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Hepatocellular carcinoma (HCC) 
is a common diagnosis and 
problem worldwide: In males 

it is the 5th most frequent cancer, and 
in women it is the 7th.1 The incidence 
of HCC in the United States continues 
to rise, and in 2011 it reached 6.2 cases 
per 100,000.2 From the 1970s to 2000s, 
overall survival increased significantly 
(2 vs. 8 months). As expected, the sur-
vival improvement was predominantly 
noted in patients with localized disease 
(3 vs. 18 months),2 reflecting diagnosis at 
earlier disease stages through screening 
high-risk populations with cirrhosis and 
the emerging broad arsenal of effective 
local and systemic treatment options. 

Many patients with underlying cir-
rhosis have impaired liver function, and 
the degree of this dysfunction dictates 
prognosis as well as treatment options. 
The “best players” with preserved liver 
function and with early stage disease 
could benefit the most from liver trans-
plantation, which not only treats the 
cancer but the underlying liver disease. 
However, there is a substantial wait time 

for transplantation and it is not unusual 
that many patients progress while wait-
ing for the procedure. Another treatment 
option for patients with localized HCC 
and preserved liver function is a partial 
liver resection, which does not require 
a waiting period. Some advocate this in 
place of transplant but it is controversial, 
and is a turf war beyond the scope of this 
article.  Unfortunately, most patients are 
not suitable for any surgical intervention 
either due to extensively disseminated 
intrahepatic HCC, vascular invasion, 
insufficient liver functional reserve, or 
other medical contraindications. For 
this population, treatment options may 
include localized ablative techniques 
such as radiofrequency ablation (RFA) 
and stereotactic body radiation therapy 
(SBRT); regional transarterial emboli-
zation techniques most commonly with 

chemotherapy or radiation (Yttrium-90); 
and systemic therapy with sorafenib, as 
well as combination therapy. The treat-
ment modalities are evolving faster than 
level I evidence, suggesting challenges 
in determining the superiority of any one 
technique over the other. Thus, thera-
peutic approaches tend to vary based on 
institutional expertise, causing liver can-
cer turf wars between experts in differ-
ent specialities, even in institutions with 
multidisciplinary panels. This review is 
aimed at better defining the roles for sur-
gery, radiation oncology and interven-
tional radiology, based on current data. 

Surgery 
Liver transplantation

Liver transplantation is an excellent 
treatment for a highly selective cohort 
of patients, since in the proper situation 
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it can both cure the HCC and cirrhosis 
simultaneously. For decades, the Milan 
criteria3 (a single HCC ≤5 cm or mul-
tiple HCC 3 nodules ≤3 cm each with 
no macrovascular invasion or extrahe-
patic disease) have been used for opti-
mal patient selection worldwide, with 
an overall survival rate of 75% and the 
recurrence-free survival of 83%.3 Sev-
eral institutions are stretching this stan-
dard practice with expanded transplant 
criteria or by downstaging patients with 
encouraging results. However, these 
potentially expanded criteria are still in 
flux and need to be validated.4-10

Partial hepatectomy
Liver resection is indicated in non-

cirrhotic patients or patients with well-
compensated cirrhosis and stage I-II 
disease. With limited perioperative 
morbidity and mortality, modern sur-
gical techniques can achieve 5-year 
survival rates of at least 50%.11 In pa-
tients with very early disease (single le-
sion ≤2-3 cm), partial hepatectomy has 
yielded outcomes similar to transplanta-

tion in several retrospective series.12,13 
Unfortunately, tumor recurrence rates 
in the remaining liver remain high (up 
to 80-100%14,15) due to the underlying 
cirrhosis, so patients often need mul-
tiple treatment strategies over a lifetime. 
This high recurrence rate can result in 
a potential turf war between transplant 
surgeons and surgical oncologists or 
hepatobiliary surgeons, which is be-
yond the scope of this article.

Local ablative treatment options 
Radiofrequency ablation

When tumors are localized, focal 
treatments are preferred to minimize the 
risk of collateral damage in an already 
diseased and poorly functioning liver. 
RFA, performed percutaneously or in-
traoperatively, is a common treatment 
for unresectable HCC or medically in-
operable patients. Efficacy is best for 
small tumors, less than 3-4 cm.16-19 For 
these patients, local recurrence rates 
range between 0% and 26%.20,21 Larger 
tumors are a bit more of a challenge, 
requiring several insertions to achieve 

complete ablation, if possible. RFA is 
rather convenient, typically a single 
outpatient treatment. On the other hand, 
it is an invasive procedure with place-
ment of needle electrodes directly into 
liver tumors and requires anesthesia. 
Additionally, based on the tumor loca-
tion, RFA also carries a small risk of 
injury to nearby structures including the 
lung, stomach, bowel, gall bladder and 
heart. Tumors near the diaphragm are 
difficult to visualize with ultrasound for 
targeting, and tumors near large vessels 
often cannot be fully heated, leading to 
incomplete treatment.  

Radiotherapy
Liver SBRT (Figure 1) is a relatively 

new technique, which has been refined 
over the past decade, taking advantage 
of the explosion of new technologies for 
treatment planning, targeting and deliv-
ery. It is a non-invasive treatment that 
delivers high doses of precisely targeted 
radiation to tumors while avoiding 
nearby organs. Rather than extending 
over weeks like conventional radiother-
apy, SBRT is completed in a few (1-5) 
treatments.  

SBRT has come a long way since 
the first reports in the early 1990s.22 In 
2008, Tse and colleagues published 
a phase I study of 31 patients with pri-
mary intrahepatic tumors treated with 
SBRT. Treatment was well-tolerated, 
with 17% of patients declining from 
Child-Pugh class A to B at 3 months, 
and 65% local control at 1 year.23 The 
phase II extension of this study to 102 
patients recently demonstrated 87% 
1-year local control.24 Numerous retro-
spective reviews have been published 
also demonstrating high local con-
trol rates.25-27 Toxicity has been vari-
able, and can include liver failure and 
GI bleed, highlighting the importance 
of patient selection, careful treatment 
planning, dose selection (based on 
liver function) targeting and delivery, 
which should not only seek to cover the 
tumor with high-dose radiation, but also  

FIGURE 1.  Stereotactic body radiotherapy (SBRT) plan. High doses are delivered to the 
tumor with sparing of normal tissues 
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prioritize avoiding adjacent normal tis-
sues. Multiple methods have emerged 
to assess treatment safety, from mean 
normal liver dose to more complicated 
normal tissue complication probabil-
ity models. Whichever method is used, 
safety is stressed first, as patients with 
HCC typically also have cirrhosis and 
tenuous liver function. Dose is attenu-
ated when necessary depending on nor-
mal liver volume.  Indeed, many would 
advocate treating only Child-Pugh class 
A patients, although select B patients 
can be treated very carefully, preferably 
in a clinical trial.   

In addition to treatment planning, 
image guidance and treatment delivery 
must also be meticulous. Rather than 
relying on external surrogates, which 
correlate poorly with internal tumor po-
sition, alignment is typically performed 

with either implanted fiducials or in-
jected lipiodol and planar imaging, or 
cone-beam CT, which allows for simul-
taneous visualization of the tumor region 
and adjacent normal tissues, so potential 
tradeoffs between tumor coverage and 
normal tissue protection can be assessed. 
Motion management is an important 
component of the process.  Radiated 
liver volumes are minimized in patients 
who can tolerate breath holds. For those 
who cannot, 4DCT can help ensure full 
coverage of a moving tumor.  

New on the horizon is an interest in 
treating patients with worse hepatic 
function, particularly those with ag-
gressive tumors that would otherwise 
progress more quickly than the patient’s 
liver failure. For these patients, the bal-
ance between tumor control and safety 
is especially difficult, and treatment is 

generally less aggressive to preserve 
safety. In a recent trial of Child-Pugh 
class B-C patients, 1-year local control 
was 55%, with 58% of patients expe-
riencing a worsening of CP score at 1 
month.28 Rather than decrease treatment 
intensity for all patients to maintain 
safety, the University of Michigan is 
aiming to customize treatment based on 
individual tolerance to therapy, using 
blood and imaging biomarkers to assess 
the liver’s response to the first 3 treat-
ments, adjusting the last 2 treatments to 
maintain safety.29,30 Local control and 
safety have both been preserved well 
over 90%, even in CP B patients. Pro-
ton therapy also is a promising advance, 
since the low dose radiation region is 
dramatically reduced. Still, the potential 
technical limitations of proton therapy 
mandate that comparative clinical trials 
be conducted.31

SBRT for HCC is still mainly con-
fined to academic centers, although 
through clinical trials such as RTOG 
1112 discussed below, community cen-
ters have the opportunity to become 
credentialed in planning and delivery. 
When properly delivered, SBRT is 
very safe and effective.  In a large sin-
gle-institution review, SBRT had simi-
lar local control and less toxicity than 
RFA.  Indeed, for larger tumors, SBRT 
had better results.32 Thus, at the very 
least, SBRT is an excellent alternative 
treatment when RFA is not possible or 
would be high-risk. A randomized trial 
is definitely warranted to directly com-
pare these modalities.

Other ablative therapies
In addition to RFA and SBRT, other 

ablative therapies are offered in some 
centers. Percutaneous ethanol injection 
(PEI) has mostly fallen by the way-
side, as multiple randomized trials have 
demonstrated superior tumor control 
with RFA.33-34 A recent meta-analysis 
suggests that RFA is also superior to 
cryoablative therapy.35 Irreversible 
electroporation is a new technology that 

FIGURE 2.  Pre-embolic therapy angiogram. Tumors are filled with contrast.
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has not been fully tested or compared 
with existing options, but could poten-
tially be added to the growing arsenal of 
effective treatments in the future. 

Regional ablative treatment options 
Transcatheter arterial 
chemoembolization (TACE)

If local therapies are not available or 
the patient has too many tumors for safe 
treatment, regional therapies should 
be pursued (Figure 2). Response rates 
are generally not as high as local abla-
tive therapies, but regional therapies can 
simultaneous treat numerous tumors. 
The main goals of TACE36,37 are: 1. Pri-
mary treatment of multinodular HCC. 
2. Downstaging of large liver tumors for 
later transplantation or resection. 3. Palli-
ation of pain, bleeding and arteriovenous 
fistula caused by the tumor. The best—
but not exclusive—TACE candidates are 
patients with relatively preserved liver 
function, lesions ≤ 5cm without portal 
trunk thrombosis, and tumor burden oc-
cupying less than 70% of the liver. The 
effectiveness decreases with increasing 
tumor size. In the series of over 8,500 pa-
tients 1-, 3-, 5-, and 7-year survival rates 
following TACE were 82%, 47%, 26%, 
and 16%, respectively.38 Modern Drug 
Eluting Beads TACE (DEB-TACE) 
compared to conventional lipidol con-
taining TACE39 showed higher rates 
of complete response (27% vs. 22%), 
objective response (52% vs. 44%), and 
disease control (63% vs. 52%), although 
overall survival was similar. For best 
results, TACE typically must be deliv-
ered repeatedly. Post-embolization syn-
drome consists of mild, transient nausea; 
fever; and abdominal pain that typically 
requires overnight hospitalization for 
observation and pain management. A 
transient mild decompensation in liver 
function is common, but acute liver fail-
ure is seen in less than 3% of procedures. 
Gastrointestinal and biliary events are 
not common. Rare serious complications 
include liver abscesses and vascular in-
jury from repeated procedures. 

Radioembolization (RE)
Radioembolization is a newer treat-

ment option, aiming to combine the 
embolic effect of particle injection with 
radiation. Tumor response rates for this 
microsphere therapy vary between 40% 
and 90%, and overall disease control 
rates are as high as 80% in highly se-
lective populations.40 The response is 
usually observed in 2-6 months. No ran-
domized controlled trial comparing RE 
with other modalities has been published 
yet, but in large prospectively studied co-
horts, intermediate stage patients treated 
by RE reach a median survival of 16-18 
months.41-43 Side effects are similar to 
TACE, except for substantially less pain 
and potentially longer lasting fatigue, 
particularly in older patients.  

Bridging and downstaging
Any of the above therapies can be 

used for bridging and downstaging, al-
lowing successful liver transplantation or 
resection in selective groups. Long-term 
survival ranges between 49% to 92% in 
series describing different neoadjuvant 
approaches.44-47 Of note, retrospective 
series have demonstrated the feasibility 
of SBRT (35-54 Gy in 3, 50 Gy in 5) as a 
bridge to transplant48 to prevent progres-
sion beyond Milan Criteria while on the 
wait list. No intraoperative or long-term 
complications have been noted.  

Systemic treatment
Sorafenib, an oral tyrosine kinase 

inhibitor, has demonstrated a small sur-
vival benefit (10.7 vs. 7.9 months) in 
patients with unresectable HCC with 
CP A liver reserve.49 The vast majority 
of patients were previously treated with 
different modalities prior to Sorafenib 
initiation; but unfortunately, due to lack 
of available local and regional thera-
pies, many centers prescribe the drug 
upfront.  

Combination therapies
Several rationales are behind combi-

nation therapies for HCC. First, regional 

and local therapies could be combined: 
Since regional therapies are usually not 
completely effective, perhaps the combi-
nation of a local therapy could improve 
overall response. Alternatively, local 
therapy to tumor thrombus in the por-
tal vein may open the door for regional 
therapies. Second, systemic and local or 
regional therapies could be combined: 
Systemic therapy could be adjuvant or 
suppressive, or in the case of advanced 
disease, local therapy could be used to 
prevent progression-related morbidity 
and mortality.   

Multiple randomized controlled 
trials have evaluated the efficacy of 
TACE added to RFA, compared with 
RFA alone. A meta-analysis involving 
598 patients suggested that combina-
tion therapy had higher overall survival 
(OR3-year = 2.65, P <  0.001) and re-
currence-free survival rate (OR5-year = 
2.26, P = 0.0004) compared with RFA 
alone for study patients.50 Prospective 
studies and a meta-analysis also have 
reported improved survival results 
when radiotherapy is added to TACE.51-

53 Indeed, RT to portal vein tumor 
thrombus is effective approximately 
35% of the time,54 which could make 
patients eligible for regional therapies. 
The opposite study of whether TACE 
improves the outcome after RT has not 
yet been performed.

Any local treatment can cause up-
regulation of circulating vascular en-
dothelial growth factor (VEGF)—thus, 
the rationale behind combining ablative 
therapy with antiangigenetic therapy. A 
meta-analysis with a total of 1,254 pa-
tients favored the combination of TACE 
with sorafenib in terms of significantly 
improved overall survival (OS) (haz-
ard ratio [HR] = 0.65, P = 0.007), time 
to progression (TTP) (HR = 0.68, P = 
0.003), and overall response rate (ORR) 
(HR = 1.06, P = 0.021), but did not affect 
progression-free survival (PFS).55 The 
combination therapy was generally well-
tolerated but, as expected, had more side 
effects related to TKI compared with  
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observation alone—mostly fatigue, di-
arrhea and skin changes. The addition of 
sorafenib to RFA and RE for intermedi-
ate and advanced stage patients is being 
explored in randomized controlled trials. 

Another important clinical question 
is whether adding local treatment to 
systemic treatment in intermediate and 
advanced HCC could improve overall 
outcome. This hypothesis is tested in 
RTOG 1112, an ongoing international 
phase III study of sorafenib vs. SBRT 
followed by sorafenib. Another ongoing 
phase III trial STOP-HCC evaluates the 
efficacy of RE added to sorafenib.

Conclusion
Whenever suitable, surgical options 

should be considered as a gold standard. 
Otherwise, based on the data above, cli-
nicians can propose several treatment 
options in almost every clinical set-
ting. Unfortunately, Level I evidence to 
guide decisions is lacking in most situ-
ations. Generally, we prefer discussion 
over argument in the absence of data, 
but are there certain patients we should 
strongly advocate for? The most im-
portant question that we, as radiation 
oncologists, should ask ourselves is: 
Which patients would benefit the most 
from SBRT—i.e., who should we fight 
for on the tumor board battlefield? This 
question answers itself if we consider 
the main advantages of SBRT: It is 
highly effective, noninvasive and rela-
tively safe, even in situations and geom-
etries that would be relatively high risk 
for other treatments. We propose the 
following scenarios where SBRT could 
be considered favorably:

If local ablative treatments such as 
RFA are under consideration, SBRT is 
preferred if the tumor is >3 cm (likely 
incomplete RFA) at the liver dome 
(poor visualization by ultrasound makes 
RFA difficult), in a close proximity to 
major vessels (poor heating due to the 
heat sink leads to incomplete RFA), 
gallbladder, or gastrointestinal tract (po-
tential for perforation). 

When other modalities could pose 
danger if the patient has certain medi-
cal conditions (such as thrombocyto-
penia or is at high risk for anesthesia), 
SBRT has a very favorable risk-benefit 
profile.

SBRT can be considered following 
TACE or RE with mixed response (e.g., 
1-3 growing lesions). SBRT of single 
lesions following RE failure can be con-
sidered if other local ablative treatment 
modalities are not appropriate.

If portal vein thrombosis is mak-
ing regional therapy high-risk, SBRT 
should be strongly considered. Depend-
ing on the size and number of tumors, 
treatment can be directed at all disease. 
Another option would be SBRT aim-
ing to open the portal vein to make the 
patient a candidate for additional treat-
ment modalities.

Despite these scenarios, we should 
keep in mind that SBRT requires ap-
propriate treatment planning, delivery 
and image-guidance equipment, as well 
as the expertise of radiation oncologists, 
physicists, dosimetrists and therapists. 
RTOG/NRG guidelines and protocols, 
training workshops, and fellowships 
aim to help centers develop SBRT pro-
grams and bring this treatment option to 
more patients worldwide.
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