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Simple Summary: Hepatoblastoma is the most common malignant liver tumor in children. Small

cell undifferentiated histology and low alpha-fetoprotein have been previously reported as factors

associated with poor prognosis. It is important to exclude rhabdoid tumors (a rare pediatric liver

tumor that is difficult to cure) in patients diagnosed with hepatoblastoma with alpha-fetoprotein

levels less than 100 ng/mL and in patients with hepatoblastoma with small cell undifferentiated

histology since the treatment for these patients is very different. When rhabdoid tumors are correctly

diagnosed with testing for loss of SMARCBI, neither hepatoblastoma with small cell undifferentiated

component nor alpha-fetoprotein less than 100 ng/mL confer poor prognosis.

Abstract: Small cell undifferentiated (SCU) histology and alpha-fetoprotein (AFP) levels below
100 ng/mL have been reported as poor prognostic factors in hepatoblastoma (HB); subsequent
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studies reported SMARCB1 mutations in some SCU HBs confirming the diagnosis of rhabdoid tumor.
The Children’s Hepatic tumors International Collaboration (CHIC) database was queried for patients
with HB who had AFP levels less than 100 ng/mL at diagnosis or were historically diagnosed as
SCU HBs. Seventy-three of 1605 patients in the CHIC database were originally identified as SCU
HB, HB with SCU component, or HB with low AFP levels. Upon retrospective review, they were
re-classified as rhabdoid tumors (n = 11), HB with SCU component (n = 41), and HB with low AFP
(n = 14). Seven were excluded for erroneously low AFP levels. Overall survival was 0% for patients
with rhabdoid tumors, 76% for patients with HB with SCU component, and 64% for patients with
HB with AFP less than 100 ng/mL. Patients with HB with SCU component or low AFP should be
assessed for SMARCBI1 mutations and, if confirmed, treated as rhabdoid tumors. When rhabdoid
tumors are excluded, the presence of SCU component and low AFP at diagnosis were not associated
with poor prognosis in patients diagnosed with HB.

Keywords: Hepatoblastoma; SCU (small cell undifferentiated); rhabdoid; AFP; SMARCB1

1. Introduction

Hepatoblastoma (HB) is associated with elevated levels of alpha-fetoprotein (AFP) at
diagnosis and varied histological patterns [1-3]. HB with small cell undifferentiated (SCU)
histology and AFP less than 100 ng/mL at diagnosis have been previously associated with
poor prognosis with survival rates of 24 to 37.5% [4-6]. Molecular characterization of SCU
HBs revealed that a proportion of HBs with SCU histology are actually primary rhabdoid
tumors with characteristic loss-of-function variants or deletions of the SMARCB1 gene,
loss of INI1 [7,8], low AFP levels, and poor outcomes [9]. The availability of immunohis-
tochemical markers to identify loss of INI1 expression in rhabdoid tumors and the 2014
international histologic consensus classification of pediatric liver tumors improved the
classification of pediatric liver tumors at diagnosis resulting in more accurate classification
and fewer tumors erroneously diagnosed as HB, particularly in patients with AFP less than
100 ng/mL [2]. Recent manuscripts have noted that in patients with HB with SCU histology
with retention of INI1 expression, the prognosis does not appear to be unfavorable [10,11].
For patients on AHEP0731 with HB with SCU histology (33 of 35 with retained INI1 ex-
pression), the five-year event-free survival (EFS) was 86%, 81%, and 29% for patients with
low, intermediate, and high-risk HB (compared with five-year EFS of 87%, 88% and 55%
for those with HB without SCU) [10].

The Children’s Hepatic tumors International Collaboration (CHIC) was formed by
joining pediatric liver tumor specialists from four cooperative groups treating pediatric pa-
tients with liver tumors (International Childhood Liver Tumours Strategy Group—SIOPEL,
Children’s Oncology Group—COG, Japanese Study Group for Paediatric Liver Tumours—
JPLT, German Society for Paediatric Oncology and Haematology—GPOH). Data from
1605 patients treated for hepatoblastoma on trials from these four groups were combined
in the CHIC database for analysis of prognostic factors and risk stratification [5,12,13]. For
this manuscript, the CHIC database was interrogated to identify patients treated for HB
who had an AFP less than 100 ng/mL at diagnosis or who were diagnosed as HB with
SCU histology, either as SCU HBs or as HB with small cell component to better understand
the prognostic significance of these findings. In addition, patients diagnosed on consensus
retrospective review by CHIC pathology reviewers as conclusively having rhabdoid tumors
were included in the cohort of patients for comparison.

2. Materials and Methods

When enrolled on trial by one of the cooperative groups (SIOPEL, COG, JPLT, GPOH),
all 1605 patients in the CHIC database were diagnosed as HB. The CHIC database was
queried to identify patients treated for HB with AFP less than 100 ng/mL at diagnosis
or histologically classified as SCU HB (based upon initial central review by study group
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pathologists, by a retrospective CHIC single pathology reviewer, or CHIC consensus
review). A central pathology review of tumors from 496 patients was conducted by trial
group pathologists. CHIC retrospective consensus review of 599 patients for whom slides
were available was performed by 7 international pathologists blinded to the original
diagnosis and clinical data. Slides for 16 patients (P9645, n = 15; INT0098, n = 1) were
retrieved for review by one of the CHIC consortia pathologists (DLT) for this report. For
patients without Evans staging data in the CHIC database, Evans staging was conducted
retrospectively based on a review of clinical data. Given that delayed resection was the
primary treatment approach in some of the earlier cooperative group trials, Evans staging
inherently favored stage 3 (instead of stages 1 or 2 resected at diagnosis) for patients in those
trials. All patients received HB-directed treatment with platinum-based chemotherapy
in combination with complete resection when possible. EFS and overall survival (OS)
were calculated from the date of enrollment in the trial to the date of the event. Events
were defined as relapse, progression, second malignant neoplasm, or death. Patients were
removed from analysis if the initial AFP was less than 100 ng/mL and the subsequent
level was greater than 10,000 ng/mL. Patients were excluded if they were determined to
have erroneously low serum AFP levels presumed to be a result of the “hook” effect. The
“hook effect” is due to the measurement of AFP with a one-step simultaneous sandwich
immunoassay (as opposed to a two-step immunoassay) which can result in saturation
of antibody binding sites by a high AFP concentration with competitive binding to the
(measuring) solid phase antibody and subsequent falsely lower reported AFP levels [14-16].
This effect can be eliminated with serial dilutions.

3. Results

From the query of the CHIC database, seventy-three patients were diagnosed as hav-
ing rhabdoid tumors, HB with AFP less than 100 ng/mL at diagnosis, or HB with SCU
component (based upon initial central review by study group pathologists, by a retrospec-
tive CHIC single pathology reviewer, or CHIC consensus review). Seven patients were
excluded due to erroneously low serum AFP levels presumed to be secondary to the “hook”
effect. Sixty-six patients were available for analysis (Figure 1; Tables 1 and 2) [17-23]. Tumor
slides from 20 patients were available for retrospective consensus review, and 1 patient
was previously known to have loss of INI1 expression [7]. Of the 46 patients without CHIC
consensus review, histological slides were available for 16 patients enrolled in COG studies
P9645 and INT0098 and reviewed by one of the CHIC pathologists [DLT], or trial clinical
data (not previously available in the CHIC database) was provided by the cooperative
group CHIC contributors [RLM, IS, BH, CV]. Eleven patients were identified as having
rhabdoid tumors/loss of SMARCBI expression by CHIC consensus review, including 10
with documented loss of SMARCBI expression. It is possible in some cases to recognize
rhabdoid features and diagnose these tumors without INI1 immunohistochemistry. Other
cases are very primitive and undifferentiated with only small cells and require INI1 im-
munohistochemistry to confirm the diagnosis of rhabdoid tumor. The one patient without
documented INI1 loss was able to be recognized as rhabdoid without INI1 immunohis-
tochemistry. Forty-one patients were diagnosed with HB with SCU component upon
histological review and did not demonstrate histologic features of rhabdoid tumors. The
presence of a predominant SCU component or minor SCU component was assessed by
CHIC consensus review; however, it was not possible to accurately quantitate the amount
of the SCU component due to the limited tumor sample available for evaluation. SCU
was evaluated prospectively on tumor samples from patients enrolled on P9645 alone.
It was not reported prospectively in the other trials. Retrospective review for SCU was
subsequently conducted by pathologists from SIOPEL and GPOH to assess its prognostic
importance. Fourteen patients [including 1 patient with a tumor re-classified as nested
epithelial stromal tumor (NEST) upon consensus review] had an AFP less than 100 ng/mL;
eight additional patients with AFP less than 100 ng/mL had rhabdoid tumors. AFP at
diagnosis was not reported in 38 of the 66 patients analyzed (AFP level was reported in
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nine patients with rhabdoid tumors, five patients with HB with SCU component, and
14 patients with low AFP). Thirty-seven of the 38 patients without AFP levels at diagnosis
were from COG study P9645 (in which AFP at diagnosis was not collected), and one patient
was from SIOPEL3. They were included in the analysis given the diagnosis of HB with
SCU component.

73 patients
identified
_ T patients with AFP <100 ng/mlL excluded
o (falz=ly low due to inadequate dilution)
¥ ¥ ¥
Rhabdoid/INI1 HB with SCLU AFP =100 ng/mL not
neg tumors component known to be
rhabdoid or SCU
n=11 n=41 n=14
INTOO9E {n=3) 1 1 1
PSE45 (n=35) 1 34
SIOPEL3 (n=15) 5 5 5
HBE9 (n=8) 1 T
HBSS (n=3) 3
JPLT {n=1) 1
JPLT2 (n=1) 1

Figure 1. CONSORT statement to identify patients treated for hepatoblastoma who had alpha-
fetoprotein levels below 100 ng/mL or who were historically diagnosed as small cell undifferentiated
hepatoblastoma. Retrospective CHIC consensus pathology review: 20 patients; Previously known to
have loss of SMARCBI expression [7]: 1 patient. Histological slides available for review by CHIC
pathologist DLT: 16 patients. Trial retrospective review: 4 patients. Trial pathology reports review:
25 patients. AFP, alpha-fetoprotein; HB, hepatoblastoma; SCU, small cell undifferentiated.
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Table 1. Patient and tumor characteristics by group.

Factor Rhabdoid (nz = 11) SCU (n =41) Low AFP (n =14)
Sex Male 9 82% 24 59% 8 57%
¢ Female 2 18% 17 41% 6 43%
Ace in vears Median 0.71 1.45 1.80
semy Range 0.32-1.35 0.22-4.80 0.18-10.34
. Median 16 (n=9) 63,540 (n = 5) 29 (n=14)
AFP in ng/mL Range 1-756 124-380,300 0-63
1 0 0% 4 10% 1 7%
2 3 27% 16 39% 3 21%
PRETEXT 3 7 64% 10 24% 8 57%
4 1 9% 6 15% 2 14%
Missing 5 12%
1 0 0% 11 27% 2 14%
Evans stage 2 2 18% 12 29% 2 14%
& 3 3 27% 5 12% 8 57%
4 6 55% 13 32% 2 14%
Metastatic 6 55% 13 32% 2 14%
SCU, small cell undifferentiated; AFP, alpha-fetoprotein; PRETEXT, PRETreatment EXTent of disease.
Table 2. Treatment details by group.
. SCU
Treatment Rhabdoid (n =11) (1 = 41) Low AFP (n =14)
# neoadiuvant cvcl Median 2 4 0
coadjuvant cycles Range 0-6 0-12 0-7
. Median 0 4 0
# adjuvant cycles Range 0-5 0-12 0-6
# patients with cisplatin 9 (82%) 41 (100%) 7 (50%)
# patients with doxorubicin 9 (82%) 4 (10%) 5 (36%)
# patients with carboplatin 7 (64%) 11 (27%) 4 (29%)
# patients with other chemo ? 3 (27%) 28 (68%) 1 (7%)
Upfront 3 (27%) 13 (32%) 3 (21%)
Surgery Delayed 1 (9%) 10 (24%) 6 (43%)
None/unknown 7 (64%) 18 (44%) 5 (36%)
Complete 1 (9%) 25 (61%) 7 (50%)
Micro residuals 2 (18%) 0 1 (7%)
Result of surgery Macro residuals 1 (9%) 0 1 (7%)
Unresectable 4 (36%) 3 (7%) 0
None/unknown 3 (27%) 13 (32%) 5 (36%)
Metastectomy 1 (9%) 0 0

2. One or more of pirarubicin, etoposide, ifosfamide, 5-FU, vincristine, multi-agent chemotherapy. SCU, small cell
undifferentiated; AFP, alpha-fetoprotein.

3.1. Rhabdoid Tumors

Eleven patients were re-classified as having rhabdoid tumors on CHIC retrospective
consensus review (including one patient previously confirmed by author MF) [7], with
confirmed loss of SMARCBI expression by INI1 immunohistochemistry in 10 of the patients
(Table 1). Patients with rhabdoid tumors were predominantly male and presented at a
younger age at diagnosis. Initial histopathology data reported from the various trials on
which these patients were enrolled varied (SCU, n = 6; mixed, n = 2; not reported, n = 3).
Two of the three patients without histopathology data in the CHIC database had been
later identified by the GPOH authors [IS, BH, CV] on retrospective review to be rhabdoid
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tumors. These patients presented at advanced stages, and 55% of patients had metastatic
disease at diagnosis (Table 1). The AFP at diagnosis was less than 100 ng/mL for all
but one patient for which AFP was minimally elevated for age (AFP was not reported in
two patients with rhabdoid tumor). Patients were treated with platinum and anthracycline-
based chemotherapy regimens (INT0098, n = 1; P9645, n = 1; SIOPEL3, n = 5, GPOH HB89,
n =1; GPOH HB99, n = 3) and were less likely to have a complete resection of their tumors
(Table 2). Three-year EFS and OS in the patients with rhabdoid tumors was 0% (Table 3,
Figures 2 and 3).

Table 3. Event-free survival and overall survival by group.

. SCU Low AFP
Outcome Rhabdoid (n =11) (1 = 41) (1 = 14)
. Rate . 56% 57%
3-year event-free survival 95% conf.int. 0% 40-70% 28-78%
3-year overall survival Rate 0% 76% 64%
Y 95% conf.int. ° 59-86% 34-83%

SCU, small cell undifferentiated; AFP, alpha-fetoprotein.
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Figure 2. Event-free survival in years by group. AFP, alpha-fetoprotein; HB, hepatoblastoma.
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Overall survival

1.00
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Figure 3. Overall survival in years by group. AFP, alpha-fetoprotein; HB, hepatoblastoma.

3.2. HBs with SCU Component

Forty-one patients were diagnosed with HB with SCU component and not classified
as rhabdoid tumors, and none had documented loss of SMARCB1 expression by INI1
immunohistochemistry (Table 1). Patients with HB with SCU component were predomi-
nantly male and presented at a median age at diagnosis comparable to HB patients overall.
HB histologic subtype recorded in the initial trial data varied for these patients (SCU,
n = 36; embryonal/fetal, n = 1; macrotrabecular, n = 1; not reported, n = 3). Pathology
was retrospectively reviewed by CHIC consensus panel (4) or individual CHIC reviewers
(16) for 20 of the patients and confirmed to be HB with SCU elements (except one with
fetal only), and none of them were classified as rhabdoid tumors. The patient with fetal
histology was not excluded given that the histology from trial data was mixed HB with
SCU component and limited tumor was available for review to refute the original diag-
nosis. Patients presented at fairly evenly distributed stages (Table 1). The median AFP
at diagnosis was 63,540 ng/mL (range 124 to 380,300) in five patients with data available.
AFP data was not reported or available for 36 patients. Patients were treated on platinum
and anthracycline-based chemotherapy regimens (INT0098, n = 1; P9645, n = 34; SIOPELS3,
n =5; JPLT2, n = 1) with most patients attaining complete resection of their tumors (Table 2).
Three-year EFS and OS in the patients with HB with SCU component were 56% and 76%,
respectively (Table 3, Figures 2 and 3). Both EFS and OS were significantly better compared
to rhabdoid tumors (logrank p < 0.0001). Outcomes were comparable to patients without
SCU histology when otherwise stratified according to the original CHIC backbone groups
(Table 4) [5]. Low numbers preclude p-value determination; however, EFS and OS were
significantly better than the historical comparison of 37.5% EFS reported by Haas et al. [4].
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Table 4. Event-free survival comparison with original CHIC dataset, irrespective of histology.

(CHIC Risk S]::;li‘gc";ieoﬁr]g‘elselopmem o) EFS (CHIC)  HB with SCU Component (Current Study), 3-Year EFS
PRETEXT I/1I, no mets, AFP > 100 86% 73% (n = 15)
PRETEXT III, no mets, AFP > 100 82% 57% (n =7)
PRETEXT IV, no mets, AFP > 100 60% 50% (n = 2)
Metastatic disease, AFP > 100 42% 23% (n =13)

(4 missing due to missing PRETEXT)

CHIC, Children’s Hepatic tumors International Collaboration; EFS, event-free survival; HB, hepatoblastoma; SCU,
small cell undifferentiated; PRETEXT, PRETreatment EXTent of disease; AFP, alpha-fetoprotein.

3.3. Low AFP

Fourteen patients had AFP levels less than 100 ng/mL at diagnosis and were not
identified as rhabdoid tumors nor HB with SCU component (Table 1). The cohort of
patients with low AFP was slightly of male predominance and presented at a median age
at diagnosis comparable to all patients with HB (though slightly higher than for patients
with HB with SCU component). The median AFP at diagnosis was low at 29 ng/mL (range
0-63). Patients tended to have nonmetastatic tumors that were not resected at diagnosis
(Table 1). Pathology slides were available for retrospective consensus review in seven of
the 14 patients. Diagnoses on consensus review were epithelial mixed HB (1 = 4), epithelial
pure fetal HB with low mitotic activity (n = 2), and NEST (n = 1). The initial histologic
designation for these patients from trial data varied (epithelial fetal, n = 8; epithelial
mixed, n = 2; poorly differentiated /difficult to classify, n = 2; mixed /mesenchymal, n = 1;
well differentiated, n = 1). Three patients with low AFP had PRETreatment EXTent of
disease (PRETEXT) I tumors. Patients were treated on platinum and anthracycline-based
chemotherapy regimens (INT0098, n = 1; SIOPEL3, n = 5; JPLT1, n = 1, GPOH HB89,
n =7) with most patients attaining complete resection of their tumors (Table 2). Three-year
EFS and OS in the patients with non-rhabdoid, non-SCU tumors with AFP less than
100 ng/mL were 57% and 64%, respectively (Table 3, Figures 2 and 3). Both EFS and OS
were significantly better compared to rhabdoid tumors (logrank p < 0.0001). Of the five
patients who died, one patient had metastatic disease, one patient had mesenchymal /mixed
histology (with no central CHIC consensus review), and three patients had tumors that
were poorly differentiated or necrotic following chemotherapy and were difficult to classify
(only one of these three had central CHIC consensus review).

4. Discussion

Patients with HB with low AFP (below 100 mg/mL) or SCU histology have previously
been reported to have poor outcomes. Recent molecular characterization of neoplasms
previously designated as SCU HBs has resulted in the reclassification of many of these
tumors as rhabdoid tumors given the associated loss of SMARCB1 expression [7,8] resulting
from underlying loss-of-function variants or deletions in the SMARCBI gene, sometimes
constitutional, characteristic of this group of neoplasms. This has called into question the
prognostic relevance of the presence of SCU component and low AFP in patients with HB.

In the CHIC database, eleven patients with either low AFP or SCU histology were
re-classified as rhabdoid tumors. The diagnosis of primary rhabdoid tumors of the liver is
currently based on their histopathology in association with their characteristic underlying
biology and requires testing for loss of SMARCBI expression according to the current clas-
sification, which was not available at the time these patients were enrolled in the trial [10].
Patients with rhabdoid tumors of the liver are known to have a poor prognosis with only
four of 34 patients surviving in a review of case reports in the literature [9]. Patients from
the CHIC database who had rhabdoid tumors treated with HB protocols had a three-year
OS of 0%. These patients tended to present with metastatic disease and were unlikely
to have primary tumors resected at diagnosis. According to the above-mentioned litera-
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ture review, the four patients who survived received chemotherapy generally including
the agents vincristine, cyclophosphamide, ifosfamide, and doxorubicin, consistent with
regimens used for rhabdoid tumors [9,24-28].

The definition of SCU component in HB is very subjective and not reproducible (as
shown with one of the cases reclassified as fetal). In most cases, the small cell component
was interpreted as a mesenchymal or a blastemal component and was focal. Overall sur-
vival was 76% for 41 patients with HB with SCU component who were not known to have
loss of SMARCBI1 expression (Table 3). Survival was comparable to patients without SCU
component when otherwise stratified according to the original CHIC backbone groups
(Table 4) [5]. Low numbers of patients in these groups precluded p-value determination.
The slightly lower outcomes seen in this comparison in patients with HB with SCU compo-
nent could be due to the histology, but this could also be related to multiple other factors
previously identified in the risk stratification analysis of the CHIC database [5]. A multi-
variate analysis would be necessary to assess the determining factors; however, given the
low number of patients, attaining a reliable result is unlikely.

Patients with AFP less than 100 ng/mL did not have a poor prognosis following the
exclusion of tumors reclassified as rhabdoid tumors and those with erroneously low AFP
levels due to the “hook” effect. For seven of the 14 patients, no slides were available for
central pathology review by CHIC pathologists, and the diagnoses could not be confirmed
(including for three of the five patients who died). In addition, some of the trials did not
require biopsy at diagnosis, and histologic data was available only following neoadjuvant
chemotherapy. It is possible that many patients with AFP less than 100 ng/mL fall into one
of two groups: patients with pathology that is actually rhabdoid or other non-HB tumor
or patients in subgroups less likely to confer poor outcomes (erroneously low AFP levels
due to the “hook” effect or small low-risk PRETEXT I HB tumors). In the present study,
three patients had low AFP with PRETEXT I tumors. Of note, for some infants, mildly
elevated AFP levels might be appropriate for gestational age [29] and warrant evaluation
for rhabdoid, other non-HB tumors, or erroneously low AFP levels due to the “hook” effect.

Some limitations of the current study include the retrospective nature of the data
review, incomplete clinical annotation, and limited histological material available for
review for some patients (resulting in a small proportion of patients with SCU histology or
low AFP at diagnosis for which we could not entirely rule out the diagnosis of rhabdoid
tumor). Ongoing and future large, controlled studies including central consensus review,
AFP at diagnosis for every patient, and INI1 immunohistochemistry or SMARCBI genetic
testing for suspected rhabdoid tumor cases would be required to confirm these findings.

5. Conclusions

Pediatric patients with liver tumors difficult to classify histologically, with small un-
differentiated histology but showing loss of SMARCB1 expression, should be diagnosed as
rhabdoid tumors [30]. These tumors have poor outcomes when treated with HB therapies
and should be treated as rhabdoid tumors. Contrary to previous reports, patients with
HB with AFP less than 100 ng/mL do not have an inferior prognosis, when rhabdoid
and other non-HB tumors are biopsied at diagnosis and ruled out by current histologi-
cal/immunohistochemical criteria. Given that the presence of SCU component in HB with
retention of SMARCBI1 expression does not confer an inferior prognosis, such patients
should be treated as HB. It is important to exclude rhabdoid tumors in patients diagnosed
with HB with AFP less than 100 ng/mL (or normal for gestational age) and in patients
with tumors histologically diagnosed as HB with SCU component, since the treatment for
these patients should be very different. Neither the presence of SCU component nor AFP
less than 100 ng/mL confer poor prognosis in patients with HB, once rhabdoid tumors are
ruled out by immunohistochemical or molecular testing.

Author Contributions: Conceptualization, A.D.T.-L., RM. (Rudolf Maibach), D.C.A., AR, BH,,
AFO., JHE, MHM., RLM. and D.L.-T.; data curation, R.M. (Rudolf Maibach) and M.K_; formal
analysis, R M. (Rudolf Maibach); funding acquisition, R.M. (Rudolf Maibach), AR, B.H., A EO.,, MK,
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