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 To the Editor, 

 In general, radiotherapy (RT) is not considered the 
defi nitive treatment option for large liver tumors, 
including hepatoblastoma, because the liver cannot 
tolerate high-dose irradiation of a large volume. 
Meanwhile, proton beam therapy (PBT) is a particle 
RT that is capable of excellent dose localization 
because of the sharp and narrow dose peak, known 
as the Bragg peak. Therefore, PBT can be used to 
preserve more hepatic parenchyma, and liver tumors 
can be safely treated with proton beams, even with 
portal vein thrombosis [1 – 3]. In 1996, we performed 
defi nitive PBT for a child with advanced hepatoblas-
toma who could not be managed with chemotherapy, 
surgery or liver transplantation. This patient was still 
doing well in 2012. Herein, we present the clinical 
course of this patient.  

 Case presentation 

 A two-year-old girl initially presented at another hos-
pital with abdominal distention, and ultrasonography 
of her liver showed tumors in the liver. She was 
referred to our hospital in September 1995. An imag-
ing study with MRI, CT and ultrasonography showed 
a large liver tumor (8    �    10 cm) in the left lobe invad-
ing to the right anterior and posterior segments with 
multiple intrahepatic metastases (Figure 1). The 
serum alpha-fetoprotein (AFP) was 758 960 ng/ml. 
The patient was diagnosed with stage III and 
Pre-Treatment Extent of Disease (PRETEXT) IV 
hepatoblastoma. Monthly chemotherapy with cispla-
tin (CDDP) and doxorubicin (ADR) was immedi-
ately started via catheters in the right hepatic and 
celiac arteries in combination with intravenous 
ADR infusion [4]. The AFP decreased rapidly to 

3288 ng/ml after the third course of chemotherapy, 
but increased to 5811 and 6911 ng/ml before and 
after the fourth chemotherapy course, respectively. 
The treatment course and serum AFP levels are 
shown in Figure 2. After the fi fth course of chemo-
therapy was administered in January 1996, the AFP 
was 3700 ng/ml. The main tumor had shrunk (3    �    4 
cm) and daughter lesions had virtually disappeared. 
However, it was considered that the tumor was devel-
oping resistance to the chemotherapy because the 
reduction of the AFP level was diminished, and that 
it would be diffi cult to administer another catheter 
injection. Therefore, extensive resection of the left 
lobe was attempted in February 1996, but this was 
not possible because the tumor thrombi were located 
within the middle and right hepatic vein, and also 
involved the right portal vein. Resection of the 
remaining daughter lesions and cholecystectomy 
were performed, and an arterial injection port was 
placed in the common hepatic artery. She received 
three courses of chemotherapy with CDDP and 
ADR via the injection port from February to March 
1996. The AFP level initially decreased to approxi-
mately 50 ng/ml at the beginning of April, but slowly 
rose to 87 ng/ml by the end of April. The remaining 
main tumor was localized but was considered to be 
viable. Therefore, PBT was considered the optimal 
treatment in this situation and was attempted after 
obtaining informed consent. 

 The treatment dose of 51.15 GyE in 11 fractions 
(10.5 Gy in 3 fractions plus 36 Gy in 8 fractions) 
was applied over the course of 30 days, followed by 
three courses of adjuvant intravenous chemotherapy 
with CDDP, ADR, Etoposide (VP-16), and cyclo-
phosphamide (CPM) (Figure 3). The relative bio-
logical effectiveness (RBE) of the PBT was assumed 
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to be 1.1 [5,6]. The proton beams (250 MeV) were 
generated by a booster synchrotron at the High 
Energy Accelerator Research Organization. Treat-
ment rooms were equipped with either horizontal or 
vertical beams. The beam time allocated for the PBT 
was four hours per day, 120 days per year, in three 
separate intervals of 9 – 10 weeks. During PBT, the 
patient was sedated with pentazocine hydrochloride 
and hydroxyzine pamoate and immobilized in a sty-
rofoam box that had been custom fi tted to her. 

 The serum AFP decreased gradually and a tumor 
biopsy performed four months after the PBT showed 
no malignancy. She experienced grade 2 duodenal 
ulcer, fi ve months after the start of PBT, which was 

cured within one week by an oral histamine two 
receptor blocker. 

 In 2012, 16 years after the PBT, the patient vis-
ited a general practitioner because of occasional nau-
sea that mainly occurred after eating. Since abnormal 
liver function was detected by blood test, she was 
referred to our hospital. She has done well in her life 
as a student. Her skin was atrophic and the rib cage 
was depressed in the area that had been irradiated. 
MRI showed no malignancy in the liver, but did 
show compensatory hypertrophy of the left lateral 
lobe, AV-shunt of the posterior and anterior branch 
at the right lobe, portal vein stenosis with splenom-
egaly and multiple focal nodular hyperplasia (FNH)-
like lesions scattered throughout the liver. The reason 
for the nausea was considered to be compression of 
the stomach as a result of the compensatory hepatic 
hypertrophy and splenomegaly (Figure 4).   

 Discussion 

 At present, liver transplantation has been established 
as the defi nitive and curative treatment for unresect-
able hepatoblastoma [7,8]. Recent improvements in 
liver transplantation have resulted in better treatment 
outcomes with reduced mortality [9 – 12]. The United 
Network of Organ Sharing reported that the 10-year 
survival of patients with hepatoblastoma after liver 
transplantation was 66% [11]. However, when the 
current patient was admitted to our hospital in 1995, 
liver transplantation was not an accepted treatment 
modality in pediatric hepatic malignancy, particu-
larly when it involved major hepatic vessels. There-

  Figure 1.      MRI at diagnosis.  

  Figure 2.      Changes of serum AFP levels.  
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fore, it was not possible for this patient to undergo 
liver transplantation at that time in Japan. 

 It is well known that the indication of curative 
RT for hepatoblastoma is limited, because it is dif-
fi cult to maintain an adequate liver volume when 
tumors are irradiated at higher doses. Habland et   al. 
treated hepatoblastomas with a median dose of 40 
Gy (25 – 45 Gy), but only one of the four cases of 
unresectable hepatoblastoma was controlled with 
photon RT [13]. 

 There has been no report of PBT for 
hepatoblastoma, and PBT was very challenging 
for this patient. However, considering that PBT can 
deliver a high dose to the limited volume of the liver 
tumor, while delivering very low doses to non-
cancerous liver tissue, and allowing preservation of 
a larger volume of normal liver tissue compared 
with photon RT, we believe that PBT was reasonable 

for this patient, even though the major vessels were 
inevitably located in the PBT fi eld. 

 There have been some rare reports of patients 
with unresectable hepatoblastoma that were treated 
with chemotherapy alone [14,15]; however, as these 
are very uncertain cases, chemotherapy alone is not 
deemed to be suffi cient. Furthermore, serum AFP 
levels decreased to normal levels during, or soon 
after, chemotherapy in these cases. In contrast, che-
motherapy was not considered to be curative in our 
case based upon the changes in serum AFP. 

 Sixteen years later, while our patient was com-
pletely cured various long-term effects have now 
become apparent. To our knowledge, this is the fi rst 
report showing late changes of the liver after irradia-
tion during infancy. These late toxicities were not due 
to PBT alone; the FNH-like lesions and A-V shunt 
were due to chronic liver injury by the intra-arterial 
chemotherapy and PBT, and the compensatory 
hypertrophy occurred partly due to the surgical 
resection. Fortunately, severe subjective symptoms 
did not occur, but it is important to recognize and 
physicians should be informed about potential tox-
icities due to treatment, and the need for follow-up 
over the long-term. 

 In our case, PBT was able to be performed 
because the tumor had shrunk suffi ciently to pre-
serve enough hepatic parenchyma, even though vital 
hepatic vessels were involved with the tumor. PBT 
for hepatoblastoma was unprecedented, and should 
not be recommended as the fi rst treatment choice, 
but may be useful for some patients with unresect-
able hepatoblastoma who are not suitable for com-
plete resection or liver transplantation.            
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