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A B S T R A C T

Purpose
The primary objective was to determine the efficacy of a newly designed preoperative chemo-
therapy regimen in an attempt to improve the cure rate of children with high-risk hepatoblastoma.

Patients and Methods
High risk was defined as follows: tumor in all liver sections (ie, Pretreatment Extension IV
[PRETEXT-IV]), or vascular invasion (portal vein [P�], three hepatic veins [V�]), or intra-abdominal
extrahepatic extension (E�), or metastatic disease, or �-fetoprotein less than 100 ng/mL at
diagnosis. Patients were treated with alternating cycles of cisplatin and carboplatin plus doxoru-
bicin (preoperatively, n � 7; postoperatively, n � 3) and delayed tumor resection.

Results
Of the 151 patients (150 evaluable for response) 118 (78.7%) achieved a partial response to
chemotherapy. Complete resection of the liver tumor could be achieved in 115 patients (76.2%) either
by partial hepatectomy (55.6%) or by liver transplantation (20.6%). In 106 children (70.2%), complete
resection of all tumor lesions (including metastases) was achieved. Among the patients with initial lung
metastases, 52.2% achieved complete remission of the lung lesions with chemotherapy alone. In half
of the patients with initial PRETEXT-IV tumor as the only high-risk feature, the tumor could be
completely resected with partial hepatectomy. Event-free (EFS) and overall survival (OS) estimates at
3 years were 65% (95% CI, 57% to 73%) and 69% (95% CI, 62% to 77%) for the whole group.
EFS and OS for all patients with PRETEXT-IV tumor were 68% and 69%, respectively, and they
were 56% and 62%, respectively, for patients with metastasis.

Conclusion
The applied treatment rendered a great proportion of tumors resectable, and, in comparison with
previously published results, led to an improved survival in patients with high-risk hepatoblastoma.

J Clin Oncol 28. © 2010 by American Society of Clinical Oncology

INTRODUCTION

The first International Childhood Liver Tumours
Strategy Group (SIOPEL) study, applying preoper-
ative chemotherapy (PLADO; cisplatin plus doxo-
rubicin) and delayed surgery to all patients,
resulted in a 5-year overall survival (OS) of 75%
and event-free survival (EFS) of 66%.1 However,
similarly to other studies,2-9 the prognosis of pa-
tients with tumor involving all four liver sections
or metastasis remained unsatisfactory (5-year EFS,
46% and 28%, respectively1).

To improve the survival of patients with bad
prognosis, the SIOPEL group decided to intensify
chemotherapy in the subsequent studies. Carbopla-

tin, a platinum derivative with different activity and
toxicity profile than cisplatin, had previously shown
significant clinical activity in patients with advanced
and relapsed hepatoblastoma and, therefore, was
chosen to add to the PLADO backbone.10,11 In the
new scheme, alternating cycles of cisplatin and
carboplatin plus doxorubicin were given every 14
days, in contrast to the PLADO regimen, which was
given every 21 days. In addition, total hepatectomy
with orthotopic liver transplantation (OLT) was
recommended for patients whose primary tumors
remained unresectable after chemotherapy.12-15

The feasibility of the new approach was tested
in a pilot study (SIOPEL-2HR).16 The SIOPEL-
3HR trial was then launched to study the efficacy
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of this treatment strategy in an international, multicenter, prospec-
tive, clinical trial.

PATIENTS AND METHODS

Patients

Children younger than 16 years with untreated high-risk hepatoblas-
toma were eligible. High risk was defined as follows: tumor involving all four
hepatic sections (Pretreatment Extension [PRETEXT] -IV), or presence of
distant metastases (M�), or tumor extension into the vena cava or all three
hepatic veins (V�), or tumor extension into the main and/or both branches of
the portal vein (P�), or biopsy-proven extrahepatic intra-abdominal disease
(E�). During the study, clinical data became available that strongly suggested
a poor prognosis for patients with initial low serum �-fetoprotein (AFP; � 100
ng/mL) or with tumor rupture at presentation.17 For this reason, both criteria
were added to the initial eligibility criteria (from February 2000 and October
2004, respectively).

Biopsy of the primary tumor was mandatory in children younger than 6
months, older than 3 years, or with normal serum AFP. Tumor extension was
assessed by computed tomography (CT) or magnetic resonance imaging
(MRI) for the abdomen and by x-ray and CT for the intrathoracic
lesions.18Tumor stage was established with the PRETEXT system, which is
based on findings at diagnostic imaging.1,19 All pulmonary lesions docu-
mented on the chest x-ray or CT scan that—regarding size, localization, and
aspect—could not be easily interpreted by the radiologist as a nonmalignant
lesion were considered metastatic. Central radiologic review was not per-
formed routinely, but a rapid review (RRR) at diagnosis was available and was
recommended in difficult cases (Data Supplement, online only). Central re-
view of the histopathology slides derived from tumor biopsy and resection
material was required.

The study was approved by the institutional review boards. Informed
consent was obtained from patients and/or parents.

Treatment

Patients were initially treated with alternating cycles of cisplatin and the
combination of carboplatin plus doxorubicin according to Figure 1. For chem-
otherapy details and modification guidelines, see Data Supplement (online
only). After seven cycles, tumor resectability was assessed; if deemed feasible,
complete resection was performed, followed by the remaining three cycles. If
the tumor was deemed unresectable, patients were treated with another three
cycles followed by, if was feasible, complete tumor resection. For patients
whose primary tumors remained unresectable, total hepatectomy with liver
transplantation had to be considered at this point. Regardless of the time point
of surgery, a maximum of 10 cycles were given. No additional therapy was
recommended for microscopic residual disease after liver surgery. In patients
who had metastatic disease, residual lesions after preoperative chemotherapy
were removed surgically, when feasible. The use of granulocyte colony-
stimulating factor (G-CSF) and dexrazoxane was allowed.

Evaluation of Response

Response was evaluated by AFP (weekly) and imaging (after cycles 2, 4,
and 7; Data Supplement, online only). Formal assessment of response to

chemotherapy was performed with AFP and adequate imaging (CT or MRI)
after seven cycles. The following definitions were used: complete response
(CR) was no evidence of disease and normal AFP; partial response (PR) was
any tumor volume shrinkage associated with a decreasing AFP (� 1 log less
than the original value); stable disease (SD) was no tumor volume change and
no change or less than 1 log decrease of AFP; and progressive disease (PD) was
unequivocal increase in one or more dimensions of the tumor and/or any
unequivocal increase of the AFP concentration (three successive weekly deter-
minations). The patient’s overall response status was given by the worst re-
sponse for primary tumor and metastases. Tumor resectability was evaluated
after seven (in case of unresectability, also after 10) cycles on the basis of
appropriate imaging results.

Toxicity of Treatment

Laboratory studies were repeated before each cycle. Glomerular fil-
tration rate, audiogram, and echocardiogram were performed before start-
ing treatment, before surgery, and at the end of therapy (Data Supplement,
online only). Toxicity was graded according to National Cancer Institute
Common Toxicity Criteria version 2.0. Ototoxicity was graded according to
the Brock criteria.20

Statistical Methods

SIOPEL-3HR was a prospective, single-arm study to investigate the effi-
cacy of the applied treatment strategy. The study was designed to enroll at least
90 patients over 5 years, with the final patient observed for at least 3 years.
Primary outcomes were overall response rate (RR) to chemotherapy and
complete surgical resection rate. Secondary outcomes were overall survival
(OS) and event-free survival (EFS).

The Kaplan-Meier method was used to derive the survival curves. The
95% CIs were calculated by using the Greenwood formula for survival esti-
mates and by using the exact binomial distribution for rates. All statistical
evaluations were done with SAS version 9.1 (SAS Institute, Cary, NC).

Outcome Definitions

In the response analysis, only patients who received preoperative chem-
otherapy were included. Overall complete surgical resection was defined as
resection of all tumor sites on the basis of surgical findings. In the analysis of
resection rate, all patients were included irrespective of whether they received
chemotherapy or not and whether surgery was attempted or not. Complete
remission was defined as no evidence of disease on imaging and normal AFP.
OS was defined as the time interval between the date of diagnosis and the date
of death (as a result of any cause) or the date of the last follow-up. EFS was
defined as the time interval from the date of diagnosis to the date of progres-
sion, the date of relapse, the date of death, or the date of the last follow-up,
whichever occurred first.

RESULTS

Patients

Between June 1998 and December 2004,164 patients were en-
rolled from 22 countries. Three patients were ineligible because of
wrong risk allocation (n � 2) or lack of informed consent (n � 1). Ten
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Fig 1. Treatment strategy of the Inter-
national Childhood Liver Tumours Strat-
egy Group 3HR trial. CDDP, cisplatin 80
mg/m2 intravenously (IV) over 24 hours;
CARBO, carboplatin 500 mg/m2 IV over
1 hour; DOXO, doxorubicin 60 mg/m2 IV
over 48 hours.
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patients were excluded from the analysis because of complete lack of
documentation (n � 2), primary surgery (n � 2), or major protocol
(ie, chemotherapy) violation (n�6). The clinical characteristics of the
remaining 151 patients are listed in Table 1. RRR was done in 12
patients. Tumor biopsy was undertaken in 113 patients. Central pa-
thology review was performed in 79 patients, and it confirmed the
initial diagnosis in 78. In one patient, malignant rhabdoid tumor was
revealed (and was included in the analysis). One child died as a result
of biopsy complications without treatment. In 46.6% of the patients
with pulmonary metastasis, the lesion was only visible on CT.

One hundred fifty patients were treated with preoperative chem-
otherapy. Dose reduction was performed in 18.7% of the patients and
in 5.0% of the cycles, mainly because of hematologic toxicity (Data
Supplement, online only). One hundred three patients received post-
operative chemotherapy (median, three cycles). Twenty-three pa-
tients who underwent OLT received post-transplantation cycles
(range, 1 to 4 cycles; median, 2 cycles).

Response to Chemotherapy

One hundred eighteen patients (78.7%) had an overall partial
response (95% CI, 71.2% to 84.9%). Ten children had stable disease,
one could not be properly assessed because of emergency surgery, and
13 experienced progression; in eight patients, response could not be
assessed because of early death (n � 6) or insufficient data (n � 2). Of
the 69 patients with initial lung metastases who were treated with
preoperative chemotherapy, 36 (52.2%) achieved CR, 13 achieved PR,
and two achieved SD of the lung lesions with chemotherapy alone.

Seven patients experienced progression of the metastases during pre-
operative chemotherapy. In 11 patients, response was not evaluable.

Surgical Results

One hundred fifteen patients had a complete resection of the liver
tumor either by partial hepatectomy (n � 84) or by primary OLT
(n � 31), resulting in a complete liver resection rate of 76.2% (95% CI,
68.6% to 82.7%). This included 11 patients with microscopic residual
in the liver. In six patients, resection was macroscopically incomplete;
disease in two patients remained unresectable; and 20 patients had no
surgery because of progression or death during preoperative chemo-
therapy. Four children died as a result of surgical complications (one
after OLT). In four patients, resection was inadequately documented.
Complete resection of all tumor lesions (including metastases) was
achieved in 106 patients (70.2%; 95% CI, 62.2% to 77.4%). Liver
surgery was performed after four to 10 (for OLT, five to 10) cycles
(median, 7 cycles).

Of the 15 patients with incomplete response of the lung metasta-
sis, the liver tumor was completely excised in 12 patients. In three
patients, the lung lesions were also completely resected.

Of the 74 patients with initial PRETEXT-IV tumor, the tumor
could be resected with partial hepatectomy in 31 patients. Twenty-six
patients underwent OLT, which resulted in a complete liver tumor
resection rate of 77.0% for this group.

In the 11 patients with microscopic residual disease, surgery
was done after four to 10 cycles (median, seven cycles). In 10
patients, this was followed by two to four postoperative cycles
(median, three cycles).

Survival

The median follow-up for surviving patients was 54 months. At
the last follow-up, 53 patients had an event: disease progression during
(n � 13) or after (n � 17) preoperative chemotherapy, relapse
(n � 15), or death as a result of other reasons (n � 8). Forty-seven
patients died: 26 as a result of tumor progression, 13 as a result of
relapse, eight as a result of other reasons (surgical complications,
n � 4; tumor rupture, n � 2; treatment toxicity and biopsy complica-
tions, n � 1 each). Six patients with events (progression and relapse,
n � 3 each) were alive at last follow-up; five patients had no evidence
of disease, and one had progressive disease.

The Kaplan-Meier estimates of 3-year EFS and OS for the whole
group were 65% (95% CI, 57% to 73%) and 69% (95% CI, 62% to
77%; Fig 2). The EFS and OS rates of patients who achieved complete
resection were 83% (95% CI, 76% to 90%) and 87% (95% CI, 81% to
94%). Survival of patients with PRETEXT-IV tumor or metastasis is
shown in Table 2.

In 31 of the 36 metastatic patients who achieved CR in their lungs,
the liver tumor was completely resected with either partial hepatec-
tomy (n � 26) or OLT (n � 5). Two of the 26 experienced relapse in
the lung but were alive. Of the five patients with OLT, four had a lung
relapse and died.

Outcome of the 15 patients with incomplete response of the lung
lesions is as follows: all three patients with completely resected liver
tumor and metastases are alive with no evidence of disease; of the nine
patients with excised liver tumor but nonresected lung residuals, four
experienced a relapse (all in the lungs), and three died. All three
patients without surgical resection of the primary tumor died.

Table 1. Demographic and Clinical Characteristics of the 151 Patients
at Presentation

Characteristic

Patients

No. %

Age, years
Median 21 months
Range 1 day-15.4 years
0 to � 1 35 23.2
1 to � 3 80 53.0
� 3 36 23.8

Sex
Female 61 40.4
Male 90 59.6

AFP, ng/mL
Median 183,950
Range 1-10,980,000
� 100 12 8.0

PRETEXT category
I 1 0.7
II 21 13.9
III 55 36.4
IV 74 49.0

Vascular invasion or intra-abdominal
extra-hepatic disease (V� and/or
P � and/or E�) 70 46.4

Presence of distant metastasis (M�) 70 46.4
Tumor rupture at diagnosis 0 0

Abbreviations: AFP, �-fetoprotein; PRETEXT, Pretreatment Extension;
V�,P�, vascular invasion (three hepatic veins or portal vein, respectively); E�,
intra-abdominal extrahepatic extension; M�, distant metastasis.

SIOPEL-3HR: Successful Treatment of High-Risk Hepatoblastoma
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To better appreciate the specific impact of the different high-
risk features on outcome, results were also calculated for four
distinct subpopulations: patients with PRETEXT-IV tumor alone,
with vascular invasion/intra-abdominal extension alone, with

metastatic disease irrespective of extent of primary tumor, and
with low AFP (Table 3).

Eight of the 31 patients with OLT experienced relapse and died.
The 3-year EFS and OS rates for patients who underwent transplanta-
tion were 74% and 75%, respectively. Among the 23 patients with
post-transplantation chemotherapy, five experienced relapse and
died. Two patients (of the 151 total patients) with microscopic resid-
ual experienced relapse and died.

Toxicity

Chemotherapy-related acute toxicity is listed in Table 4. One
patient died as a result of neutropenic infection with multiorgan
failure after the fourth cycle. Long-term toxicity will be the subject of a
separate analysis.

DISCUSSION

To increase the efficacy of chemotherapy in this regimen, a new drug
(ie, carboplatin) was added to the previous backbone, and chemother-
apy cycles were administered in a rapidly alternating sequence. In
comparison with SIOPEL-1 (PLADO), this resulted in an increased
dose density of the platinum derivatives (every 14 days v every 21
days), whereas the total cumulative dose (TCD) of cisplatin and doxo-
rubicin was slightly decreased (Data Supplement, online only). The
SIOPEL-2HR (pilot) study used the same cycles as SIOPEL-3HR but
were administered, for practical reasons, in a different order.

As for the whole group, the response rate and the overall com-
plete resection rate achieved in this trial consolidate the good results of
the SIOPEL-2HR pilot study (RR, 78%; resection rate 67% and
achieved in 58 patients).16 The survival compares favorably to the
outcome in the pilot study (3-year PFS rate and standard deviation,
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Fig 2. Kaplan-Meier estimates of (A) event-free survival and (B) overall survival.

Table 2. Survival Results of the SIOPEL-3HR Study Compared With the Results of Recent Cooperative Group Studies

Cooperative Study by
Patient Group Stage Included

No. of
Patients

Follow-Up
(years)

EFS/PFS OS

Time
(years) % SD 95% CI

Time
(years) % SD 95% CI

Patients with distant
metastasis at
diagnosis

SIOPEL-3HR M� 70 4.5 3 56 44 to 68 3 62 50 to 73
SIOPEL-11 M� 31 5.0 5 28 12 to 44 5 57 39 to 75
SIOPEL-2HR16 M� 25 3.0 — 3 44
INT-00985 IV 40 5.7 5 25 7 5 37 8
POG-934510 IV 11 6.2 5 27 16 5 27 16
HB946 IV 14 Alive (n � 3)
HB9923 IIIHR (n � 3),

IV (n � 6)
9 — — Alive NED (n � 6);

alive WED (n � 1);
died (n � 2)

JPLT-124 IV 20 6.3 3 38.6 6 32.4
Patients with PRETEXT-IV

tumor at diagnosis
SIOPEL-3HR P IV (includes M�) 74 4.5 3 68 57 to 78 3 69 59 to 80
SIOPEL-3HR P IV (no M�) 52 4.5 3 75 64 to 86 3 76 64 to 88
SIOPEL-11 P IV (includes M�) 39 5.0 5 46 31 to 62 5 57 41 to 73
SIOPEL-2HR16 P IV (no M�) 21 3.0 — 3 61

Abbreviations: EFS, event-free survival; PFS, progression-free survival; OS, overall survival; SD, standard deviation; SIOPEL, International Childhood Liver Tumours
Strategy Group; M�, distant metastasis; P IV, PRETEXT-IV tumor; NED, no evidence of disease; IIIHR, stage III high risk; WED, with evidence of disease.
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48% � 13%; OS, 53% � 13%).16 On the basis of the assumption that
cisplatin is the most effective drug in hepatoblastoma, the higher TCD
of cisplatin used in SIOPEL-3HR (400 mg/m2 v 320 mg/m2) may
partly account for the difference.

The applied treatment strategy demonstrated high efficacy in
patients with metastatic disease. In half of the children, the lung le-
sion(s) disappeared with chemotherapy alone, and another 20%
achieved partial response of the metastases. Complete resection of all
tumor lesions was achieved in more than half of the patients with
initial metastasis, leading to an improved (event-free) survival of this
group when compared with previous SIOPEL studies16,21,22 (Table 2).
With regard to SIOPEL-1, this improvement (EFS from 28% to 56%)

might be related to the higher dose-intensity of the chemotherapy
regimen. Although one might also speculate that the improved imag-
ing techniques in the current study could lead to a higher proportion
of children with small lung lesions, the ratio of children whose metas-
tases were detectable only on CT (46.1%) remained similar to that in
SIOPEL-1 (41.9%), making this argument unlikely.

The achievement of CR in the lungs with chemotherapy only in
combination with a complete resection of the primary tumor by
partial hepatectomy seems to guarantee a favorable survival (only two
of these 26 children relapsed and none of them died). In contrast,
patients who underwent OLT with CR in the lungs after preoperative
chemotherapy had a high-risk of pulmonary relapse (four of the five
patients died of lung relapse). Postoperative chemotherapy does not
seem to decrease the risk of relapse in these patients (three of the four
who relapsed received postoperative treatment according to proto-
col). This finding underlines the necessity of a careful individual
decision regarding OLT in each patient with initial lung metastasis
and warrants further studies to define the role of OLT in meta-
static patients.

The presented data emphasize the role of surgical resection of
residual lesions in the lung after preoperative chemotherapy. All three
patients with complete surgical resection of both the primary tumor
and the metastatic residuals are cured, whereas four of the nine pa-
tients with excised liver tumor and nonresected lung residuals experi-
enced a lung relapse (and three died). In our data, there were no
apparent differences in clinical or pathologic features between the four
children who experienced relapse and those who did not, making
prediction of prognosis impossible.

Patients with initial PRETEXT-IV (ie, radiologically unresect-
able) tumor also seem to benefit of the new treatment strategy. In half
of them, the liver tumor was rendered resectable with chemotherapy,
making a partial hepatectomy possible. In a significant proportion of
the remaining patients, OLT proved to be a curative treatment option
(3-year EFS and OS of all patients who underwent transplantation,
74% and 75%, respectively). Our data support the previous observa-
tion that microscopic residual after definitive surgery of the liver does
not render a bad prognosis (3-year OS, 82%).

Table 3. Outcome of Patients According to High-Risk Features

High-Risk Feature
No. of

Patients

Overall
Response

Complete Resection

3-Year EFS
(%)

3-Year OS
(%)

PH OLT

No. % No. % No. %

PRETEXT-IV only� 49 46 94 24 49 19 39 75 77
Distant metastasis† 66 46 70 30 45 6 9 57 63
V� or P� or E� only‡ 24 20 83 17 71 5 21 83 92
AFP � 100 ng/mL§ 12 6 50 4 33 1 8 33 33
Total 151 118 78 75 50 31 21 65 69

95% CI 71 to 85 41 to 58 14 to 28 57 to 73 62 to 77

NOTE. One patient who died as a result of biopsy complications was excluded from response rate calculation.
Abbreviations: EFS, event-free survival; OS, overall survival; PH, complete resection by partial hepatectomy � resection of lung metastases; OLT, orthotopic liver

transplantation � resection of lung metastases; PRETEXT, Pretreatment Extension; V�, vascular invasion into three hepatic veins; P�, vascular invasion into portal
vein; E�, intra-abdominal extrahepatic extension; AFP, �-fetoprotein.

�Patients with metastasis or AFP � 100 ng/mL were excluded.
†Patients with low serum AFP were excluded.
‡Patients with PRETEXT-IV tumor or metastasis or AFP � 100 ng/mL were excluded.
§All patients with AFP � 100 ng/mL regardless of tumor extension.

Table 4. Chemotherapy-Related Toxicity During Treatment

Toxicity During Therapy

No. of Patients for
Whom Information

Is Available

Toxicity
Observed

% of
Patients

% of
Cycles

Febrile neutropenia grades 3 to 4 150 76.5 19.8
Infection grades 3 to 4 150 51.7 10.6
Anemia or thrombocytopenia

requiring transfusion 150 88.7 40.0
Stomatitis grades 3 to 4 150 8.7 1.6
GFR nadir, mL/min/1.73m2 109 —

60-79 19.3 —
� 60 13.8 —

Magnesium nadir less than
normal range 123 59.4 —

Left ventricular shortening
fraction nadir � 28% 104 2.9 —

Maximum hearing loss according
to Brock7 86 —

Grade 1 5.8 —
Grade 2 4.7 —
Grade 3 1.2 —
Grade 4 0.0 —

NOTE. Toxicity grades according to National Cancer Institute Common
Toxicity Critera, version 2.0.

Abbreviation: GFR, glomerular filtration rate.
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The prognosis of patients with AFP less than 100 ng/mL remains
poor. This might be partly related to undifferentiated tumor histology,
as suggested earlier17 and as demonstrated in three of 12 patients in
this study. In the remaining nine patients, no distinctive clinical or
pathologic features were found that could explain the bad prognosis
(Data Supplement, online only).

The results in Table 3 show that the different high-risk features
have different impact on treatment outcome, leading to a strongly
varying prognosis among the subgroups: 3-year OS ranging from 33%
for patients with low AFP to 92% for patients with vascular/intra-
abdominal extension only. These results reflect likely the biologic and
clinical differences between the subgroups and emphasize the need of
a more individualized treatment within the high-risk group.

Because of major differences between the staging systems applied
by the different study groups, reliable comparison of our data with
other (inter)national studies is only possible for patients with meta-
static disease (ie, stage IV). Despite the different treatment approaches,
the studies published so far show a poor outcome for these patients
(Table 2).

In both North American trials (ie, INT-0098 using cisplatin/
vincristine/fluorouracil or cisplatin/doxorubicin and POG-9345 uti-
lizing carboplatin/fluorouracil/vincristine followed by high-dose
cisplatin/etoposide as salvage), 5-year EFS was approximately 25%.5,10

In the German HB-94 study (ifosfamide/cisplatin/doxorubicin fol-
lowed by carboplatin/etoposide), only three (21%) of 14 patients were
alive at the time of analysis.6 Preliminary results of the HB99 (two
cycles of carboplatin/etoposide followed by high-dose chemotherapy)
does not suggest an improved outcome either.23 The Japanese study,
using cisplatin/4'-o-tetrahydro-pyranyladriamycin-adriamycin (THP-
adriamycin) chemotherapy, reported a 3-year EFS of 38.6%.24

In the recent Intergroup study (INT-9645), the alternating ad-
ministration of carboplatin and cisplatin to patients with stages III
to IV hepatoblastoma resulted in an increased risk of failure com-
pared with the standard treatment (cisplatin/fluorouracil/vincristine):
1-year EFS was 37% versus 57%.25 It was concluded that intensified
platinum therapy is an ineffective strategy for improving outcome in
pediatric patients with advanced hepatoblastoma. Our results demon-
strate, however, that alternating administration (every 14 days sched-
ule) of two platinum derivatives with different toxicity profile, in
combination with doxorubicin, is efficacious in the treatment of un-
resectable/metastatic hepatoblastoma. The major difference between
the INT-9645 and SIOPEL-3HR regimens is the use of doxorubicin in
the SIOPEL study, which may account for the higher efficacy.

The acute toxicity observed in this study is acceptable and is
comparable with previous SIOPEL trials. A longer follow-up is re-
quired to fully appreciate the impact of chemotherapy on the quality
of life of the long-term survivors. Given that the TCD of both cisplatin
and doxorubicin are lower in this trial than in SIOPEL-1, it is reason-
able to expect that the level of long-term cardiotoxicity and nephro-
toxicity will decrease.

The results of this study represent an improvement in the cure of
children with advanced/high-risk hepatoblastoma. We believe that
both the use of dose-intensive chemotherapy and the recommenda-
tion of aggressive surgery (including OLT) have contributed to the
better results. The SIOPEL group is currently investigating the efficacy
of a regimen with high cisplatin dose-intensity in high-risk patients
and the efficacy of irinotecan in patients with recurrent disease. These
approaches might be part of future therapeutic strategies against ad-
vanced hepatoblastoma.
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Appendix

Rapid Radiology Review

Rapid radiology review was provided by the study radiologist to assist local centers in cases when interpretation of the diagnostic
imaging posed difficulties. It was available for all centers, but it was not mandatory for the inclusion of patients. The result of the rapid
central review was discussed with the local radiologist, and the final result was achieved in agreement. This final result was used in the trial.
Rapid radiology review was required and performed for 12 patients.

Chemotherapy Details

Patients were treated with alternating cycles of cisplatin (on days 1, 29, 57, and 85 preoperatively, and day 15 postoperatively) and the
combination of carboplatin plus doxorubicin (on days 15, 43, and 71 preoperatively, and days 1 and 29, postoperatively). Cisplatin was
administered at a dosage of 80 mg/m2 intravenously (IV) over 24 hours followed by IV hydration. Carboplatin was given at 500 mg/m2 IV
over 1 hour, followed by doxorubicin 60 mg/m2 over 48 hours.

Toxicity Monitoring

For chemotherapy toxicity monitoring, the following assessments were made: Laboratory tests (including full blood cell count, liver
and renal function tests, electrolytes, Mg2�/Ca2�, urine creatinine, and electrolytes) were done at diagnosis, before starting each cycle, and
at the end of treatment. Glomerular filtration rate (as measured by chromium-51–EDTA clearance), audiogram (pure tone in children
older than age 3 years, or free field or otoacoustic emissions) and 2-dimensional derived echocardiogram with measurement of shortening
fraction was to be performed at diagnosis, before surgery, at the end of chemotherapy, and yearly after end of chemotherapy.

Requirements and Dose Modifications for Chemotherapy

Before starting chemotherapy, absolute neutrophil and platelet counts of � 1.0 and � 100.0 � 106/L, respectively, were required for
the carboplatin-plus-doxorubicin cycles. If a delay of more than a week was required, the dose was to be reduced by 25% in the subsequent
course. In case of renal dysfunction, the dose of carboplatin was to be calculated according to the modified Calvert formula as proposed
by Newell et al (J Clin Oncol 11:2314-2323, 1993), to achieve an area under the curve of 6.25 mg/mL/min. Cisplatin was to be administered
regardless of the peripheral-blood cell count. In cases of severe reduction in glomerular filtration rate (� 60 mL/min/1.73 m2),
discontinuation or reduction of the dose of cisplatin was recommended.

Use of Granulocyte Colony-Stimulating Factor

For the use of granulocyte colony-stimulating factor (G-CSF), the following guideline was given in the protocol: “Consider using
G-CSF if the first course of carboplatin plus doxorubicin has been complicated by severe and protracted neutropenia (regardless of the
occurrence of fever) that delayed the institution of the subsequent course of carboplatin plus doxorubicin. G-CSF is administered
subcutaneously at the dosage of 5 g/kg 24 hours after the administration of cisplatin; it should be administered until the absolute
neutrophil count is greater than 500/mm3 for at least two consecutive days. G-CSF must be stopped 48 hours before the next dose of
carboplatin plus doxorubicin is given.” Data on G-CSF administration were not collected.

Use of Dexrazoxrane and Dose Reduction

Because of the different availability and policies regarding the use of dexrazoxane (Zinecard; Pfizer, New York, NY; or Cardioxane;
Novartis Pharmaceuticals Ltd, Surrey, United Kingdom) in the different countries, the decision on the administration of this drug was left
to the local physician. Data on dexrazoxane administration were not collected.

Dose reduction was performed in the study as follows in 18.7% of patients (28 of 150 patients) and in 5.0% of cycles (64 of 1,278
cycles). The doses of cisplatin, doxorubicin, and carboplatin were reduced 12, 39, and 40 times, respectively.

Response Monitoring

Serum �-fetoprotein was monitored weekly during treatment and two to three times monthly after therapy for 2 years. Abdominal
ultrasound was repeated after cycles 2, 4, and 7, and chest x-ray was repeated after cycles 4 and 7, to monitor tumor response.
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Table A1. Total Cumulative Dose of the Used Drugs in the Three SIOPEL Trials

Drug

Dose by Trial (mg/m2)

SIOPEL-1 SIOPEL-2HR SIOPEL-3HR

Cisplatin 480 320 400
Carboplatin — 3,000 2,500
Doxorubicin 360 360 300

Abbreviation: SIOPEL, International Childhood Liver Tumours Strategy Group.

Table A2. Clinical Characteristics of the Patients With Low Serum AFP at Diagnosis

Histology
No. of

Patients
Median Age

(months) M� M- P IV P II/III

SCUD 3 9.4 2 1 1 2
Other 9 17.3 2 7 3 6
Total 12 11.4 4 8 4 8

NOTE. Low serum AFP defined as � 100 ng/mL.
Abbreviations: AFP, �-fetoprotein; M�, distant metastasis; M-, without distant metastasis; P IV, PRETEXT-IV tumor; P II/III, PRETEXT-II or -III tumor; SCUD,

small-cell undifferentiated hepatoblastoma.

Table A3. Response Details of Patients With Low Serum AFP at Diagnosis

Patient Group
No. of

Patients

Overall Response

Complete Resection 3-Year EFS 3-Year OS

PH OLT

No. % No. %No. % Type No. % No. %

All 12 6 50 4 33 1 8 33 33
SCUD 3 SD (n � 1), PD (n � 2) 1 0 0� 0†
Other 9 PR (n � 6), PD (n � 3) 3 1 4� 4†

NOTE. Low serum AFP defined as � 100 ng/mL.
Abbreviations: AFP, �-fetoprotein; EFS, event-free survival; OS, overall surviva; PH, partial hepatectomy; OLT, orthotopic liver transplantation; SCUD, small-cell

undifferentiated hepatoblastoma; SD, stable disease; PD, progressive disease; PR, partial response.
�Event free.
†Alive.
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