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Introduction Hepatoblastoma is a rare pediatric liver tumor. Advances in
imaging/surgical techniques and use of neoadjuvant chemotherapy (NACT) in recent
times have resulted in improved survival of children with hepatoblastoma. Yet it has
dismal prognosis in some children. Unlike other pediatric malignant tumors, patho-
logical tumor regression grading in hepatoblastoma following NACT is not in routine
practice. Assessing tumor-induced maturation and delineating it from non-neoplastic
liver at resection margin are often challenging in this setting.

Objective We aim to describe the clinicopathological spectrum of hepatoblastoma
encountered in our center with emphasis on exploring the role of grading the therapy-
induced changes by correlating with existing prognostic factors and patient survival.
Materials and Methods All cases of hepatoblastoma having undergone resection
after NACT over 9 years were included. Pathology slides (hematoxylin and
eosin/immunohistochemistry) were reviewed. Therapy-related changes were scored
and compared with pretreatment extent (PRETEXT)/posttreatment extent (POSTTEXT)
staging, alpha fetoprotein (AFP) levels, and patient survival.

Results Atotal of 15 children diagnosed with hepatoblastoma were included in the study.
The median age of diagnosis was 10 months. PRETEXT Il was the commonest stage and
fetal variant was the commonest histological subtype. Fibrosis, necrosis, maturation,
calcification, and ductular reaction were the therapy-induced changes encountered in 93,
80, 60, 53 and 33% cases, respectively. Higher percentage of therapy-induced changes was
associated with good prognosis and better survival. Glypican-3 positivity delineated
tumor-induced maturation from the non-neoplastic liver.
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Conclusion This study describes the spectrum of hepatoblastoma at a single center
and emphasizes that grading therapy-induced changes may have a significant role in
patient prognosis and guide further treatment interventions for effective management
of patients. Glypican-3 eases microscopic assessment of resection margins in the
presence of therapy-induced maturation.

Introduction

Liver malignancies account for 1% of pediatric cancers.
Hepatoblastoma (HB) is the most common primary pediat-
ric malignancy of the liver, affecting 1.5 cases per million
population annually.! Most HBs (>90%) present with
markedly elevated serum alpha-fetoprotein (AFP), which
plays a major role in the diagnosis, monitoring response
to therapy, and patient follow—up.2 Complete resection of
the tumor is critical for cure. However, approximately 60 to
80% of these patients present with unresectable tumor at
diagnosis.

Introduction of cisplatin-based neoadjuvant chemother-
apy (NACT) has facilitated downsizing of tumor and greatly
improved resectability and hence the survival.? Currently the
5-year survival rate of HB is up to 80% as compared with 30%
30 years ago.4 Therapeutic approaches and patient manage-
ment across the globe largely rely on the risk stratification by
international organizations for pediatric malignancies such
as Children’s Oncology Group (COG), Childhood Liver Tumors
Strategy Group (SIOPEL), and Children’s Hepatic tumors
International Collaboration (CHIC), which are largely based
on radiological pretreatment extent (PRETEXT)/posttreat-
ment extent (POSTTEXT) staging, and AFP levels at diagno-
sis.>~’ Although controversial, NACT followed by surgical
resection is the mainstay of treating6 HB at most centers.
Prognostication and treatment modification based on re-
sponse to NACT, as adopted for other pediatric malignancies
such as neuroblastoma and nephroblastoma, has not been
adopted for HB. Various aspects of histological assessment of
treatment-induced changes in HB are not well documented
in the literature. The phenomenon of therapy-induced mat-
uration of tumor cells in HB poses significant difficulty in
accurate assessment of surgical margins.® A reliable marker
to distinguish tumor cells from normal hepatocytes at the
margins is warrantied.

Currently, the role of histological assessment and grading
of therapy-induced changes as prognostic/predictive marker
in HB is not well established and is not in routine practice.

In this study, we aim to describe the clinicopathological
spectrum of HB encountered at our center and emphasize the
role of assessing the therapy-induced changes by correlating
with known prognostic factors and patient survival.

Materials and Methods

Study Design and Setting
The present study is a retrospective, descriptive study on a
cohort of patients diagnosed with HB.
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Children diagnosed with HB based on imaging and/or
serum AFP levels and who have undergone NACT followed by
surgical resection between 2011 and 2019 (9 years) were
included in the study. Cases determined as non-HB on
histology were excluded. Patient details such as demography,
history, AFP levels (at diagnosis, postchemotherapy, postsur-
gery, and at last follow-up), radiological tumor size
(at diagnosis and post-NACT), PRETEXT staging, chemother-
apy regimen, and follow-up details were obtained from the
hospital database and cancer registry. It was a time bound,
retrospective study including all patients diagnosed as HB
between 2010 and 2019; the sample size obtained was 15.

Pathological Assessment

Hematoxylin and eosin (H&E) and immunohistochemistry
(IHC) slides of all the cases were reviewed, blinded to the
original reports. Viable and nonviable areas of the tumor
were scored as percentage of the total tumor tissue. Tumor
regression grading (TRG) was done as follows.

» TRG I: greater than 75% nonviable areas.
* TRG II: greater than 25% and <75% nonviable areas.
» TRG IlI: <25% nonviable area.

The percentages of fibrosis, necrosis, and therapy-induced
maturation seen in the tumor were scored separately. Ther-
apy-induced calcification/ossification and ductular reaction
were also noted. When no viable tumor cells were seen, it
was called pathological complete regression (PCR). Viable
tumor areas were classified based on morphology as fetal,
embryonal, mixed fetal and embryonal, mixed epithelial and
mesenchymal, teratoid, and small cell undifferentiated
(SCUD). Margin clearance of less than 1 mm was considered
a positive margin.

Immunohistochemistry

Hepatocellular markers, HepPar1 (OCH1E5, PathnSitu) and
Arginasel (SP156, Cell Marque); biliary markers, CK7 (OV-
TL12/30, BioGenex), CK19(A53_B/A2.26, Cell Marque), along
with B catenin (EP35, PathnSitu) and Glypican-3 (1G12, Cell
Marque), were performed for diagnostic and prognostic eval-
uation. Additional neuroendocrine, mesenchymal, and stem
cell markers were performed when required. Area and pattern
of staining of each marker were noted carefully.

Primary Outcome

Therapy-induced changes encountered were fibrosis, necro-
sis, calcification/ossification, and maturation. Higher per-
centages of therapy-induced changes were associated with
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better prognostic factors (reduction in AFP levels and radio-
logical tumor size) and better survival.

Secondary Outcome

Glypican-3 was found to a reliable immunohistochemical
marker to differentiate therapy-induced maturation of tu-
mor cells from the non-neoplastic liver at the resection
margin.

Inclusion Criteria

Children diagnosed to have HB based on imaging and/or
serum AFP levels and who underwent NACT followed by
surgical resection were included in the study.

Exclusion Criteria
Pediatric liver tumors other than HB and cases of HB with
unavailable slides/blocks were excluded from the study.

Statistical Analysis
SPSS software version 27.0 was used for statistical analysis.

Data were described using frequency with percentage for
categorical variables and means along with standard devia-
tion for continuous variables. The date of diagnosis was
considered the entry point. The date of recurrence/metasta-
sis was the end point for disease-free survival (DFS) and the
date of the last follow-up/date of death was the end point for
overall survival (OS). The t-test was used for univariate
analyses. DFS and OS were evaluated by using the Kaplan-
Meier method and compared using log-rank test, and a p-
value of <0.05 was considered significant.

For statistical analysis, the histological subtypes were cate-
gorized into four types, fetal, mixed fetal and embryonal, and
pure embryonal, which were classified as the epithelial type.

Mixed epithelial and mesenchymal and teratoid were
grouped into the mesenchymal type, SCUD, and PCR. Thera-
py-induced mature/maturing areas of the tumor were con-
sidered under fetal variant. The cutoff value was considered
at 10% for fibrosis and at 30% for necrosis.

Ethical Approval

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards. Institutional ethical com-
mittee clearance was obtained (ECASN-AIMS-2024-335,
dated: July 16, 2024).

Results

Clinical Picture and Demography

Twenty children were diagnosed to have HB and underwent
NACT and resection over a period of 9 years. Five children were
excluded from the study as their block/slides were not trace-
able. Fifteen children were included, whose age ranged from 1
to 132 months (median age = 10 months). There were 10 male
children and 5 male female children (M:F =2:1). Ten children
(66%) were aged <12 months, three (20%) were between 12
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and 48 months, and two (13%) were older 60 months (72 and
132 months, respectively). Mass per abdomen was the most
common presenting symptom (86%), followed by incidental
detection in two children and congenital liver mass in one
child. Two were born preterm; one had maternal family history
of malignancy, the details of the cancer could not be traced.
One child was born to a mother with gestational diabetes.

PRETEXT IIl was the most frequent PRETEXT stage (6
cases, 40%), followed by PRETEXT IV and II (4 cases, 26%
each). PRETEXT I was the least common (1 case, 6%). The right
lobe of the liver was involved in 8 (53%) cases, the left lobe
was involved in 4 (27%) cases, the bilateral lobes was involved
in 2 (13%) cases, and 1 (6%) case had multifocal involvement.
Serum AFP level at diagnosis ranged from 14.93 to 1,538,000
ng/dL (median=127,870ng/dL) and the level after NACT
ranged from 9.33 to 15,884 ng/dL (median =405 ng/dL).
There was significant reduction in the AFP levels following
NACT (>99% fall in 67% of the cases, p=0.03). One child with
the SCUD histological variant presented with normal AFP level
(14 ng/dL) at diagnosis, which remained within normal range
throughout the treatment.

There was significant decrease in radiological size of the
tumor after NACT (mean PRETEXT size =10 cm; POSTTEXT
size=5.3cm; p=0.04). The demography and clinical and
radiological features are further detailed in =Table 1.

Pathological Findings

There were 9 (60%) epithelial tumors (6 pure fetal, 2 pure
embryonal and 1 mixed fetal and embryonal variant;
=Fig. 1A), 4 (27%) mesenchymal tumors (2 teratoid and 2
mixed epithelial and mesenchymal variants; =Fig. 1B), 1
pure SCUD (6%) variant, and 1 case (6%) of PCR (=Table 2). Of
the 15 cases, 7 had pretreatment biopsies, of which 6 were
epithelial (3 fetal, 2 mixed epithelial and fetal, 1 pure
embryonal), and 1 SCUD type (=Table 2). Positive margins
were seen in five (33%) cases.

Table 1 Patient demography and clinical characteristics

| n=15 | Percentage
Median age | 10 (1-132) mo
(range)
Gender Male 10 66.6
Female 5 333
Symptoms | Mass per abdomen/ 13 86.6
abdominal distension
Incidental detection | 2 13.3
PRETEXT | 1 6.7
stage I 4 26.7
1 6 40
v 4 26.7
Site Right lobe 8 53.3
Left lobe 4 26.6
Right + left lobe 2 13.3
Multifocal 1 6.6
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Fig.1 Photomicrography showing (A) embryonal and fetal variant of hepatoblastoma (HB; hematoxylin and eosin [H&E], x200) and (B) teratoid
variant with squamous areas; inset showing melanin pigments (H&E, x200).

Table 2 Distribution of histological subtype

Prechemotherapy biopsy (n=7) Post chemotherapy excision (n=15)
Embryonal 1(14.2%) 2 (13.3%)
Fetal 3 (42.8%) 6 (40%)
Mixed epithelial and fetal 2 (28.5%) 1 (6.6%)
Mixed epithelial and mesenchymal 0 2 (13.3%)
Teratoid 0 2 (6.6%)
Small cell undifferentiated 1(14.2%) 1(6.6%)

Therapy-Induced Changes

Grade III tumor regression predominated in our series necrosis (83%).
(53%), while TRG I was the least (20%). Fibrosis was the

commonest therapy-induced change (93%), followed by

Indian Journal of Medical and Paediatric Oncology © 2025. The Author(s).

Maturation, calcification/ossification

(=Fig. 2A), and ductular reaction were other therapy-
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Fig. 2 Photomicrography showing neoadjuvant chemotherapy (NACT) induced changes in hepatoblastoma (HB). (A) Osteoid and calcification
(hematoxylin and eosin [H&E], x200). (B) Fibrosis with hyalinization and hemosiderin-laden macrophages (H&E, x100). (C) Therapy-induced
maturation (H&E, x400). (D) Glypican-3 positivity in maturing areas as opposed to a normal liver (immunohistochemistry [IHC, x25).

induced changes (60, 53, and 33% cases, respectively;
~Table 3).

Fibrosis ranged from zero in SCUD variant to 92% in the
case of PCR (mean fibrosis =26%; =Fig. 2B). The average
posttreatment AFP was higher in tumors showing less than
10% fibrosis as compared with tumors showing greater than
10% fibrosis (~Table 4).

Histologically, the embryonal variant showed the least
amount of fibrosis. However, there was no significant differ-

Table 3 Histological assessment of therapy-induced changes

n=15 Seen Not seen
Fibrosis 14 (93.3%) 1(6.6%)
Necrosis 12 (80%) 3 (20%)
Maturing areas 9 (60%) 6 (40%)
Calcification 8 (53.3%) 7 (46.6%)
Ductular reaction 5(33.3%) 10 (66.6%)

ence in OS and DFS between the two groups (=Table 5).
Therapy-induced necrosis ranged from 0 to 48% (mean
necrosis = 21%). The mean posttherapy AFP level was higher
in tumors showing no necrosis as compared with those
showing greater than 30% necrosis (=Table 4). Likewise,
tumors showing no necrosis had lower DFS as compared
with tumors showing necrosis; the difference was not sta-
tistically significant (~Table 5). Therapy-induced maturation
was noted in all cases with pure fetal morphology, 50% of
mesenchymal type, and 40% of mixed epithelial type. SCUD
showed no maturation. Mature areas were often seen at the
interface of the tumor with the normal liver and closely
resembled a normal liver (=~Fig. 2C). Interestingly, therapy-
induced maturation was directly related to the amount of
fibrosis and inversely related to necrosis. Maturation was
associated with better survival (=Table 5). The most com-
mon histological type showing calcification and ductular
reaction was the mixed epithelial type. There was significant
association of ductular reaction with fibrosis (p =0.017).

Indian Journal of Medical and Paediatric Oncology © 2025. The Author(s).
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Table 4 Correlation of therapy-induced changes with known prognostic factors of hepatoblastoma
Therapy-induced change Fibrosis Necrosis Maturation
Prognostic factors <10% >10% <30% >30% Yes No
Predominant histological type Embryonal | Mesenchymal | Embryonal, Fetal Fetal Embryonal
mesenchymal | embryonal
AFP at diagnosis (ng/mL) 100,000 370,000 280,000 380,000 270,000 | 240,000
Postchemotherapy AFP levels (ng/mL) | 11,328 1,465 2366 370 2015 2197
Pretext I, v Il I, v I, 1l I, v I, v
Age (mo) 22 28 17 71 26 23

Abbreviations: AFP, alpha-fetoprotein.

Immunohistochemistry

[HC was performed in 10 cases. B-catenin staining was
seen in seven cases (membranous/nuclear). Nuclear B-
catenin was seen in embryonal areas only. Membranous
B-catenin was observed in the mature areas, fetal area, and
non-neoplastic liver. Glypican-3 was positive in all 10
cases, with a variable staining pattern (=Fig. 2D). It was
strongly cytoplasmic in embryonal, canalicular to moder-
ate cytoplasmic in mature and fetal areas, focal patchy
positive in SCUD areas, and negative in non-neoplastic
livers.

Patient Follow-Up and Survival
OS and DFS by the Kaplan-Meier analysis was 62.54 4+ 13.414
and 53.44 4+ 12.603 months, respectively. Nine patients were

disease free. Six patients had progression of disease in the
form of recurrence in the residual liver (3 cases) and distant
metastases (3 cases).

Four patients (2 embryonal, 1 mesenchymal, and 1SCUD
histology) succumbed to the disease. Children younger than
3 years and female patients had better OS and DFS when
compared with the children older than 3 years and males.
Among children younger than 3 years, 50% showed good
response to therapy with the tumor showing greater than
50% nonviable areas, while among children older than 3 years,
33% showed a good response. The difference was not statisti-
cally significant (p =0.60).

Histological subtypes, PRETEXT/POSTTEXT staging, ther-
apy-induced changes, or margin positivity showed no signif-
icant difference in survival (~Table 5).

Table 5 Correlation of clinical and therapy-induced pathological parameters with patient survival

Clinical and pathological para- Disease free survival p value Overall survival p value

meters

Age <36 mo 57.22+14.18 0.117 60.75+15.74 0.003
>36 mo 31.00+7.42 38.00+12.24

Gender Male 30.41+7.32 0.95 67.33+24.22 0.95
Female 67.00 +24.49 39.25+6.86

Calcification Yes 52.94+17.52 - 68.33+16.56 0.83
No 30.667 +9.60 38.40 + 8.65

Fibrosis <10% 51.5+16.09 0.2 59.14+16.55 0.2
>10% 30.00+4.97 40.00+0.00

Necrosis 0% 17.50+3.18 0.13
0-30% 51.5+16.09 - -
>30% 43.50 +7.42 -

Maturing areas No 34.05+8.00 0.09 46.50 +£4.59 0.18
Yes 51.54+18.58 52.68 +18.07

Viable areas >50% 45+17.02 1.02 52.83 +£18.07 1.026
<50% 41.6+7.35 47.00 +£4.95

Regression grading | 35+1.41 1.1 - -
Il 36 4+9.67 -
I 42 +20.02 -
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Discussion

HB is a well-recognized, unique pediatric malignant liver
tumor, which recapitulates the normal hepatic ontogenesis.?
The comprehensive treatment strategy of surgery combined
with chemotherapy has greatly improved the overall prognosis
of HB over the years. Yet the disease is life-threatening to some
with disease recurrence and progression.’

Two-thirds of HBs are diagnosed by 24 months.2 The mean
age at diagnosis ranges from 11 to 46 months and was
10 months in our study.z'10 A male predominance was
seen in our study similar to few other studies.*' Our study
showed significant better OS in children younger than
36 months and worse OS in children older than 36 months.
Similarly, a study by Yang et al° showed significant lower DFS
in patients older than 54 months. Age is not a risk factor in
the COG or SIOPEL guidelines, while the CHIC study states
that older children with HB do worse.®°

HB in adults is extremely rare, with less than 75 reported
cases so far, and has dismal prognosis.'"'% The highest age at
diagnosis in our study was 11 years.

Elevated AFP? is the diagnostic hallmark of HB. The serum
AFP level and radiological PRETEXT staging are important for
risk stratification and staging of HB.>’ As per SIOPEL,’
PRETEXT 1, II, and IIl with elevated AFP (>100ng/dL) are
considered standard risk, while PRETEXT IV, low AFP, and
very high AFP (>1.2 million ng/mL) are high-risk HBs. In our
study, the percentage of recurrence and death was higher
with PRETEXT IV (75 and 50%, respectively) compared with
the combined PRETEXT, II, and III (27 and 18%, respectively).
In another study,'” PRETEXT I and II had a significantly better
DFS and lower mortality when compared with PRETEXT III
and IV. The average reduction of the AFP level post-NACT in
our cases was 42%, which was comparable to the study by
Wang et al.8 Yang et al® showed that reduction of AFP levels
by greater than 60% and radiological tumor size by greater
than 50% following NACT is an independent prognostic factor
for the 3-year DFS.

HB is thought to arise from an embryonal precursor and
displays diverse histologies.">' Wnt pathway'” is believed
to be involved in embryonal and mixed histology and the
Notch pathway in the pure fetal type. Tumor heterogene-
ity'® is claimed to be one of the causes for the varied
behaviors of HB. In our study, the pure fetal variant showed
the highest survival and lowest mortality and good re-
sponse to treatment (TRG I), which was similar to the
findings in the literature.>'” Akin to this, one of our patients
with pure fetal variant and lung metastasis at diagnosis
responded well to resection and chemotherapy and was
disease free. The embryonal, mixed epithelial and mesen-
chymal, and SCUD variants showed poorer response to
chemotherapy (TRG 2 and 3). Likewise, the mesenchymal
subtype and the embryonal variant with high mitosis were
found to have aggressive behaviors in few studies.'®'819 On
the contrary, the study by Wang et al® showed the mesen-
chymal component to be associated with better outcome.
Although fetal histology had better survival as compared
with other histology, statistical significance could not be
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reached in our studies and many other studies.®'>?? The
SCUD subtype warrants accurate histological diagnosis as it
presents with a normal/low AFP level and has aggressive
behavior with worst survival. SCUD in pure or combined
with other histological types puts the patient in the high-
risk category.>® The SCUD tumor must be differentiated
from the malignant rhabdoid tumor by IHC for Integrase
interactor 1 (INI1) as it requires distinct management.g'17 In
our study, the child with the SCUD variant with retained
INIT responded poorly to both standard and second-line
therapies, and succumbed to the disease within 5 months of
diagnosis.

Our study, like the study by Wang et al,® did not show a
significant survival difference between positive and negative
margins. According to the current SIOPEL guideline,?' the
microscopic positive resection margin is no longer a poor
prognostic indicator if the tumor has shown good pathologi-
cal and radiological response to NACT.

Unlike other pediatric malignancies (acute lymphoblastic
leukemia, Wilms’ tumor), the role of histological assess-
ment and grading of response to NACT in predicting survival
and further therapeutic interventions is not established in
HB. 202223 Histological assessment of response to NACT
could potentially be used to modify adjuvant therapy® by
intensifying/reducing dose or adding newer drugs for
improved outcome in HB. A study by Kiruthiga et al'®
demonstrated that patients with less than 50% of viable
tumors following chemotherapy had higher DFS when
compared with patients with greater than 50% viable
tumors. On the contrary, our study did not show a signifi-
cant difference in survival between the three TRG groups or
with cutoff of 50% for viable tumors (~Table 5). However,
when each of the therapy-induced changes were considered
separately (presence of calcification, fibrosis, necrosis, and
maturation), it was seen that patients showing treatment-
induced changes had better survival compared with
patients without therapy-induced changes (=Table 5). In
our study, patients with tumor showing greater than 10%
fibrosis and greater than 30% necrosis were associated with
lower posttreatment AFP levels, better histological type,
and higher survival (~Table 4). The presence of tumor-
induced maturation, necrosis, and calcification showed
better survival (~Table 5). Similarly, Venkatramani et al?°
showed that the risk of disease progression and death in HB
decreases significantly with increasing percentage of tumor
necrosis. Necrosis greater than 30% was shown as an
independent prognostic factor in their study. The presence
of osteoid or calcification post-NACT was considered a sign
of maturity?* and hence considered a good prognostic
indicator in HB, similar to Wilms’ tumor and germ cell
tumor.

Assessing tumor-induced maturation at the resection
margin is challenging. In our study, 60% of cases showed a
maturation pattern indistinguishable from a normal liver.
Glypican-3 positivity in the maturing areas and negativity in
the non-neoplastic liver were valuable in delineating two
areas (=Fig. 2D). While two-thirds of cases in the series by
Wang et al® showed mature areas mimicking a non-

Indian Journal of Medical and Paediatric Oncology © 2025. The Author(s).
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neoplasticliver, they found B-catenin with CK7 to be useful in
differentiating two areas.

Nuclear B-catenin expression was seen in 30% of our cases
and only in the embryonal areas. Significant B-catenin
staining in the embryonal component was also observed
by Bera et al.'®

Treatment strategies for HB differ across countries. NACT
followed by resection®” is followed in most centers. All our
patients underwent NACT with four to five cycles of PLADO
(doxorubicin and cisplatin) followed by resection and three
more cycles of the PLADO regimen postsurgery. The ongoing
Pediatric Hepatic International Tumor Trial (PHITT) trial®2>
is expected to reduce the controversies regarding the treat-
ment of HB.

While treating pediatric cancers, risk stratification of
patients is essential for adjusting the doses of adjuvant
chemotherapy, adding/deleting radiation therapy and the
decision on the extent of surgery. Histology and assessment
of response to therapy plays a major role in risk stratification
in most of the pediatric solid tumors.?® Risk stratification
ensures fine-tuning of the offered treatment to establish
long-term cure while minimizing the side effects of the
therapy.26 HB has rare incidence worldwide. Hence, multi-
institutional studies involving larger sample size are desired
to conclusively establish a definite relationship of therapy-
related changes in HB with the prognosis and pave the way to
individualized therapy in these patients. High-throughput
studies have revealed many genomic, epigenetic, and tran-
scriptomic alteration in HB?” in the recent years. Further
insights into molecular biomarkers and targets for HB will
facilitate newer and less aggressive therapeutic modalities
that would heighten HB survivors with improved quality of
life after therapy.

Limitations of the Study

HB is a rare neoplasm with a low incidence worldwide.
Similarly, due to the study being conducted at a single
institute, the sample size of the present study was small
and hence no statistical correlation between the treatment-
induced changes and the prognosis could be reached. Multi-
institutional studies with a larger sample size may throw
more light on the prognostic significance of therapy-induced
changes in HB and pave the way for a more personalized
therapy in these children.

Conclusion

This is a descriptive study of HB encountered at a tertiary
care center with emphasis on the role of the histological
assessment of therapy-induced changes. Higher percentages
of therapy-induced changes in the form of fibrosis, necrosis,
calcification, and tumor maturation are associated with
better outcome and may have a role in postsurgery thera-
peutic interventions, leading to personalized medicine and
improved therapy for HB. Further inter-institutional studies
with larger sample sizes are needed to definitely demon-

Indian Journal of Medical and Paediatric Oncology © 2025. The Author(s).
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strate the significance of assessing therapy-induced changes
as a prognostic factor in HB.

Authors’ Contributions

D.A. contributed to data curation, writing of the original
draft, preparation, and editing of the manuscript. M.E.
contributed to the conceptualization, methodology, and
supervision of the study, and editing of the manuscript.
P.K. contributed to the visualization, investigation, super-
vision, and reviewing of the study. S.S. contributed to the
visualization, investigation, supervision, and reviewing of
the study. N.V. contributed to the visualization, investiga-
tion, supervision, and reviewing of the study.

Funding
None.

Conflict of Interest
None declared.

Acknowledgment

We are grateful for the aid provided by Mrs. Anu Vasudevan,
Department of Biostatistics, Amrita Institute of Medical
Sciences, Kochi, in performing the statistical analysis for the
study.

References
1 Lim IIP, Bondoc AJ, Geller JI, Tiao GM. Hepatoblastoma: the

evolution of biology, surgery, and transplantation. Children

(Basel) 2018;6(01):1

Saxena R, Quaglia A. Hepatoblastoma. In: WHO Classification of

Tumors: Digestive System Tumors. 5th ed. Lyon, France: WHO;

2019:240-241

Trobaugh-Lotrario AD, Meyers RL, O’Neill AF, Feusner JH. Unre-

sectable hepatoblastoma: current perspectives. Hepat Med 2017;

9:1-6

Feng ], He Y, Wei L, et al. Assessment of survival of pediatric

patients with hepatoblastoma who received chemotherapy fol-

lowing liver transplant or liver resection. JAMA Netw Open 2019;

2(10):e1912676

Lopez-Terrada D, Alaggio R, de Davila MT, et al; Children’s

Oncology Group Liver Tumor Committee. Towards an internation-

al pediatric liver tumor consensus classification: proceedings of

the Los Angeles COG liver tumors symposium. Mod Pathol 2014;

27(03):472-491

Meyers RL, Maibach R, Hiyama E, et al. Risk-stratified staging in

paediatric hepatoblastoma: a unified analysis from the Children’s

Hepatic Tumors International Collaboration. Lancet Oncol 2017;

18(01):122-131

Czauderna P, Garnier H. Hepatoblastoma: current understanding,

recent advances, and controversies. F1000 Res 2018;7:53

Wang LL, Filippi RZ, Zurakowski D, et al. Effects of neo-

adjuvant chemotherapy on hepatoblastoma: a morphologic

and immunohistochemical study. Am ] Surg Pathol 2010;34

(03):287-299

Yang W, Chen Y, Huang Y, Wang H. Analysis of factors related to

recurrence of paediatric hepatoblastoma-a single Centre retro-

spective study. BMC Pediatr 2019;19:1-6

10 Kiruthiga KG, Ramakrishna B, Saha S, Sen S. Histological and
immunohistochemical study of hepatoblastoma: correlation with
tumour behaviour and survival. ] Gastrointest Oncol 2018;9(02):
326-337

N

w

N

w

(o))

~

o

]



12

13

14

15

18

Clinical and Pathological Spectrum of Hepatoblastoma with Emphasis on Treatment-Induced Changes

Wu JF, Chang HH, Lu MY, et al. Prognostic roles of pathology
markers immunoexpression and clinical parameters in Hepato-
blastoma. | Biomed Sci 2017;24(01):62

Pagarigan AKL, Mendoza PGL. Adult hepatoblastoma: making the
challenging distinction from hepatocellular carcinoma. ] Liver
Cancer 2023;23(01):219-224

Papry A, Kamal M, Khalid MS. Hepatoblastoma in a child with
dextrocardia and possible histopathological alteration reminis-
cent of hepatocellular carcinoma after neoadjuvant chemothera-
py. Clin Case Rep 2018;6(06):1070-1073

Dehner LP, Manivel JC. Hepatoblastoma: an analysis of the
relationship between morphologic subtypes and prognosis. Am
] Pediatr Hematol Oncol 1988;10(04):301-307

Gupta K, Rane S, Das A, Marwaha RK, Menon P, Rao KL. Relation-
ship of B-catenin and postchemotherapy histopathologic changes
with overall survival in patients with hepatoblastoma. ] Pediatr
Hematol Oncol 2012;34(08):e320-e328

Bera G, Das RN, Roy P, et al. Utility of PAS and B-catenin staining in
histological categorisation and prediction of prognosis of hep-
atoblastomas. Pediatr Surg Int 2017;33(09):961-970

Rudzinski E, Ranganathan S, Hicks ], Kim G. Protocol for the
Examination of resection specimens of patients with hepatoblas-
toma (Version 4.0.0.0). College of American Pathologists; 2019.
Accessed January 18, 2023 at: https://documents.cap.org/proto-
cols/Liver.Hepatoblastoma_4.1.0.0.REL_CAPCP_R.pdf?_gl=1"
aylbc*_ga*MzgzODUyNDg3LjE3MjQ3NDk0OODc.*_ga_97ZF]SQQO-
X*MTcyNTI4NDAzNi4zLjEuMTcyNTI4ANDMzOS4wLjAuMA

Haas JE, Muczynski KA, Krailo M, et al. Histopathology and
prognosis in childhood hepatoblastoma and hepatocarcinoma.
Cancer 1989;64(05):1082-1095

N

9

20

21

22

23

24

25

26

27

Ail et al.

Yang T, Whitlock RS, Vasudevan SA. Surgical management of hep-
atoblastoma and recent advances. Cancers (Basel) 2019;11(12):1944
Venkatramani R, Wang L, Malvar J, et al. Tumor necrosis predicts
survival following neo-adjuvant chemotherapy for hepatoblas-
toma. Pediatr Blood Cancer 2012;59(03):493-498

Aronson DC, Weeda VB, Maibach R, et al; Childhood Liver Tumour
Strategy Group (SIOPEL) Microscopically positive resection mar-
gin after hepatoblastoma resection: what is the impact on prog-
nosis? A Childhood Liver Tumours Strategy Group (SIOPEL) report.
Eur ] Cancer 2019;106:126-132

Tong Y, Liu D, Zhang ]. Connection and distinction of tumor
regression grading systems of gastrointestinal cancer. Pathol
Res Pract 2020;216(09):153073

Karam S, Gebreil A, Alksas A, et al. Insights into personalized care
strategies for Wilms tumor: a narrative literature review. Bio-
medicines 2024;12(07):1455

Saxena R, Leake JL, Shafford EA, et al. Chemotherapy effects on
hepatoblastoma. A histological study. Am J Surg Pathol 1993;17
(12):1266-1271

University of Birmingham. Paediatric Hepatic International Tu-
mour Trial. Accessed October 17, 2018 at: https://www.birming-
ham.ac.uk/Documents/college-mds/trials/crctu/phitt/Protocol/
Current/PHITT-Protocol-version-3-0-170ct2018.pdf

Srinivasan S, Kanwar VS. Assessment of chemotherapy response
and modification of chemotherapy in pediatric cancer manage-
ment. In: Lakhoo K, Abdelhafeez AH, Abib S, eds. Pediatric
Surgical Oncology. Cham: Sringer; 2022:1-9

Zhang Y, Solinas A, Cairo S, Evert M, Chen X, Calvisi DF. Molecular
mechanisms of hepatoblastoma. Semin Liver Dis 2021;41(01):
28-41

Indian Journal of Medical and Paediatric Oncology © 2025. The Author(s).


https://documents.cap.org/protocols/Liver.Hepatoblastoma_4.1.0.0.REL_CAPCP_R.pdf?_gl&x003D;1&x002A;aylbc&x002A;_ga&x002A;MzgzODUyNDg3LjE3MjQ3NDk0ODc.&x002A;_ga_97ZFJSQQ0X&x002A;MTcyNTI4NDAzNi4zLjEuMTcyNTI4NDMzOS4wLjAuMA
https://documents.cap.org/protocols/Liver.Hepatoblastoma_4.1.0.0.REL_CAPCP_R.pdf?_gl&x003D;1&x002A;aylbc&x002A;_ga&x002A;MzgzODUyNDg3LjE3MjQ3NDk0ODc.&x002A;_ga_97ZFJSQQ0X&x002A;MTcyNTI4NDAzNi4zLjEuMTcyNTI4NDMzOS4wLjAuMA
https://documents.cap.org/protocols/Liver.Hepatoblastoma_4.1.0.0.REL_CAPCP_R.pdf?_gl&x003D;1&x002A;aylbc&x002A;_ga&x002A;MzgzODUyNDg3LjE3MjQ3NDk0ODc.&x002A;_ga_97ZFJSQQ0X&x002A;MTcyNTI4NDAzNi4zLjEuMTcyNTI4NDMzOS4wLjAuMA
https://documents.cap.org/protocols/Liver.Hepatoblastoma_4.1.0.0.REL_CAPCP_R.pdf?_gl&x003D;1&x002A;aylbc&x002A;_ga&x002A;MzgzODUyNDg3LjE3MjQ3NDk0ODc.&x002A;_ga_97ZFJSQQ0X&x002A;MTcyNTI4NDAzNi4zLjEuMTcyNTI4NDMzOS4wLjAuMA
https://www.birmingham.ac.uk/Documents/college-mds/trials/crctu/phitt/Protocol/Current/PHITT-Protocol-version-3-0-17Oct2018.pdf
https://www.birmingham.ac.uk/Documents/college-mds/trials/crctu/phitt/Protocol/Current/PHITT-Protocol-version-3-0-17Oct2018.pdf
https://www.birmingham.ac.uk/Documents/college-mds/trials/crctu/phitt/Protocol/Current/PHITT-Protocol-version-3-0-17Oct2018.pdf

