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There are differences in opinion regarding the application of external beam radiotherapy 
in the treatment of hepatocellular carcinoma. Some major guidelines state that external 
beam radiotherapy is yet to attain a sufficient level of evidence. However, caution 
should be exercised when attempting to understand the clinical need for external beam 
radiotherapy solely based on the level of evidence. Previously, external beam radiotherapy 
had low applicability in the treatment of hepatocellular carcinoma before computed 
tomography-based planning was popularized. Modern external beam radiotherapy can 
selectively target tumor cells while sparing normal liver tissues. Recent technologies such 
as stereotactic body radiotherapy have enabled more precise treatment. The characteristics 
of hepatocellular carcinoma differ significantly according to the regional etiology. The 
main cause of hepatocellular carcinoma is the hepatitis B virus. It is commonly diagnosed 
as a locally advanced tumor but with relatively preserved hepatic function. The majority of 
these hepatocellular carcinoma cases are found in the East Asian population. Hepatocellular 
carcinoma caused by hepatitis C virus or other benign hepatitis tends to be diagnosed as a 
less locally aggressive tumor but with deteriorated liver function. The western world and 
Japan tend to have patients with such causes. External beam radiotherapy has been more 
commonly performed for the former, although the use of external beam radiotherapy in 
the latter might have more concerns with regard to hepatic toxicity. This review discusses 
the above subjects along with perspectives regarding external beam radiotherapy in recent 
guidelines.  (J Liver Cancer 2021;21:113-123)
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INTRODUCTION

Liver cancer is the second leading cause of cancer-related 

deaths worldwide. Hepatocellular carcinoma (HCC) ac-

counts for approximately 85% of all liver cancers, compris-

ing the absolute majority of such cancers.1 The causes of 

HCC include viral infection, chronic alcohol consumption, 

and fatty liver disease, the proportions of which differ by re-

gion. The vast majority of liver cancers occur in East Asia. 

Most HCCs in this region are mainly caused by chronic he-

patic inflammation due to hepatitis B virus infection. In con-

trast, the main causes of HCC in Western countries are hepa-

titis C virus infection, alcoholic hepatitis, and liver cirrhosis 

related to metabolic syndrome. These etiologies affect not 

only the incidence but also the nature of the disease as well as 

the treatment prognosis.2
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The surgical approach has been the conventional method 

for the radical treatment of HCC. For unresectable HCC, 

various local treatment options have been used. For early and 

small HCCs, radiofrequency ablation (RFA) is used as a non-

invasive surrogate for surgical resection and has demonstrat-

ed oncologic outcomes comparable to those of surgery.3,4 

Transarterial chemoembolization (TACE) is the most com-

monly used local treatment for HCC and has a wide range of 

palliative indications, from early cases to intermediate cases.5,6 

External beam radiation therapy (EBRT) was previously 

contraindicated for patients with HCC owing to vessel-oc-

clusive toxicity (referred to as radiation-induced liver disease 

[RILD]) after whole-liver irradiation.7 However, as it is now 

possible to selectively irradiate tumors while reducing the ex-

posure of normal liver tissues using computed tomography 

(CT)-based planning, pioneering researchers have begun us-

ing EBRT in the treatment of HCC.8 With the development 

of image guidance and conformal radiotherapy technologies, 

stereotactic body radiotherapy (SBRT), which delivers a high 

dose of radiation in smaller (<5-10) fractions, is being used 

to treat small HCCs as a form of ablative treatment.9,10

However, while TACE and RFA have relatively common 

indications worldwide based on the results of randomized 

studies, EBRT was prescribed based on a case series reflecting 

clinical experiences in practice. Geographically, EBRT is 

commonly used in East Asian countries, where locally ad-

vanced and vessel invasive cases are common. However, it is 

not commonly used in Western countries.2 In addition, the 

indications for EBRT in the clinical guidelines issued in vari-

ous countries and by different associations are not uniform; 

they vary significantly.11,12 This review discusses the disease 

characteristics of HCC by region and indications for EBRT 

based on clinical practice and various treatment guidelines.

APPLICATION AND FEASIBILITY OF EBRT 
FOR HCC

Before CT-based radiation planning was widely adopted in 

the 1980 and 1990s, EBRT based on plain X-ray films (the 

so-called two-dimensional EBRT) was performed in clinics. 

Anatomical bony landmarks were commonly used to delin-

eate treatment fields. Therefore, these fields were usually 

wider than they are today, causing more complications. Con-

cerning HCC, it was difficult to differentiate the tumorous 

region from the normal liver tissues; hence, treatment in 

those days involved the irradiation of nearly the entire liver 

(Fig. 1).13 

When the radiation dose to the entire liver exceeds 30 Gy, 

the rate of RILD increases rapidly. RILD is a complication 

typically involving anicteric hepatomegaly, ascites, and eleva-

tion of alkaline phosphatase levels and manifests following 

the obliteration of the central vein of the hepatic lobule, ret-

rograde congestion, and consequent hepatic necrosis.14 Clas-

sically, according to Ingold et al.,15 one of eight patients 

(17%) developed RILD after receiving 30-35 Gy of whole-

liver irradiation, whereas 12 of 27 (44%) patients experienced 

RILD after receiving >35 Gy. The RTOG 84-05 dose-escala-

tion study revealed that none of the 122 patients experienced 

RILD after irradiation with 27-30 Gy of EBRT. Whereas, five 

of 51 (9.8%) patients developed RILD after receiving 33 Gy.16 

Emami et al.17 estimated that the tolerance dose (calculated 

as a 5% risk of RILD at 5 years post-treatment, or the “TD 

5/5”) to the whole liver was 30 Gy. Since doses to the entire 

liver of <30 Gy were insufficient to obtain a significant tumor 

response, EBRT was commonly contraindicated in the treat-

ment of HCC.18

Figure 1. Two-dimensional radiotherapy portal image of almost the 
entire liver. Adopted from J Egypt Natl Canc Inst 2017;29:105-108.13
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However, the development of an EBRT technique based 

on CT-based computerized planning enabled partial irradia-

tion of the tumor while reducing bystander irradiation to the 

normal liver. EBRT based on CT planning is referred to as 

three-dimensional conformal radiotherapy (3DCRT) to dis-

tinguish it from two-dimensional radiotherapy. Additional 

advanced modalities, including SBRT and intensity-modu-

lated radiotherapy, are also based on CT-based planning. 

Furthermore, computerized planning enabled the quantita-

tive assessment of the effect of radiation dose on each organ 

and target using a dose-volume histogram (Fig. 2). Research-

ers have attempted to identify dosimetric factors that can be 

Figure 2. Computerized tomography-based radiotherapy planning and a case of locally advanced hepatocellular carcinoma (HCC) with portal 
vein thrombosis (PVT). (A) A color wash of distribution of radiation dose (upper left, lower left, and lower right) and dose-volume histogram 
(upper right). We planned to save at least 70% of normal liver (left lobe) to be irradiated under 30 Gy. (B) Pre-radiotherapy images: multiple HCCs 
dominantly located in the right lobe involving right PVT. Child Pugh-score was A6. (C) One year after 53 Gy/20 F external radiotherapy and 3 times 
of transarterial chemoembolization. The tumors were controlled without evidence of viable tumors, with a necrotic change of the main tumor 
and hypertrophy of the left lobe. The Child-Pugh score was A6. The patient was further followed up for another year and died due to 
gastrointestinal bleeding. GTV, gross tumor volume; CTV, clinical target volume.

A

B
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used to optimize the clinical application of radiotherapy. 

Among them, the mean dose to the liver and liver volume ir-

radiated with >30 Gy (V30Gy) are the most reliable factors to 

date. 

Dawson et al.19 from the University of Michigan reported 

that the mean liver dose of patients who did not develop 

RILD (n=184) was 31.3 Gy (range: 14.9-44.0 Gy), whereas 

that of patients who developed RILD (n=19) was 37.0 Gy 

(range: 31.6-43.7 Gy). They estimated a dose-response rela-

tionship in which the risk of RILD increased by approxi-

mately 4% for every gray above the mean dose threshold of 

30 Gy and recommended a mean liver dose of <28 Gy in 2 

Gy per fraction in their subsequent review.20 Kim et al.21 re-

ported that the V30Gy was the most significant dosimetric 

factor for predicting radiation-induced hepatic toxicity. 

When the V30Gy exceeded 60% of the whole liver, the risk of 

serious hepatic toxicity steeply increased (grade 2 or worse 

toxicity: 2.4% vs. 55% with a threshold V30Gy of 60%). 

Therefore, a V30Gy of <60% of the liver volume was recom-

mended to avoid serious hepatic toxicity. Regarding SBRT, 

the guidance that at least 700 mL of the liver volume should 

be irradiated below 15 Gy is commonly used. A volume of 

700 mL was suggested to be sufficient after partial hepatecto-

my, and a dose of 15 Gy (which is biologically equivalent to 

24 Gy in conventional 2 Gy per fraction) was deemed safe.22,23

Practical guidance using quantitative indicators such as the 

V30Gy and mean liver dose is also recommended in treatment 

guidelines from Asian countries.2,24,25 In three guidelines, in-

cluding those from a nationally representative liver cancer 

study group from China,25 Hong Kong,2 and South Korea,24 

it was recommended that at least 700 mL of the liver volume 

should be unirradiated or irradiated with a limited dose  

(<15 Gy) when applying SBRT. In the guidelines from South 

Korea, it is also stated that >40% of the liver volume should 

be irradiated at <30 Gy.24 Many researchers also refer to the 

liver tolerance dose recommended by the Quantitative Anal-

ysis of Normal Tissue Effects in the Clinic review, which pro-

poses a TD 5/5 of <30-32 Gy for RILD.26 

The application of 3DCRT, based on CT-based planning, 

also reduced the risk of gastrointestinal toxicity associated 

with EBRT. The radiation tolerance dose of the small intes-

tine is low, with a TD 5/5 of 40-50 Gy.17 In a previous two-

dimensional treatment, where only the bony landmark and 

luminal air shadow were referenced, it was not known how 

much radiation the intestine was exposed to. The alimentary 

tract comprises a series of organs; thus, even minor damage 

can greatly impair organ function and cause systemic dam-

age. However, modern EBRT can quantitatively measure the 

amount of radiation received by the small intestine or duo-

denum (Fig. 2). It has been reported that the treatment re-

sponse rate of HCC also improves as the dose of radiation 

therapy is increased.27,28 Therefore, a dose-escalation ap-

proach using CT-based planning can increase tumor con-

trollability and reduce unexpected toxicity. In particular, the 

use of SBRT, which is used for high-dose short-term treat-

ment, enables curative treatment for early HCCs.10 

In many studies conducted after 3DCRT, radiotherapy for 

liver cancer has been relatively performed safely. According 

to a meta-analysis by our team, of 2,513 patients with HCC 

who underwent EBRT targeting portal vein thrombosis and/

or intrahepatic tumors, grade ≥3 gastrointestinal or hepatic 

complications were rarely reported; they occurred in <10% 

of patients in most of the included studies.29 In another me-

ta-analysis performed by our colleagues, of a clinical series 

involving 1,950 patients who underwent SBRT for HCC, the 

pooled rates of grade ≥3 gastrointestinal and hepatic compli-

cations were 3.9% and 4.7%, respectively.10 These favorable 

safety profiles may have been a result of the aforementioned 

quantitative EBRT dose guidance, which was enabled by CT-

based planning.

In summary, EBRT based on CT-based planning has be-

come a feasible modality in the treatment of HCC despite 

previous contraindications, as it enables selective irradiation 

of tumors. Quantitative dosimetric indices (e.g., the mean 

liver dose or V30Gy) assessed by computerized planning have 

further enabled objective clinical guidance for the safe appli-

cation of EBRT.

VARYING CHARACTERISTICS OF HCC AND 
APPLICATION OF EBRT

The major etiologies of HCC include hepatitis B or C virus 
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infection, alcoholic hepatitis, and fatty liver associated with 

metabolic syndrome. Among these factors, hepatitis B virus 

infection accounts for the largest proportion of cases, as it is 

the cause of approximately half of HCC cases worldwide.30 

HCC caused by hepatitis B virus infection is particularly 

prevalent in East Asian countries. Moreover, hepatitis C virus 

infection is the main cause of HCC in Japan, while alcoholic 

liver disease, non-alcoholic fatty liver disease, and hepatitis C 

virus are major causes of HCC in Western countries, includ-

ing the United States and southern Europe.31 

The mechanisms of malignant transformation into HCC 

can be classified into two categories. First, liver cirrhosis pro-

gresses because of some underlying reason, in which chro-

mosomal instability via accumulation of somatic alterations 

and mutations in telomerase reverse transcriptase (one of the 

“gatekeeper” alterations in the HCC transformation se-

quence)32 occur, thus leading to a dysplastic nodule that pro-

gresses to a malignant tumor and ultimately HCC.33 Second, 

HCC is caused by a specific etiology that directly induces 

DNA mutagenesis in human cells.34,35 Factors related to the 

first mechanism are alcoholic hepatitis and hepatitis C virus 

infection, whereas those associated with the second mecha-

nism are hepatitis B virus infection and the presence of afla-

toxin. In HCC that develops due to the former mechanism, 

the alpha-fetoprotein level is low, the degree of differentia-

tion is high, and invasion of the blood vessels is less com-

mon. Nonetheless, the presence of underlying cirrhosis is 

common. In contrast, HCC caused by the latter mechanism 

is associated with a high alpha-fetoprotein level, a low degree 

of differentiation, and a strong tendency to invade blood ves-

sels. At the time of diagnosis, deterioration of liver function 

related to cirrhosis was less severe. The clinical prognosis is 

generally poorer, and recurrence is more commonly associ-

ated with the latter mechanism than with the former mecha-

nism.36-38 Zucman-Rossi et al.39 classified HCCs that develop 

according to the first and second mechanisms as the non-

proliferation and proliferation classes, respectively. 

The vast majority of HCCs that occur in East Asian pa-

tients are caused by hepatitis B virus infection, which corre-

sponds to the “proliferation class” according to the classifica-

tion described above. Proliferation-class HCC is often 

diagnosed as a locally advanced disease in clinics, and >80% 

of HCCs occurring in China cannot be radically resected at 

the time of diagnosis.40 According to a nationwide random 

sampling analysis study recently conducted by our team, ap-

proximately one-third of patients with HCC in South Korea 

were diagnosed with stage C (advanced stage) disease ac-

cording to the Barcelona Clinic of Liver Cancer staging sys-

tem, and approximately 70% of these patients had portal 

vein invasion.41 

Major vessel invasion, including portal vein invasion, ren-

ders many local treatments difficult to apply. However, 

EBRT has the ability to target major vessels at a sufficient 

dose that yields a significant tumor response. Based on SBRT 

studies on central lung tumors, the major vessel can tolerate 

>100 Gy of irradiation delivered in 2 Gy per fraction.42 EBRT 

is not limited by the challenge of reaching anatomically hard-

to-reach locations such as major vessels that are located deep 

inside the body and/or covered by other organs as the radia-

tion directly penetrates such organs. Furthermore, prolifera-

tive-class HCCs are typically associated with relatively pre-

served hepatic function, although the locally advanced tumor 

is an additional factor supporting the safe application of 

EBRT. Therefore, many pioneering studies on palliating un-

resectable HCCs have been conducted in East Asian coun-

tries. In our previous meta-analysis29 of studies involving 

2,513 patients with HCC exhibiting portal vein invasion who 

underwent radiotherapy, all 26 studies that investigated 

EBRT were conducted in East Asian countries (Japan, China, 

Taiwan, and South Korea). The pooled response rates in pa-

tients who underwent 3DCRT and SBRT were 70.7% and 

51.3%, respectively. The 1-year survival rates were 43.8% 

and 48.5%, respectively. The rate of grade ≥3 complications 

was mostly <10% or the complication was limited to tran-

sient elevation of blood markers after 3DCRT or SBRT. Infe-

rior vena cava involvement was also successfully palliated by 

EBRT, with a pooled response and local control rates of 

59.2% and 83.8%, respectively. In another meta-analysis by 

our team; incidences of serious toxicities, including esopha-

gitis or pulmonary embolism, were very rare (1.2%).43 

In contrast, non-proliferation-class HCC tends to be ac-

companied by liver cirrhosis and low- or high-grade dyspla-
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sia and becomes malignant in stages.39 When diagnosed, liver 

cirrhosis is commonly present and liver function often dete-

riorates. However, non-proliferation-class HCC tends to 

show less local progression than proliferation-class HCC. 

Patients with HCC and deteriorated liver function, but not 

locally advanced lesions, may be suitable candidates for liver 

transplantation. Of the patients with HCC waiting for trans-

plantation, 24-44% of patients were dropped from waiting 

lists owing to disease progression within 1-2 years.44 In a re-

cent study, SBRT was used as a bridging therapy to lower the 

dropout rate and allow 63-100% of patients to undergo liver 

transplantation.45 Mohamed et al.46 compared SBRT, TACE, 

RFA, and yttrium-90 microspheres as bridging therapy for 

HCC and reported favorable disease-free survival using all 

modalities. However, SBRT and yttrium-90 had the lowest 

rates of serious toxicity. Most studies on SBRT as a bridging 

therapy have been performed in Western countries.45 Table 1 

summarizes the clinical and etiological comparisons between 

non-proliferation- and proliferation-class HCCs and exam-

ples of EBRT indications for these diseases.

TREATMENT STRATEGIES ACCORDING TO 
VARIOUS CLINICAL GUIDELINES

Currently, more than 30 clinical treatment guidelines for 

HCC have been published worldwide. The existence of such 

a large number of guidelines is likely because the disease 

characteristics of HCC differ by region. The treatment strate-

gies must be set in accordance to the situation prevalent in 

every region.12,47 The most commonly used clinical guidelines 

worldwide are the European Association for the Study of the 

Liver (EASL), American Association for the Study of Liver 

Diseases (AASLD), and National Cancer Comprehensive 

Network (NCCN) guidelines. The EASL and AASLD guide-

lines were created by the hepatologists’ societies in Europe 

and the United States, respectively, while the NCCN guide-

lines were created by clinical oncologists (including internal, 

radiation, and surgical oncologists) from 28 major cancer 

centers in the United States. 

The EASL and AASLD have published various clinical 

guidelines for HCC and various inflammatory or benign dis-

eases of the liver. Corresponding to the nature of the hepa-

tologists who mainly perform medical interventions, the 

EASL and AASLD views of HCC treatment are principled 

and evidence-based.6,48 However, the NCCN guidelines give 

fair consideration to the uniqueness of the field of oncology. 

Their authors argue that well-designed randomized studies 

might not always provide a basis for clinical decision making 

for cancer treatments and that such decisions often need to 

be made based on observational studies or even clinical expe-

rience.49 

From a conventional perspective, the level of evidence for 

EBRT for HCC is not high. In clinical practice, radiation on-

cology departments are not the first to encounter patients for 

treatment; patients are diagnosed and evaluated by other de-

partments (including gastroenterology or general surgery) 

Table 1. Comparison of the non-proliferation and proliferation classes of HCCs

Non-proliferation class Proliferation class

Common etiology HCV infection, alcoholic hepatitis HBV infection

Mechanism of malignant formation Accumulation of somatic alteration and TERT 
mutation

Insertion mutagenesis from viral oncoprotein

Vascular invasion Relatively uncommon Common

Clinical features Low AFP level, well to moderate differentiation, 
common underlying cirrhosis

High AFP level, poor differentiation, relatively 
spared liver function

Common regional distribution Western countries and Japan East and Southeast Asia

Example of EBRT indication Bridging liver transplant Palliation of major vessel involvement

Adopted and modified from Gastroenterology 2015;149:1226-1239.e4.39

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HBV, hepatitis B virus; TERT, telomerase reverse transcriptase; AFP, alpha-fetoprotein; EBRT, 
external beam radiotherapy.
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and are then selectively referred when EBRT is considered 

necessary. Therefore, the design of randomized or prospec-

tive studies is difficult. In addition, the vendor-researcher re-

lationship has not yet been established as strongly as it has in 

other fields of medicine, because the application of EBRT 

might not directly provide sustained benefits to vendors. 

Therefore, there are relatively few prospective or large-scale 

research studies led by vendors in the field of radiation on-

cology.50 

In earlier versions of the EASL and AASLD guidelines 

published before 2010, EBRT for HCC has been neglected. 

The 2012 EASL guidelines briefly state that EBRT cannot be 

used in the treatment of HCC owing to the lack of scientific 

evidence and high risk of RILD. It can only be used for the 

palliation of bone metastasis.18 The 2010 AASLD guidelines 

mentioned very little on EBRT.51 Radiation oncologists were 

not included as main panelists during the production of 

these two guidelines. However, because many studies on 

EBRT have been published since the 2000s, recent EASL 

guidelines mention its palliative role in patients with portal 

vein thrombosis (combined with TACE) and the effective-

ness of SBRT, although the level of evidence and strength of 

recommendation is low and weak (C2 per the GRADE sys-

tem), respectively.6,52 The AASLD guidelines also state that 

EBRT can be considered for unresectable HCC as a potential 

local modality. However, the level of evidence and strength 

of recommendation were low and strong (C1 per the 

GRADE system), respectively.52 The AASLD guidelines also 

state that locoregional treatment might be considered for pa-

tients with macrovascular invasion or metastatic disease (in-

cluding EBRT), although they have not specifically recom-

mended a certain modality.48 In contrast, the NCCN 

guidelines suggested EBRT as a therapeutic approach for un-

resectable HCC along with TACE and RFA since the begin-

ning of 2010. The guidelines issued in the latter half of 2010 

actively describe the potent efficacy of SBRT and proton 

therapy. In the NCCN guidelines issued after 2018, EBRT 

was suggested as a treatment option for unresectable HCC 

with the same recommendation level as TACE and RFA (2A: 

low level of evidence and uniform consensus for application 

[NCCN categories]).49,53 The panelists responsible for these 

recent NCCN guidelines included surgeons, medical oncolo-

gists, radiation oncologists, and hepatologists.

As explained in the preceding section, hepatitis B virus in-

fection is the main cause of HCC in Asia; the disease is com-

monly diagnosed as a locally advanced tumor, and liver func-

tion might relatively less deteriorate. EBRT, which has potent 

efficacy as a local treatment but may impair liver function, 

might be suitable for treating such HCCs. Chinese guidelines 

refer to almost all EBRT indications known to date, includ-

ing major vessel invasion, preoperative downstaging, bridg-

ing for liver transplantation, and extrahepatic metastases.25 

The evidence grade is 3 per the Oxford system (level of evi-

dence-based on case-control studies), in the Chinese guide-

lines.12 In addition, these guidelines include specialized con-

tent related to EBRT, such as methods for tumor targeting 

and for controlling the tumor’s movement via respiration as 

well as a practical example of dose fractionation. The guide-

lines of the Korean Liver Cancer Association54 also refer to 

various indications such as post-incomplete TACE (level of 

evidence and recommendation: B2), portal vein invasion 

(B2), tumors not amenable to surgery or ablation (C1), and 

extrahepatic metastases (C1). According to the GRADE clas-

sification, B and C represent moderate and low levels of evi-

dence, respectively, while 1 and 2 represent strong and weak 

recommendations, respectively.12,52 The Korean guidelines 

mention that many practical factors such as liver function in-

dicators or radiation dose restrictions should be considered 

when applying EBRT. However, the recent Japan Society of 

Hepatology guidelines for HCC do not include any content 

regarding EBRT for hepatic tumors, although they briefly 

state that brain or bone metastases could be indications for 

palliation.55 Hepatitis C virus infection is the leading cause of 

HCC in Japan, and tumors are commonly accompanied by 

liver decompensation at diagnosis. However, the local inva-

sion of the tumor is relatively less severe. Therefore, the effi-

cacy of EBRT might be weaker. We summarized perspectives 

on EBRT from clinical guidelines that are reputable or re-

gionally representative, including the guidelines explained 

above but not limited to, in Fig. 3. 
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SUMMARY AND PERSPECTIVES

As a radiation oncologist in East Asia, it is common to en-

counter patients with HCC who seek treatment with EBRT. 

According to a recent South Korean surveillance study of 

various physicians,56 more responders consider administer-

ing EBRT rather than sorafenib for patients with portal vein 

thrombosis or incomplete TACE. However, oncologists who 

specialize in radiation oncology in Western countries are not 

familiar with the treatment of HCC. They tend to be more 

aware of hepatic insufficiency that could result from EBRT 

or have other critical perspectives owing to the low level of 

evidence.

EBRT played a small role in HCC 30-40 years ago, al-

though with the development of new treatment technologies, 

the paradigm has significantly changed and EBRT is now a 

feasible and efficient modality. HCC has different character-

istics depending on its etiology. EBRT is more suitable for 

hepatitis B virus infection-related HCC, which is commonly 

found to be locally advanced with relatively well-preserved 

liver function. HCCs associated with hepatitis C virus infec-

tion or benign hepatitis are less suitable candidates for EBRT, 

although it is a possible modality for bridging liver transplan-

tation. Furthermore, there are critical perspectives due to the 

low level of evidence of EBRT for HCC. Radiation oncology 

is a field in which most patients with cancer are selectively 

referred to specialists. Investor-led research has been rela-

tively scarce because radiation oncology does not provide 

sustained benefits to vendors through the continued use of 

drugs or other medical supplies. Therefore, caution should 

be exercised when attempting to understand the clinical need 

for EBRT solely based on the conventional level of evidence. 

The application of EBRT for HCC has been increasing 

worldwide, and major guidelines in Western countries are 

more open to incorporating indications of EBRT compared 

with that in the past. In the near future, it will be necessary to 

Figure 3. Key summary of selected clinical guidelines for hepatocellular carcinoma (HCC). AASLD, American Association for the Study of Liver 
Disease; RO, radiation oncology; AJCC, American Joint Committee on Cancer; HCC, hepatocellular carcinoma; EASL, European Association for the 
Study of the Liver; BCLC, Barcelona Clinic of Liver Cancer; pRO, practical radiation oncology; CPS, Child-Pugh Score; MV, major vessel; LT, liver 
transplantation; KLCSG, Korea Liver Cancer Study Group; mUICC, modified Union for International Cancer Control; TACE, transarterial 
chemoembolization; PVT, portal vein thrombosis; NCCN, national cancer comprehensive network; UNOS, United Network for Organ Sharing; 
SBRT, stereotactic body radiotherapy; ESLC, Egyptian Study of Liver Cancer; CLIP, Cancer of Liver Italian Program; INASL, Indian National 
Association for the Study of the Liver; APASL, Asia-Pacific Association for the Study of the Liver; HKLC, Hong Kong Liver Cancer study group; NCCS, 
National Cancer Center Singapore; RFA, radiofrequency ablation; TLCA, Taiwan Liver Cancer Association; PEI, percutaneous alcohol injection; ASR, 
age-standardized incidence rate. Recommendation levels are according to *NCCN system, †Oxford system, otherwise GRADE system.
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confirm the clinical need for administering EBRT to patients 

with HCC and to optimize treatment strategies through in-

ternational academic exchanges and additional clinical stud-

ies.
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