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ABSTRACT
Background: The management of hepatoblastoma (HB) relies on chemotherapy combined with surgery, either liver resection 
(LR) or liver transplantation (LT), with reported overall survival (OS) of 80%, cardiac toxicity of 6%, nephrotoxicity of 21%, ototox-
icity of 32%–46%. In clinical practice, deviations from protocol-defined chemotherapy are often required to achieve resectability 
or bridge to transplantation. We aimed to evaluate the impact of treatment adaptation to surgical timing on OS and toxicity in a 
selected group of patients referred to a transplantation center.
Methods: We retrospectively analyzed patients with HB treated according to SIOPEL protocols at our center between 2004 
and 2022. We collected clinical data, focusing on deviations from protocol-specified therapy, timing of medical and surgical 
treatment, OS, treatment-related toxicities (left ventricular ejection fraction, LVEF< 50%, estimated glomerular filtration rate, 
eGFR< 90 mL/mL/m2, increased hearing threshold of 20–40 dB at 4 kHz).
Results: Forty-two patients, median age at diagnosis 1.9 years (IQR 0.7–3.5), 16/42 (38.1%) with metastatic disease, 24/42 (57.1%) 
with vascular involvement were recorded. Additional chemotherapy beyond protocol indications, due to persistent pulmonary 
metastases, delayed organ availability, or disease progression was administered to 17/20 (85%) who underwent first-line LT and 
10/22 (45%) who underwent LR (p = 0.007). Death occurred in 3/20 (15%) versus 7/22 (31.8%) (p = 0.2) respectively. After median 
follow-up of 4.5 years (IQR 1.2–6.2) OS is 32/42 (71.4%); cardiotoxicity developed in 1/42 (2.4%), nephrotoxicity in 8/42 (19%), 
ototoxicity in 9/42 (21.4%).
Conclusions: A large proportion of patients with HB require adaptation of protocol-specified therapy, especially LT candidates. 
This favors successful management and is not associated with increased toxicity compared to previous reports.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1   |   Introduction

Hepatoblastoma (HB) is the most common primary malignant 
liver tumor in the pediatric population [1–3], with an incidence 
of approximately 1.5–2.3 cases per million children per year. 
Historically, outcomes for HB were poor, but the implementa-
tion of multimodal therapy combining platinum-based che-
motherapy with complete surgical excision has dramatically 
improved survival, with contemporary 5-year overall survival 
(OS) rates around 80% [4].

Complete tumor surgical removal, either by liver resection or 
liver transplantation (LT), remains the cornerstone of curative 
treatment [5]. Surgical resection following neoadjuvant chemo-
therapy has been demonstrated to be feasible in the majority 
of patients and is associated with favorable event-free survival 
(EFS) and OS [6]. Nevertheless, at diagnosis, a substantial pro-
portion of tumors—particularly those classified at high stage or 
with vascular invasion—are unresectable. Neoadjuvant chemo-
therapy facilitates tumor shrinkage and downstaging, enabling 
liver resection in many cases that would otherwise require total 
hepatectomy and transplantation.

Consequently, during time, the aim of clinicians was to reduce 
long-term treatment-related toxicity. Scant data are available on 
long-term follow-up, but SIOPEL studies showed a cardiotoxic-
ity prevalence of 6% in case of doxorubicin slow infusion [7], oto-
toxicity prevalence of 32% in high risk (HR) patients and 46.5% 
in standard risk (SR) ones, nephrotoxicity prevalence of 8%–25% 
[8–10]. In SIOPEL protocols, HR patients represent 43% of all 
pediatric HB [11].

The role of LT has expanded over the past decades as an essen-
tial option for patients with tumors that remain unresectable 
despite intensive chemotherapy or in the context of multifocal 
disease. Although large registry analyses suggest that survival 
outcomes following LT are comparable to those achieved with 
liver resection in chemotherapy-treated patients, LT is typi-
cally reserved for cases in which liver resection cannot be 
safely achieved [5].

Despite advances in multimodal therapy, management of pe-
diatric HB continues to face several challenges. These include 
determining the optimal timing of surgery relative to chemo-
therapy, balancing intensified preoperative therapy with the 
risks of treatment-related toxicity, and identifying which pa-
tients may benefit most from liver transplantation. Moreover, 
while international trials such as SIOPEL and collaborative 
studies like PHITT have established risk-adapted chemotherapy 
backbones, data regarding practical deviations from protocol—
such as treatment intensification or additional cycles to facilitate 
definitive surgery—remain limited [12].

The primary aim of this study was to evaluate the impact of che-
motherapy intensification and protocol deviations on surgical 
feasibility, treatment-related toxicity, and survival outcomes in 
children with hepatoblastoma treated at a single tertiary referral 
center.

2   |   Materials and Methods

This was a retrospective, monocentric observational study con-
ducted at the Pediatric Oncology and Liver Transplantations 
Units of ASST Papa Giovanni XXIII Hospital, Bergamo, Italy, 
a national referral center for pediatric liver tumors and liver 
transplantation. As a retrospective study conducted on ano-
nymized records, the ethics committee evaluation was consid-
ered waived.

All consecutive pediatric patients diagnosed with hepato-
blastoma or referred to our institution for treatment between 
January 2004 and December 2022 were eligible for inclusion. 
Inclusion criteria were as follows:

•	 Age inferior to 18 years at diagnosis

•	 Histologically or radiologically confirmed diagnosis of 
hepatoblastoma

•	 Treatment with curative intent

•	 Availability of complete clinical, treatment, and follow-up 
data

Patients with incomplete records were excluded. Patients were 
treated according to contemporary international protocols ac-
tive at the time of diagnosis, including SIOPEL-3, SIOPEL-4, 
SIOPEL-6. Risk stratification was performed according to pro-
tocol definitions, incorporating PRETEXT staging, presence of 
metastases, serum alpha-fetoprotein (AFP) levels, and vascular 
involvement. Clinical data were retrieved from electronic medi-
cal records and institutional databases. The following variables 
were collected:

•	 Demographic data: age at diagnosis, sex, ethnicity, 
comorbidities.

•	 Disease characteristics: PRETEXT stage, presence and 
evolution of lung metastases, vascular involvement accord-
ing to VPEFR (V = Vena Cava/Hepatic veins involvement; 
P = Portal Vein involvement; E = Extrahepatic extension; 
F = Multifocality; R = Tumor Rupture).

•	 Annotation factors, multifocality, AFP serum levels at diag-
nosis and during treatment.

•	 Treatment data: chemotherapy protocol, number and type 
of cycles administered, deviations from protocol-defined 
schedules, timing and type of definitive surgery (liver resec-
tion or liver transplantation), and use of rescue or bridging 
strategies.

•	 Surgical outcomes: completeness of tumor resection, surgi-
cal complications, and post-operative course.

•	 Toxicity: acute and long-term treatment-related toxici-
ties, with particular focus on renal, auditory, and cardiac 
function.

•	 Follow-up data: disease status, relapse, survival, and last 
clinical evaluation.
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Protocol deviation was defined as follows:

•	 Prolonged chemotherapy to allow achievement of resect-
ability or bridge to liver transplantation;

•	 Postponed timing of surgery (either LR or LT) beyond 
4 weeks after start of last chemotherapy cycle.

Toxicity was evaluated according to institutional follow-up 
protocols:

•	 Renal toxicity: assessed by serum creatinine by age and es-
timated glomerular filtration rate (eGFR inferior to 90 mL/
min/1.73 m2) [13].

•	 Ototoxicity: evaluated by serial audiometric testing and 
classified according to standard pediatric ototoxicity grad-
ing systems (Chang scale if major of 20 and inferior to 40 dB 
at any frequencies below 4 kHz) [14].

•	 Cardiac toxicity: assessed by echocardiography, including 
left ventricular ejection fraction (LVEF) and signs of cardio-
myopathy (LVEF< 50%).

Only persistent or long-term toxicities present at last follow-up 
were considered for the final analysis.

Continuous variables were expressed as median and interquar-
tile range (IQR), while categorical variables were summarized 
as absolute numbers and percentages. Comparisons between 
groups (liver resection vs. liver transplantation; standard vs. 
intensified chemotherapy) were performed using the Mann–
Whitney U test for continuous variables, the χ2 test or Fisher's 
exact test for categorical variables, as appropriate.

Survival curves for EFS and OS were estimated using the 
Kaplan–Meier method and compared with the log-rank test. 
A p value < 0.05 was considered statistically significant. Data 
were analyzed using IBM SPSS Statistics, Version 29.0.2.0 (IBM 
Corp., 2023).

3   |   Results

3.1   |   Patients Demographic and Clinical 
Characteristics

Between January 2004 and December 2022, a total of 44 pediat-
ric patients with hepatoblastoma were diagnosed or referred to 
our institution. Two patients were excluded because of incom-
plete clinical data, leaving 42 patients eligible for analysis.

The study population consisted of 29 males (69.1%) and 13 fe-
males (30.9%), with a median age at diagnosis of 1.9 years (IQR 
0.7–3.5). Nineteen patients (45.2%) were initially diagnosed 
at other institutions and subsequently referred to our center 
for surgical management and continuation of chemotherapy. 
Overall, 22 patients (52.3%) underwent liver resection, while 20 
patients (47.7%) underwent liver transplantation as first-line de-
finitive surgery.

The median follow-up duration was 4.5 years (IQR 1.2–6.2). 
Most patients were of Caucasian ethnicity (92.8%), with a mi-
nority of South American (4.7%) and African (2.5%) origin.

At diagnosis, all patients presented with elevated serum alpha-
fetoprotein (AFP) levels (> 100 ng/mL). The median AFP value 
was 53 000 ng/mL (IQR 27033–270 000 ng/mL) for LR patients, 
60 500 ng/mL (IQR 29800–417 572 ng/mL) for LT ones.

According to PRETEXT staging, the majority of patients pre-
sented with advanced disease. PRETEXT IV tumors were ob-
served in 59.5% of cases, followed by PRETEXT III in 21.4%, 
PRETEXT II in 11.9%, and PRETEXT I in 7.1%. At least one 
VPEFR annotation factor was present in 57.1% of patients.

Metastatic disease at diagnosis was documented in 38.1% of pa-
tients. Lung metastases were the most common presentation, ei-
ther isolated or associated with lymph node involvement. A smaller 
proportion of patients presented with isolated nodal metastases.

Based on the SIOPEL criteria, 10 (23.8%) patients were classified 
SR HB, while 32 (67.2%) were classified as HR HB.

Post-chemotherapy staging was evaluated before surgery. 
Among patients undergoing LR, 11/22 patients had been clas-
sified as PRETEXT IV at diagnosis: 17/22 patients presented 
POST-TEXT II, 4/22 POST-TEXT III, and 1/22 POST-TEXT IV; 
following neoadjuvant chemotherapy, tumor response allowed 
surgical treatment with extended LR and additional wedge 
resections.

Among patients undergoing LT, 5/20 patients were classified as 
POST-TEXT III and 15/20 as POST-TEXT IV.

Baseline, clinical and detailed disease characteristics of the 
overall cohort are summarized in Table 1.

3.2   |   Treatment Strategies and Protocol Deviations

All patients were treated according to contemporary inter-
national protocols active at the time of diagnosis, including 
SIOPEL-3, SIOPEL-4, SIOPEL-6. Treatment allocation reflected 
protocol-based risk stratification. Overall, more than half of 
the cohort received chemotherapy beyond protocol recommen-
dations, either in terms of additional cycles or intensified reg-
imens, with the primary goal of achieving complete surgical 
control of disease.

None of the patients included in the present cohort receive so-
dium thiosulfate.

Importantly, all patients received postoperative chemother-
apy, regardless of completion of the full neoadjuvant sched-
ule, in line with protocol recommendations and institutional 
practice.

Details of treatment protocols and deviations are summarized 
in Table 2.
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3.3   |   Histological Characteristics

Histological subtype was available from diagnostic biopsy in 
21/42 (50%) patients. Among these, 20 tumors showed epithe-
lial HB features, while one patient showed mixed epithelial and 
mesenchymal ones.

The distribution of histological characteristics, after surgery, in 
patients undergoing LR and LT is reported in Table 3. Given the 
limited number of patients within each histological subgroup, 

no statistical analysis of the correlation between histotype and 
outcome was performed.

3.4   |   Surgical Management

Definitive surgical treatment consisted of either liver resection 
or liver transplantation. Patients were analyzed according to the 
initial surgical strategy. Therefore, patients who underwent LT 
after LR remained in the LR group for all analyses.

TABLE 1    |    Baseline demographic and clinical characteristics of the study population.

Demographic and clinical characteristics Resection (n = 22) Transplantation (n = 20)

Male sex, n (%) 15 (68.2) 14 (70.0)

Median age at diagnosis, years (IQR) 1.8 (0.8–3.5) 1.9 (0.7–3.8)

Median follow-up, years (IQR) 1.5 (0.9–5.8) 4.7 (2.2–9.8)

Ethnicity 22 (100.0) 20 (100.0)

Caucasian 21 (95.5) 18 (90.0)

African 0 (0.0) 1 (5.0)

South-American 1 (4.5) 1 (5.0)

Median αFP level, (ng/mL, IQR) 53 000 (27033–270 500) 60 500 (29800–417 572)

PRETEXT stage

PRETEXT I, n (%) 1 (4.5) 0 (0.0)

PRETEXT II, n (%) 2 (9.1) 2 (10.0)

PRETEXT III, n (%) 5 (22.7) 4 (20.0)

PRETEXT IV, n (%) 13 (59.1) 14 (70.0)

VPEFR, n (%) 5 (46.7) 15 (75.0)

Metastasis at diagnosis, n (%) 6 (27.3) 10 (50.0)

Lung metastases 4 (66.7) 9 (90.0)

Lung and lymphnodes metastases 1 (16.6) 1 (10.0)

Lymphnodes metastases 1 (16.6) 0 (0.0)

Abbreviations: αFP, alfa-fetoprotein; IQR, interquartile range, PRETEXT, pre-treatment extent of disease, VPEFR, V = hepatic vein involvement/P = portal vein 
involvement/E = extrahepatic extension/F = multifocality/R = tumor rupture.

TABLE 2    |    Treatment protocols and chemotherapy deviations.

Treatment characteristics N (%) Resection (n = 22) Transplantation (n = 20)

Chemotherapy adaptation, n (%) 27 (64.3) 10 (45.5) 17 (85.0)

Primary definitive surgery, n (%) 40 (95.2) 22 (100.0) 18 (90.0)

Rescue transplantation after relapse, n (%) 2 (4.8) — 2 (10.0)

Reasons for additional chemotherapya

Persistent lung metastases 6 (14.3) 3 (30.0) 3 (17.6)

Unresectable primary tumor 5 (30.9) 5 (50.0) 8 (47.1)

Disease progression 5 (11.9) 1 (10.0) 4 (23.5)

Bridge to surgery 3 (7.1) 1 (10.0) 2 (11.8)

Postoperative chemotherapy administered 42 (100.0) 22 (100.0) 20 (100.0)
aPercentages calculated on patients receiving additional chemotherapy.
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Among twenty-two patients undergoing liver resection, ten 
(45.5%) required additional preoperative chemotherapy beyond 
protocol recommendations. The most frequent reasons for in-
tensification were: persistence of lung metastases (three out 
of ten), persistent unresectability of the liver lesion (five out of 
ten), disease progression during chemotherapy (one out of ten), 
or delayed surgical timing (one out of ten). Despite chemother-
apy prolongation in many cases, 21 (95.5%) LR was performed 
within recommended timing windows and without unexpected 
perioperative complications. One patient underwent LR more 
than 4 weeks after the last pre-operative chemotherapy (after 
31 days) cycle because of infectious complications.

Among 20 patients undergoing primary liver transplanta-
tion, 17 (85.0%) received intensified chemotherapy prior to 
transplantation. The most frequent reasons for intensifica-
tion were: persistence of lung metastases (three of seventeen, 
17.6%), persistent unresectability of the liver lesion (eight of 
seventeen, 47.1%), disease progression during chemotherapy 
(four of seventeen, 23.5%), or bridge to surgery (two of seven-
teen, 11.8%). Two patients underwent rescue liver transplanta-
tion, as second line surgery following hepatic recurrence after 
liver resection.

Despite chemotherapy prolongation in many cases, all trans-
plant procedures were performed within recommended timing 
windows and without unexpected perioperative complications. 
A comprehensive overview of surgical strategies and outcomes 
is reported in Table 2.

3.5   |   Toxicity

Treatment-related toxicity was evaluated at last follow-up 
among surviving patients. Overall, toxicity was manageable and 
did not appear to be substantially increased in patients receiving 
intensified chemotherapy.

Among patients alive at last follow-up ototoxicity was observed 
in nine (21.4%) patients, predominantly mild; moderate and se-
vere ototoxicity were documented in two (22.2%). Nephrotoxicity 
was reported in eight (19.0%) patients, equally distributed be-
tween mild and moderate grades. Only one case showed clini-
cally relevant long-term cardiac toxicity.

Importantly, the incidence of persistent renal or auditory toxicity 
did not differ substantially between resected and transplanted 
patients (p-value 0.823 for nephrotoxicity, 0.064 for ototoxicity, 
and 1 for cardiac toxicity).

No statistically significant differences in treatment-related 
organ toxicities were observed between patients receiving addi-
tional chemotherapy and those who did not.

Specifically, nephrotoxicity occurred in 5/27 patients (18.5%) 
in the group receiving additional chemotherapy and in 3/15 
patients (20.0%) in the group without additional chemotherapy 
(p = 0.743).

Cardiotoxicity was a rare event, occurring in none of the patients 
in the additional chemotherapy group (0/27) and in 1/15 patients 
(6.7%) in the non-additional chemotherapy group (p = 0.357).

Ototoxicity was reported in 3/27 patients (11.1%) receiving addi-
tional chemotherapy and in 2/15 patients (13.3%) not receiving 
additional chemotherapy (p = 0.488).

Treatment-related toxicities are summarized in Table 4.

3.6   |   Relapse Patterns

Disease relapse occurred in nine patients (21.4%). The lung was 
the most frequent site, involved in seven out of nine (77.8%). 
Relapse in the native liver occurred in two out of nine (22.2%), 
while combined relapses involving lung and liver (native or 
transplanted) were observed in two out of nine (22.2%).

Among patients who relapsed, six out of nine (66.7%) died within 
1 year from diagnosis. Two transplanted patients (22.2%) experi-
enced late deaths at 5 years, 3 months and 9 years, 6 months after 
first relapse, following multiple lines of salvage therapy, includ-
ing metastasectomy, high-dose chemotherapy with autologous 
stem cell rescue, and liver retransplantation.

Two patients (22.2%) underwent rescue liver transplantation for 
liver relapse and died of extrahepatic disease recurrence within 
1 year from transplant. In the first patient, hepatic resection was 
performed after a favorable response to chemotherapy, with 

TABLE 3    |    Histopathological characteristics after surgery.

Histological subtypes All patients (n = 42) Resection (n = 22) Transplantation (n = 20)

Epithelial, n (%) 35 (83.3) 17 (77.3) 18 (90.0)

Fetal 3 (17.6) 5 (27.8)

Embryonal — —

Macrotrabecular 3 (17.6) 5 (27.8)

Hepatocarcinoma-like 6 (35.4) 4 (22.2)

Mixed 5 (29.4) 4 (22.2)

Mesenchymal, n (%) — — —

Mixed epithelial and mesenchymal, n (%) 7 (16.7) 5 (22.7) 2 (10.0)
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downstaging from PRETEXT IV to POSTTEXT II. In the sec-
ond patient, initially classified as PRETEXT IV, chemotherapy 
resulted in POSTTEXT IV.

In both cases, recurrence occurred in areas corresponding to 
previous tumor localization. In one patient, histological exam-
ination showed microscopic tumor involvement at the resection 
margin.

3.7   |   Survival Outcomes

At a median time of 4.5 years of follow up (range) there 
were three deaths (15%) in patients transplanted as first line 
and in seven (31.8%) treated with liver resection. Kaplan–
Meier analysis curve showed that Event-free survival 
(EFS) (Figure  1) and overall survival (OS) (Figure  2) were 
comparable between patients undergoing liver resection 
and those undergoing liver transplantation (p = 0.832, log 
rank 0.045).

Among the two patients who underwent rescue LT because of 
intra-hepatic relapse, both died following a second disease re-
lapse after LT: 1/2 developed post-transplant lymph node metas-
tasis, whereas the other experienced lung metastases.

Among the three patients who underwent primary liver trans-
plantation and subsequently died, all deaths were attributable to 
post-transplant lung metastatic disease.

In particular, 1/3 developed lung metastases even if they were 
not present at diagnosis; histopathological examination demon-
strated a predominantly epithelial fetal HB.

The remaining two patients had lung metastases at diagnosis, 
which showed complete radiological response before LT. In both 
cases, histopathological examination revealed predominant fetal-
type HB.

Among seven patients who died after liver resection, 3/7 re-
ceived additional chemotherapy because of persistent lung 
metastases, 1/7 because of progression of the disease during 
treatment, and 2/7 because of intrahepatic relapse during treat-
ment. Only one of the patients who received additional preoper-
ative chemotherapy to reach resectability eventually died.

No statistically significant survival difference was observed be-
tween patients treated with standard chemotherapy and those 
receiving modulated regimens (p = 0.570, Chi-square 0.323).

Survival outcomes are detailed in Table 4.

TABLE 4    |    Outcome and middle-term treatment-related toxicities.

Outcome and treatment 
related-toxicities All patients (n = 42) Resection (n = 22) Transplantation (n = 20)

Overall survival, n (%) 32 (76.2) 15 (68.1) 17 (85.0)

Relapse, n (%) 9 (21.4) 6 (27.3) 3 (15.0)

Site of relapse

Lung 7 (77.8) 4 (66.7) 3 (100.0)

Naïve liver 2 (22.2) 2 (33.3) —

Lung and liver — — —

Lymphnodes 1 (11.1) — 1 (33.3)

Toxicity profile, n (%) 18 (42.8) 7 (31.8) 11 (55.0)

Ototoxicity 9 (21.4) 2 (100.0) 7 (100.0)

Mild 7 (77.8) 2 (100.0) 5 (71.4)

Moderate 1 (11.1) — 1 (14.3)

Severe 1 (11.1) — 1 (14.3)

Nephrotoxicity 8 (19.0) 4 (100.0) 4 (100.0)

Mild 5 (62.5) 3 (75.0) 2 (50.0)

Moderate 3 (37.5) 1 (25.0) 2 (50.0)

Severe — — —

Cardiac Toxicity 1 (2.4) 1 (100.0) —

Mild — — —

Moderate — — —

Severe 1 (100.0) 1 (100.0) —
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4   |   Discussion

In this retrospective single-center study spanning almost two 
decades, we analyzed real-world treatment strategies and out-
comes in a cohort of pediatric patients with hepatoblastoma 
managed in a tertiary referral center with integrated oncologic, 
surgical, and transplant expertise. Our findings confirm that, 
despite well-established international treatment protocols, indi-
vidualized treatment adaptations—particularly chemotherapy 

intensification and flexible surgical timing—are frequently 
required to achieve definitive disease control. Our cohort size 
corresponds to approximately 2.33 cases per year, representing 
about one quarter of the expected annual number of new HB di-
agnoses in Italy [4]. Compared with previously published single-
center studies, this represents the second largest monocentric 
cohort described in the literature [6, 15]. To date, no published 
studies have reported real-world deviations from protocol-
recommended therapy in patients with hepatoblastoma.

FIGURE 1    |    Time to relapse in pediatric patients affected by hepatoblastoma: 4-years event-free survival (EFS) is comparable between liver resec-
tion (LR) patients (81.9%) and liver transplantation (LT) ones (75%).

FIGURE 2    |    Overall survival in pediatric patients affected by hepatoblastoma who underwent either liver resection (LR) or liver transplantation 
(LT) is comparable between LR and LT patients, respectively 68.1% versus 85%.
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The demographic features of our cohort are consistent with pre-
viously published epidemiological data, confirming a marked 
male predominance and a median age at diagnosis below 2 years 
[16–18].

However, compared with the literature, fewer PRETEXT II and 
more PRETEXT IV tumors were observed [19]. The high propor-
tion of patients presenting with advanced PRETEXT stages and 
metastatic disease reflects the referral nature of our institution 
as one of the national pediatric transplant centers. More than 
half of our patients presented with PRETEXT IV disease, and 
over one-third had metastatic involvement at diagnosis. These 
data are slightly higher than those reported in population-based 
studies but comparable to series from specialized centers man-
aging complex and high-risk cases [6]. This relative selection of 
severe cases allowed us to strengthen our message on the need to 
tailor the treatment for high risk hepatoblastoma. The frequent 
presence of VPEFR annotation factors further underlines the 
surgical complexity of this population and supports the need for 
early referral to experienced hepatobiliary units. Remarkably, 
metastatic status did not significantly affect overall survival, 
consistent with published evidence [20–22].

One of the key findings of our study is the high frequency of de-
viations from protocol-defined chemotherapy schedules. More 
than half of the patients received additional or intensified che-
motherapy, most commonly to address persistent metastatic dis-
ease or unresectable primary tumors.

While international protocols such as SIOPEL-3, SIOPEL-4, and 
SIOPEL-6 provide structured treatment frameworks, the new 
PHITT protocol highlights the need for clinical judgment in dif-
ferent scenarios. Remarkably, in the new PHITT protocol, treat-
ment tailoring has the major advantage of reducing the exposure 
to chemotherapy in low risk cases, allowing it to proceed to sur-
gery at an early stage of the treatment schedule [23]. Recently 
Hiyama showed that in low risk patients treated according to 
the PHITT protocol, EFS and OS in upfront surgery and delayed 
surgery are comparable [24].

In this study we focus on treatment tailoring in HR cases with 
complex scenarios, for which published data specifically ad-
dressing the safety and outcomes of chemotherapy addition or 
intensification remain limited.

The prevalence of HR HB in our cohort significantly exceeds the 
distribution reported in current literature [11, 19]. This discrep-
ancy likely reflects a selection bias, as our institution serves as 
a tertiary referral center for the management of complex cases, 
including advanced surgical interventions.

Notably, despite the predominance of HR patients, our overall 
survival is comparable, and the intermediate-term toxicity pro-
file is consistent with established literature data [7–10].

Our experience suggests that such deviations, when driven by 
surgical objectives and closely monitored, can be safely imple-
mented without compromising long-term organ function.

Importantly, additional or intensified chemotherapy in our co-
hort did not translate into a higher incidence of clinically relevant 

long-term renal, auditory, or cardiac toxicity compared with his-
torical series both for resected and transplanted patients [7–9]. 
This observation aligns with emerging evidence that cumulative 
toxicity is influenced not only by total drug exposure but also by 
supportive care, dosing intervals, and patient selection.

Complete surgical removal of the tumor remains the cornerstone 
of hepatoblastoma curative plan. In our cohort, liver resection 
was feasible in slightly more than half of the patients, while liver 
transplantation was required in the remaining cases, primarily 
due to extensive PRETEXT IV disease or vascular involvement. 
Notably, almost half of the patients who ultimately underwent 
liver resection required chemotherapy intensification to achieve 
resectability, thereby avoiding transplantation. This finding 
reinforces the concept that aggressive neoadjuvant strategies, 
when applied in experienced centers, may expand the indica-
tions for liver resection even in advanced disease. Conversely, 
liver transplantation proved to be an effective first-line option 
for patients with unresectable disease, in line with previously 
reported survival outcomes comparable to those achieved with 
liver resection [4, 6].

At last follow-up, 85% of transplanted patients and 68.2% of re-
sected patients were alive and disease-free. Mortality did not 
significantly differ between groups. However, our data also con-
firm the poor prognosis associated with rescue transplantation 
after relapse, particularly in the presence of extrahepatic dis-
ease, as consistently reported in the literature [25].

These findings emphasize the importance not only of appropri-
ate patient selection and timing of transplantation, but also the 
need to refer patients to a center specialized also in pediatric 
hepatobiliary surgery.

Relapse occurred in approximately one-fifth of patients, with 
the lung representing the most frequent site of recurrence. This 
pattern is well described in hepatoblastoma [20, 26] and reflects 
both the biology of the disease and the challenges of achieving 
durable control of metastatic sites.

Despite the availability of aggressive salvage strategies—includ-
ing metastasectomy, high-dose chemotherapy, and stem cell res-
cue [21, 27]—outcomes after relapse remained poor, with most 
patients dying within 1 year of recurrence [28]. This underscores 
the critical importance of achieving complete disease control 
upfront and supports ongoing efforts to refine risk stratification 
and early surgical decision-making.

With regard to end-of-treatment organ toxicity, no statistically 
significant differences were observed between treatment groups.

The retrospective and monocentric nature of this study rep-
resents an inherent limitation, as does the relatively small sample 
size. However, given the rarity of hepatoblastoma, single-center 
experiences from high-volume referral institutions, performing 
both LR and LT, provide valuable insights into complex clinical 
decision-making that may not be fully captured in multicenter 
trials.

Our findings highlight several clinically relevant points. First, 
strict adherence to protocol-defined chemotherapy schedules 
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may not always be feasible or optimal in real-world practice. 
Second, treatment intensification driven by surgical goals can 
be effective and safe in specialized centers. Third, early central-
ization of patients with advanced hepatoblastoma is essential to 
allow multidisciplinary evaluation and access to complex sur-
gical and transplant strategies. These observations are particu-
larly relevant in the context of the PHITT protocol, which aims 
to harmonize international treatment approaches while allow-
ing flexibility based on tumor biology and surgical feasibility. 
Future prospective studies should incorporate real-world data 
to better define acceptable ranges of treatment adaptation and to 
identify patients most likely to benefit from intensified preoper-
ative strategies.

Larger studies, including long-term follow-up and accounting 
for the potential impact of post-transplant immunosuppressive 
therapy, are warranted to better define late toxicity and long-
term outcomes in this patient population.
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