outcome.35-38 This was confirmed in the initial CHIC analysis®?, with the stratification
algorithm further refined by the addition of AFP and age at diagnosis and the PRETEXT
annotation factors VPEFR (Figure 3).3%-41 The discriminatory power of the CHIC
stratification is being prospectively validated in the ongoing AHEP1531/PHITT trial, and
has recently been validated in a second international dataset that includes contemporary
trials (Rangaswami et al., personal communication; Haberle et al. Children’s Liver Tumour
European Research Network (ChiLTERN) Work-Package-4, personal communication).

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 September 01.
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There is no validated staging or risk stratification algorithm for pediatric patients with HCC
however surgical staging and PRETEXT have been applied. A recent multi-institutional
retrospective report identified the presence of an elevated AFP level at diagnosis,
multifocality (as an indicator of resectability), and PRETEXT IV as poor prognostic
factors.42 The historical approach of combining the prospective study of patients with HB
and HCC on the same trial, with the same regimens, is no longer accepted in the current era
thereby resulting in the dedicated study of HCC on the current AHEP1531/PHITT trial.20:21

International Collaboration and the AHEP1531/PHITT trial

Genomics

COG AHEP1531/PHITT (NCT03017326), directly addressed the growing need for a next
generation clinical trial for hepatic malignancies, HB and HCC inclusive, incorporating
rational reductions in therapy that ameliorate both short and long-term side effects

for patients with good prognoses while simultaneously optimizing curative potential

with intensification and new agent integration to improve outcomes for those with

poor prognoses.34:40.43.44 AHEP1531/PHITT is the first prospectively designed pediatric
international cooperative liver tumors trial in which a consensus approach was established
by investigators representing COG, SIOPEL, and the Japanese Children’s Cancer Group
(JCCQG). The study built on treatment strategies established by the most recent trials from the
individual consortia (Tables 1 and 2) while proposing new approaches to the study of HB
and HCC tumors (FLC inclusive) keeping the aforementioned goals in focus. Candidly, the
trial required some compromises from each of the groups and their historical philosophies
and tactics. In 2018, the six-arm trial opened across the world and, to date, has enrolled over
970 patients in total. Three of the 4 HB treatment arms have closed to accrual by 2023 and
release of outcomes data, specific to these arms, is anticipated in the next two years. The
remaining HB arm and the two HCC arms continue to accrue.

A critical aim of AHEP1531/PHITT is to bank tumor tissue for both HB and HCC

to support the ongoing molecular characterization of these tumors. Historically, genomic
characterization of small histologic subsets allowed distinction of three categories of disease:
1) a cohort of aggressive neoplasms initially misdiagnosed as “small cell” hepatoblastomas,
known today to represent primary rhabdoid tumors of the liver carrying SMARCB1
aberrations*; 2) an indolent group of very well differentiated HBs with pure fetal

histology characterized by a remarkably stable genome?2:27:29:46-48: and 3) a provisional
HCN-NOS category demonstrating higher genomic instability than HB but lower than
HCC, and recurrent genetic alterations in cancer pathways such as PI3K-AKT, mTOR,

and genes that are commonly mutated in HCC.3 These and other studies suggest that
WNT-driven hepatocellular tumors in children represent a biological and clinical spectrum,
and that HCN-NQOS tumors are intermediate tumors that are genetically and phenotypically

distinct from classical lower-risk HBs and pediatric HCCs, perhaps representing progressed
HBS_3,49,50

HCCs diagnosed in children represent a heterogeneous clinical and biological group of
tumors preliminarily recognized to be different than most HCCs diagnosed in adults.®!
FLC, characterized by a distinct histology associated with the presence of a recurrent

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 September 01.
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DNAJB1::PRKACA fusion, is one of the only molecularly-defined liver tumor types
diagnosed in children and young adults.# Otherwise, the molecular characteristics and
genomic landscape of pediatric HCCs remain largely heterogeneous and poorly- or under-
characterized, including those associated with metabolic disorders and cancer predisposition
syndromes. Long-term outcomes remain suboptimal regardless of the HCC phenotype.50:51

It is widely recognized that HBs are neoplasms with relatively quiet genomes and

a low mutation burden.46:48-50.52 Degpite this, genomic and expression profiling of

the first limited series of HBs demonstrated molecular subtypes of potential clinical
significance.46:47:53-58 |n addition, HB methylation, epigenetic profiling, and multiomic
studies have recently identified novel risk-prognostic clusters, methylation-regulated
genes and specific hypomethylated regions of potential prognostic and therapeutic
relevance.48:58.59 Continued banking of clinical specimens and validation of these early
molecular findings will inform future prognostication and risk stratification.

While the outcomes for patients with HB continue to improve, for the approximately 10—
15% of patients with relapsed or refractory disease, standards of therapy for salvage are
lacking. The majority of patients with HCC respond sub-optimally and then progress or
relapse. Current trials such as the AHEP1531/PHITT trial do not include guidelines or
study arms that address this population. While reports have demonstrated that therapy for
relapsed/refractory HB can lead to cure in approximately half of such patients, insights
on optimal therapy remain elusive and 3-year survival for relapsed HB is estimated at
approximately 40%.26.80 |n sum, data support a role for doxorubicin in HB patients who
do not receive doxorubicin as upfront therapy28, a possible role for cisplatin re-treatment
in those with initially sensitive disease (Somers et al, personal communication), a role for
pulmonary metastatectomy especially for those with late lung relapse®?, and a role for
salvage transplant for select patients with intrahepatic relapse.®2 How to combine such
therapies, and what to do when such therapies are inadequate, remains unknown. Relapse
HCC therapies are predominantly extrapolated from the adult literature without adequate
power to determine efficacy in pediatric patients.63

On the shoulders of advancing biologic discovery, novel therapy options have emerged for
relapsed/refractory HB and HCC, some targeting cell-surface markers such as glypican-3
(GPC) with antibody-based (codrituzumab; NCT04928677) or chimeric antigen-receptor
(CAR)-T cell therapies (NCT04093648). Additional targets of interest undergoing clinical
study include beta-catenin (tegavivint; PEPN2011; NCT04851119), AFP peptide bound
to HLA:A2 (ET140203 T cells; NCT04634357), and a histone deacetylase inhibitor

in combination with cisplatin (NCT05756660). Advances in antiangiogenic therapy and
immune checkpoint inhibitor-based therapies continue to be explored in pediatric liver
tumors, particularly for patients with HCN-NOS and HCC (NCT04134559). New pre-
clinical insights in FLC support additional targeted therapies focused on harnessing the
immune system or exploiting apoptotic pathways (NCT04134559, NCT04248569).54

To address gaps in knowledge, several initiatives have advanced or are set to advance to
either retrospectively (RELIVE) or prospectively (https://rrhblregistry.org) amass data on

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 September 01.
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patients with relapsed/refractory HB and on pediatric patients with HCN-NOS or HCC
(https://joincountmein.org/). The RELIVE registry is an international retrospective registry
assembling data on >200 children with relapsed/refractory HB and >100 children with HCC
via a centralized data capture mechanism. Such data should provide early insight on recent
treatments and outcomes for patients with either disease, providing a potential benchmark
upon which future trials might be advanced. Participation and leadership in these initiatives
by members of the COG Liver Tumor Committee, coupled with ongoing work in the COG
early phase trial network, may support the potential incorporation of novel therapies for
relapse in the anticipated AHEP1531/PHITT successor trial.

Forthcoming Trials

FUTURE

As outlined above, cisplatin remains the mainstay of therapy predominantly responsible for
an improvement in overall survival of patients with HB. However, this benefit comes at the
high price of long-term toxicity, particularly ototoxicity. The recently published SIOPEL6
trial demonstrated that use of sodium thiosulfate (STS) with cisplatin monotherapy for
patients with standard risk disease maintained previously reported outcomes while achieving
a statistically significant decrement in platinum-mediated high-frequency hearing loss.5°
COG study ACCL0431 published in 2017, and updated in 2022, demonstrated that in
patients with an array of advanced malignancies, use of STS was associated with an inferior
outcome; this may have been related to patient selection or STS administration in this small
cohort.86:67 On the basis of the SIOPELS6 study, sodium STS was granted FDA approval in
September 2022 for use in pediatric patients >1 month of age with localized, non-metastatic
tumors and is permitted for use in a subset of patients on the AHEP1531/PHITT trial 68
While it is exciting and important to be able to potentially ameliorate one of the worst
toxicities in the HB population, it is not yet proven that use of STS in patients with high-risk
disease is safe and maintains the therapeutic efficacy of dose-dense cisplatin. Therefore, a
pilot study is under design to evaluate the efficacy and safety of STS in patients with high-
risk HB. An additional important area for more immediate study is the exploration of novel
therapies for patients with FLC. Most historical databases and survivorship studies have

not included pediatric patients with liver tumors. Implementation of formal survivorship
protocol(s) to source comprehensive data regarding toxicities beyond oto- and cardiotoxicity
are desperately needed and a focus of the COG Liver Tumor Committee.

The past decade has witnessed considerable forward progress in the treatment and outcomes
of pediatric patients with HB. The current prospectively enrolling AHEP1531/PHITT trial
has set the stage for further advancements in the study of HB, the pursuit of surgical

aims, refinement of the PRETEXT staging algorithm, creation of a robust biobank, and
above-all, establishment of an international clinical trial network for the successful future
study of newly diagnosed and relapsed patients. The study of pediatric HCC has lagged far
behind that of HB and outcomes remain very poor for patients unable to undergo upfront
resection. AHEP1531/PHITT is the first trial to prospectively collect tissue samples and
study dedicated therapies for pediatric patients with HCC addressing this significantly unmet
need.

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 September 01.
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Future initiatives will require ongoing international collaboration and a focus on parallel
advances across the many disciplines required for the comprehensive care of patients with
both HB and HCC. Specific examples include but are not limited to:

. The genomic characterization of tumor specimens from the AHEP1531/PHITT
trial to inform “biologic risk™ layered on an evolving interpretation of
histopathology, immunohistochemistry, and radiographic PRETEXT staging

. The use of indocyanine-green to guide surgical approach, its sensitivity and
specificity, and the role of metastatectomy in patients with lung nodules®®.70

. The application of pixel-level radiomics to pediatric HB and HCC tumors to
further define tumor heterogeneity, as a reflection of tumor histology, and predict
response to therapy and overall outcomes

. The exploration of circulating tumor DNA to predict tumor genomic
heterogeneity and allow a less invasive approach to prognostication’1-73

. The tailoring of therapy for patients with co-morbidities secondary to
prematurity or other underlying developmental syndromes

. The accessibility of therapy for patients of diverse ethnic and socioeconomic
backgrounds

. The discovery of relapse therapies and interventional approaches to local control;
and

. The study of constitutional predisposition syndromes and germline

associations.”

Work by the COG Liver Tumor Committee over the preceding decades has laid a successful
foundation for the treatment of HB. Now, in collaboration with international colleagues and
consortia, we are working to further innovate and hone the therapeutic approach for HB
while advocating for the continued prospective study of pediatric patients with HCC and
FLC. An ongoing commitment to bank tumor specimens and prioritize study of the biologic
underpinnings of HB, HCN NOS, and HCC will inform the next generation of therapeutic
trials. Continued growth of the committee with further inclusion of subspecialty experts and
early-career investigators will ensure contributions to the care of pediatric patients with liver
tumors for decades to come.
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Figure 1:
Pediatric hepatocellular tumor histology: A. Hepatoblastoma, well differentiated fetal

(WDF); B. Fetal hepatoblastoma, mitotically active pattern; C. Hepatoblastoma,
embryonal pattern; D. Hepatoblastoma, mixed epithelial with fetal, embryonal and
small cell components; E. Hepatoblastoma, anaplastic component; D. Mixed epithelial
and mesenchymal hepatoblastoma, teratoid variant, with blastema and primitive
neuroepithelium. G. Hepatocellular neoplasm, not otherwise specific (HCN-NOS). H.
Hepatocellular carcinoma (HCC); 1. Fibrolamellar carcinoma.
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Figure 2:
2017 PRETEXT Group and Annotation Factors3*
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PRETEXT Group, Pretreatment Extent of Disease
Extent of parenchymal involvement at diagnosis
POST-TEXT Group, Postreatment Extent of Disease,
Extent of parenchyma involvement after chemotherapy
| ...3 contiguous sections tumor free

Il ... 2 contiguous sections tumor free

11 ... 1 contiguous sections tumor free

IV ...no contiguous sections tumor free

2017 PRETEXT Annotation Factors™

V ..involvement all 3 hepatic veins or retrohepatic vena cava
and/or tumor thrombus in any one or more of the hepatic veins
P ...tumor involvement of the portal bifurcation, both right and
left portal veins, and/or tumor thrombus in either the left or
right portal

E ...contiguous organ involvement such as diaphragm,
abdominal wall, colon, stomach

F ....multifocal tumor nodules

R ... tumor rupture prior to diagnosis

C ...caudate lobe

N ... enlarged lymph nodes

M ...metastasis, distant extrahepatic tumor (usually lung
nodules)
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Figure 3: Children’s Hepatic tumor International Collaboration (CHIC)- Hepatoblastoma Risk

Stratification.

Color highlights of groups within each tree indicate which prognostic factor determined
patient assignment to the ultimate group: very low, low, intermediate, or high-risk group.
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TABLE 1.

Outcomes of multicenter hepatoblastoma trials over the past four decades.

Page 18

Evans/Post-surgical

Study Years conducted No. Patients by
Publications Characteristic Staging Chemotherapy Regimen(s) Outcomes
System
INT0098 (CCG/POG) 1989- Stage I/11: 50 Stage 1/11: 88%/100% vs
199225 96%/96%
Stage 111: 83 Stage 111: 60%/68% vs.
C5V vs. CDDP/Dox 68%/71%
Stage IV: 40 Stage 1V: 14%/33% vs.
37%/42%

5-year EFS/OS

P9645 (COG) 1999-200226-28

Stage I/PFH: 16
Stage I/11: 88
Stage 111/1V: 192

Evans/Post-surgical

Stage I/PFH: No chemo
Stage I/11: C5Vvs. C5V/Ami

Stage I11/1V: C5V vs. CDDP/
CARBO

Stage I/PFH: 100%/100%
Stage I/11: 84%/96%

Stage 111/1V: 60%/74% vs.
38%/56%

3-year EFS/OS ™

AHEP0731 (COG) 2009-2014
14,15,18,29,30,32

Very low risk: 8
Low risk: 49

Intermediate risk: 102

Very low risk: No chemo
Low risk: C5V
Intermediate risk: C5VD

Very low risk: 100%
Low risk: > 90%
Intermediate risk: 87%/94%

Evans/Post-surgical

High risk VI: 30 High risk VI: VI + C5VD High risk VI: 49%/62%
High risk VIT: 36 High risk VIT: VIT + C5VD High risk VIT: 47%/67%
AHEPOQ731 3-5 year EFS/OS
HB 94 (GPOH) 1994-1997%4 Stage |I: 27 Stages I/11: IPA Stage 1: 89%/96%
Stage 11: 3 Stage 11: 100%/100%
Stage I11: 25 Stages I1/1V: IPA +/- VVP16/ Stage 111: 68%/76%
CARBO
Stage 1V: 14 Stage 1V: 21%/36%

5-year EFS/DFS

PRETEXT IlI: 45
PRETEXT IV: 39
PRETEXT

PLADO

HB 99 (GPOH) 1999-200876.77 SR: 89 SR: IPA SR: 91%/94%
HR: 53 HR: VP16/CARBO (IPA if poor  HR: 51%/62%
response)
SIOPEL SR/HR 3-year EFS/OS
SIOPEL 1 1990-199478-80 Overall: 66%/75%
PRETEXT I: 6 PRETEXT I: 100%/100%
PRETEXT Il: 52 PRETEXT I1: 83%/91%

PRETEXT I11: 56%/68%
PRETEXT IV: 46%/57%
5-year EFS/OS

SIOPEL 2 1994-19988!
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SIOPEL SR/HR

SR: CDDP
HR: SUPERPLADO

SR: 89%/91%
HR: 48%/53%
3-year EFS/OS
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Study Years conducted
Publications

No. Patients by
Characteristic Staging
System

Chemotherapy Regimen(s)

Outcomes

SIOPEL 3 1998-200616:82

SR: 255

PRETEXT I: 18, I1: 133, 11I:
104

HR: 151
PRETEXT IV: 74
+VPE: 70
Metastatic: 70
AFP <100: 12
SIOPEL SR/HR

SR: CDDP vs PLADO

HR: SUPERPLADO

SR: 83%/95% vs 85%/93%

HR: 65%/69%
Metastatic: 57%/63%

3-year EFS/OS

SIOPEL 4 2005-2009%7

HR: 62

PRETEXT 1:2, 1I: 17, IlI
27,1V: 16

Metastatic: 39
SIOPEL HR only

Blocks A1-3: Weekly
CDDP/Dox Blacks B1-3:
CARBO/Dox Block C: Higher
dose CARBO/Dox

HR Overall: 76%/83%
PRETEXT IV: 73%/80%

Metastatic: 77%/79%
3-year EFS/OS

JPLT 11991199983

Stage I: 9

Stage I1: 32
Stage Illa: 43: Stage I11b: 25

Stage 1V (mets): 20

Stages I/11: Low dose CDDP/
pirarubicin

Stages I11/1V: High dose
CDDP/pirarubicin

Stage |: 89%/10Q%

Stage 11: 84%/100%

Stage l1la: 68%/77%: Stage
111b: 25/50%

Stage 1V (mets): 41%/65%

JPLT 3-year EFS/OS
JPLT 2 1999-200885:86 PRETEXT I: 16 PRETEXT I: Low dose CDDP/  PRETEXT I: 78%/100%
pirarubicin
PRETEXT II: 64 PRETEXT II-1V: CITA(ITEC ~ PRETEXT II: 76%/87%
if no response)
PRETEXT Il1: 83 PRETEXT I11: 72%/89%
PRETEXT IV: 49 PRETEXT IV: 68%/78%
Metastatic: 35 Metastatic: High dose chemo/ Metastatic: n/a/44%
stem cell rescue
PRETEXT 5-year EFS/OS

CCG: Children’s Cancer Group; POG: Pediatric Oncology Group; GPOH: German Pediatric Oncology Hematology Group; EFS: event-free
survival; OS: overall survival; n/a: not available; SR: standard risk; HR: high risk; PFH: pure fetal histology; AFP: alphafetoprotein;

*
Study closed early because of inferior results on the CDDP/CARBO arm.

Chemotherapy Regimens: CDDP: cisplatin; Dox: doxorubicin; CARBO: carboplatin; Ami: amifostine; I: irinotecan; IFOS: ifosfamide; VP16:
etoposide; V: vincristine; T: temsirolimus; C5V: cisplatin + 5-fluorouracil (5FU) + vincristine; C5VD: C5V + doxorubicin; IPA: ifosfamide +
cisplatin + doxorubicin; PLADO: cisplatin + doxorubicin; SUPERPLADO: cisplatin + doxorubicin + carboplatin; CITA: cisplatin + pirarabicin; 11

EC: ifosfamide + carboplatin + pirarubicin + VVP16; JPLT 2 high dose chemo: VP 16 + carboplatin + melphalan
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TABLE 2.
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Outcomes for pediatric patients with hepatocellular carcinoma treated over the past four decades.

Study Years conducted Publications Chemotherapy

No. Enrolled Patients Regimen(s)

Outcomes

Stage: Stage:
INT0098 (CCG/POG) 1989-199221  1: 3(C5V). 5 (CD) 1: 88%
111: 10 (C5V), 15 (CD) C5V vs. CD 11: 23%
1V: 7 (C5V), 6 (CD) 1V: 10%
5-year OS
SIOPEL 1 1990-1994%0 PRETEXT: PLADO PRETEXT:
1/11: 15 1/11: 44%
H1/1V: 22 111: 22%
1V: 8%
Metastatic: 9%
5-year OS
PRETEXT: All patients: 22%
1/11: 33 Primary resection: -50%
SIOPEL 2 and 3 1995-2006%* 11/1V: 30 SUPERPLADO Delayed resection: —40%
Metastatic: 30 Unresectable: 0%
5-year OS

GPOH 2007-2010% PRETEXT:

PLADO + sorafenib
1: 3

1V: 4

I1: CR (3, 12-27 mo [1 OLT]), PD (1, 23 mo),
DOD (1)

111: CR (2, 18-32 mo [1 OLT]), SD (1,5 mo)
IV: CR (1, 12 mo), PD (1, 18 mo), DOD (2)

Metastatic: CR (1), DOD (1) (PRETEXT
staging)

CCG: Children’s Cancer Group; POG: Pediatric Oncology Group; GPOH: German Pediatric Oncology Hematology Group; OS: overall survival;
CR: complete response, PD: progressive disease, SD: stable disease, DOD: dead of disease, OLT: orthotopic liver transplant.

Chemotherapy regimens: C5V: cisplatin + 5-fluorouracil (5FU) + vincristine; CD: cisplatin + doxorubicin (dosed in INT0098); PLADO: cisplatin

+ doxorubicin (dosed in SIOPEL); SUPERPLADO: cisplatin + doxorubicin + carboplatin
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