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Abstract

Background and Purpose Conventional treatments of

systemic chemotherapy and surgical resection for recurrent

or metastatic hepatoblastoma (HB) may be inhibitive for

the pediatric patient and family who have already been

through extensive therapies. This single-institution case

series evaluates the safety and efficacy of percutaneous

radiofrequency ablation (RFA) in the management of

metastatic HB.

Materials and Methods Between March 2008 and Febru-

ary 2015, RFA was used as part of multidisciplinary

management for HB recurrence or metastasis in 5 children

(median 5.0 years old) in an attempt to provide locore-

gional control and preclude additional surgery. Combined

local treatments of 38 metachronous metastases included

surgical metastasectomy (14 lesions: 7 lung, 7 liver), per-

cutaneous RFA (23 lesions: 21 lung, 1 liver, 1 bone), and

stereotactic radiotherapy (1 liver lesion).

Results For lesions treated with RFA (median diameter

6 mm, range 3–15 mm), local control was achieved in

22/23 metastases (95.6%) with median follow-up of

30.1 months after RFA (range 18.9–65.7). Median hospi-

talization was 3 days (2–7), with major complications

limited to 1 pneumothorax requiring temporary small-cal-

iber chest tube. Four children remain in complete remission

with median follow-up of 67 months (range 41.2–88.8)

after primary tumor resection, with mean disease-free

survival of 31.7 months after last local treatment. One

child succumbed to rapidly progressive disease 12 months

after RFA (23.9 months after primary tumor resection).

Conclusion RFA provides a safe and effective reiterative

treatment option in the multidisciplinary management of

children with metastatic HB.
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Introduction

Although the occurrence of hepatoblastoma (HB) is rare

[1, 2], the prognosis remains dismal for patients with

recurrent or extra-hepatic disease [3–13]. Treatment of

recurrence or advanced metastasis focuses on chemother-

apy in combination with complete surgical resection
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[6, 9, 14–18], which may require reiterative surgical

treatment [9, 17, 19].

In adults, radiofrequency ablation (RFA) is a recognized

minimally invasive therapy for the treatment of recurrent

and metastatic disease under 3 cm [20]. There is little

published literature on percutaneous ablation in children

[21–26], with less on the efficacy for HB metastases

[27–30]. Furthermore, the potential for reiterative RFA

treatments in children with HB metastases has not been

evaluated.

This is a single-institution, retrospective cohort study of

patients younger than 20 years of age treated for metastatic

HB by systemic chemotherapy in association with local

treatments that included at least one session of RFA. The

aim of this study is to report our experience for RFA in

children with metastatic HB disease as a component of

multidisciplinary management.

Materials and Methods

Ethics

We retrospectively reviewed the medical files of all chil-

dren with metastatic HB treated with at least one session of

RFA. All procedures performed were in accordance with

ethical standards of the institution and with the 1964

Declaration of Helsinki and its later amendments or com-

parable ethical standards. Institution board review approval

and written consent were followed in accordance with our

institution’s policy. For this type of study, formal consent

was not required.

Patients

All patients under the age of 20 years old treated with RFA

of HB metastases between March 2008 and February 2015

are reported. RFA indications were discussed at multidis-

ciplinary meetings with a goal to achieve complete treat-

ment of all metastatic lesions. RFA was pursued for small

and isolated nodules to avoid or preclude additional sur-

gery. Inclusion criteria were: (1) prior resection of primary

tumor with pathological HB confirmation, (2) CT imaging

identifying an isolated nodule with size less than 3 cm, (3)

nodule deemed technically treatable based on imaging and

patient’s conditions. Technical RFA exclusions included

metastasis within 2 cm of the hepatic or lung hilum, with

laboratory exclusion criteria INR[ 1.5 and platelet count

\ 100,000/mm3. Formal consent was obtained from par-

ents/guardians. The diagnosis of recurrence was based

upon increasing alpha-fetoprotein (AFP) and correlative

imaging findings of lesion enlargement and/or response to

chemotherapy. Pre-RFA biopsy was performed only in

children without a prior biopsy confirmation of metastatic

disease.

Procedure

All RFA procedures were performed by staff interventional

radiologists with greater than 5 years of experience, using

either CT guidance for lung and bone metastases (General

Electric Healthcare, Little Chalfont, Buckinghamshire,

UK) or US guidance for liver metastases (General Electric

Healthcare, Little Chalfont, Buckinghamshire, UK). For

CT-guided procedures, a low-dose pediatric radiation

algorithm was followed standardized to weight

(80–120 kV, 57.5–70 mAs, 5 mm slice width, 16 feed/ro-

tation, 27.50 pitch, 1.375:1 acquisition mode). General

anesthesia was administered for all patients. RFA was

performed using an internal cooling electrode needle (Co-

vidien, Boulder, Colorado). Needle trajectory was chosen

to ensure treatment coverage, minimize normal par-

enchyma traversed, and avoid crossing vascular structures

or pleural fissures. Hepatic and osseous ablation was con-

sidered successful when post-ablation thermal measure-

ments reached greater than 65 degrees Celsius at the center

of the ablated area. Given temperature and tissue density

variabilities after pulmonary ablation, a technically suc-

cessful end point for pulmonary nodule ablation was con-

sidered when a penumbra of ground glass opacification,

representing the zone of coagulation necrosis, encom-

passed the nodule and at least 5 mm beyond imaged

borders.

Follow-Up

Post-ablation complications were classified as minor (pain,

fever, pneumothorax not requiring chest tube) or major

(symptomatic hemorrhage, abscess, pneumothorax requir-

ing chest tube, mortality). All patients had a planned post-

procedure hospitalization of 3–4 days and were discharged

if no complication presented or once complications

resolved. Evaluation for incomplete local treatment or new

metastasis was performed with standard screening serum

AFP and scheduled CT or MRI. Technically effective local

treatment was considered if follow-up imaging demon-

strated a fibrotic scar encompassing the metastasis and

absence of new nodular tumor development.

Results

RFA was employed for metastatic recurrences in 5 children

(median 5.0 ± 6.2 years old). Patient demographics and

tumor details are listed in Table 1. All patients had already

undergone treatment including chemotherapy and surgical
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resection of the primary tumor, with a total of 38 meta-

chronous metastases developing after primary surgical

resection. The RFA-treated lesion represented either the

first, second, or third recurrence of disease after previous

systemic chemotherapy or surgical metastasectomy. The

mean time to metastasis after primary liver tumor resection

for the first, second, and third metastatic occurrences was

7.1, 15.3, and 20.5 months, respectively. Pathological

confirmation of metastatic status was performed by surgi-

cal metastasectomies in 3 patients or percutaneous biopsy

in 2 patients. (Table 2 identifies percutaneous biopsy).

Multidisciplinary treatment strategies with the goal to

achieve complete remission of all metachronous metastases

employed systemic chemotherapy in association with reit-

erative local treatments by surgery, radiotherapy, and/or

RFA (Table 2). Overall, 4 of 5 patients underwent surgical

resection of 14 metastases (7 lung, 7 liver) in 10 separate

surgical interventions. Surgical resection was considered

first-line local therapy to make initial confirmation of

metastatic status (n = 11), or because RFA was con-

traindicated (n = 2; one pulmonary hilar location and one

liver metastasis over 3 cm in diameter). RFA was selected

to avoid additional systemic chemotherapy or surgery for 5

patients with a total of 23 metastases (21 lung, 1 liver, and

1 bone metastases). Of lesions treated by RFA, the median

diameter was 6 mm (range 3–15 mm). A total of 8 RFA

procedures were performed to treat these 23 metastases,

with a maximum of 7 lesions (median 2.5, range 1–7)

treated during the same procedural setting to limit anes-

thesia induction and improve patient experience. Stereo-

tactic radiotherapy (45 Gy, 25 fractions) was selected for a

liver hilum lymph node due to contraindications to both

surgery and RFA. All patients received chemotherapy, with

various combinations of cisplatin, carboplatin, etoposide,

vincristine, irinotecan, temozolomide, temsirolimus, and

rapamycin.

For all 23 RFA treatments, a 95.6% local control rate

(22/23) was obtained after median follow-up of

30.1 months after RFA treatment (range 18.9–65.7). Local

recurrence occurred in a patient with a bone metastasis,

who succumbed to rapidly progressive new distal metas-

tasis that precluded further local re-treatment. Two other

patients developed new metastatic lesions that were located

at a distance from the RFA treatment site, which were

subsequently successfully treated with surgical metasta-

sectomy due to contraindications for RFA (solitary hilar

lung metastasis and solitary liver metastasis with diameter

greater than 3 cm).

Procedural complications were limited to one major

pneumothorax that required a small-caliber chest tube for

7 days, and three minor complications comprised of 2

unilateral pneumothoraces that did not require chest tube

placement and one minor skin burn. Of patients that

underwent pulmonary nodule RFA, no patient or family

reported decreased pulmonary function. Post-procedure

hospitalization ranged 3–7 days (median 4 days), with

conservative discharge criteria to ensure patient’s guar-

dians would be comfortable reassuming care at home.

Other than the patient with rapidly progressive meta-

static disease, the remaining four patients are still alive and

considered in complete remission based on screening

imaging evaluation with median follow-up of 67.0 months

(range 41.2–88.8) after primary tumor surgery and mean

disease-free survival of 31.7 months (range

18.1–42.4 months) after last local treatment (Table 3).

Among these 4 patients, the AFP level is unmeasurable in 3

patients, but remains elevated above 50 ng/ml in 1 patient

despite persistent disease-free survival by imaging.

Discussion

Although international collaborative efforts have attempted

to standardize the therapeutic approach to metastatic HB by

risk stratification and tumor-specific factors [31–33], the

prognosis of advanced, recurrent, or metastatic HB is still

Table 1 Patient demographics, tumor presentation, and initial clinical management

Patients Sex Dx Age Histological

subtype

PRETEXT

staging

Synchronous

disease

Initial AFP

(ng/ml)

Initial

chemoregimen

AFP after chemo and

surgery

1 F 17 years Atypical 4 None 136,611 CDDP, Doxo \ 10

2 M 2 years Epithelialf 2 None 230,000 CDDP \ 10

3 F 1 years

5 months

Atypical 3 Lung (2) 1,000,000 CDDP, Doxo,

Carbo

\ 10

4 M 3 years

2 months

Epithelialfe 2 Ascites 110,000 CDDP, Doxo \ 10

5 M 10 years SCUD 4 Hemoperitoneum 8000 CDDP, Doxo \ 10

f fetal predominance, fe fetal and embryonic contingents, SCUD small cell undetermined, AFP alpha-fetoprotein, CDDP cisplatin, Doxo

doxorubicin, Carbo carboplatin
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poor [4, 6, 9–11]. While liver transplantation has proven to

extend survival in patients with unresectable hepatic dis-

ease, chemotherapy with complete surgical excision of

primary and metastatic lesions still provides the corner-

stone of curative treatment for oligometastatic recurrent

and metastatic disease [6–14]. For some patients, however,

surgical resection may be less appealing due to comor-

bidities, cumulative sequelae of prior surgeries, or desire to

avoid invasive surgical procedure for small or isolated

lesions. RFA allows definitive cure for tumors less than

2–3 cm, can be applied for multiple lesions during the

same procedure, and can be repeated in the event of

recurrent or new metastatic lesions [20, 34].

In our institution, RFA was pursued after multidisci-

plinary consensus to provide curative treatment for small

oligometastatic disease to avoid or preclude surgical

intervention (Figs. 1, 2). RFA was well tolerated and

technically straightforward, with short procedure time and

very minimal post-procedure pain. Radiation exposure was

limited using pediatric CT scanning protocols to decrease

the radiation dose, or by employing ultrasound guidance

when possible. The median hospitalization duration of four

non-ICU days was relatively short compared to surgical

metastasectomy that often includes ICU stay.

Our results validate the utility and safety of RFA as a

local treatment control option for oligometastatic HB.

Furthermore, RFA may be successfully applied in the same

patient for multiple lesions separated by space or time. All

five patients treated with RFA also received a combination

of treatments for other disease locations that included

systemic chemotherapy plus either surgery or radiation

therapy. Through this collaborative approach, four of our 5

patients are currently considered in remission with a mean

disease-free survival of 31.7 months (range 18.1–42.4)

since the last locoregional treatment. While all patients did

have new recurrence at a site distal to the initial lesion

treated with RFA, these new recurrences were successfully

treated with additional reiterative RFA treatment that pre-

cluded additional surgery. This pattern of repetitive

recurrence is well documented for metastatic HB, and

reiterative locoregional treatment is the recommended

standard of care [4, 11, 13, 16, 17].

The multidisciplinary criteria to select among locore-

gional treatment options of surgery, RFA, and radiation

therapy are not yet clearly evident. Given the heteroge-

neous presentation of metastatic HB, a multidisciplinary

discussion can help identify an optimal approach to each

patient on a case-by-case basis that selectively applies the

most appropriate local treatment (surgical metastasectomy,

RFA, radiation therapy) in conjunction with systemic

chemotherapy. In our multidisciplinary discussions, deci-

sions were based upon assessment of metastasis size,

number, and location, as well as the general health of the

patient. In the reported patients, RFA treatment was pur-

sued for small and isolated nodules to avoid additional

surgery for oligometastatic recurrence measuring less than

3 cm that was deemed technically treatable based on

imaging and patient’s conditions. Lastly, the role of adju-

vant chemotherapy with RFA is uncertain and would

require further evaluation in studies with larger patient

cohorts.

Table 3 Details of last clinical and imaging follow-up

Patients Clinical and imaging assessments at last follow-up evaluation

Time elapsed

since primary

tumor resection

(months)

Time elapsed

since last

local

treatment

(months)

Impression

from last

surveillance

imaging

Final

AFP (ng/

ml)

Total number of

metastases treated by

RFA, resection, or

radiation therapy

Total

metastases

resected (in

n surgical

interventions)

Total

metastases

ablated (in

n RFA

procedures)

Total

metastases

irradiated

(in

n sessions)

1 23.9 11.4 PDa [ 10,000 Bonea (n = 1)

Lung (n = 2)

2 (1) 1 (1) –

2 88.8 42.4 CR 1 Lung (n = 15)

Liver (n = 3)

5 (4) 13 (3) –

3 84.4 40.7 CR 2.8 Lung (n = 5) 2 (2) 3 (1) –

4 41.2 18.1 CR 51.3 Lung (n = 6)

Liver (n = 4)

5 (3) 5 (2) –

5 49.6 25.6 CR 1 Liver (n = 1)

Lymph node (n = 1)

– 1 (1) 1 (25)

CR complete remission, PD progressive disease with mortality
aLesion with untreatable PD leading to death
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The main limitations in our retrospective study include

small cohort size, variability of chemotherapeutic regi-

mens, and follow-up of less than 5 years. We acknowledge

the concern for RFA to comprehensively address pul-

monary metastatic tumor burden. Surgical exploration with

manual palpation has been suggested to have superior

ability to detect microscopic pathologic nodules compared

to CT [35–37]; however, CT-guided ablation should not be

dismissed given the uncertain clinical relevance of palpable

nodules [37] and the continued improvements in image

resolution to detect punctate nodules. Furthermore, in the

event of non-visible microscopic pathologic nodules, RFA

can be safely applied reiteratively over time to the same

region of the lung with limited damage to lung parenchyma

[34, 38]. In our patient cohort, no recurrent lung disease

presented at the site of RFA.

Conclusion

Radiofrequency ablation for metastatic HB provides a safe

and efficacious local curative treatment option that may be

well suited for patients in whom surgical resection is

clinically contraindicated or psychosocially unappealing.

Furthermore, RFA treatment may be applied reiteratively

in this patient population known to present with repetitive

recurrences.

A B CFig. 1 RFA of a left apical lung

metastasis. A Pretreatment CT

(arrow points to 5 mm nodule).

B RFA needle approach.

C Arrows outline pulmonary

ablation zone

Fig. 2 RFA of a right hepatic

metastasis. A Pretreatment

gadolinium contrast-enhanced

MRI. Arrow points to 10 mm

nodule. B Intraprocedural CT

image to demonstrate RFA

needle approach. C Post-

procedure imaging follow-up at

3 months with gadolinium

contrast-enhanced MRI. Arrow

points to ablated region without

evidence for local recurrence.

D Post-procedure contrast CT at

2 years. Arrow points to

ablation scar without evidence

for local recurrence
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