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Abstract
AIM: To report our experience with long-term out-
comes after multimodal management therapy.

METHODS: An observational retrospective study was 
performed containing seven patients with hepatoblas-
toma (Hbl) treated in our institution, a tertiary referral 
center, from 2003 to 2011. Demographic, preopera-
tive, surgical, and outcome variables were collected. A 
survival analysis and a review of the current literature 
related to combination neoadjuvant chemotherapy and 
surgical resection on Hbl were performed.

RESULTS: The median age at surgery was 14.4 mo, 
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with a male to female ratio of 4:3. Pretext staging at 
diagnosis was as follows: stage Ⅰ, 4 cases; stage Ⅱ, 
2 patients; and stage Ⅲ, 1 case. Mean pretreatment 
tumor volume was 735 cm3. Five out of seven patients 
received neoadjuvant chemotherapy according to SIO-
PEL-3 or SIOPEL-6 protocols. Tumor volume and alpha-
fetoprotein levels significantly dropped after neoadju-
vant therapy. Surgical procedures performed included 
hemihepatectomies, segmentectomies and atypical 
resection. All patients received chemotherapy after sur-
gery. Median postoperative hospital stay was 8 d. All 
patients were alive and disease-free after a median fol-
low-up period of 23 mo. With regards to the literature 
review, seventeen articles were found that were related 
to our search.

CONCLUSION: Our series shows how multimodal 
management of Hbl, exhaustive control and a meticu-
lous surgical approach leads to almost 100% complete 
resection with optimal postoperative results. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Complete surgical resection is the cornerstone 
of treatment for hepatoblastoma (Hbl), but less than 
40% of patients have resectable disease at diagnosis. 
Our experience with long-term outcomes after mul-
timodal management therapy and a review of the 
literature are reported. An observational retrospective 
study was performed, including seven patients with 
Hbl treated in our institution, a tertiary referral center, 
from 2003 to 2011. Our series shows how multimodal 
management of Hbl, exhaustive control and a meticu-
lous surgical approach leads to almost 100% complete 



ing (MRI), all patients were assigned a PRETEXT (pre-
treatment extent of  disease) stage, with four groups of  
patients identified as PRETEXT Ⅰ-Ⅳ, both at diagnosis 
and after preoperative chemotherapy, according to the 
classification proposed by the Liver Tumors Strategy 
Group (SIOPEL) for their SIOPEL-1 study[11]. Standard 
follow-up was based on serial AFP levels every three 
months for the first year and every six months for the 
next ten years. MRI every six months was our protocoled 
imaging technique for the immediate 5 years after surgery.

Demographic (age, gender, and weight); preoperative 
[initial presentation, alpha-fetoprotein (αFP) levels, loca-
tion and volume of  the tumor, method of  diagnosis, tu-
mor spread at diagnosis, and preoperative chemotherapy]; 
surgical (procedure performed, tumor characteristics, 
histology, margins, and vascular invasions); and outcome 
(complications of  treatment, length of  hospital stay, re-
currence, and overall and disease-free survival) variables 
were collected. 

A review of  the literature was carried out to identify 
all series that reported hepatoblastomas treated with a 
combination of  neoadjuvant chemotherapy and surgical 
resection. The Cochrane Database of  Systematic Reviews, 
the Cochrane Central Register of  Controlled Trials, and 
MEDLINE databases were searched using the keywords 
(preoperative chemotherapy OR neoadjuvant treatment 
OR locally advanced) AND (hepatoblastoma) to identify 
studies published up to September 2012. Free text words 
were used instead of  MeSH terms to avoid missing recent 
articles that had not yet been given a MeSH label. Two in-
vestigators independently performed the literature search. 
Electronic links to related articles and references of  se-
lected articles were hand-searched as well. The search was 
not restricted to any language, but only studies published 
in English were taken into account.

Statistical analysis
Data were expressed as median and range. Independent 
and paired non-parametric tests were used for baseline 
comparisons. SPSS software 14.0 was used for statistical 
analysis. 

RESULTS
Descriptive results
Seven children with Hbl were referred to our hospital 
between 2003 and 2012. The male to female ratio was 4:3. 
The median age at surgery was 14.4 mo (range, 3-31 mo). 
Golabi-Behmel syndrome (congenital syndrome X-linked 
with an increased risk of  embryonal cancer)[12] was as-
sociated in a male patient, but none of  the patients were 
preterm. Median weight of  the patients prior to the sur-
gery was 9.26 kg (range, 4.8-13.5 kg). The most common 
symptom found was a palpable abdominal mass (85%). 
The median αFP level at diagnosis was 141.7 ng/mL 
(range, 379-483756 ng/mL). Thrombocytosis was found 
in 71.4% of  cases. PRETEXT staging at diagnosis was as 
follows: Stage Ⅰ, 4 patients; Stage Ⅱ, 2 cases; and Stage 
Ⅲ, 1 patient. There were no metastases at diagnosis. An 

Ayllon Teran D et al . Neoadjuvancy and surgery on locally advanced hepatoblastomas

10138 August 7, 2014|Volume 20|Issue 29|WJG|www.wjgnet.com

resection with optimal postoperative results. 
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INTRODUCTION
Hepatic neoplasms represent 1% of  childhood malignant 
tumors[1]. Hepatoblastoma (Hbl) is the most frequent 
tumor type, accounting for almost two-thirds of  primary 
malignant liver tumors in children, with an overall inci-
dence of  1.5 cases per million population[2,3]. Two thirds 
of  these tumors occur in the first 2 years of  life[4].

Most children with Hbl present with an enlarging 
abdominal mass, and in 70% of  cases are in an advanced 
stage at diagnosis[2]. Complete surgical resection is the 
cornerstone of  treatment[5]; however less than 40% of  
patients have resectable disease at diagnosis due to local 
invasion, caval infiltration, or distant metastases[6]. In the 
early 1970s, some studies reported the response of  Hbl 
to chemotherapy. The International Society of  Pediatric 
Oncology (SIOP) was a pioneer in the concept of  neo-
adjuvant chemotherapy for the management of  hepato-
blastoma[7,8]. Using neoadjuvant chemotherapy, 28% of  
patients may be down-staged, complete macroscopic re-
section may be achieved in 87%-91% of  cases, and mor-
bidity and mortality rates have decreased to 18% and 5%, 
respectively[5,9]. Chemotherapy is used to reduce tumor 
size in lesions that appear unresectable at diagnosis and 
to control residual microscopic disease after definitive 
resection[9]. Orthotopic liver transplantation (OLT) is an 
effective therapy for selected malignancies in childhood, 
such as multifocal Hbl without extrahepatic disease, 
type-2 hemangioendotheliomas, and hepatocellular carci-
noma with tumors < 5 cm without vascular invasion[10]. 

Despite its effectiveness, isolated surgical resections 
may not be enough to control disease spread. Moreover, 
locally advanced Hbl may require extensive liver resec-
tions that may lead to increased postoperative morbidity 
and mortality. Few series have reported the efficacy of  
neoadjuvant chemotherapy and surgical resection for 
Hbl. We therefore report our experience with long-term 
outcomes of  Hbl after multimodal management therapy. 

MATERIALS AND METHODS
All patients diagnosed with Hbl and treated at our insti-
tution, a tertiary referral center, between 2003 and 2011 
were included in this observational retrospective analysis. 
According to imaging techniques, such as computerized 
tomography (CT) scan or magnetic resonance imag-
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ment strategy including only high-risk Hbl patients: tu-
mor in all liver sections, vascular invasion, extrahepatic 
extension, metastatic disease or αFP less than 100 ng/mL 
at diagnosis. 

In addition, the results of  an English institution with 
54 patients of  all stages were reported by Towu et al[16] in 
2004. Hishiki et al[17] published the results of  185 patients 
in a Japan centre in 2011, as well. Additionally, we have 
considered two studies that regard only patients with ad-
vanced stages: Katzenstein et al[18] include thirty three pa-
tients with stage Ⅲ (unresectable or nodal involvement) 
and Ⅳ Hbl (metastatic disease), and Lautz et al[19] who 
include fourteen patients underwent resection for POST-
TEXT Ⅳ or centrally located POST-TEXT Ⅲ after neo-
adjuvant chemotherapy. 

Statistical analysis
All patients are alive after a median follow-up period 
of  23 mo (range, 18-111 mo). The median disease-free 
survival is 23 mo (range, 6-111 mo). One patient devel-
oped distant metastases in the middle right lobe lung six 
months later that required a pulmonary atypical resection; 
after 18-mo follow-up the patient is free of  disease. The 
remaining 6 cases have no evidence of  recurrence or a 

neoadjuvant chemotherapy and surgical resection, as well 
as those reporting locally-advanced hepatoblastomas 
(stage post-TEST Ⅲ or Ⅳ). Seven studies were included 
(Table 2). 

Pritchard et al[8] published in 2000 the first interna-
tional study (SIOPEL-1), applying preoperative chemo-
therapy (PLADO: cisplatin plus doxorubicin) and delayed 
surgery. However, the prognosis with advanced stages 
remained unsatisfactory. To improve the survival of  these 
patients, the SIOPEL group intensified the chemother-
apy in their subsequent studies. Thus, in the SIOPEL-2 
study the patients were classified in two groups: one for 
patients with Hbl confined to the liver and involving 
no more than three hepatic sectors (standard-risk Hbl) 
treated with cisplatin alone every 14 d; and one for those 
with Hbl extending into all four sectors and/or with lung 
metastases or intra-abdominal extra hepatic spread (high-
risk Hbl) treated with cisplatin alternating every 14 d with 
carboplatin and doxorubicin. In 2004, Perilongo et al[14] 
published their results in which, despite chemotherapy 
intensification, only half  of  the high-risk Hbl patients 
were long-term survivors. Later, the SIOPEL-3 study[15] 
showed an improved survival in this group of  patients. 
This study was designed to test the efficacy of  this treat-
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Figure 1  Changes after neoadjuvant chemotherapy. A: Computerized tomography: Down-staging effect of neoadjuvant chemotherapy; B: Tumor volume at diagno-
sis and before surgery; C: AFP level at diagnosis and before surgery. 
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Unfortunately, although results have improved, com-
plete resection rates are still between 60%-75% and free-
of-disease survival rates between 65%-80%. In our series, 
surgical outcomes and hospital stay are in accordance 
with the literature. The experience of  an active pediatric 
liver transplant program would surely be helpful for this 
multidisciplinary approach and for getting optimal surgi-
cal resections. 

Our results support the key role of  neoadjuvant che-
motherapy when the tumor appears in advanced stages 
and a complete resection at initial diagnosis is unlikely to 
occur. In addition, preoperative chemotherapy has led 
to an increase in surgical resection rates, allowing more 
limited hepatectomies and decreasing the rate of  post-
operative complications. Postoperative chemotherapy 
shows also good results, thereby avoiding reoperation for 
positive resection margins. Multidisciplinary management 
of  Hbl is mandatory, as the childhood population is espe-
cially susceptible for complications during surgical proce-
dure. The combination of  chemotherapeutic regimes and 
surgical techniques has shown to be the best treatment 
option, and has led to improved free-of-disease rates and 
long-term survival. 
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multidisciplinary treatment for Hbl in the last few decades, there are fewer stud-
ies concerning Hbl in its advanced stages and the prognosis for such cases 
remained unsatisfactory until recently. Three international studies conducted 
by the SIOP published their results applying preoperative chemotherapy in 
progressive stages. Their survival outcomes showed an improvement along 
the sequential studies, especially with regards to high-risk Hbl. Unfortunately, 
despite improving results, complete resection rates cannot be always achieved. 
The current report contains a series of cases, including advanced stages of Hbl, 
with very good surgical and survival outcomes.
Applications
The results support the key role of multidisciplinary therapy, such as neoadju-
vant chemotherapy in unresectable tumors upfront, complete surgical resection, 
and postoperative chemotherapy.
Terminology
Cisplatin is a chemotherapy drug. It was the first member of a class of platinum-
containing anti-cancer drugs, which now also includes carboplatin and oxali-
platin. Doxorubicin is an antineoplastic chemotherapy drug that is a standard 
component in treating many types of tumors.
Peer review
This is an interesting study in which the authors reported the experience of a 

single center in the management of Hbl over ten years with a multimodal man-
agement therapy. The results are in accordance with the literature and suggest 
that it is the best option for improving the prognosis of Hbl.

REFERENCES
1 Ishak KG, Glunz PR. Hepatoblastoma and hepatocarci-

noma in infancy and childhood. Report of 47 cases. Cancer 
1967; 20: 396-422 [PMID: 4290059 DOI: 10.1002/1097-0142(1
967)20]

2 Herzog CE, Andrassy RJ, Eftekhari F. Childhood cancers: 
hepatoblastoma. Oncologist 2000; 5: 445-453 [PMID: 11110595 
DOI: 10.1634/theoncologist.5-6-445]

3 Reyes JD, Carr B, Dvorchik I, Kocoshis S, Jaffe R, Gerber D, 
Mazariegos GV, Bueno J, Selby R. Liver transplantation and 
chemotherapy for hepatoblastoma and hepatocellular can-
cer in childhood and adolescence. J Pediatr 2000; 136: 795-804 
[PMID: 10839879 DOI: 10.1016/S0022-3476(00)44469-0]

4 Ross JA. Hepatoblastoma and birth weight: too little, too big, 
or just right? J Pediatr 1997; 130: 516-517 [PMID: 9108845]

5 Schnater JM, Aronson DC, Plaschkes J, Perilongo G, Brown 
J, Otte JB, Brugieres L, Czauderna P, MacKinlay G, Vos A. 
Surgical view of the treatment of patients with hepatoblas-
toma: results from the first prospective trial of the Inter-
national Society of Pediatric Oncology Liver Tumor Study 
Group. Cancer 2002; 94: 1111-1120 [PMID: 11920482 DOI: 
10.1002/cncr.10282]

6 Shukla PJ, Barreto SG, Qureshi SS, Hawaldar R, Shrikhande 
SV, Ramadwar MR, Banavali S. Hepatoblastoma: a single 
institutional experience of 18 cases. Pediatr Surg Int 2008; 24: 
799-802 [PMID: 18458915 DOI: 10.1007/s00383-008-2169-x]

7 von Schweinitz D, Byrd DJ, Hecker H, Weinel P, Bode U, 
Bürger D, Erttmann R, Harms D, Mildenberger H. Efficiency 
and toxicity of ifosfamide, cisplatin and doxorubicin in the 
treatment of childhood hepatoblastoma. Study Committee 
of the Cooperative Paediatric Liver Tumour Study HB89 of 
the German Society for Paediatric Oncology and Haematol-
ogy. Eur J Cancer 1997; 33: 1243-1249 [PMID: 9301450 DOI: 
10.1016/S0959-8049(97)00095-6]

8 Pritchard J, Brown J, Shafford E, Perilongo G, Brock P, 
Dicks-Mireaux C, Keeling J, Phillips A, Vos A, Plaschkes J. 
Cisplatin, doxorubicin, and delayed surgery for childhood 
hepatoblastoma: a successful approach--results of the first 
prospective study of the International Society of Pediatric 
Oncology. J Clin Oncol 2000; 18: 3819-3828 [PMID: 11078495]

9 Tsay PK, Lai JY, Yang CP, Hung IJ, Hsueh C, Tsai MH, Jaing 
TH. Treatment outcomes for hepatoblastoma: experience of 35 
cases at a single institution. J Formos Med Assoc 2011; 110: 322-325 
[PMID: 21621153 DOI: 10.1016/S0929-6646(11)60048-X]

10 Malek MM, Shah SR, Atri P, Paredes JL, DiCicco LA, Sin-
dhi R, Soltys KA, Mazariegos GV, Kane TD. Review of out-
comes of primary liver cancers in children: our institutional 
experience with resection and transplantation. Surgery 2010; 
148: 778-782; discussion 782-784 [PMID: 20728194 DOI: 
10.1016/j.surg.2010.07.021]

11 Perilongo G, Shafford E, Plaschkes J. SIOPEL trials using pre-
operative chemotherapy in hepatoblastoma. Lancet Oncol 2000; 1: 
94-100 [PMID: 11905674 DOI: 10.1016/S1470-2045(00)00018-8]

12 DeBaun MR, Ess J, Saunders S. Simpson Golabi Behmel 
syndrome: progress toward understanding the molecular 
basis for overgrowth, malformation, and cancer predisposi-
tion. Mol Genet Metab 2001; 72: 279-286 [PMID: 11286501 
DOI: 10.1006/mgme.2001.3150]

13 Otte JB. Progress in the surgical treatment of malignant 
liver tumors in children. Cancer Treat Rev 2010; 36: 360-371 
[PMID: 20227190 DOI: 10.1016/j.ctrv.2010.02.013]

14 Perilongo G, Shafford E, Maibach R, Aronson D, Brugières 
L, Brock P, Childs M, Czauderna P, MacKinlay G, Otte JB, 
Pritchard J, Rondelli R, Scopinaro M, Staalman C, Plaschkes 

10142 August 7, 2014|Volume 20|Issue 29|WJG|www.wjgnet.com

Ayllon Teran D et al . Neoadjuvancy and surgery on locally advanced hepatoblastomas

 COMMENTS



J. Risk-adapted treatment for childhood hepatoblastoma. 
final report of the second study of the International Society 
of Paediatric Oncology--SIOPEL 2. Eur J Cancer 2004; 40: 
411-421 [PMID: 14746860 DOI: 10.1016/j.ejca.2003.06.003]

15 Zsíros J, Maibach R, Shafford E, Brugieres L, Brock P, Cza-
uderna P, Roebuck D, Childs M, Zimmermann A, Laithier 
V, Otte JB, de Camargo B, MacKinlay G, Scopinaro M, Ar-
onson D, Plaschkes J, Perilongo G. Successful treatment of 
childhood high-risk hepatoblastoma with dose-intensive 
multiagent chemotherapy and surgery: final results of the 
SIOPEL-3HR study. J Clin Oncol 2010; 28: 2584-2590 [PMID: 
20406943 DOI: 10.1200/JCO.2009.22.4857]

16 Towu E, Kiely E, Pierro A, Spitz L. Outcome and compli-
cations after resection of hepatoblastoma. J Pediatr Surg 
2004; 39: 199-202; discussion 199-202 [PMID: 14966740 DOI: 
10.1016/j.jpedsurg.2003.10.013]

17 Hishiki T, Matsunaga T, Sasaki F, Yano M, Ida K, Horie 
H, Kondo S, Watanabe K, Oue T, Tajiri T, Kamimatsuse A, 
Ohnuma N, Hiyama E. Outcome of hepatoblastomas treated 
using the Japanese Study Group for Pediatric Liver Tumor 
(JPLT) protocol-2: report from the JPLT. Pediatr Surg Int 2011; 
27: 1-8 [PMID: 20922397 DOI: 10.1007/s00383-010-2708-0]

18 Katzenstein HM, Krailo MD, Malogolowkin MH, Ortega 
JA, Liu-Mares W, Douglass EC, Feusner JH, Reynolds M, 
Quinn JJ, Newman K, Finegold MJ, Haas JE, Sensel MG, 
Castleberry RP, Bowman LC. Hepatocellular carcinoma in 
children and adolescents: results from the Pediatric Oncol-
ogy Group and the Children’s Cancer Group intergroup 

study. J Clin Oncol 2002; 20: 2789-2797 [PMID: 12065555 
DOI: 10.1200/JCO.2002.06.155]

19 Lautz TB, Ben-Ami T, Tantemsapya N, Gosiengfiao Y, 
Superina RA. Successful nontransplant resection of POST-
TEXT III and IV hepatoblastoma. Cancer 2011; 117: 1976-1983 
[PMID: 21509775 DOI: 10.1002/cncr.25722]

20 Cyriac S, Seshadri RA, Warrier A, Sagar TG. Hepatoblas-
toma: Analysis of treatment outcome from a tertiary care 
center. J Indian Assoc Pediatr Surg 2011; 16: 11-14 [PMID: 
21430841 DOI: 10.4103/0971-9261.74514]

21 Rana AN, Qidwai A, Pritchard J, Ashraf MS. Successful 
treatment of multifocal unresectable hepatoblastoma with 
chemotherapy only. Pediatr Hematol Oncol 2006; 23: 153-158 
[PMID: 16651244 DOI: 10.1080/08880010500457566]

22 Hermann RE, Lonsdale D. Chemotherapy, radiotherapy, 
and hepatic lobectomy for hepatoblastoma in an infant: re-
port of a survival. Surgery 1970; 68: 383-388 [PMID: 4317928]

23 Ninane J, Perilongo G, Stalens JP, Guglielmi M, Otte JB, Man-
cini A. Effectiveness and toxicity of cisplatin and doxorubicin 
(PLADO) in childhood hepatoblastoma and hepatocellular 
carcinoma: a SIOP pilot study. Med Pediatr Oncol 1991; 19: 
199-203 [PMID: 1850817 DOI: 10.1002/mpo.2950190310]

24 Brown J, Perilongo G, Shafford E, Keeling J, Pritchard J, Brock 
P, Dicks-Mireaux C, Phillips A, Vos A, Plaschkes J. Pretreat-
ment prognostic factors for children with hepatoblastoma-- 
results from the International Society of Paediatric Oncology 
(SIOP) study SIOPEL 1. Eur J Cancer 2000; 36: 1418-1425 
[PMID: 10899656 DOI: 10.1016/S0959-8049(00)00074-5]

P- Reviewer: Dziri C, Wang JG    S- Editor: Qi Y    
L- Editor: Rutherford A    E- Editor: Ma S

10143 August 7, 2014|Volume 20|Issue 29|WJG|www.wjgnet.com

Ayllon Teran D et al . Neoadjuvancy and surgery on locally advanced hepatoblastomas



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

2  9


