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Radiotherapy for liver tumors
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Summary	 Many patients with primary hepatic malignancies present with advanced 
disease that is not suitable for surgical resection, orthotopic liver transplantation, or 
radiofrequency ablation. Outcomes are particularly dismal in patients with large, unresectable 
tumors and/or tumor venous thrombosis. Liver-directed radiotherapy, including stereotactic 
body radiotherapy (SBRT), is able to treat a variety of tumor sizes and tumors with venous 
involvement and has demonstrated excellent safety and control outcomes. SBRT should be 
considered a standard option in patients with early-stage hepatocellular carcinoma who 
are not candidates for surgical resection, orthotopic liver transplantation or radiofrequency 
ablation. SBRT should be strongly considered in patients with larger tumors and/or tumors 
with tumor venous thrombosis who have adequate liver function. Radiotherapy should 
remain a focus of hepatocellular carcinoma research.
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Practice points

●● 	The incidence of hepatocellular carcinoma (HCC) continues to increase, and patients 
often present at advanced stages thereby limiting their treatment options. While 
the historical use of radiotherapy was limited by the risk of radiation-induced liver 
disease, the development of modern radiotherapy techniques has enabled the safe 
and effective use of radiotherapy to treat primary hepatic malignancies.

●● 	Stereotactic body radiotherapy (SBRT) is a highly conformal form of radiotherapy 
which delivers high doses of radiotherapy in a small number of fractions with rapid 
dose fall-off. Multiple studies have demonstrated the excellent local control and 
survival rates associated with SBRT for HCC, particularly in patients with early stage 
(T1–2 tumors).

●● 	Radiotherapy has been safely and effectively delivered in patients who have failed 
other treatment modalities, including arterially directed therapies.

●● 	Treatment options for patients with HCC with tumor venous thrombosis are 
particularly limited and survival is poor. Radiotherapy has been shown to improve 
local control and median survival rates compared with historical controls.

●● 	Continued research on the role of liver-directed radiotherapy, including the optimal 
fractionation scheme and the role of SBRT in patients receiving systemic therapies, is 
ongoing.
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The incidence of primary hepatic malignancies 
is increasing, with a tripling of the age-adjusted 
incidence of hepatocellular carcinoma (HCC) in 
the USA between 1975 and 2005 [1]. In the USA, 
an estimated 35,560 people will be diagnosed 
with primary liver or intrahepatic bile duct can-
cer in the year 2015 [2]. Worldwide, HCC is the 
second leading cause of cancer-related deaths, 
accounting for approximately 745,000 deaths 
per year  [3]. While the mainstays of curative 
intent treatment for HCC are surgical resection 
and orthotopic liver transplation, or percutane-
ous thermoablation for lesions less than 2 cm, 
many patients are not candidates for either 
therapy due to tumor extent and poor baseline 
hepatobiliary function. In a SEER-Medicare 
analysis of 47,040 patients diagnosed with HCC 
in the USA between 2000 and 2010, only 15% of 
patients underwent transplantation or resection 
and 10% of patients underwent ablation [4].

Furthermore, while radiofrequency ablation 
(RFA) has been employed as definitive therapy 
and as a bridge to liver transplantation in many 
patients with HCC  [5–7], its efficacy is largely 
restricted to patients with small tumors, ideally 
measuring less than 3–4 cm. Local control with 
RFA declines significantly in larger tumors  [8–
10]. Proximity of the lesions to large blood ves-
sels also limits the use of RFA, as blood vessels 
may function as heat sinks, allowing convection 
of heat away from the lesion itself  [11], thereby 
reducing the degree of necrosis achieved with 
RFA [12]. Tumor location is also critical. Ablation 
of lesions in the dome of the liver is challeng-
ing due to respiratory motion, and ablation of 
lesions adjacent to the hilum can damage the 
biliary tree.

For patients with unresectable HCC who 
are not candidates for ablation, the National 
Comprehensive Cancer Network (NCCN) 
guidelines [13] include several possible treatment 
options, including arterially directed therapies, 
systemic therapy and radiotherapy. However, 
there are currently no randomized data directly 
comparing these treatment modalities in 
unresectable HCC.

The use of radiotherapy for the treatment of 
hepatic tumors was historically limited by con-
cerns over hepatic tolerance and the risk of radi-
ation-induced liver disease (RILD). However, 
the development of more advanced radiotherapy 
techniques such as stereotactic body radiother-
apy (SBRT) has prompted increased interest in 
the application of radiotherapy as a potentially 

curative nonoperative treatment modality for 
primary hepatic tumors. While there have been 
no large randomized trials comparing radio-
therapy with surgical resection or nonoperative 
treatments such as RFA or transarterial chem-
oembolization (TACE), the excellent local con-
trol rates and low toxicity in a variety of HCC 
cohorts make SBRT an attractive nonoperative 
treatment of HCC and justify its inclusion as a 
standard treatment option, especially for early-
stage HCC not well suited for transplant, surgi-
cal resection or RFA. We will discuss the devel-
opment of modern radiotherapy techniques, 
the excellent local control and survival rates 
currently associated with radiotherapy and dis-
cuss radiotherapy in the context of limitations 
associated with the two dominant treatment 
modalities in unresectable HCC, ablation and 
arterially directed therapies.

Background
●● Development of modern radiotherapy 

techniques
Historical radiation techniques often required 
irradiation of the entire liver due to limitations 
in imaging and treatment delivery  [14]. This is 
turn led to a risk of radiation-induced liver dis-
ease (RILD)  [15], which can occur 2 weeks to 
4 months after radiotherapy and is classically 
defined as the triad of anicerteric hepatomeg-
aly, ascites and elevated alkaline phosphatase out 
of proportion to bilirubinemia or transamini-
tis. The pathologic features of RILD were first 
described in 1966 and included veno-occlusive 
injury with chronic changes including hyper-
emia and hepatic cell atrophy [16]. Patients were 
treated with doses that were far below those 
needed for tumor control [15,17] to minimize the 
risk of RILD, thereby limiting liver-directed 
radiotherapy to the palliative setting. For exam-
ple, in the 1991 Emami report, the liver tolerance 
doses or TD 5/5 (dose expected to result in 5% 
complication rate in 5 years) were set as 50 Gy 
for one-third of the liver, 35 Gy for two-thirds 
of the liver, and 30 Gy for the whole liver [18].

Advancements in radiation treatment plan-
ning and delivery techniques led to increased 
interest in the use of radiotherapy for treatment 
of hepatic tumors. The development of 3D con-
formal radiation therapy (3D-CRT) enabled 
delivery of increased doses of radiotherapy to 
the tumor while sparing uninvolved portions of 
the liver, as well as assessment of the interaction 
between radiation dose, treatment volumes and 
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toxicity  [19,20]. A series of dose-escalation pro-
tocols from the University of Michigan based 
radiotherapy doses on the risk of RILD accord-
ing to a normal tissue complication probability 
(‘NTCP’) model and demonstrated the safety 
and excellent local control and survival rates 
with increasing radiotherapy doses [20–22].

Specifically, the Lyman–Kutcher–Burman 
(LKB)-NTCP model enabled assessment of the 
dose-volume risk of RILD in patients receiving 
liver-directed radiotherapy by including the fol-
lowing paramters: the effective volume (‘V

eff
’) 

parameter, which allows volume-dose distrub-
tion comparisons between plans; the TD50, 
or tolerance dose associated with 50% chance 
of complication for uniform liver irradiation; 
‘m’, which represents to the steepness of dose 
response at TD50; and ‘n’ which defines the 
effect of the volume on a scale from zero to one. 
The refined LKB-NTCP model was employed 
in a Phase II trial of hyperfractionated confor-
mal radiotherapy with concurrent hepatic arte-
rial chemotherapy in 128 patients (37 with liver 
metastases, 46 with cholangiocarcinoma and 35 
with HCC) who received radiotherapy doses on 
maximum 10–15% risk of RILD based on the 
model [23]. Median survival was 15.2 months in 
patients with unresectable HCC, and tumor dose 
≥75 Gy was associated with improved overall 
survival on multivariate analysis (23.9 months 
vs 14.9 months, p < 0.01).

A trial of 25 HCC patients with Child–Pugh 
(CP) Class A and B cirrhosis in Lyon, France, 
demonstrated the feasibility of dose-escalated 
3D-CRT in cirrhotic patients. Patients were 
treated to 66 Gy in 2-Gy fractions, with impres-
sive rates of complete and partial response of 80 
and 12% respectively, and local control rates 
of 78% at median follow-up of 29 months [24]. 
Among CP B patients, 22% developed grade 
4 toxicities, while no CP A patients devel-
oped grade 4 toxicity. These data underscored 
the importance and feasibility of delivering 
tumoricidal doses of radiotherapy to HCCs.

Outcomes of modern liver-directed 
radiotherapy
●● Stereotactic body radiotherapy

The development of SBRT, which uses multiple 
conformal beams to deliver high doses of radio-
therapy in a single or small number of fractions 
with rapid dose fall-off [25], has enabled increas-
ing use of radiotherapy to treat HCC. The high 
radiation doses associated with SBRT are thought 

to result in vascular injury and an ablative effect 
on the tumor [26–29] in addition to the double-
stranded DNA breakage associated with conven-
tionally fractionated radiotherapy, but the full 
mechanism underlying SBRT-induced cell death 
has not been fully determined [28,30–32]. Strategies 
to account for breathing motion and change in 
HCC position day-to-day include four-dimen-
sional CT scanning [33–35], abdominal compres-
sion  [36–39], active breathing control  [40,41] and 
image-guided radiation therapy.

A pilot study of SBRT included nine 
patients with primary liver tumors treated with 
16–66 Gy in one to three fractions demonstrated 
an objective average response rate of 70%  [42]. 
A Phase I study of SBRT in 41 patients with 
unresectable, locally advanced HCC (n = 31) 
and intrahepatic cholangiocarcinoma (n = 10) at 
Princess Margaret Cancer Centre demonstrated 
the safety of SBRT. Radiotherapy doses were 
based on the volume of liver irradiated and the 
risk of RILD as per the NTCP model detailed 
above. Doses were escalated within three liver 
volume-irradiated strata of 5, 10 and 20% risk 
of toxicity. The median dose delivered was 36 Gy 
(range 24–54 Gy) in six fractions. There were 
no cases of RILD or treatment-related early 
grade ≥4 toxicity within 3 months after SRBT, 
and maximum tolerated dose was not achieved. 
While 17% of patients experienced a decline 
in liver function from CP A to CP B within 
3 months of radiotherapy, the contribution from 
SBRT versus progression of cirrhosis was not 
known. The median survival was 13.4 months, 
with one year local control of 65% [43].

While there have been no prospective rand-
omized trials of SBRT published to date, mul-
tiple single-arm studies and institutional series 
have been published with impressive rates of local 
control and overall survival, with 1-year local 
control ranging from 64 to 100% and 1-year 
overall survival ranging from 48 to 100% (Table 
1). These series contain a wide variety of patients, 
and often include patients with advanced disease 
and patients who have failed prior locoregional 
therapies, including arterially directed therapies. 
Several series have included patients with tumor 
vein thrombosis, CP B cirrhosis, and/or large 
primary tumors, which rendered them ineligi-
ble for other locoregional therapies. Of note, the 
optimal staging system for predicting prognosis 
after SBRT is not yet known. Table 1 summarizes 
the results of several single-arm and retrospective 
series on SBRT for HCC [43–60].
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Prospective Phase I and II trials from Princess 
Margaret Cancer Centre of SBRT in 102 patients 
with locally advanced HCC demonstrated the 
excellent local control and survival rates of liver-
directed radiotherapy. Patients were treated to 
a mean dose of 36 Gy (range 24–54 Gy) in six 
fractions delivered every other day over 2 weeks. 
While all patients had CP A cirrhosis with at 
least 700 ml of uninvolved liver, the trials did 
include 56 patients with tumor venous throm-
bosis. Results were quite impressive despite the 
number of patients with advanced disease, with 
an overall response rate of 54% (11% complete 
response, 43% partial response) and 1-year local 
control and overall survival rates of 87 and 55%, 
respectively [44].

In patients with early-stage HCC, retro-
spective series of SBRT have demonstrated 
especially impressive results, even in patients 
treated with lower doses of radiotherapy. Two 
series from Japan of SBRT for tumors measur-
ing 1–5 cm reported 1-year rates of local control 
and overall survival of 95–100% and 99–100%, 
respectively  [49,53]. For example, in a series of 
185 patients with lesions measuring 0.8–5 cm, 
patients were treated with SBRT to 30–40 Gy 
in five fractions, with 1- and 3-year rates of local 
control of 99 and 91%, respectively, and 1- and 
3-year rates of overall survival of 95 and 70%, 
respectively [49]. A series from Tianjin Medical 
University in China compared 26 patients who 
underwent gross total resection (R0) with 22 
patients treated with CyberKnife SBRT and 
found no significant difference in overall sur-
vival between the two groups (3-year overall 
survival measuring 69.2% in surgery vs 57.1% 
in SBRT, p = 0.49) [54]. Prospective Phase II tri-
als are ongoing at these centers; however, given 
the excellent control rates seen with SBRT 
and the comparative poor outcomes associated 
with arterially directed therapies, SBRT should 
become standard for patients with early stage 
HCC tumors that are not suitable for surgical 
resection or ablation.

For patients with especially large tumors 
(e.g., >10 cm), TACE is often the primary recom-
mended treatment. However, survival remains 
poor with TACE alone and radiotherapy in con-
junction with TACE may help optimize control. 
Zhong et al. reported a series of 72 patients with 
HCC tumors measuring ≥10 cm who received 
TACE followed by SBRT to a median dose of 
35.6 Gy (2.6–3 Gy/fraction, six fractions per 
week). The objective response rate was 76.1% 

with median survival of 12.2 months, respec-
tively. There were no reported cases of ≥grade 
3 toxicity [63].

The optimal dose and fractionation scheme 
for HCC are not yet known and remain a sub-
ject of research. HCC is radiation-sensitive 
and responses with lower RT doses have been 
seen, particularly in patients with early-stage 
disease  [49] or impaired hepatobiliary function 
such as CP B cirrhosis  [49,64]. Some dose-esca-
lation series have found improvements in local 
control and overall survival in patients receiv-
ing higher doses of radiotherapy. In a pooled 
multi-institution analysis of 82 patients with 
111 lesions treated with median SBRT doses of 
36 Gy (range 18.6–60 Gy) with median bio-
logic effective dose (BED) of 79.2 Gy (range 
30.1–180 Gy), 1-year rates of local control and 
overall survival were 91 and 70%, respectively, 
and BED >100 Gy was associated with improved 
local control [65]. Jang et al. reported their series 
of 82 patients with HCC tumors ≤7 cm (median 
3.0 cm) who received a median dose of 51 Gy 
(range 33–60 Gy) in three fractions. There were 
excellent 2-year rates of local control and overall 
survival in the entire cohort, measuring 87 and 
63%, respectively. In patients receiving SBRT 
doses >54 Gy, local control and overall survival 
rates at the time of last follow-up (4.5 years) were 
100 and 68%, respectively [50]. No patients expe-
rienced classic RILD, while four patients had 
an elevation in CP score not related to disease 
progression. These abnormalities resolved with 
supportive care in three of four patients.

In summary, these results require validation 
in larger series and randomized trials, but pro-
vide impressive evidence supporting the efficacy 
and highlighting potential applications of SBRT 
in HCC.

●● Charged particle therapy
The role of charged particle therapy, including 
proton radiotherapy and carbon ion therapy, 
in HCC is also being explored. The rapid dose 
fall-off of particle-based radiotherapy can be 
exploited in the treatment of hepatic tumors to 
maximize dose to the lesion while minimizing 
dose to normal hepatic parenchyma and sur-
rounding structures [66]. The largest series of pro-
ton radiotherapy was published by the University 
of Tsukuba and included 318 patients with 
primarily CP A cirrhosis and HCC who were 
treated with adjusted doses based on proxim-
ity to digestive organs and the porta hepatis [67]. 
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Overall survival at 5 years was 44.6% with only 
five cases of grade 3 toxicities. In addition, 20% 
of patients received additional proton radio-
therapy for synchronous tumors or salvage with 
5-year survival of 51%. A Phase II study of high-
dose proton radiotherapy from Loma Linda also 
included several patients with advanced disease, 
including 54% outside the Milan criteria and 
24% with CP C cirrhosis [68]. Despite the poor 
prognosis of this cohort, median progression-free 
survival was 3 years and there were no grade 
≥3 toxicities. Additional prospective trials on 
the use of charged particle therapy for HCC are 
ongoing.

Treatment of patients with radiotherapy 
after failure of arterially directed therapies
TACE and transarterial embolization have 
typically been employed in patients with larger 
unresectable tumors which are not suitable can-
didates for ablative techniques. Unfortunately, 
while arterially directed therapies do provide 
palliation and improved outcomes when com-
pared with supportive care  [69–72], long-term 
control and survival remain poor. While there 
have been studies of TACE in conjunction with 
ablative techniques  [73,74] or systemic therapies 
such as Tamoxifen or 5-fluorouracil  [75], there 
have been no randomized trials of TACE versus 
radiotherapy or SBRT.

There are also several potential complications 
and limitations associated with the use of TACE. 
One meta-analysis reported a 5.6% rate of severe 
adverse events after TACE, with the most com-
mon being liver failure, sepsis and gastrointesti-
nal bleeding [71]. Furthermore, while TACE has 
been performed in the setting of portal tumor 
vein thrombosis in patients with otherwise pre-
served hepatic function and collateral circula-
tion  [76], the presence of a tumor vein throm-
bosis is often a contraindication to arterially 
directed therapies in many patients, given the 
risk of treatment-related ischemic injury [77–79]. 
The efficacy of transarterial radioembolization 
(TARE), or selective internal radiation therapy 
(SIRT), also declines significantly in patients 
with more advanced liver disease or portal vein 
thrombosis. A prospective cohort study of 291 
patients reported median survival of 7.7 months 
in patients with CP B cirrhosis and 5.6 months 
in patients with CP B cirrhosis and portal vein 
thrombosis compared with 17.2 months for 
patients with CP A cirrhosis [80]. TARE is also 
not without risks – a retrospective series of 118 

patients who received TARE with 90-Y for HCC 
reported 90-day mortality rates of 18%, with 
12 patients experiencing a major complication 
resulting in death [81,82].

By contrast, radiotherapy is not hampered 
by the same vascular limitations as arterially 
directed therapies and has been safely and effec-
tively administered in numerous patients with 
main branch and occlusive tumor vein thrombo-
ses, thereby improving local control, hepatobil-
iary function and survival (see Table 2). In many 
early series, radiotherapy was employed as sal-
vage therapy, often after several courses of arteri-
ally directed therapies (Table 1) [83]. For example, 
in a small series of 24 patients with unresectable 
HCC who received conventionally fractionated 
liver radiotherapy to a mean dose of 51.8 Gy 
after the failure of TACE, 3-year survival was 
21.4%, with median survival of 14 months [84]. 
In a subsequent publication of 398 patients 
with HCC treated with radiotherapy (81.9% 
3D-CRT), 312 patients (78.4%) had previously 
undergone TACE [83]. The 2-year overall survival 
was 27.2%, with median survival of 12 months 
and no reported grade 3 or higher toxicities. 
On multivariate analysis, tumor size <5  cm, 
an absence of lymph node involvement, and a 
BED ≥ 53.1 Gy were associated with improved 
survival. Of note, CP A cirrhosis was also associ-
ated with an improved prognosis compared with 
CP B disease, but 88 patients (22.1%) with CP 
B cirrhosis successfully underwent treatment 
without significant toxicity. Finally, a prospec-
tive Phase II trial of 31 patients with HCC who 
received salvage 3D-CRT after TACE (no more 
than three courses) demonstrated impressive in-
field (radiotherapy target volume) rates of overall 
response, complete response and partial response 
rates of 83.9, 22.6 and 61.3% [85]. These series 
demonstrated both the safety and value of radi-
otherapy as a salvage treatment modality after 
TACE. Moreover, these results raise questions 
about the typical order of treatments in HCC 
– instead of reserving radiotherapy as a salvage 
treatment, many patients would likely benefit 
from earlier administration of radiotherapy to 
optimize local control and therefore improve 
overall survival.

Of note, the treatment of patients with HCC 
with CP C cirrhosis is particularly challenging 
given their significant risk of death from their 
underlying hepatobiliary disease. Arterially 
directed therapies are contraindicated in these 
patients, and radiotherapy has not been proven 
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effective in retrospective series. Given the signifi-
cant risk of liver toxicity in these patients, SBRT 
is not recommended off-study.

Treatment of patients with HCC with 
tumor vein thrombosis
Treatment options are particularly limited for 
patients with HCC with tumor vein thrombosis 
(TVT) of the portal or hepatic veins, and median 
survival of untreated patients is 2–4 months [95]. 
These patients are ineligible for many treatments, 
including surgery, percutaneous ethanol injection 
and RFA. TACE has had been administered in 
some retrospective series, but treatment is limited 
by the risk of liver failure and treatment-related 
ischemic injury  [77–79]. For example, in a meta-
analysis of TACE versus supportive care, TACE 
was associated with a significantly increased risk 
of posttreatment mortality in patients with TVT 
of the portal vein on multivariate analysis (odds 
ratio 3.24; 95% CI: 1.28–8.22; p = 0.013) [71]. 
Furthermore, while TARE can be more read-
ily performed in the setting of TVT and portal 
vein thrombosis  [96], its pattern of distribution 
is not always clear due to the disorganized vas-
culature seen in HCC, potentially resulting in 
undertreatment of the tumor thrombosis.

Given the poor outcomes and lack of treat-
ment options for patients with HCC with TVT, 
studies have explored the use of radiotherapy 
with or without TACE as a potential treatment 
option. Takagi et al. first reported a series of radi-
ation to portal venous tumor thrombosis after 
arterially directed therapy in 1989, with a histo-
logic and/or angiographic response seen in two 
of seven patients (29%) [97]. Table 2 summarizes 
several recent studies of radiotherapy for patients 
with HCC with TVT [44,86–94]. Response rates 
to radiotherapy range from approximately 50 to 
89.2%  [86,93–94,98], with 1-year overall survival 
rates of 25–58.8%  [86,89,93,98–100] and median 
overall survival of 3.8–22 months  [44,86–87,89–
90,92–94]. For example, a series of 412 patients 
with HCC with portal TVT (200 patients with 
main or bilateral portal TVT, 212 patients with 
unilateral portal TVT at the first branch point) 
were treated to a median dose of 40 Gy (range 
21–60 Gy) in 2–5 Gy fractions to the portal 
TVT before or after TACE. Of note, only 16.7% 
of patients received radiotherapy to the portal 
TVT and the primary tumor. The response 
and progression-free rates were 39.6 and 85.6%, 
respectively, with median overall survival of 
10.6 months and 1-year overall survival rate of 

42.5%. There was a 10% rate of grade 3–4 hepa-
totoxicity in the 3 months after completion of 
radiotherapy, but the treatment combination was 
otherwise well tolerated  [89]. Patients may also 
benefit from planned multimodality treatment 
with SBRT and TACE, particularly in instances 
where the entire tumor and TVT cannot by 
the radiotherapy target volume. Retrospective 
series of SBRT with TACE, including a series 
by Kang et al., have demonstrated impressive 
rates of local control and median survival  [93]. 
Prospective studies are needed to determine the 
optimal use of both treatment modalities in 
patients with HCC with TVT.

There were impressive response rates in a 
series by Xi et al., where the portal and/or infe-
rior vena cava tumor thrombosis of 41 patients 
were treated to a median dose of 36 Gy (range 
30–48 Gy) in six fractions, with rates of com-
plete response, partial response and stable dis-
ease of 36, 39 and 17%, respectively [86]. Median 
survival was 13 months and 1-year overall sur-
vival was 50.3%. Another series by Zhang et al. 
demonstrated a significant improvement in 
1-year survival (32 vs 6.9%, p < 0.01) with the 
addition of radiotherapy to percutaneous tran-
shepatic portal vein stenting with TACE [100]. In 
another retrospective series of 158 patients with 
HCC with PVT, patients who received radio-
therapy had an improvement in local control 
and survival compared with patients who only 
received TACE and did not receive radiotherapy 
(1-year overall survival of 34.8 vs 11.4%) [101].

Of note, many series of radiotherapy for TVT 
only radiated the TVT and not the full extent of 
intrahepatic disease. For example, in a retrospec-
tive series of 994 patients with HCC with por-
tal TVT treated at 10 Korean institutions from 
1998 to 2011, 427 patients (43%) received radio-
therapy to the portal TVT only [102]. Historically, 
the extent of intrahepatic disease often precluded 
treatment of both the TVT and intrahepatic dis-
ease with radiotherapy; therefore, radiotherapy was 
limited to the TVT, while TACE was used to tar-
get the bulk of the intrahepatic disease. However, 
as noted in the above discussion of SBRT, recent 
advancements in treatment delivery have enabled 
increasing doses of radiotherapy to larger tumor 
volumes while still safely sparing adequate volumes 
of uninvolved liver. A series from the University of 
Tsukuba, Japan, noted the importance of target-
ing not only the TVT but also active intrahepatic 
disease. In this series, 35 patients with portal TVT 
were treated with fractionated proton therapy to a 

10.2217/HEP.15.7 Hepat. Oncol. (Epub ahead of print)



Radiotherapy for liver tumors  Management Perspective

future science group www.futuremedicine.com

median dose of 72.6GyE in 2.2–5.5 GyE fractions, 
with a median survival of 22 months and median 
local progression-free survival of 21 months [87]. 
There was a significant difference in overall sur-
vival in patients who received proton therapy to 
the portal TVT alone versus patients who received 
proton therapy to the portal TVT and additional 
sites of active disease.

The optimal fractionation scheme for treat-
ment of TVT is also a matter of study. In a series 
by Kim et al. of 3D-CRT for HCC with por-
tal TVT, 59 patients were treated to a dose of 
30–54 Gy in 2–3 Gy daily fractions, or a BED 
of 39–70.2Gy

10
 assuming an α/β ratio of 10. On 

multivariate analysis, BED ≥ 58 Gy
10

 was signifi-
cantly associated with an increased response rate. 
An objective response was seen in 27 patients 
(45.8%), with median survival in responders of 
10.7 months versus 5.3 months in nonrespond-
ers  [103]. Other series have focused on a hypof-
ractionated approach. Bujold et al. reported the 
largest series of SBRT for TVT as part of their 
Phase I/II trials of HCC for SBRT. A total of 56 
patients with TVT were treated to a median dose 
of 36 Gy (range 24–54 Gy) in six fractions [44], 
with 1-year overall survival of 44% and median 
survival of 10.6 months. The presence of TVT 
was the strongest adverse prognostic factor for 
survival on multivariate analysis (HR 2.47; 95% 
CI: 1.25–4.88; p = 0.01).

In summary, the outcomes in these series repre-
sent substantial improvements in outcomes post-
radiation therapy compared with historical data. 
Given the dismal results typically seen in patients 
with HCC with TVT, broader administration of 
radiotherapy would benefit many patients.

Ongoing investigations
Further study is needed to determine the opti-
mal role of SBRT in the treatment of unresect-
able HCC, the optimal staging system to predict 
prognosis after SBRT, the most suitable patients 
for SBRT and the risk/benefit ratio in different 
patient subsets, especially in locally advanced 
HCC with main portal vein tumor thrombo-
sis and/or small bulk extrahepatic HCC. For 
patients with advanced HCC, RTOG 1112 [104], 
a Phase III randomized trial of sorafenib with or 
without SBRT in patients, is currently accruing 
and will provide valuable prospective data on 
the impact of SBRT on overall survival in HCC 
patients treated with sorafenib. Specifically, the 
trial is open to accrual for patients with unre-
sectable Barcelona Clinic Liver Cancer (BCLC) 

stage B (intermediate) or C (advanced) HCC 
who are not candidates for RFA or TACE, or 
were refractory to TACE. Patients with vascular 
involvement (including the inferior vena cava or 
portal vein) and large tumors (including patients 
with >40% of liver volume replaced by HCC) 
are eligible for enrollment and will be stratified 
between the two treatment arms. To assess the 
impact of SIRT in BCLC stage B and C HCC, 
a currently accruing study in Singapore  [105] is 
randomizing patients with locally advanced 
HCC to sorafenib versus SIRT with SIR-Spheres 
(SIRTex Medical, IL, USA). The protocol is 
open to patients who are not candidates for 
resection, transplant or ablation and who have 
had at most two prior courses of hepatic arteri-
ally directed therapies. Of note, complete main 
portal vein thrombosis is one of the exclusion 
criteria for this protocol.

The role of SBRT versus TACE in patients 
with HCC is being explored via a Phase III trial 
at Loma Linda University Medical Center of 
proton beam radiotherapy versus TACE  [106]. 
Based on single-arm trials and retrospective 
series, SBRT appears to provide better cancer 
control outcomes compared with TACE, but 
this trial will provide an important prospective 
assessment of local control and survival.

Conclusion
While the incidence of HCC increases world-
wide, treatment of patients with unresectable 
HCC remains challenging. Adoption of radio-
therapy has been limited in some instances by 
recollections of historical series of palliative liver 
radiotherapy, but it is important to remember 
that these series were conducted prior to the 
development of modern radiotherapy tech-
niques and therefore used doses of radiotherapy 
which were far too low to impact local control 
or survival. As the field of radiation oncology 
has advanced, liver-directed radiotherapy has 
become a safe and effective treatment option for 
patients with HCC. The multiple series cited 
above highlight this point and represent the suc-
cessful implementation of SBRT at numerous 
institutions worldwide. SBRT should be con-
sidered a standard treatment option in patients 
with early-stage HCC who are not candidates for 
orthotopic liver transplantation, surgical resec-
tion or RFA. Specifically, we would recommend 
SBRT prior to arterially directed therapies for 
patients with single or few HCC lesions meas-
uring 3–6 cm. Radiotherapy should not be 
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excluded for patients with larger tumors (6–10 
cm) as these patients can be safely treated if 
there is a sufficient volume of uninvolved liver. 
Charged particle therapy, which is characterized 
by sharper dose fall-off, may be of particular 
benefit to these patients.

Cooperation across specialties is key to opti-
mizing patient care. At our institution, all hepa-
tobiliary patients are discussed at a weekly multi-
disciplinary tumor board with hepatobiliary and 
transplant surgery, medical oncology, radiation 
oncology and interventional radiology. We favor 
enrollment of patients on appropriate clinical tri-
als whenever feasible. As discussed above, ongo-
ing clinical trials, including RTOG 1112, will 
provide valuable information on the role of SBRT 
in the treatment of advanced HCC. Enrollment 
onto RTOG 1112 is particularly important for 
patients with tumor vein thrombosis given the 
especially poor outcomes seen in this patient pop-
ulation. For patients with advanced HCC who are 
not suitable candidates for sorafenib, we would 
consider SBRT off-protocol. In patients who fail 
TACE, enrollment onto clinical trials of SBRT 
such as RTOG 1112 should be encouraged when-
ever possible. We recognize that there may be a 
small window to treat some of these patients who 
have failed prior therapy and therefore if clinical 
trial enrollment were not possible we would rec-
ommend SBRT off-protocol. Of note, we would 
not recommend SBRT off-protocol for patients 
with CP C cirrhosis. Of course, collection of out-
comes on registries is important, especially for 
higher-risk patients.

In summary, further research on the treat-
ment of unresectable HCC is needed, ideally 
in the form of randomized controlled trials. 
Radiotherapy is a safe treatment option for 
many patients who are not candidates for other 

treatment options such as resection and ablation 
and should be a focus of research. Many patients 
will benefit from increased integration of 
radiotherapy into current treatment paradigms.

Future perspective
Multiple studies have demonstrated that radio-
therapy can be safely and effectively delivered 
in patients with primary hepatic malignan-
cies, including HCC. The local control and 
survival rates from these studies are impres-
sive. Furthermore, while promising Hepatitis 
C treatments have recently emerged [107–110], it 
is likely that over the next decade the incidence 
of HCC will continue to increase in the US and 
worldwide. Given the number of patients who 
present with advanced disease and are therefore 
not eligible for surgical resection, orthotopic 
liver transplation or radiofrequency ablation, 
the application of liver-directed radiotherapy 
must remain a focus of research. The results 
of ongoing clinical trials, including RTOG 
1112, will provide valuable data on the role of 
SBRT in patients with advanced HCC receiv-
ing Sorafenib. Further studies are needed to 
determine the optimal fractionation pattern 
and patient characteristics for liver-directed 
radiotherapy.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial 
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter 
or materials discussed in the manuscript. This includes 
employment, consultancies, honoraria, stock ownership or 
options, expert testimony, grants or patents received or 
pending, or royalties.

No writing assistance was utilized in the production of 
this manuscript.

References
Papers of special note have been highlighted as: 
• of interest; •• of considerable interest.

1	 El-Serag HB. Hepatocellular carcinoma. 
N. Engl. J. Med. 365(12), 1118–1127 (2011).

2	 Siegel R, Miller KD, Jemal A. Cancer 
statistics, 2015. CA Cancer J. Clin. 65(1), 
5–29 (2015).

3	 World Health Organisation.  
www.who.int

4	 Ulahannan SV, Duffy AG, McNeel TS et al. 
Earlier presentation and application of curative 

treatments in hepatocellular carcinoma. 
Hepatology 60(5), 1637–1644 (2014)

5	 Feng K, Yan J, Li X et al. A randomized 
controlled trial of radiofrequency ablation 
and surgical resection in the treatment of 
small hepatocellular carcinoma. J. Hepatol. 
57(4), 794–802 (2012).

6	 Chen MS, Li JQ, Zheng Y, Guo RP, 
Liang HH. A prospective randomized trial 
comparing percutaneous local ablative 
therapy and partial hepatectomy for small 
hepatocellular carcinoma. Ann. Surg. 243(3), 
321–328 (2006).

7	 Huang J, Yan L, Cheng Z, Wu H, Du L, 
Wang J. A randomized trial comparing 
radiofrequency ablation and surgical resection 
for HCC conforming to the Milan criteria. 
Ann. Surg. 252(6), 903–912 (2010).

8	 Livraghi T, Goldberg SN, Lazzaroni S, 
Meloni F. Hepatocellular carcinoma: 
radio-frequency ablation of medium and large 
lesions 1. Radiology 214(3), 761–768 (2000).

9	 Mazzaferro V, Battiston C, Perrone S, 
Pulvirenti A. Radiofrequency ablation of 
small hepatocellular carcinoma in cirrhotic 
patients awaiting liver transplantation: a 

10.2217/HEP.15.7 Hepat. Oncol. (Epub ahead of print)

www.who.int/mediacentre/factsheets/fs297/en/


Radiotherapy for liver tumors  Management Perspective

future science group www.futuremedicine.com

prospective study. Ann. Surg. 240(5), 
900–909 (2004).

10	 Ruzzenente A, Guglielmi A, Sandri M. 
Surgical resection versus local ablation for 
HCC on cirrhosis: results from a propensity 
case-matched study. J. Gastrointest. Surg. 
16(2), 301–311 (2012).

11	 Crocetti L, de Baere T, Lencioni R. Quality 
improvement guidelines for radiofrequency 
ablation of liver tumours. Cardiovasc. 
Intervent. Radiol. 33(1), 11–17 (2010).

12	 Lu D, Yu NC, Raman SS, Limanond P, 
Lassman C. Radiofrequency ablation of 
hepatocellular carcinoma: treatment success as 
defined by histologic examination of the 
explanted liver 1. Radiology 234(3), 954–960 
(2005).

13	 National Comprehensive Cancer Network. 
Hepatobiliary cancers (Version 2.2014). www.
nccn.org

14	 Ingold JA, Reed GB, Kaplan HS, Bagshaw 
MA. Radiation hepatitis. Am. J. Roentgenol. 
Radium Ther. Nucl. Med. 93, 200–208 (1965)

15	 Russell AH, Clyde C, Wasserman TH, Turner 
SS, Rotman M. Accelerated hyperfractionated 
hepatic irradiation in the management of 
patients with liver metastases: results of the 
RTOG dose escalating protocol. Int. J. Radiat. 
Oncol. Biol. Phys. 27(1), 117–123 (1993).

16	 Reed GB, Cox AJ. The human liver after 
radiation injury. A form of veno-occlusive 
disease. Am. J. Pathol. 48(4), 597–611 (1966).

17	 Borgelt BB, Gelber R, Brady LW, Griffin T, 
Hendrickson FR. The palliation of hepatic 
metastases: results of the Radiation Therapy 
Oncology Group pilot study. Int. J. Radiat. 
Oncol. Biol. Phys. 7(5), 587–591 (1981).

18	 Emami B, Lyman J, Brown A et al. Tolerance 
of normal tissue to therapeutic irradiation. Int. 
J. Radiat. Oncol. Biol. Phys. 21(1), 109–122 
(1991).

•	 Details the Lyman normal tissue 
complication probability (NTCP) model and 
its utility in detailing the relationship 
between dose, volume irradiated and the risk 
of normal tissue complications, including 
radiation-induced liver disease (RILD).

19	 Ben-Josef E, Lawrence TS. Radiotherapy for 
unresectable hepatic malignancies. Semin. 
Radiat. Oncol. 15(4), 273–278 (2005).

20	 Dawson LA, Normolle D, Balter JM, McGinn 
CJ, Lawrence TS, Haken Ten RK. Analysis of 
radiation-induced liver disease using the 
Lyman NTCP model. Int. J. Radiat. Oncol. 
Biol. Phys. 53(4), 810–821 (2002).

21	 McGinn CJ, Haken Ten RK, Ensminger WD, 
Walker S, Wang S, Lawrence TS. Treatment 

of intrahepatic cancers with radiation doses 
based on a normal tissue complication 
probability model. J. Clin. Oncol. 16(6), 
2246–2252 (1998).

22	 Dawson LA, McGinn CJ, Normolle D et al. 
Escalated focal liver radiation and concurrent 
hepatic artery fluorodeoxyuridine for 
unresectable intrahepatic malignancies. 
J. Clin. Oncol. 18(11), 2210–2218 (2000).

23	 Ben-Josef E, Normolle D, Ensminger WD 
et al. Phase II trial of high-dose conformal 
radiation therapy with concurrent hepatic 
artery floxuridine for unresectable 
intrahepatic malignancies. J. Clin. Oncol. 
23(34), 8739–8747 (2005).

•	 Phase II study of high-dose 
hyperfractionated radiotherapy and 
concurrent hepatic arterial chemotherapy, 
the Lyman-Kutcher-Burman-NTCP model 
was employed to select a radiotherapy dose 
for each patient associated with a 10–15% 
maximum risk of RILD.

24	 Mornex F, Girard N, Beziat C, Kubas A, 
Khodri M. Feasibility and efficacy of 
high-dose three-dimensional-conformal 
radiotherapy in cirrhotic patients with 
small-size hepatocellular carcinoma 
non-eligible for curative therapies – mature 
results of the French Phase II RTF-1 trial. Int. 
J. Radiat. Oncol. Biol. Phys. 66(4), 1152–1158 
(2006).

25	 Lo SS, Fakiris AJ, Chang EL et al. Stereotactic 
body radiation therapy: a novel treatment 
modality. Nat. Rev. Clin. Oncol. 7(1), 44–54 
(2010).

26	 Clement JJ, Song CW, Levitt SH. Changes in 
functional vascularity and cell number 
following x-irradiation of a murine carcinoma. 
Int. J. Radiat. Oncol. Biol. Phys. 1(7–8), 
671–678 (1976).

27	 Clement JJ, Tanaka N, Song CW. Tumor 
reoxygenation and postirradiation vascular 
changes. Radiology 127(3), 799–803 (1978).

28	 Song CW, Cho LC, Yuan J, Dusenbery KE, 
Griffin RJ, Levitt SH. Radiobiology of 
stereotactic body radiation therapy/
stereotactic radiosurgery and the linear-
quadratic model. Int. J. Radiat. Oncol. Biol. 
Phys. 87(1), 18–19 (2013).

29	 Kocher M, Treuer H, Voges J, Hoevels M, 
Sturm V, Müller RP. Computer simulation of 
cytotoxic and vascular effects of radiosurgery 
in solid and necrotic brain metastases. 
Radiother. Oncol. 54(2), 149–156 (2000).

30	 Park C, Papiez L, Zhang S, Story M, 
Timmerman RD. Universal survival curve 
and single fraction equivalent dose: useful 
tools in understanding potency of ablative 

radiotherapy. Int. J. Radiat. Oncol. Biol. Phys. 
70(3), 847–852 (2008).

31	 Brown JM, Carlson DJ, Brenner DJ. The 
tumor radiobiology of SRS and SBRT: are 
more than the 5 Rs involved? Int. J. Radiat. 
Oncol. Biol. Phys. 88(2), 254–262 (2014).

32	 Song CW, Kim M-S, Cho LC, Dusenbery K, 
Sperduto PW. Radiobiological basis of SBRT 
and SRS. Int. J. Clin. Oncol. 19(4), 570–578 
(2014).

33	 Pan T, Lee T-Y, Rietzel E, Chen GTY. 
4D-CT imaging of a volume influenced by 
respiratory motion on multi-slice CT. Med. 
Phys. 31(2), 333–340 (2004).

34	 Rietzel E, Chen G, Choi NC, Willet CG. 
Four-dimensional image-based treatment 
planning: Target volume segmentation and 
dose calculation in the presence of respiratory 
motion. Int. J. Radiat. Oncol. Biol. Phys. 
61(5), 1535–1550 (2005).

35	 Langen KM, Jones D. Organ motion and its 
management. Int. J. Radiat. Oncol. Biol. Phys. 
50(1), 265–278 (2001).

36	 Lax I, Blomgren H, Näslund I, Svanström R. 
Stereotactic radiotherapy of malignancies in 
the abdomen. Methodological aspects. Acta 
Oncol. 33(6), 677–683 (1994).

37	 Heinzerling JH, Anderson JF, Papiez L et al. 
Four-dimensional computed tomography scan 
analysis of tumor and organ motion at 
varying levels of abdominal compression 
during stereotactic treatment of lung and 
liver. Int. J. Radiat. Oncol. Biol. Phys. 70(5), 
1571–1578 (2008).

38	 Case RB, Sonke J-J, Moseley DJ, Kim J, 
Brock KK, Dawson LA. Inter- and intra-
fraction variability in liver position in 
non-breath-hold stereotactic body 
radiotherapy. Int. J. Radiat. Oncol. Biol. Phys. 
75(1), 302–308 (2009).

39	 Eccles CL, Patel R, Simeonov AK, Lockwood 
G, Haider M, Dawson LA. Comparison of 
liver tumor motion with and without 
abdominal compression using cine-magnetic 
resonance imaging. Int. J. Radiat. Oncol. Biol. 
Phys. 79(2), 602–608 (2011).

40	 Wong JW, Sharpe MB, Jaffray DA et al. The 
use of active breathing control (ABC) to 
reduce margin for breathing motion. Int. J. 
Radiat. Oncol. Biol. Phys. 44(4), 911–919 
(1999).

41	 Dawson LA, Haken Ten RK, Lawrence TS. 
Partial irradiation of the liver. Semin. Radiat. 
Oncol. 11(3), 240–246 (2001).

42	 Blomgren H, Lax I, Näslund I, Svanström R. 
Stereotactic high dose fraction radiation 
therapy of extracranial tumors using an 
accelerator. Clinical experience of the first 

10.2217/HEP.15.7

www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf
www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf


Management Perspective  Keane, Tanguturi, Zhu, Dawson & Hong

future science group

thirty-one patients. Acta Oncol. 34(6), 
861–870 (1995).

43	 Tse RV, Hawkins M, Lockwood G et al. Phase 
I study of individualized stereotactic body 
radiotherapy for hepatocellular carcinoma and 
intrahepatic cholangiocarcinoma. J. Clin. 
Oncol. 26(4), 657–664 (2008).

••	 Phase I study of safety of stereotactic body 
radiotherapy (SBRT) in 31 patients with 
unresectable hepatocelluar carcinoman 
(HCC) demonstrated the efficacy and safety 
of SBRT, with median survival of 13.4 
months and no cases of RILD or treatment-
related early grade ≥4 toxicity within 
3 months after SRBT.

44	 Bujold A, Massey CA, Kim JJ et al. Sequential 
Phase I and II trials of stereotactic body 
radiotherapy for locally advanced 
hepatocellular carcinoma. J. Clin. Oncol. 
31(13), 1631–1639 (2013).

••	 Phase I and II trials of SBRT for locally 
advanced HCC demonstrated impressive 
1-year local control (87%) and overall 
survival rates (55%) despite the large 
number of patients with tumor venous 
thrombosis.

45	 Méndez Romero A, Wunderink W, 
Hussain SM et al. Stereotactic body radiation 
therapy for primary and metastatic liver 
tumors: a single institution phase i-ii study. 
Acta Oncol. 45(7), 831–837 (2006).

46	 Kang J-K, Kim M-S, Cho CK et al. 
Stereotactic body radiation therapy for 
inoperable hepatocellular carcinoma as a local 
salvage treatment after incomplete 
transarterial chemoembolization. Cancer 
118(21), 5424–5431 (2012).

47	 Cardenes HR, Price TR, Perkins SM et al. 
Phase I feasibility trial of stereotactic body 
radiation therapy for primary hepatocellular 
carcinoma. Clin. Transl. Oncol. 12(3), 
218–225 (2010).

48	 Ibarra RA, Rojas D, Snyder L et al. 
Multicenter results of stereotactic body 
radiotherapy (SBRT) for non-resectable 
primary liver tumors. Acta Oncol. 51(5), 
575–583 (2012).

49	 Sanuki N, Takeda A, Oku Y et al. Stereotactic 
body radiotherapy for small hepatocellular 
carcinoma: a retrospective outcome analysis in 
185 patients. Acta Oncol. 53(3), 399–404 
(2014).

50	 Jang WI, Kim M-S, Bae SH et al. High-dose 
stereotactic body radiotherapy correlates 
increased local control and overall survival in 
patients with inoperable hepatocellular 
carcinoma. Radiat. Oncol. 8, 250 (2013).

51	 Yoon SM, Lim Y-S, Park MJ et al. Stereotactic 
body radiation therapy as an alternative 
treatment for small hepatocellular carcinoma. 
PLoS ONE 8(11), e79854 (2013).

52	 Bibault J-E, Dewas S, 
Vautravers-Dewas C et al. Stereotactic body 
radiation therapy for hepatocellular 
carcinoma: prognostic factors of local control, 
overall survival, and toxicity. PLoS ONE. 
8(10), e77472 (2013).

53	 Honda Y, Kimura T, Aikata H et al. 
Stereotactic body radiation therapy combined 
with transcatheter arterial chemoembolization 
for small hepatocellular carcinoma. 
J. Gastroenterol. Hepatol. 28(3), 530–536 
(2013).

54	 Yuan Z, Tian L, Wang P, Song Y, Dong Y, 
Zhuang H. Comparative research on the 
efficacy of CyberKnife® and surgical excision 
for Stage I hepatocellular carcinoma. Onco. 
Targets Ther. 6, 1527–1532 (2013).

55	 Huang W-Y, Jen Y-M, Lee M-S et al. 
Stereotactic body radiation therapy in 
recurrent hepatocellular carcinoma. Int. J. 
Radiat. Oncol. Biol. Phys. 84(2), 355–361 
(2012).

56	 Andolino DL, Johnson CS, Maluccio M et al. 
Stereotactic body radiotherapy for primary 
hepatocellular carcinoma. Int. J. Radiat. 
Oncol. Biol. Phys. 81(4), e447–e453 (2011).

57	 Son SH, Choi BO, Ryu MR et al. Stereotactic 
body radiotherapy for patients with 
unresectable primary hepatocellular 
carcinoma: dose-volumetric parameters 
predicting the hepatic complication. Int. J. 
Radiat. Oncol. Biol. Phys. 78(4), 1073–1080 
(2010).

58	 Kwon JH, Bae SH, Kim JY et al. Long-term 
effect of stereotactic body radiation therapy 
for primary hepatocellular carcinoma 
ineligible for local ablation therapy or surgical 
resection. Stereotactic radiotherapy for liver 
cancer. BMC Cancer 10, 475 
doi:10.1186/1471-2407-10-475 (2010) (Epub 
ahead of print).

59	 Seo YS, Kim M-S, Yoo SY et al. Preliminary 
result of stereotactic body radiotherapy as a 
local salvage treatment for inoperable 
hepatocellular carcinoma. J. Surg. Oncol. 
102(3), 209–214 (2010).

60	 Louis C, Dewas S, Mirabel X et al. 
Stereotactic radiotherapy of hepatocellular 
carcinoma: preliminary results. Technol. 
Cancer Res. Treat. 9(5), 479–487 (2010).

61	 Yamashita H, Onishi H, Matsumoto Y et al. 
Japanese Radiological Society multi-
institutional SBRT study group (JRS-
SBRTSG). Local effect of stereotactic body 
radiotherapy for primary and metastatic liver 

tumors in 130 Japanese patients. Radiat. 
Oncol. 10, 9–112 (2014).

62	 Tanguturi S, Wo JY, Zhu AX, Dawson LA 
and Hong TS. Liver radiotherapy: ready for 
inclusion in guidelines? Oncologist 19(8), 
868–879 (2014).

63	 Zhong NB, Lv GM, Chen ZH. Stereotactic 
body radiotherapy combined with 
transarterial chemoembolization for huge 
(≥10 cm) hepatocellular carcinomas: a clinical 
study. Mol Clin Oncol. 2(5), 839–844 (2014).

64	 Culleton S, Jiang H, Haddad CR et al. 
Outcomes following definitive stereotactic 
body radiotherapy for patients with 
Child-Pugh B or C hepatocellular carcinoma. 
Radiother. Oncol. 111(3), 412–417 (2014).

65	 Chang DT, Shaffer J, Pollum E et al. Pooled 
analysis of liver stereotactic body radiation 
therapy for hepatocellular carcinoma: results 
from a multi-institution study. Radiation 
Oncology S376 doi.org/10.1016/j.
ijrobp.2014.05.1211 (2014) (Epub ahead of 
print).

66	 Wang X, Krishnan S, Zhang X et al. Proton 
radiotherapy for liver tumors: dosimetric 
advantages over photon plans. Med. Dosim. 
33(4), 259–267 (2008).

67	 Nakayama H, Sugahara S, Tokita M et al. 
Proton beam therapy for hepatocellular 
carcinoma: the University of Tsukuba 
experience. Cancer 115(23), 5499–5506 
(2009).

68	 Bush DA, Kayali Z, Grove R, Slater JD. The 
safety and efficacy of high-dose proton beam 
radiotherapy for hepatocellular carcinoma: a 
phase 2 prospective trial. Cancer 117(13), 
3053–3059 (2011).

69	 Llovet JM, Real MI, Montaña X et al. Arterial 
embolisation or chemoembolisation versus 
symptomatic treatment in patients with 
unresectable hepatocellular carcinoma: a 
randomised controlled trial. Lancet 
359(9319), 1734–1739 (2002).

70	 Lo C-M, Ngan H, Tso W-K et al. 
Randomized controlled trial of transarterial 
lipiodol chemoembolization for unresectable 
hepatocellular carcinoma. Hepatology 35(5), 
1164–1171 (2002).

71	 Cammà C, Schepis F, Orlando A, 
Albanese M. Transarterial chemoembolization 
for unresectable hepatocellular carcinoma: 
meta-analysis of randomized controlled 
trials 1. Radiology 224(1), 47–54 (2002).

72	 Llovet JM, Bruix J. Systematic review of 
randomized trials for unresectable 
hepatocellular carcinoma: chemoembolization 
improves survival. Hepatology 37(2), 429–442 
(2003).

10.2217/HEP.15.7 Hepat. Oncol. (Epub ahead of print)



future science group www.futuremedicine.com

Radiotherapy for liver tumors  Management Perspective

73	 Peng Z-W, Zhang Y-J, Chen M-S et al. 
Radiofrequency ablation with or without 
transcatheter arterial chemoembolization in 
the treatment of hepatocellular carcinoma: a 
prospective randomized trial. J. Clin. Oncol. 
31(4), 426–432 (2013).

74	 Gu L, Liu H, Fan L et al. Treatment outcomes 
of transcatheter arterial chemoembolization 
combined with local ablative therapy versus 
monotherapy in hepatocellular carcinoma: a 
meta-analysis. J. Cancer Res. Clin. Oncol. 
140(2), 199–210 (2014).

75	 Lencioni R. Management of hepatocellular 
carcinoma with transarterial 
chemoembolization in the era of systemic 
targeted therapy. Crit. Rev. Oncol. Hematol. 
83(2), 216–224 (2012).

76	 Lee HS, Kim JS, Choi IJ, Chung JW, 
Park JH, Kim CY. The safety and efficacy of 
transcatheter arterial chemoembolization in 
the treatment of patients with hepatocellular 
carcinoma and main portal vein obstruction. 
Cancer 79(11), 2087–2094 (1997).

77	 Luo J, Guo RP, Lai E, Zhang YJ, Lau WY. 
Transarterial chemoembolization for 
unresectable hepatocellular carcinoma with 
portal vein tumor thrombosis: a prospective 
comparative study. Ann. Surg. Oncol. 18(2), 
413–420 (2011).

78	 Georgiades CS, Hong K, D’Angelo M. Safety 
and efficacy of transarterial 
chemoembolization in patients with 
unresectable hepatocellular carcinoma and 
portal vein thrombosis. J. Vasc. Interv. Radiol. 
16(12), 1653–1659 (2005).

79	 Pentecost MJ, Daniels JR, Teitelbaum GP. 
Hepatic chemoembolization: safety with 
portal vein thrombosis. J. Vasc. Interv. Radiol. 
4(3), 347–351 (1993).

80	 Salem R, Lewandowski RJ, Mulcahy MF 
et al. Radioembolization for hepatocellular 
carcinoma using Yttrium-90 microspheres: a 
comprehensive report of long-term outcomes. 
Gastroenterology 138(1), 52–64 (2010).

81	 Goin JE, Salem R, Carr BI et al. Treatment of 
unresectable hepatocellular carcinoma with 
intrahepatic yttrium 90 microspheres: a 
risk-stratification analysis. J. Vasc. Interv. 
Radiol. 16(2 Pt 1), 195–203 (2005).

82	 Goin JE, Salem R, Carr BI et al. Treatment of 
unresectable hepatocellular carcinoma with 
intrahepatic yttrium 90 microspheres: factors 
associated with liver toxicities. J. Vasc. Interv. 
Radiol. 16(2 Pt 1), 205–213 (2005).

83	 Seong J, Lee IJ, Shim SJ, Lim DH, Kim TH. 
A multicenter retrospective cohort study of 
practice patterns and clinical outcome on 
radiotherapy for hepatocellular carcinoma in 
Korea. Liver Int. 29(2), 147–152 (2009).

84	 Seong J, Park HC, Han KH, Lee DY, Lee JT. 
Local radiotherapy for unresectable 
hepatocellular carcinoma patients who failed 
with transcatheter arterial 
chemoembolization. Int. J. Radiat. Oncol. 
Biol. Phys. 47(5), 1331–1335 (2000).

85	 Choi C, Koom WS, Kim TH, Yoon SM, Kim 
JH. A prospective phase 2 multicenter study 
for the efficacy of radiation therapy following 
incomplete transarterial chemoembolization 
in unresectable hepatocellular carcinoma. Int. 
J. Radiat. Oncol. Biol. Phys. 90 (5), 1051–
1060 (2014).

86	 Xi M, Zhang L, Zhao L et al. Effectiveness of 
stereotactic body radiotherapy for 
hepatocellular carcinoma with portal vein 
and/or inferior vena cava tumor thrombosis. 
PLoS ONE. 8(5), e63864 (2013).

87	 Sugahara S, Nakayama H, Fukuda K et al. 
Proton-beam therapy for hepatocellular 
carcinoma associated with portal vein tumor 
thrombosis. Strahlenther Onkol. 185(12), 
782–788 (2009).

88	 Choi BO, Choi IB, Jang HS et al. Stereotactic 
body radiation therapy with or without 
transarterial chemoembolization for patients 
with primary hepatocellular carcinoma: 
preliminary analysis. BMC Cancer 8, 351 
doi:10.1186/1471-2407-8-351 (2008) (Epub 
ahead of print).

•	 Series of 412 patients with HCC with portal 
tumor vein thrombosis (TVT) highlights 
the efficacy of 3D-CRT with TACE, with 
progression-free survival and 1-year overall 
survival rates of 85.6 and 42.5%, 
respectively.

89	 Yoon SM, Lim Y-S, Won HJ et al. 
Radiotherapy plus transarterial 
chemoembolization for hepatocellular 
carcinoma invading the portal vein: 
long-term patient outcomes. Int. J. Radiat. 
Oncol. Biol. Phys. 82(5), 2004–2011 (2012).

90	 Rim CH, Yang DS, Park YJ, Yoon WS, Lee 
JA, Kim CY. Effectiveness of high-dose 
three-dimensional conformal radiotherapy in 
hepatocellular carcinoma with portal vein 
thrombosis. Jpn. J. Clin. Oncol. 42(8), 
721–729 (2012).

91	 Chuma M, Taguchi H, Yamamoto Y et al. 
Efficacy of therapy for advanced 
hepatocellular carcinoma: intra-arterial 
5-fluorouracil and subcutaneous interferon 
with image-guided radiation. J. Gastroenterol. 
Hepatol. 26(7), 1123–1132 (2011).

92	 Huang Y-J, Hsu H-C, Wang C-Y et al. The 
treatment responses in cases of radiation 
therapy to portal vein thrombosis in 
advanced hepatocellular carcinoma. Int. J. 

Radiat. Oncol. Biol. Phys. 73(4), 1155–1163 
(2009).

93	 Kang J, Nie Q, DU R et al. Stereotactic body 
radiotherapy combined with transarterial 
chemoembolization for hepatocellular 
carcinoma with portal vein tumor thrombosis. 
Mol. Clin. Oncol. 2(1), 43–50 (2014).

94	 Lin C-S, Jen Y-M, Chiu S-Y et al. Treatment 
of portal vein tumor thrombosis of hepatoma 
patients with either stereotactic radiotherapy 
or three-dimensional conformal radiotherapy. 
Jpn. J. Clin. Oncol. 36(4), 212–217 (2006).

95	 Llovet JM, Bustamante J, Castells A, 
Vilana R. Natural history of untreated 
nonsurgical hepatocellular carcinoma: rationale 
for the design and evaluation of therapeutic 
trials. Hepatology 29(1), 62–67 (1999).

96	 Salem R, Lewandowski R, Roberts C et al. 
Use of Yttrium-90 glass microspheres 
(TheraSphere) for the treatment of 
unresectable hepatocellular carcinoma in 
patients with portal vein thrombosis. J. Vasc. 
Interv. Radiol. 15(4), 335–345 (2004).

97	 Takagi H, Takayama H, Yamada S et al. 
Radiation therapy of hepatocellular 
carcinoma. Nihon Shokakibyo Gakkai Zasshi. 
86(2), 237–245 (1989).

98	 Nakagawa K, Yamashita H, Shiraishi K et al. 
Radiation therapy for portal venous invasion 
by hepatocellular carcinoma. World J. 
Gastroenterol. 11(46), 7237–7241 (2005).

99	 Ishikura S, Ogino T, Furuse J et al. 
Radiotherapy after transcatheter arterial 
chemoembolization for patients with 
hepatocellular carcinoma and portal vein 
tumor thrombus. Am. J. Clin. Oncol. 25(2), 
189–193 (2002).

100	 Zhang X-B, Wang J-H, Yan Z-P, Qian S, 
Du S-S, Zeng Z-C. Hepatocellular carcinoma 
with main portal vein tumor thrombus: 
treatment with 3-dimensional conformal 
radiotherapy after portal vein stenting and 
transarterial chemoembolization. Cancer 
115(6), 1245–1252 (2009).

101	 Zeng Z-C, Fan J, Tang Z-Y et al. 
A comparison of treatment combinations with 
and without radiotherapy for hepatocellular 
carcinoma with portal vein and/or inferior 
vena cava tumor thrombus. Int. J. Radiat. 
Oncol. Biol. Phys. 61(2), 432–443 (2005).

102	 Yu JI, Yoon SM, Park HC et al. Multicenter 
validation study of a prognostic index for 
portal vein tumor thrombosis in 
hepatocellular carcinoma. Cancer Res. Treat. 
46(4), 348–357 (2014).

103	 Kim DY, Park W, Lim DH et al. Three-
dimensional conformal radiotherapy for 
portal vein thrombosis of hepatocellular 

10.2217/HEP.15.7



Management Perspective  Keane, Tanguturi, Zhu, Dawson & Hong

future science group

carcinoma. Cancer 103(11), 2419–2426 
(2005).

104	 ClinicalTrial Database NCT01730937  
https://clinicaltrials.gov 

105	 ClinicalTrial Database NCT01135056 
https://clinicaltrials.gov 

106	 ClinicalTrial Database NCT00857805 
https://clinicaltrials.gov 

107	 Feld JJ, Kowdley KV, Coakley E et al. 
Treatment of HCV with 

ABT-450/r-ombitasvir and dasabuvir with 
ribavirin. N. Engl. J. Med. 370(17), 
1594–1603 (2014).

108	 Zeuzem S, Jacobson IM, Baykal T et al. 
Retreatment of HCV with 
ABT-450/r-ombitasvir and dasabuvir with 
ribavirin. N. Engl. J. Med. 370(17), 
1604–1614 (2014).

109	 Afdhal N, Zeuzem S, Kwo P et al. Ledipasvir 
and sofosbuvir for untreated HCV genotype 1 

infection. N. Engl. J. Med. 370(20), 
1889–1898 (2014).

110	 Afdhal N, Reddy KR, Nelson DR et al. 
Ledipasvir and sofosbuvir for previously 
treated HCV genotype 1 infection. N. Engl. J. 
Med. 370(16), 1483–1493 (2014).

10.2217/HEP.15.7 Hepat. Oncol. (Epub ahead of print)


