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Abstract

Background: The Children’s Oncology Group (COG) adopted cisplatin/5FU/vincristine (C5V) 

as standard therapy after legacy study INT-0098 showed statistically equivalent survival, but 

less toxicity, when compared to cisplatin/doxorubicin (CD). Subsequent experience demonstrated 

doxorubicin to be effective in patients with recurrent disease after C5V, suggesting that it could be 

incorporated to intensify therapy for patients with advanced disease.

Methods: In this COG non-randomized, phase 3 trial, we aimed to primarily explore the 

feasibility and toxicity of the novel therapeutic C5VD regimen with the addition of doxorubicin 

to C5V for patients considered to be intermediate-risk (IR). Patients were eligible if they had 

unresectable, non-metastatic disease. Patients with a complete resection at diagnosis with local 

pathologic evidence of small cell undifferentiated histology were also eligible for assessment of 

feasibility.

Results: 102 evaluable patients enrolled between September 14, 2009 and March 12, 2012. 

Delivery of C5VD was feasible and tolerable with a mean percentage of the target dose of cisplatin 

delivered (96%, 95%CI: 94-97%), 5-FU (96%, 95%CI: 94-97%), doxorubicin (95%, 95%CI: 

93-97%) and vincristine (90%, 95%CI: 87-93%). Toxicity was within expectations with death as 

a first event in one patient. The most common adverse events were febrile neutropenia (n=55, 

54%), infection (n=48, 47%), mucositis (n=31, 30%), hypokalemia (n=39, 38%) and elevated 

aspartate aminotransferase (n= 28, 27%). Five-year event-free and overall-survival for the 93 

patients who did not have complete resection at diagnosis was 88% (95%CI:79-93%) and 95% 

(95%CI:87-98%) respectively.

Conclusions: The addition of doxorubicin to the previous standard regimen of C5V was 

feasible, tolerable, and efficacious suggesting C5VD as a good regimen for future clinical trials.

PRECIS:

The addition of doxorubicin to our previous standard regimen of C5V is a feasible, tolerable, 

and efficacious novel treatment regimen (C5VD). This regimen is a reasonable option for future 

clinical trials, especially those including patients with unresectable disease at diagnosis.

Keywords

hepatoblastoma; cisplatin; doxorubicin; toxicity; pediatric liver tumor; pediatric liver transplant; 
PRETEXT

Introduction

Hepatoblastoma (HB) is the most common malignant liver tumor in children and typically 

presents in the first few years of life.1,2 Surgical resection of the primary tumor is the 

foundation of curative therapy but only about one third of newly diagnosed children have 

conventionally resectable tumors at diagnosis.3,4 Historically, approximately two-thirds of 

such tumors are amenable to conventional resection following several cycles of neoadjuvant 

chemotherapy.5,6
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Over the last two decades, advances in both surgical techniques and chemotherapeutics, 

including the use of cisplatin (C) and doxorubicin (D), have resulted in increased survival 

for children with HB.1-4 However, these most active drugs are dose limited due to renal, 

auditory, and cardiac toxicities.7,8 5-flououracil (5), vincristine (V), carboplatin, ifosfamide, 

and etoposide have also been used in various combinations with modest improvements in 

outcomes.2 Cisplatin/5-flourouracil/vincristine (C5V) has been the standard regimen used in 

the North American cooperative group/Children’s Oncology Group (COG) protocols while 

the International Childhood Liver Tumors Strategy Group (SIOPEL) has routinely included 

cisplatin in combination with doxorubicin (PLADO).4,8 Successive trials from these groups 

as well as the Japanese Liver Tumor Group (JPLT) and the German Society for Pediatric 

Oncology (GPOH) have tried to optimize use of these agents to maximize tumor response, 

increase resection rates, and improve survival9-11 but since disease stratification and risk 

classification used in each trial have varied, no regimen has been shown to be clearly 

superior.

The Pediatric Intergroup Study INT-0098 randomized patients to receive treatment with 

4-8 cycles of either C5V or CD to compare the efficacy of these two regimens.12 

Tumor progression accounted for 86% of the events among patients treated with C5V, 

but only 50% for those treated with CD. Even though tumor responses to CD were 

superior, this arm was associated with a higher percentage of drug-associated cardiac 

toxicities and there was no statistical difference in outcome. Thus, COG adopted treatment 

with C5V as the standard.13,14 The SIOPEL4 high risk (HR) study of dose compressed 

cisplatin plus doxorubicin had significant toxicity but did show improved surgical resection 

rates compared to SIOPEL 3HR; both included subgroups of “intermediate-risk” patients 

included in this paper.15,16 Despite all of the advances in chemotherapy, surgical techniques, 

and imaging, a cohort of patients can only be rendered free of primary disease with the use 

of orthotopic liver transplantation (OLT).

The AHEP0731 protocol included a specific primary aim to test the feasibility and 

tolerability of the addition of doxorubicin to the standard C5V regimen for the neoadjuvant 

treatment of patients with initially unresectable, non-metastatic, intermediate-risk HB. 

Secondary objectives included assessment of efficacy including improved resection rates 

and outcomes for patients unresectable at diagnosis.

Methods

Study Design and Participants:

The AHEP0731 trial was designed to test a risk-based treatment approach for children with 

HB, to diminish toxicity in low-risk patients,17 to assess regimen feasibility and outcomes 

in intermediate-risk patients, and to identify new agents that could be used in high-risk 

patients.18,19 Eligible patients were assigned on the basis of Evans surgical stage, tumor 

histology, and serum alpha-fetoprotein (AFP) levels at diagnosis to one of four different risk 

treatment categories.

Patients with newly diagnosed, previously untreated unresectable, non-metastatic Evans 

stage III HB or stage I or II resected HB with SCU histology as determined by the 
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institutional pathologist were stratified at enrollment as intermediate-risk and were eligible 

for this study stratum (see protocol in the Appendix). Eligible patients were younger than 

21 years of age at the time of enrollment, had not received previous chemotherapy or other 

tumor directed therapy, had normal bone marrow, kidney, liver, and cardiac function and had 

at least 50% Karnofsky (patients > 16 years) or Lansky (patients < 16 years) performance 

status and an AFP level (> 100 ng/ml).

The National Cancer Institute, the Pediatric Central IRB, and the institutional review 

boards of the participating institutions approved the protocol. Written informed consent was 

obtained for all patients prior to treatment according to Department of Health and Human 

Services guidelines.

Procedures

Staging: Patients were staged for risk classification using COG staging guidelines prior to 

the initiation of chemotherapy. Modified PRETreatment EXTent of disease (PRETEXT) 

grouping was also performed at diagnosis by institution for treatment purposes (See 

Supplemental File 1).

Chemotherapy: Patients were to receive 6 cycles of C5VD: cisplatin (100 mg/m2/dose 

or 3.3 mg/kg/dose for < 10 kg) intravenously over 6 hours on day 1; doxorubicin (30 

mg/m2/dose or 1 mg/kg/dose for < 10 kg) intravenously over 15 minutes on days 1 and 

2; 5-fluorouracil (600 mg/m2/dose or 20 mg/kg/dose for < 10 kg) intravenous push on day 

2; and vincristine (1.5 mg/m2/day, maximum dose 2 mg, or 0.05 mg/kg/day) intravenous 

push on days 2, 9, and 16. Dexrazoxane (300 mg/m2/dose or 10 mg/kg/dose for patients 

less than 10 kg), intravenous push was given prior to doxorubicin during the last two cycles 

of C5VD when the cumulative dose was > 300 mg/m2. All cycles were intended to last 21 

days. The use of granulocyte colony stimulating factor was not mandated. Dose reductions 

and modifications were allowed per protocol (Appendix).

Toxicity: The individual occurrences of toxicities were graded according to National 

Cancer Institute Common Toxicity criteria v3/4 guidelines. All eligible patients contributed 

to this analysis. Toxicities of grade 3 or higher were tabulated for each reporting period, 

where a reporting period represented 2 cycles of chemotherapy. The number of patients with 

any grade 3 or higher toxicity during protocol therapy was also calculated.

Surgery: Study patients could have resection of the primary tumor at any point after the 

start of chemotherapy, either by partial liver resection or by total hepatectomy followed by 

OLT. The protocol defined the optimal time for surgical resection between chemotherapy 

cycles 4 and 5 but this timeline was not protocol mandated. Patients were removed from 

protocol chemotherapy, but remained on study if: 1) the primary tumor was not resected 

following 4 cycles of chemotherapy; 2) the patient was unable to resume post resection 

chemotherapy within 42 days following resection.

Pathology: If local pathologic review determined the presence of SCU components 

in a patient without metastatic disease than the patient was eligible for the intermediate-
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risk strata. Central pathologic review was to be performed for all biopsied and resected 

specimens to assess tumor histology.

Evaluation of Response: Baseline physical exams, organ function, AFP levels, and 

imaging studies (including a CT or MRI of the abdomen, ultrasound of the liver, and CT of 

the chest) were performed prior to initiating therapy. Repeat imaging studies (CT or MRI of 

the abdomen) were performed after two and four cycles of C5VD. AFP levels were to be 

obtained prior to beginning each cycle.

All eligible patients were considered in the assessment of overall response to therapy. For 

the purpose of this study, a complete response (CR) was considered to be the resolution of 

all lesions according to institutional evaluation and a normal AFP level. A partial response 

(PR) was considered as either: 1) a ≥ 30% decrease according to RECIST criteria; or 2) 

a serum AFP level concentration decline of ≥ 90% (≥ 1 log10) in the absence of disease 

progression. Any patient who had her or his primary liver tumor completely resected prior 

to disease progression or death was considered a complete responder (CR) with respect 

to measurable disease at that time without the need for a subsequent scan per protocol 

guidelines criteria. All patients considered for biochemical overall response evaluation had 

an AFP at the end of chemotherapy. If, at any time after the start of chemotherapy, the 

patient’s serum AFP was considered within normal limits the patient was considered an 

AFP complete responder (AFP-CR). If a patient did not achieve AFP-CR, but serum AFP 

declined by at least 90% (≥ 1 log10) compared with the “initial’ AFP level, the patient was 

considered per protocol as an AFP partial responder on the first date this was confirmed.

Statistical Design and Analysis:

Feasibility of Delivery of C5VD: The primary measure of feasibility was the rate of 

death as a first analytic event. All patients who received at least one dose of the C5VD 

regimen were considered evaluable for this endpoint. Any patient who died on protocol 

therapy or within 30 days of the termination of protocol therapy of a cause considered 

possibly, probably, or likely related to systemic chemotherapy (and not disease itself) was 

to be considered to have experienced an on-protocol-therapy death. Target accrual for the 

trial was 99 eligible patients. If five or fewer of the 99 patients experienced death as a 

first analytic event, the regimen will be considered feasible for further development. If the 

regimen is associated with a death-event rate of 3%, the regimen would be considered 

feasible with probability 0.92. If the regimen is associated with a death-event rate of 

10%, the regimen would be considered not feasible with probability 0.94. The design 

accommodated enrollment of up to 109 patients to account for possible ineligible patients.

Since the addition of doxorubicin to C5V could affect the delivery of all the agents in 

the combination, the study characterized the amount of each agent that could be delivered 

during the first four cycles of therapy (see Supplemental File 1).

Survival: Event-free survival (EFS) was measured from the time of patient enrollment until 

the last follow-up or an analytic event was observed, whichever occurred first. Analytic 

events for this cohort were: (1) progression of disease or occurrence of disease at new 

sites; (2) treatment failure defined as the presence of disease after planned chemotherapy; 
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(3) death from any cause prior to disease progression; or (4) diagnosis of a second 

malignancy.20 Overall survival (OS) was defined from the time of enrollment until death 

from any cause or last follow-up, whichever came first. Median follow-up was calculated 

according to the KM-PF method of Schemper and Smith.21 The proportion of patients who 

were event-free or alive as a function of time since enrollment was estimated using the 

method of Kaplan and Meier (Supplemental File 1).22

This trial is registered with ClinicalTrials.gov, number NCT00980460 and is now 

permanently closed to accrual.

Results

A total of 105 patients were enrolled on study between September 14, 2009 and March 12, 

2012. Outcome current to February 10, 2020 was used in this analysis. Three patients were 

deemed ineligible for the study: one did not meet organ function requirements, one was 

identified on central review to have a different diagnosis, and one had metastatic disease 

at diagnosis leaving 102 patients for this primary feasibility analysis (Figure 1). Of the 

remaining patients, the median age at enrollment was 16 months (range: 0-189 months) 

(Table 1). There were 59 male and 43 female eligible patients and the median AFP at 

diagnosis was 184,715 ng/ml (range: 363 - 3,380,000 ng/ml).

Toxicity:

Febrile neutropenia (54%), infections (47%), hypokalemia (38%) and other electrolyte 

abnormalities, and mucositis (30%) were the most common grade 3, 4 or 5 toxicities as 

expected (Table 2). Targeted therapeutic toxicities of ototoxicity (18%), cardiac toxicity 

(5%) and motor or sensory neuropathy (6%) also demonstrated tolerance of therapy. 

Interestingly, transaminitis was noted more commonly during cycles 3 and 4 when the 

majority of surgeries occurred. There was no mandated reporting of grade 1-2 events.

Delivery of chemotherapy

Delivery of C5VD was possible with a mean percentage of the target dose of cisplatin 

delivered during cycles 1-4 of 96% (95% CI: 94-97%), 5-FU of 96% (95% CI: 94-97%), 

doxorubicin of 95% (95% CI: 93-97%) and vincristine of 90% (95% CI: 87-93%).

Response:

101 eligible patients were evaluable for best overall response to therapy, 92 (91%) 

demonstrated a complete response, another 7 (7%) as a partial response and 2 (2%) had 

stable disease. One patient was lost to followup and was not fully evaluable.

Outcome:

For the 93 patients who did not have complete resection at diagnosis, five-year EFS was 

88% (95% confidence interval-CI: 79-93%) while five-year OS was 95% (95% CI: 87-98%) 

(Figure 2). The median potential follow-up time for EFS was 97 months; the 25th and 

75th percentiles for potential follow-up were 86 months and 102 months. There was no 

significant difference in risk for an event according to patient sex or age.
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A total of ten patients have had disease relapse at the time of study analysis. The sites of 

recurrence were pulmonary (n = 4), liver (n= 3), combined pulmonary and liver recurrence 

(n=2) and nodal (n=1). Two patients have had secondary malignancies and only one patient 

experienced death as a first analytic event at 4 months after the start of protocol therapy. 

According to protocol criteria, the regimen is considered to be feasible to administer to the 

target population.

PRETEXT Group and Surgery:

PRETEXT groups at diagnosis were I (n=3), II (n=31), III (n=54), and IV (n=14). Ninety-

two patients had an upfront biopsy, nine had a primary resection (PRETEXT I=3, PRETEXT 

II=5, PRETEXT III=1), and one patient was deemed too sick for an initial biopsy. Following 

chemotherapy, a total of 65 patients were able to undergo a partial liver resection. Thirty-

three additional patients underwent complete liver resection and OLT. Therefore, a total of 

98 patients (96%) had a resection performed. Three patients who underwent OLT could not 

resume protocol therapy within 42 days of surgery, and nine patients did not have surgery 

following cycle 4 all while awaiting transplant. Operative procedures performed included: 

right lobectomy (n=29 [44%]), left lobectomy (n=14 [21%]), right trisegmentectomy (n=9 

[14%]), non-anatomic wedge resection (n=5 [8%]), left lateral segmentectomy (n=5 [8%], 

and mesohepatectomy (n=3 [5%]).

Pathology:

Twenty-one patients were noted to have SCU on central review at diagnosis ranging from 

1-25% of the overall tumor, 4 have recurred and three are dead of disease. SCU histology 

was not predictive of the risk for an event with a detailed description to be reported 

elsewhere.

Discussion

The AHEP0731 trial accomplished the primary objective and demonstrates that C5VD is a 

feasible and tolerable regimen for patients with non-metastatic or resected SCU histology 

HB. Toxicities were within the scope of expectations, and chemotherapy could be delivered 

as intended in the vast majority of patients. Specifically, enrolled patients experienced low 

rates of cardiac toxicity.23 The impact of the use of dexroxazane during the last two C5VD 

cycles is difficult to discern and this trial was not designed nor does it shed light on its 

use in future studies. The routine use of dexroxazane should be considered for use in future 

trials for all doses depending on the planned cumulative dosing. EFS of 88% at 5 years is 

excellent for patients with unresectable, non-metastatic disease at diagnosis.

This patient cohort experienced favorable secondary outcomes of response rates, surgical 

resection rates, and outcomes. Differences in risk-stratification and disease classification 

make comparison to other trials difficult. When evaluating treatment regimens such 

as C5VD for patients with unresectable disease, the question remains as to whether 

improvements observed here are more a result of enhanced chemotherapeutic efficacy or 

increased resection rates. In reality, it is difficult to determine this for any regimen and is 

likely due in part to both.
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INT-0098 demonstrated the impact of doxorubicin on outcome as tumor progression 

accounted for 86% of the events among patients treated with C5V, but only 50% of the 

events for those treated with CD.12 However, the history of COG protocols demonstrates 

that there is a substantial subgroup of patients who can be resected and cured without 

doxorubicin using C5V alone.1 The SIOPEL 3 results using cisplatin monotherapy for 

standard-risk patients supports this as well.24 Ultimately, the contribution of 5-flourouracil 

and vincristine to the efficacy of North American HB treatment regimens has been debated 

but toxicities related to these agents are relatively mild with >90% of intended chemotherapy 

being delivered in the majority of patients. Modifications of vincristine were seen most 

commonly. However, this is very much consistent with modifications observed in trials of 

other solid tumors such as rhabdomyosarcoma and Wilms tumor which also use weekly 

vincristine as administered here. This does support efforts to determine the true contribution 

of vincristine to HB therapy.

International cooperative group trials have focused on the use of cisplatin and doxorubicin 

but have used various doses and durations of infusion for both drugs.4,8,11 For safety 

reasons, the COG has adopted standard dosing for doxorubicin to be given over 15 

minutes unless there is clear evidence that a different infusion schema, and specifically 

continuous infusion, is of proven benefit. The administration of doxorubicin in the majority 

of previous HB trials has been by continuous infusion.1,8 However, there are no data 

that establish continuous infusion doxorubicin as more efficacious or safer than bolus 

administration. Prolonged administration of doxorubicin requires hospitalization and results 

in more mucositis and myelosuppression. Additionally, there is no documented evidence that 

continuous infusion doxorubicin results in diminished cardiac toxicity.25 The doxorubicin 

dosing given over 15 minutes in this study was well tolerated. In addition, the 95% drug 

DOX drug delivery, feasibility, and high CR/PR rates and excellent outcomes in this trial 

suggest that the shorter infusion time is a reasonable strategy although this may need to be 

further evaluated in a randomized trial.

C5VD was a feasible and well tolerated regimen and resulted in excellent outcomes. The 

data here suggest that this is a regimen that should continue to be explored in future trials 

because of the favorable resection rates, survival, and toxicity profile.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
AHEP-0731 Intermediate Risk Stratum CONSORT Diagram
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Figure 2. 
Event-Free and Overall Survival of Patients with Unresectable non-Metastatic 

Hepatoblastoma
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Table 1.

Patient Demographics for Patients with Intermediate-risk Hepatoblastoma

Number (percent)

Age 0-189 months (16 mo)

 ≤ 1 year 39 (38)

 >1 to 2 years 50 (49)

 >3 to 7 years 9 (9)

 > 7 years 4 (4)

Sex

 Male 59 (58)

 Female 43 (42)

STAGE

 I 6 (6)

 II 3 (3)

 III 93 (91)

PRETEXT GROUP

 I 3 (3)

 II 31 (30)

 III 54 (53)

 IV 14 (14)

MULTIFOCAL

 Yes 16 (16)

 No 86 (84)

EXTRAHEPATIC

 Yes 1 (1)

 No 101 (99)

Pathology

 SCU 21 (21)

 Non-SCU 79 (77)

 Not available 2 (2)

AFP 363 – 3,380,000 (184715)

 100 to < 1000 ng/ml 3 (3)

 ≥ 1000 to 999,999 ng/ml 83 (81)

 ≥ 1,000,000 ng/ml 9 (9)

 Inevaluable
# 7 (7)

#
Inevaluable AFP includes 6 patients with initial AFP values that were not specific/diluted to an exact value (i.e. > 36,000 ng/ml) and one patient 

who did not have AFP assessed prior to the start of chemotherapy.
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