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Accreditation Requirements
Synoptic reporting with core and conditional data elements for designated specimen types* is required for
accreditation.

o Data elements designated as core must be reported.

o Data elements designated as conditional only need to be reported if applicable.

o Data elements designated as optional are identified with “+”. Although not required for

accreditation, they may be considered for reporting.

This protocol is not required for recurrent or metastatic tumors resected at a different time than the
primary tumor. This protocol is also not required for pathology reviews performed at a second institution
(i.e., second opinion and referrals to another institution).
Full accreditation requirements can be found on the CAP website under Accreditation Checklists.
A list of core and conditional data elements can be found in the Summary of Required Elements under

Resources on the CAP Cancer Protocols website.
*Includes definitive primary cancer resection and pediatric biopsy tumor types.

Synoptic Reporting
All core and conditionally required data elements outlined on the surgical case summary from this cancer
protocol must be displayed in synoptic report format. Synoptic format is defined as:

o Data element: followed by its answer (response), outline format without the paired Data element:
Response format is NOT considered synoptic.

o The data element should be represented in the report as it is listed in the case summary. The
response for any data element may be modified from those listed in the case summary, including
“Cannot be determined” if appropriate.

e Each diagnostic parameter pair (Data element: Response) is listed on a separate line or in a
tabular format to achieve visual separation. The following exceptions are allowed to be listed on
one line:

o Anatomic site or specimen, laterality, and procedure

o Pathologic Stage Classification (pTNM) elements

o Negative margins, as long as all negative margins are specifically enumerated where
applicable

e The synoptic portion of the report can appear in the diagnosis section of the pathology report, at
the end of the report or in a separate section, but all Data element: Responses must be listed
together in one location

o Organizations and pathologists may choose to list the required elements in any order, use
additional methods in order to enhance or achieve visual separation, or add optional items within
the synoptic report. The report may have required elements in a summary format elsewhere in
the report IN ADDITION TO but not as replacement for the synoptic report i.e., all required
elements must be in the synoptic portion of the report in the format defined above.


https://www.cap.org/laboratory-improvement/accreditation/accreditation-checklists
https://www.cap.org/protocols-and-guidelines/cancer-reporting-tools/cancer-protocol-templates
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Summary of Changes
v 5.0.0.1
e Accreditation statement update
e eCP explanatory note electronic link updates
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Reporting Template

Protocol Posting Date: June 2025
Select a single response unless otherwise indicated.
CASE SUMMARY: (HEPATOBLASTOMA: Resection)

EXPERT CONSULTATION

+Expert Consultation (Note A)

____Pending - Completion of this CAP Cancer Protocol is awaiting expert consultation

____ Completed - This CAP Cancer Protocol or some elements have been performed following expert
consultation

___ Not applicable

CLINICAL

Preoperative Treatment

____No known preoperative therapy
___ Preoperative therapy given
__ Not specified

SPECIMEN

Procedure (Note B)

____Right lobectomy

___ Extended right lobectomy
____Medial segmentectomy
____ Left lateral segmentectomy
____ Total left lobectomy

__ Explanted liver
____ Other (specify):
____ Not specified

TUMOR

Tumor Focality (within liver)
____Unifocal

____ Multifocal:
___Cannot be determined (explain):

Tumor Site

__ Right lobe

___ Leftlobe

__ Right and left lobes
____ Other (specify):
____ Not specified
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Tumor Size (specify for each nodule)

____ Greatest dimension in Centimeters (cm): cm
+Additional Dimension in Centimeters (cm): ___ x__ cm

__ Cannot be assessed (explain):

Histologic Type (Note C) (select all that apply)

Ancillary studies (immunohistochemistry, molecular) may be performed to clarify histologic type (Note H)

___ Hepatoblastoma, epithelial type, fetal pattern (mitotically inactive / well differentiated)
____Hepatoblastoma, epithelial type, fetal pattern (mitotically active / crowded)
____Hepatoblastoma, epithelial type, embryonal pattern

____ Hepatoblastoma, epithelial type, pleomorphic pattem (poorly differentiated)
____Hepatoblastoma, epithelial type, macrotrabecular pattern

____Hepatoblastoma, epithelial type, small cell undifferentiated pattern

____ Hepatoblastoma, epithelial and mesenchymal type, without teratoid features
____Hepatoblastoma, epithelial and mesenchymal type, with teratoid features
____Hepatoblastoma, other (specify, i.e., blastemal, cholangioblastic, squamoid or glandular pattems):

____Hepatocellular neoplasm, NOS

Post Treatment Histologic Type (required only if preoperative therapy was given) (Note D) (select
all that apply)

Ancillary studies (immunohistochemistry) may be performed to clarify histologic type.

__ Not applicable

___ Hepatoblastoma, epithelial type, fetal pattern (mitotically inactive / well differentiated)
____Hepatoblastoma, epithelial type, fetal pattern (mitotically active / crowded)
____Hepatoblastoma, epithelial type, embryonal pattern

____Hepatoblastoma, epithelial type, pleomorphic pattem (poorly differentiated)
____Hepatoblastoma, epithelial type, macrotrabecular pattern

____Hepatoblastoma, epithelial type, small cell undifferentiated pattern
____Hepatoblastoma, epithelial and mesenchymal type, without teratoid features
____Hepatoblastoma, epithelial and mesenchymal type, with teratoid features
____Hepatoblastoma, other (specify, i.e., blastemal, cholangioblastic, squamoid or glandular pattems):

_____Hepatocellular neoplasm, NOS
__ No viable tumor

+Histologic Type Comment:

+Macroscopic Extent of Tumor (select all that apply)
____ Confined to liver
____Adjacent organ(s) (specify):
___ Diaphragm
____Abdominal wall
____Adjacent soft tissue:
____Intraoperative tumor spill
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____ Preoperative gross tumor rupture
____ Other (specify):
____Cannot be determined

+Macroscopic Vascular Invasion (Note E)
__ Not identified

____ Presentin portal vein

____ Presentin hepatic vein

____ Presentin portal and hepatic veins

____ Other (specify):
_____Cannot be determined

+Microscopic Lymphatic and / or Vascular Invasion (Note E)
__ Not identified

___ Present

____ Cannot be determined:

+Treatment Effect (Note D)
To include necrosis, fibrosis, and other treatment effects
____Not identified
___ Present
+Percentage of Treatment Effect
____ Specify percentage: %
___ Other (specify):
____Cannot be determined
____Cannot be determined:
____ Not applicable

+Tumor Comment:

MARGINS (Note F)

Resection Margin Status
__ All resection margins negative for tumor
Closest Resection Margin(s) to Tumor
____ Specify closest resection margin(s):
____Cannot be determined:
Distance from Tumor to Closest Resection Margin
Specify in Centimeters (cm)
__ Exactdistance: cm
__ Greater than: cm
_ Atleast: cm
___ Lessthan: cm
___Lessthan 0.1 cm
___ Other (specify):
____Cannot be determined:
____ Tumor present at resection margin
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+__ Macroscopic tumor present at margin (e.g., grossly positive margin)

+__ Microscopic tumor present at margin

Resection Margin(s) Involved by Tumor

___ Specify resection margin(s) involved:

___Cannot be determined (explain):
____ Other (specify):
__ Cannot be determined (explain):
____Not applicable

+Margin Comment:

Capsular Surface Status

_____Tumor present at capsular surface
____ Capsular surface negative for tumor
____ Other (specify):
_____Cannot be determined:
____Not applicable

REGIONAL LYMPH NODES (Note G)

Regional Lymph Node Status
____Not applicable (no regional lymph nodes submitted or found)
____Regional lymph nodes present
____All regional lymph nodes negative for tumor
____ Tumor present in regional lymph node(s)
Number of Lymph Nodes with Tumor
____ Exact number (specify):
____ At least (specify):
____ Other (specify):
___Cannot be determined (explain):
Nodal Site(s) with Tumor, if known
____Not known
____ Specify nodal site(s):
_____Cannot be determined:
+Histologic Type Present in Involved Node(s)
___ Specify histologic type:
____Cannot be determined:
___ Other (specify):
___Cannot be determined (explain):
Number of Lymph Nodes Examined
___ Exact number (specify):
____ At least (specify):
____ Other (specify):
__ Cannot be determined (explain):

+Regional Lymph Node Comment:
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DISTANT METASTASIS (Note G)

Distant Site(s) Involved, if applicable (select all that apply)
__ Not applicable
____Inferior phrenic lymph node(s):
____Lymph node(s) distal to hilum:
____Hepatoduodenal ligament lymph node(s):
____Caval region lymph node(s):
____ Other (specify):
____Cannot be determined:
+Histologic Type Present in Distant Metastasis
____ Specify histologic type:
____Cannot be determined:

ADDITIONAL FINDINGS

+Additional Findings (Note H) (select all that apply)
____No background liver available for evaluation (explain):
____ Cirrhosis / fibrosis (specify stage of fibrosis):
__ lron overload
___Hepatitis (specify type):
____ Other (specify):
__None identified

SPECIAL STUDIES (Note |)

Serum Alpha-Fetoprotein (AFP) Level at Diagnosis (Note )
Level at time of diagnosis may be prognostically important.

____Lessthan 100 ng / mL

_100 ng/ mL - 1.2 million ng / mL

____ Greater than 1.2 million ng / mL

___Not known

Beta-catenin IHC

___ Not performed

__ Pending

__ Negative

___ Positive (specify pattern):
___Cannot be determined (explain):

+Glypican-3 IHC
____ Not performed
__ Pending

___ Negative

____ Positive
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+Pattern of Glypican-3 IHC Staining:

____Cannot be determined (explain):

Liver.Hepatoblastoma_5.0.0.1.REL_CAPCP

INI-1 IHC

____ Not performed

____Pending

____ Expression retained

__ Expression lost

____Cannot be determined (explain):

+Other Ancillary Studies (specify):

COMMENTS

Comment(s):
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Explanatory Notes

A. Expert Consultation

Expert consultation is not required. This question has been added to annotate, if so desired, that the case
has been sent out for consultation and thus items of the CAP protocol could not be completed pending
expert consultation. Completion of the CAP protocol will then be performed following consultation.

B. Procedures

The various surgical procedures listed include those that attempt primary resection or resection post
chemotherapy and the judicious use of transplant where necessary due to overall improved outcome
following transplant for nonresectable cases.

Use of intraoperative frozen sections should be avoided unless the operative procedure will be altered by
the result. For resection specimens, sections should be prepared from each major tumor nodule, with
representative sampling of smaller nodules if macroscopically different in appearance. At least 1 section
per centimeter of greatest diameter should be taken to assure detection of areas with unfavorable (e.g.,
small cell undifferentiated) histopathologic features. Sections from the uninvolved background liver, inked
margins of resection, as well as portal vein or hepatic vein/inferior vena cava involvement should also be
submitted if this feature is seen grossly.

A photographic map of the sections taken is recommended to help the pathologist target areas of interest,
especially in postchemotherapy specimens, where most of the tumor may be necrotic. This map also
ensures adequate sampling of margins (lobectomy specimen) and hilar and vena caval margins in
explants (see Figure 1.). Every attempt should be made, via photographic map or detailed gross
description, to document the site of biopsy or specific regions of tumor sampling, including sections from
various nodules, because of the possibility of differential histology in the different tumor nodules. While
the overall prognosis is determined by several factors, adequate sampling may identify small cell
undifferentiated or pleomorphic epithelial components, which may suggest more therapy-resistant clones
of tumor.

Figure 1.

Photographic map of liver sections with tumor evident and areas for sectioning marked.
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Per institutional practices and feasibility consider: 1) snap-freezing 1 gram (minimum of 100 mg) of tumor
from regions of the resection specimen with different gross appearance for molecular studies, 2) viable
sterile tumor for cytogenetic studies, and 3) samples of snap-frozen nontumoral liver.

C. Histologic Type and Associated Imnmunohistochemistry

Not only are hepatoblastomas rare, but their diversity significantly limits the experience of any single
center or pathologist.! A classification scheme for hepatoblastoma that divides the more frequently or
prognostically influential features from infrequent or inconsequential (minor) components is presented in
Table 1.2 The significance of a biopsy classification is that it reflects the true components of the tumor and
is not limited by chemotherapy effects that alter the morphology of these tumors. It should, however, be
noted that not all components may necessarily be sampled in a biopsy, and radiologic features, especially
the presence of bone, need to be considered for subtyping.

Table 1. Pediatric Liver Tumors Consensus Classification

Benign and tumor-like conditions
Hepatocellular adenoma (adenomatosis)
Focal nodular hyperplasia
Macroregenerative nodule
Premalignant lesions
Dysplastic nodule
Malignant
Hepatoblastoma
Epithelial
Fetal with low mitotic activity (well-differentiated fetal pattern)
Fetal, mitotically active (crowded fetal)
Embryonal
Pleomorphic (poorly differentiated)
Small-cell undifferentiated
Epithelial mixed (any/all above)
Cholangioblastic
Epithelial macrotrabecular pattern
Mixed epithelial and mesenchymal
Without teratoid features
With teratoid features
Malignant rhabdoid tumor of the liver (INI-1 expression lost)
Hepatocellular carcinoma (HCC)
Classic HCC
Fibrolamellar HCC
Hepatocellular neoplasm, not otherwise specified (HCN-NOS)

Modified from Lopez-Terrada et al.2
Detailed descriptions of the various epithelial patterns and subtypes of hepatoblastoma can be found in
recent reviews.24 More concise descriptions are provided below to aid accurate classification.

Epithelial patterns: Fetal with low mitotic activity (well-differentiated/mitotically inactive fetal)

The designation of “pure fetal hepatoblastoma” is restricted to primary resection specimens where the
entire (100%) tumor consists of well-differentiated/mitotically inactive fetal pattern hepatoblastoma. By
definition, a diagnosis of “pure fetal hepatoblastoma” cannot be made on a biopsy specimen, although the
biopsy may demonstrate varying proportions of this epithelial pattern. “Pure fetal hepatoblastoma” is the

11
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least common amongst the histologic subgroups of HB but its recognition is important as it may obviate
the need for chemotherapy. The current Children’s Oncology Group (COG) study is treating stage | “pure
fetal hepatoblastoma” as very low risk tumors treated with surgery alone.2387
Well-differentiated/mitotically inactive fetal pattern is characterized by uniform-appearing round to
polygonal cells with small central nuclei and clear or pale eosinophilic cytoplasm that may give the tumor
a light cell-dark cell pattem at low-power. Nuclei are usually inconspicuous and, by definition, the mitotic
rate is low (2 or fewer mitoses per 10 high-power fields). Rare interspersed extramedullary hematopoiesis
(EMH) may be seen.

Immunohistochemistry may aid in differentiating this pattern from uninvolved background liver, which may
show overlapping histologic features particularly in very young patients. The well-differentiated fetal
(WDF) areas typically show a 1-2+ fine stippled pericanalicular (cytoplasmic) staining pattern with
glypican-3 (GPC3) and variable nuclear staining for beta-catenin. Glutamine synthetase (GS) is usually
diffusely positive in tumor cells whereas background liver shows a pericentral zonal distribution. SALL4 is
negative in WDF.

Epithelial patterns: Fetal with mitoses (crowded/mitotically active fetal)

This is the most common pattern seen in biopsy specimens and resections. By definition, >2 mitoses per
10 high-power fields are seen. Cells are of similar size as those seen in WDF pattern but show more
granular cytoplasm and larger nuclei. EMH is frequently seen. Beta-catenin shows more frequent nuclear
staining compared to WDF but is not diffuse, with variable cytoplasmic staining. GPC3 typically shows a
course diffuse cytoplasmic staining pattern that is 2-3+. GS shows diffuse strong staining and SALL4 is
negative.

Epithelial patterns: Embryonal

The embryonal pattem is composed of cells with high nuclear-to-cytoplasmic ratio with oval to angulated
nuclei that are hyperchromatic with prominent single nucleoli and scant cytoplasm. A transition from
crowded fetal to embryonal pattern can be seen and may be subtle or abrupt. Rosettes and tubular
structures may be seen in this pattern. Mitoses are frequent. Nuclear staining for beta-catenin is more
diffuse than fetal patterns. GPC3 is typically strongly positive (3+ staining), with the exception of some
primitive embryonal components that may be negative for GPC3. GS usually shows variable staining.
SALL4 is frequently strongly nuclear positive.

Epithelial patterns: Pleomorphic

When tumor cells of either fetal or embryonal type show prominent nucleoli and more atypical morphology
resembling hepatocellular carcinoma, the term pleomorphic epithelial is used. Most instances of these
pleomorphic (previously also called “anaplastic fetal”) epithelial components are seen in post-
chemotherapy resection specimens, but this pattern can also be present in diagnostic biopsy specimens.
Tumor cells are usually positive for GPC3 and beta-catenin (nuclear).

Epithelial patterns: Macrotrabecular

Unlike the epithelial patterns noted above (i.e., fetal, embryonal, pleomorphic), the macrotrabecular
pattemn is an architectural pattern, with arrangement of cells in trabeculae 5 cells thick and greater. The
original descriptions of 20-cell-thick plates were problematic, and most cases represented hepatocellular
carcinoma (HCC), not HB. Particularly in biopsy specimens, if tumor cells demonstrate pleomorphic

12
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cytomorphology with macrotrabecular arrangement, then consideration should be given to hepatocellular
neoplasm (HCN), NOS (HCN-NOS) or HCC.

Other epithelial patterns

Squamoid and glandular tumor components may be seen in HB. Biliary-like profiles at the edges of tumor
nodules, designated cholangioblastic, can also be seen and is distinct from ductular reaction seen at the
junction with background liver.2 The biliary-like profiles of cholangioblastic pattem show nuclear beta-
catenin staining (versus membranous beta-catenin staining only in ductular reaction) and are typically
positive for CK19 and pankeratin, with less frequent CK7 expression.

Primitive cell patterns: Small cell undifferentiated (SCU) and blastemal

The SCU pattern has been the most controversial pattern in HB. Earlier studies included a category of
“pure small cell undifferentiated HB” with poor prognosis which are now known to represent malignant
rhabdoid tumor with SMARCB1 alterations and loss of INI-1 expression. If this category is excluded, small
foci of SCU in otherwise conventional HB no longer appears to be significant and the last COG trial
showed no prognostic value to this histologic pattern.2 Nests of SCU pattern, characterized by small blue
cells with scant mitoses and cytoplasm, are often identified within areas of embryonal pattern HB.

More frequently, nests of cells with similar morphology to SCU are seen in areas of CF and at the
periphery of nodules of HB and are designated blastemal. It is possible that the two patterns (SCU and
blastemal) are related and represent primitive cells in HB capable of multidirectional differentiation. The
full significance of these patterns is still to be determined but should be recognized as primitive
components of HB that are not seen in either HCN-NOS or HCC. SCU and blastemal cells show nuclear
expression of beta-catenin and co-expression of cytokeratins (pankeratin, CK19, CK7) and vimentin.

Mixed epithelial-mesenchymal HB

In the consensus classification, mesenchymal HB is noted as part of a mixed epithelial-mesenchymal HB
with or without teratoid elements. It is unusual to find a pure mesenchymal HB, except in rare cases post-
chemotherapy where epithelial elements have responded to therapy and only the mesenchymal elements
remain, mainly osteoid and bone. Other mesenchymal elements that can be seen include cartilage
(mature or immature), muscle or rhabdomyoblastic areas, and spindle cell mesenchyme. Of note,
nests/aggregates of blastemal HB can be seen in the vicinity of mesenchymal components, most often
osteoid. Nuclear beta-catenin may be seen in any of the mesenchymal components. GPC3 and SALL4
are usually negative but may highlight epithelial components in between.

Presence of neural elements such as primitive neuroepithelium, melanin, glial or ganglion cells may all
represent features of teratoid differentiation in HB.12 Still other unusual pattems of teratoid HB include
glandular elements admixed with primitive neuroepithelium, with cytoplasmic supranuclear and
subnuclear vacuolation in the glandular epithelium resembling yolk sac tumor.! These glands are
different from the occasional intestinal-type glands that may be seen in epithelial HB and seem to occur in
the vicinity of immature neuroepithelium. These glands show nuclear staining for beta-catenin and are
also positive for GPC3 and SALL4, also similar to yolk sac tumor. The neuroepithelial elements show
variable nuclear beta-catenin and are negative for GPC3 and may show variable staining for SALL4. They
usually show multilayering when arranged in rosette form, helping to differentiate them from embryonal
rosettes, although this distinction may sometimes be difficult.

13
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D. Post-therapy Hepatoblastoma

Post-chemotherapy resection specimens often show eradication of the embryonal cells and more
prevalent osteoid-like foci. Vascular invasion, amount of mesenchyme, persistence of embryonal
epithelium, extent of tumor necrosis, and mitotic activity of the epithelial component may raise concern as
indicative of tumor chemoresistance and should be documented. Histologic components should therefore
be assigned based on the features seen in the post-therapy specimen regardless of the original biopsy
diagnosis. With current treatment protocols, post-chemotherapy changes may result in complete necrosis,
replacement by fibrosis and macrophages, differentiation/maturation of tumor nests to resemble mature
hepatocytes within the tumor nodules, and persistence of conventional hepatoblastoma components that
can still be recognized.! There is often a prominent ductular proliferation separating the treated tumor
nodule from adjacent uninvolved liver.! These proliferating ductules need to be distinguished from
cholangioblastic areas of hepatoblastoma, as noted above. The histologic review of post-chemotherapy
specimens should reflect, where possible, the degree of chemotherapy response, though the significance
of this finding is still unknown.
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E. Vascular Invasion

Documentation should include gross vascular invasion versus intravascular growth found only
microscopically, and whether it is within the tumor mass or outside of it. Evidence of vascular invasion has
been usually associated with worse outcomes, and COG study AHEPQO731 is the first study to evaluate
the significance prospectively. It is generally believed that vascular invasion is more common in
embryonal hepatoblastomas and tumors with more aggressive phenotypes and may warrant adjuvant
therapy to prevent disease spread or recurrence. Large vessel involvement is known to be associated
with worse outcome, but it is unclear if microscopic vascular invasion may carry the same significance.
Presence or absence of large vessel invasion radiologically is assessed as part of PRETEXT staging of
tumors and may preclude the possibility of primary resection of the tumor.

F. Margins

The evaluation of margins of total or partial hepatectomy specimens depends on the method and extent
of the resection. It is recommended that the surgeon be consulted to determine the critical foci within the
margins that require microscopic evaluation. The transection margin of a partial hepatectomy may be
large, rendering it impractical for complete examination. In this setting, grossly positive margins should be
microscopically confirmed and documented. If the margins are grossly free of tumor, judicious sampling of
the cut surface in the region closest to the nearest identified tumor nodule is indicated. In selected cases,
adequate random sampling of the cut surface may be sufficient. If the neoplasm is found near the surgical
margin, the distance from the margin should be reported. For multiple tumors, the distance from the
margin to the nearest tumor should be reported.

G. Lymph Nodes and Distant Metastases

Histologic examination of a regional lymphadenectomy specimen usually involves examination of 3 or
more lymph nodes. The regional lymph nodes of the hepatic region include the hilar, hepatoduodenal
ligament, and caval lymph nodes, which are likely to be sampled only at the time of surgical resection or
transplant. Nodal involvement of the inferior phrenic lymph nodes or other lymph nodes distal to the hilar,
hepatoduodenal ligament, and caval lymph nodes is considered distant metastasis. Presence of distant
metastasis is a general contraindication to primary surgery, especially transplantation, and is an indication
for biopsy. While the primary tumor is biopsied in most instances, biopsy of metastasis may become
necessary in some cases. Metastatic tumors are more likely to show more aggressive histologic patterns,
either embryonal, macrotrabecular, or pleomorphic. Postchemotherapy metastasectomy specimens may
show effects of therapy.

H. Associated Clinical, Environmental, and Genetic Factors

Clinical Features and Differential Diagnosis

The presenting symptom of virtually all liver tumors in children is abdominal swelling secondary to
hepatomegaly. When confronted with this symptom, it is useful to consider the age at which liver tumors
tend to occur (see Table 2).1 Exceptions are frequent, but age can serve as a guide when the presenting
symptoms lack specificity. In the Pediatric Oncology Group series from 1986-2002,22 66% of
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hepatoblastomas were manifest by the second year, and 11% before 6 months of age. Approximately
50% of those in infants were congenital, given their size when discovered by 2-3 months of age; 6% of
hepatoblastomas occurred after 5 years of age. Hepatocellular carcinomas have been observed as early
as 6 months of age. Seven examples of mixed hepatoblastomas and hepatocellular carcinomas have
been observed at a mean age of 8.5 years; perinatally acquired hepatitis B virus was responsible in 3
instances. Yolk sac tumors are more common in early childhood, but they also occur rarely in older
adults; of note, a component of yolk sac tumor may be present in teratoid hepatoblastoma. Systemic
malignancies and metastatic disease must be considered at all ages because hepatomegaly due to
megakaryoblastic leukemia, Langerhans cell histiocytosis, and neuroblastoma are important sources of
confusion with hepatoblastoma in infancy, as are intraabdominal desmoplastic small round cell tumors

later in childhood.

Table 2. Tumors of the Liver in Children: Usual Age of Presentation

Age Benign

Malignant

Infancy Infantile hemangioma
(0-1y) Mesenchymal hamartoma
Teratoma

Hepatoblastoma, especially small cell undifferentiated
Rhabdoid tumor

Yolk sac tumor

Langerhans cell histiocytosis

Megakaryoblastic leukemia

Disseminated neuroblastoma

Early childhood
(1-3y)

Infantile hemangioma
Mesenchymal hamartoma

Hepatoblastoma
Rhabdomyosarcoma
Inflammatory myofibroblastic (pseudo) tumor

Later childhood
(3-10y)

Perivascular epithelioid cell tumors
(PE-Comas), including
angiomyolipoma in liver and clear
cell tumor of ligamentum teres /
falciform ligament

Hepatocellular carcinoma

Embryonal (undifferentiated) sarcoma
Angiosarcoma

Cholangiocarcinoma

Endocrine (gastrin) carcinoma

Adolescence
(10-16 y)

Hepatocellular adenoma
Focal nodular hyperplasia
Biliary cystadenoma

Fibrolamellar hepatocellular carcinoma
Hodgkin lymphoma
Leiomyosarcoma

Environmental Factors

Hepatoblastoma occurs in association with several well-described environmental factors and cancer
genetic syndromes (see Table 3); however, not all of these associations are necessarily of statistical
significance. Environmental factors and prenatal exposure to different agents have been implicated in

hepatoblastoma.®S

Data from the US National Cancer Institute Surveillance, Epidemiology, and End Result (SEER) program
revealed an average annual increase of 2.2% in the incidence of hepatoblastoma from 2004-

2015.8 This increase may be in part explained by surviving premature infants. Hepatoblastomas in Japan
accounted for 58% of all malignancies in children who weighed less than 1000 g at birth. Further analysis
of the Japanese Children’s Cancer Registry data revealed that 15 of 303 (5%) hepatoblastomas between
1985-1995 occurred in infants with a history of prematurity and weight less than 1500 g at birth.2 This rate
was greater than 10 times that for all live births. The histologic features of hepatoblastoma after
prematurity are indistinguishable from those of other hepatoblastomas.
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Table 3. Clinical Syndromes, Congenital Malformations, and Other Conditions Associated with
Hepatoblastoma

Congenital Malformations
Absence of left adrenal gland
Bilateral talipes
Duplicated ureters
Dysplasia of ear lobes
Cleft palate
Fetal hydrops
Hemihypertrophy
Heterotopic lung tissue
Horseshoe kidney
Inguinal hernia
Intrathoracic kidney
Macroglossia
Meckel diverticulum
Persistent ductus arteriosus
Renal dysplasia
Right-sided diaphragmatic hernia
Single coronary artery
Umbilical hernia

Syndromes
Beckwith-Wiedemann syndrome
Beckwith-Wiedemann syndrome with opsoclonus, myoclonus
Budd-Chiari syndrome
Familial adenomatous polyposis syndrome
Li-Fraumeni cancer syndrome
Polyposis coli families
Schinzel-Geidion syndrome
Simpson-Golabi-Behmel syndrome
Trisomy 18

Metabolic / Pathophysiologic Abnormalities
Cystathioninuria
Glycogen storage disease types la, lll, and IV
Hypoglycemia
Heterozygous a1-antitrypsin deficiency
Isosexual precocity
Prematurity
Total parenteral nutrition
Very low birth weight

Environmental / Other
Alcohol embryopathy
Human immunodeficiency virus or hepatitis B virus infection
Maternal clomiphene citrate or Pergonal
Oral contraceptive, mother
Oral contraceptive, patient
Osteoporosis
Synchronous Wilms tumor
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Genetic Factors

Hepatoblastomas are genomically stable embryonal neoplasms generally carrying a very low rate of
somatic mutations.Z8210 Karyotyping of hepatoblastomas initially demonstrated few recurrent
chromosomal abnormalities including trisomies of chromosomes 20, 2 and 8, and abnormalities involving
gains of chromosome 1q, sometimes associated with t(1;4)(q12;q34) or other unbalanced
translocations.™ However, aberrant activation of the Wnt/B-catenin pathway appears to be the main
hepatoblastoma driver, with close to 90% harboring CTNNB1 mutation.”12 NFE2L2 has been reported to
represent the second most commonly mutated gene in small series of hepatoblastomas (5% to 10%) and
associated with poor prognosis. The presence of TERT promoter mutations is characteristic of the
hepatocellular neoplasm, not otherwise specified (HCN-NOS) provisional subtype. Several recent
hepatoblastoma genomic profiling studies have reported variants and copy number alterations in
additional genes’21% involving pathways potentially implicated in hepatoblastoma development and
clinical behavior, including Notch, Sonic Hedgehog, PI3K/AKT, EGFR and Hippo pathway (YAP), among
others.78.13.14

Several hepatoblastoma genomic profiling studies have attempted to better understand the biological
factors associated with hepatoblastoma prognosis, response to therapy, and define biological groups to
develop a more precise risk stratification. Transcriptomic profiling initially demonstrated two distinct
genotype-phenotype hepatoblastoma subtypes, one with a more mature phenotype corresponding to fetal
histology, and a second one recapitulating early fetal life liver, and with embryonal histology.!s Later
genomic studies demonstrated additional molecular risk-associated subtypes, with high-risk tumors being
characterized by high NFE2L2 activity, high LIN28B, HMGAZ2, SALL4, and AFP expression, as well as
low let-7 expression and HNF1A activity.” Recently, HB epigenomic profiling demonstrated genome-wide
dysregulation of RNA editing in HB and identified additional epigenomic clusters, including an aggressive
subgroup identified by characteristic methylation features, strong 14932 locus expression, as well as
CTNNB1 and NFE2L2 mutations and a progenitor-like phenotype.® Unfortunately, none of these
transcriptomic or epigenomic prognostic-associated clusters have yet been clinically validated in large
prospective studies and are currently not being used for risk stratification. Systematic banking of
hepatoblastoma tumor material remains of great importance to further investigate the clinical relevance of
these molecular abnormalities and biological groups, so they could be incorporated in more precise risk
stratification algorithms.

Table 4. Constitutional Genetic Disease Associated with Hepatoblastoma

Disease Tumor Type Chromosomal Gene
Locus
Familial Hepatoblastoma, 5g21.22 APC
adenomatous hepatocellular
polyposis carcinoma or adenoma,
biliary adenoma
Beckwith- Hepatoblastoma, 11p15.5 p57KIP2, others
Wiedemann hemangioendothelioma
syndrome
Li-Fraumeni Hepatoblastoma, 17p13 TP53
syndrome undifferentiated
sarcoma
Trisomy 18 Hepatoblastoma 18 —
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Glycogen Hepatocellular adenoma | 17 Glucose-6-

storage or carcinoma, phosphatase; debrancher and brancher enzymes
disease types | hepatoblastoma

la, I, IV
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I. Tumor Markers

Alpha-fetoprotein (AFP) is a circulating tumor marker elevated in all cases of HB. Historically, it was
thought that tumors with an AFP level less than 100 ng/mL carried a poor prognosis, particularly given the
perceived link between low AFP with small cell undifferentiated (SCU) histologic pattern. This concern
has since been refuted in a publication from a recently concluded Children’s Oncology Group ftrial
demonstrating that the presence of SCU pattern is not associated with a poor prognosis.! There is
consensus opinion from HB experts that low AFP (<100 ng/mL) values can be seen in association with
small tumors incidentally diagnosed on imaging obtained for an unrelated reason or during surveillance
for a known cancer predisposition syndrome. Tumors associated with a normal AFP, previously perceived
to be HB, are now, on hindsight, known to be malignant rhabdoid tumors or tumors of a different histology
altogether.

Clinically, AFP is a useful diagnostic biomarker to monitor response to therapy and to evaluate for
disease progression. There are two important factors to keep in mind when interpreting the clinical utility
of AFP. First, there are tumors other than HB that secrete AFP, including pediatric hepatocellular
carcinomas, germ cell tumors, and rare pancreatic tumors. Second, AFP is markedly elevated in the
perinatal period and in the subsequent months of life which can impact the diagnostic relevance of this
lab value. The Children’s Hepatic tumors International Collaboration (CHIC) risk-stratification tool derived
from the retrospective analysis of 1200 patients with HB treated on clinical trials conducted within four
consortia demonstrates that gradations of AFP at diagnosis <100, 100-1000, or >1000 might be relevant
for prognosis.2 While work in the germ cell tumor literature links the kinetics of AFP decline during therapy
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with long-term outcome, there is limited data in hepatoblastoma linking log-fold decline of AFP to outcome
and more work is being done to clarify this relationship.345
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J. Staging of Hepatoblastoma

Currently, no pathologic staging system is clinically applicable in hepatoblastoma. Historically, COG
pathologic staging was used in the United States which combines data from imaging and pathologic data
from surgical resection. However, this COG staging has been supplanted by the PRETEXT/POSTTEXT
staging system, which is strictly based on imaging data.

PRETEXT/POSTEXT staging

Computed tomography and magnetic resonance imaging are used exclusively to determine the location
and extent of hepatic involvement of hepatoblastoma preoperatively (PRETEXT) based on Couinaud’s
system of segmentation of the liver.1:2 PRETEXT is based on cross-sectional imaging assessment of the
extent of tumor involvement of the 4 main sections of the liver: right posterior section (Couinaud 6 and 7);
right anterior section (Couinaud 5 and 8); left medial section (Couinaud 4a and 4b); left lateral section
(Couinaud 2 and 3). PRETEXT assignment to 1 of 4 PRETEXT groups (PRETEXT I, II, lll, or IV) is
determined by the number of contiguous uninvolved sections of the liver.2 Tumors sparing the left medial
and right anterior sectors are primarily resected.
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Table 5. PRETEXT annotation factors.
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Factor Annotation Positive definition
Hepatic venous/inferior vena \% Any one of the following criteria is met:
cava involvement 1. Tumor obliterates (lumen is no longer visible) all three first-
order hepatic veins or the intrahepatic inferior vena cava
2. Tumor encases (>50% or 180°) all three first-order hepatic
veins or the intrahepatic inferior vena cava
3. Tumor thrombus in any one (or more) first-order hepatic vein
or the intrahepatic inferior vena cava
Portal venous involvement P Any one of the following criteria is met:
1. Tumor obliterates (lumen is no longer visible) either both first-
order portal veins or the main portal vein
2. Tumor encases (>50% or 180°) either both first-order portal
veins or the main portal vein
3. Tumor thrombus in either or both the right and left portal
veins, or the main portal vein
Extra hepatic spread of E Any one of the following criteria is met:
disease 1. Tumor crosses boundaries/tissue planes
2. Tumoris surrounded by normal tissue more than 180°
3. Peritoneal nodules (not lymph nodes) are present (at least
one nodule 210 mm or at least 2 nodules =25 mm)
Multifocality F 22 discrete hepatic tumors with normal intervening tissue
Tumor rupture R Free fluid in the abdomen or pelvis with one or more of the following
findings of hemorrhage:
1. Internal complexity/septations within fluid
2. High-density fluid on CT (>25 Hounsfield unit)
3. Imaging characteristics of blood or blood degradation
products on MRI
4. Heterogeneous fluid on ultrasound with echogenic debris
5.  Visible defect in tumor capsule
-OR-
Tumor cells are present within the peritoneal fluid
_OR-
Rupture diagnosed pathologically in patients who have
received an upfront resection
Caudate involvement C Tumor involving the caudate
Lymph node metastases N Any one of the following criteria met:
1. Lymph node with short-axis diameter > 1 cm
2. Portocaval lymph node with short-axis diameter > 1.5 cm
3.  Spherical lymph node shape with loss of fatty hilum
Distant metastases M Any one of the following criteria met:

1. One non-calcified pulmonary nodule 2 5 mm in diameter

2. =2 non-calcified pulmonary nodules, each = 3 mm in
diameter

3. Pathologically proven metastatic disease

22




CAP Liver.Hepatoblastoma_5.0.0.1.REL_CAPCP
Approved

Dissemination of hepatic malignancies occurs within portal veins and follows the expected ready access
of infiltration into hepatic veins, with frequent lung involvement. Further spread to the brain may occur.
Hilar lymph node metastases are relatively infrequent, but capsular rupture of subcapsular masses either
before or during surgery can occur.
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