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Abstract: Hepatocellular carcinoma (HCC) is the second lead-

ing cause of cancer-related deaths worldwide. Liver transplant is 

considered the gold standard for curative therapy for HCC when 

patients are not candidates for surgical resection or ablation. 

Because a subset of patients with HCC have a survival rate with 

liver transplantation that is comparable to that of cirrhotic patients 

without tumors, the organ allocation system allows for increased 

priority for transplant in potential recipients within the Milan 

criteria. With the recent change in the Model for End-Stage Liver 

Disease exception point allocation, patients with HCC will now 

need to wait at least 6 months before being awarded extra points. 

This extension leads to increased time on the transplant waiting list 

and underscores the importance of locoregional therapy to contain 

the tumor burden. Fortunately, there has been significant prog-

ress in therapy for HCC in the past few decades, namely due to 

advances in interventional radiology, radiotherapy, and expanded 

surgical and transplant criteria. Recent advances in immuno-

therapy also provide promising options for patients who are not 

candidates for other therapies. This article highlights the major 

therapeutic options for HCC, including surgical resection, liver 

transplant, thermal and nonthermal ablation, chemoembolization, 

radiotherapy, and systemic chemotherapy, as well as discusses the 

evidence supporting these approaches.

Hepatocellular carcinoma (HCC) is the most common 
primary hepatic malignancy and the second leading cause 
of cancer-related deaths globally, with more than 780,000 

new cases of HCC reported in 2012.1 The disease occurs most often 
in patients with cirrhosis due to chronic hepatitis B virus (HBV) 
infection, chronic hepatitis C virus infection, or alcoholic liver dis-
ease. The incidence of HCC is rising in patients with nonalcoholic 
steatohepatitis.2,3 Globally, the incidence of HCC varies. East Asia 
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for government-supported screening; subsequently, 
only 6% of HCC patients in Japan are diagnosed with 
advanced-stage HCC.11 Analysis of Japan’s nationwide 
registry of all HCC patients demonstrates improvement 
in survival rates with the advent of regular surveillance; 
the median survival of HCC diagnosed from 1986 to 
1990 was 22 months, compared with 50 months when 
the diagnosis was made from 2001 to 2005 (P<.001).12 
Therefore, if utilized appropriately, screening is expected 
to increase the proportion of cancers diagnosed at early 
stages, thus increasing the proportion of patients eligible 
for curative treatment options and extending survival. 
Currently, the majority of HCC cases are diagnosed at 
advanced stages.13

Diagnostic Workup of Nodules Found  
on Screening

Based on the AASLD guidelines, if a nodule larger than 
10 mm is found on ultrasound, 4-phase computed 
tomography or contrast-enhanced magnetic resonance 
imaging is recommended for better characterization of 
the nodule.6 If the nodule demonstrates arterial uptake 
of contrast and washout in the delayed venous phase on 
cross-sectional imaging, it is diagnostic of HCC. How-
ever, if the lesion does not enhance characteristically, liver 
biopsy or repeat imaging with another modality should 
be considered. Liver biopsy is useful when the diagnosis 
of HCC is uncertain, when imaging studies are incon-
clusive, when patients have a low pretest probability for 
HCC (ie, a noncirrhotic healthy patient), or when there is 
concern for possible metastatic disease or cholangiocarci-
noma. Lesions smaller than 10 mm can be followed with 
a shorter interval, such as every 3 months, depending on 
the patient’s individual risk and history.

Staging Models for Hepatocellular 
Carcinoma

Unique among other malignancies, HCC develops in a 
diffusely diseased organ; thus, its prognosis reflects not 
only the tumor characteristics but also the severity of the 
underlying liver disease. There are a variety of models used 
to stage HCC, including the Barcelona Clinic Liver Can-
cer (BCLC) staging system and the Cancer of the Liver 
Italian Program (CLIP) score. The BCLC staging system 
incorporates Child-Pugh class, performance status, tumor 
size, tumor number, and the presence of vascular invasion 
to guide therapy. The AASLD has adapted the BCLC stag-
ing system in its recommendations for the treatment of 
HCC.6 The CLIP score utilizes Child-Pugh class, tumor 
morphology, α-fetoprotein levels, and presence of PVT 
to stratify patients, and has been externally validated.14,15 

and sub-Saharan Africa have higher rates of HCC com-
pared to Europe and North America.4 Chronic HBV 
infection is likely the driving force for this discrepancy, 
as the incidence of HCC closely mirrors HBV preva-
lence worldwide.

HCC usually has an insidious course and is often 
detected only when already advanced, with extensive 
tumor burden or portal vein thrombosis (PVT), and 
when curative options are no longer available. Patients 
can present with an acute decompensation of their liver 
disease, often due to PVT from tumor infiltration. Over-
all, the prognosis of patients with HCC is poor, although 
patients who are identified with small tumor burdens 
have curative options. An overview of the current thera-
pies for HCC can be found in the Table. This article 
describes the staging of HCC and reviews the treatment 
options available for this disease, which broadly include 
curative therapies, locoregional therapies, and systemic 
therapies intended to control tumor growth.

Screening for Hepatocellular Carcinoma

According to guidelines issued by the American Associa-
tion for the Study of Liver Diseases (AASLD) and the 
European Association for the Study of the Liver (EASL), 
patients with increased risk of HCC should be screened 
with ultrasound on a semiannual basis.5,6 Specifically, 
this includes all patients with cirrhosis, Asian men with 
HBV infection older than age 40 years, Asian women 
with HBV infection older than age 50 years, persons of 
African descent with HBV infection older than age 20 
years, and persons with HBV infection with a family 
history of HCC.5,6 In addition, EASL guidelines recom-
mend HCC screening in persons with hepatitis C virus 
infection and stage 3 fibrosis.5 Despite these recommen-
dations, surveillance rates are surprisingly low, ranging 
from 2%7 to 25%.8 Because surveillance is significantly 
underutilized, it is unknown how regular application of 
surveillance would modify the landscape of treatments 
offered for HCC and would affect mortality.

A randomized, controlled trial (RCT) in China 
evaluating the impact of screening for HCC in HBV-
infected patients demonstrated an increase in earlier-
stage cancers in patients randomized to screening.9 
Another Chinese RCT, with 18,816 participants, found 
an increased proportion of early-stage cancers in patients 
randomized to screening and significantly improved 
1-, 3-, and 5-year survival rates in patients receiving 
biannual screening compared with controls (65.9% 
vs 31.2%, 52.6% vs 7.2%, and 46.4% vs 0%, respec-
tively).10 Since the 1990s, Japan has implemented strate-
gies for educating physicians and patients about the 
risk of HCC.11 All patients at risk for HCC are eligible 
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Table. Currently Available Options for the Treatment of Hepatocellular Carcinoma

Indications Contraindications Adverse Effects

Curative Treatments

Surgical resection •	 Solitary liver tumor
•	 Unilobar disease

•	 Portal hypertension (hepatic venous 
pressure gradient ≥10 mm Hg)

•	 Decompensated cirrhosis (Child-Pugh 
B/C)

•	 Insufficient residual liver volume
•	 Extrahepatic disease
•	 Poor performance status

•	 Hepatic decompensation
•	 Bleeding
•	 Wound infection
•	 Bile duct damage/biloma

Liver transplant •	 Solitary liver tumor ≤5 
cm in size

•	 Up to 3 tumors, each ≤3 
cm in size

•	 Decompensated cirrhosis

•	 Macrovascular invasion of tumor
•	 Extrahepatic disease
•	 Severe comorbid disease (eg, severe 

cardiopulmonary disease)
•	 Poor performance status

•	 Graft dysfunction/rejection
•	 Bleeding
•	 Wound infection
•	 Bile duct damage/biloma

Locoregional Treatments

Radiofrequency 
ablation/micro-
wave ablationa

•	 Liver tumor ≤4 cm in size •	 Macrovascular invasion of tumor
•	 Main portal vein obstruction
•	 Decompensated cirrhosis (Child-Pugh C)
•	 Biliary obstruction
•	 Proximity to vital structures (eg, bowel, 

diaphragm) not mitigated by open or 
laparoscopic technique

•	 Fever
•	 Right upper quadrant pain
•	 Portal vein thrombosis
•	 Hepatic abscess
•	 Bleeding (eg, subcapsular 

hematoma, hemoperito-
neum)

Transarterial 
chemoemboliza-
tion

•	 Lesions that are unresect-
able because of portal 
hypertension or lesion 
location

•	 Patients awaiting liver 
transplant (downstaging 
tumors for transplant 
eligibility, preventing 
tumor progression while 
listed)

•	 Decreasing tumor burden 
for resection

•	 Macrovascular invasion of tumor (main 
portal vein)

•	 Main portal vein obstruction
•	 Decompensated cirrhosis (Child-Pugh C)
•	 Significant cardiac disease
•	 Significant renal insufficiency
•	 Biliary obstruction
•	 Poor performance status

•	 Postembolization syndrome 
(fever, right upper quadrant 
pain, nausea, ileus, elevated 
liver enzymes)

•	 Hepatic decompensation
•	 Hepatic abscess
•	 Gastroduodenal ulceration
•	 Bile duct damage/biloma

Cryoablation •	 Liver tumor ≤5 cm in size •	 Decompensated cirrhosis (Child-Pugh 
B/C)

•	 Macrovascular invasion of tumor (main 
portal vein)

•	 Biliary obstruction
•	 Proximity to vital structures (eg, bowel, 

diaphragm, gallbladder, blood vessel)

•	 Liver fracture
•	 Hemorrhage
•	 Coagulopathy
•	 Biliary fistula
•	 Hepatic abscess
•	 Myoglobinuria
•	 Cryoshock (multisystem 

organ failure)

Irreversible 
electroporation

•	 Liver tumor ≤4 cm in size 
(proximity to vascular 
structures is not a barrier)

•	 Pacemaker
•	 Cardiac arrhythmia
•	 Extensive extrahepatic metastases

•	 Bleeding
•	 Fistula formation (eg, 

arteriovenous, biliary)
•	 Cardiac arrhythmia

(Table continues on the next page.)
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Indications Contraindications Adverse Effects

Locoregional Treatments (continued)

Transarterial 
radioemboliza-
tion

•	 Lesions that are unresect-
able because of portal 
hypertension or lesion 
location

•	 Patients awaiting liver 
transplant (downstaging 
tumors for transplant 
eligibility, preventing 
tumor progression while 
listed)

•	 Patients with portal vein 
thrombosis

•	 Decreasing tumor burden 
for resection

•	 Potential for >30 Gy radiation exposure 
to lung in a single session (99 mTc 
macroaggregated albumin scan with 
pulmonary shunt fraction >15%)

•	 Prior hepatic radiation
•	 Macrovascular invasion of tumor (main 

portal vein)
•	 Decompensated cirrhosis (Child-Pugh C)
•	 Significant cardiac disease
•	 Significant renal insufficiency
•	 Poor performance status
•	 Biliary obstruction

•	 Hepatic decompensation
•	 Hepatic abscess
•	 Bile duct damage/biloma
•	 Gastroduodenal ulceration
•	 Postembolization syndrome 

(much milder than transarte-
rial chemoembolization)

•	 Radiation-induced liver 
disease

•	 Radiation pneumonitis
•	 Lymphopenia

Radiotherapy •	 Unresectable lesions •	 Decompensated cirrhosis (Child-Pugh 
B/C)

•	 Inadequate liver volume outside of the 
treatment area

•	 Prior hepatic radiation

•	 Gastroduodenal ulceration
•	 Right upper quadrant pain
•	 Radiation-induced liver 

disease
•	 Hepatic abscess
•	 Bile duct damage/biloma

Systemic Chemotherapies

Sorafenib •	 Unresectable lesions 
(Barcelona Clinic Liver 
Cancer stage C/D)

•	 Known severe hypersensitivity to 
sorafenib

•	 Diarrhea
•	 Weight loss
•	 Hand-foot-skin eruptions
•	 Hypophosphatemia
•	 Hypertension
•	 Cardiac ischemia

Regorafenib •	 Unresectable lesions 
(Barcelona Clinic Liver 
Cancer stage C/D) that 
have failed to respond to 
sorafenib

•	 Known severe hypersensitivity to 
regorafenib

•	 Same as sorafenib

aAblative therapies are curative for small lesions; however, in larger lesions, they are considered bridge therapies.

Table (continued). Currently Available Options for the Treatment of Hepatocellular Carcinoma

The Italian Liver Cancer scoring system, or ITA.LI.CA, 
is a novel prognostic system that stratifies patients using 
Child-Pugh class, performance status, α-fetoprotein lev-
els, and tumor characteristics (eg, size, presence of vascu-
lar invasion); it was recently validated and shown to have 
better prognostic ability than the BCLC staging system 
and CLIP score in Asian and European populations in 
an initial retrospective study.16 Currently, the BCLC 
staging system is most commonly used to stage HCC. 
Tumor stage, presence of portal hypertension, severity 
of underlying liver disease, and performance status are 
easily incorporated into the BCLC staging algorithm, 
which is also used to guide selection of therapies rang-
ing from surgical resection and liver transplantation to 
supportive care.

Curative Treatments

Surgical Resection
Surgical resection in carefully selected patients is a cura-
tive treatment option typically reserved for patients with 
single nodules and adequate hepatic function, such as 
patients with normal underlying liver function or Child-
Pugh class A cirrhosis. Surgical resection is often not 
feasible due to a lack of adequate hepatic reserve, even 
when the lesion is technically resectable, owing to the 
high postoperative mortality risk. Hyperbilirubinemia 
or portal hypertension automatically precludes surgical 
resection. Traditionally, solitary tumors (BCLC stage A 
or B) in patients without evidence of portal hypertension 
were the only lesions thought to be amenable to surgery. 
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However, multiple recent studies challenge this notion 
In a retrospective analysis of 1259 patients with BCLC 
stage B or C HCC who underwent surgical resection 
compared to transarterial chemoembolization (TACE), 
surgical resection demonstrated superior survival at 1, 3, 
and 5 years.17 The authors also analyzed more than 30 
other studies that confirmed good long-term survival 
rates with surgical resection for intermediate or advanced 
HCC in the absence of portal hypertension, a condition 
that independently predicts poor prognosis. This study 
is limited by its retrospective nature, as there were likely 
individual patient differences that influenced the choice 
of resection vs TACE and, thus, influenced treatment 
results. However, surgical resection may be an effective 
modality of treatment for some intermediate HCCs; 
high-quality RCTs comparing surgical resection to inter-
ventional therapies are lacking. Although resection is not 
typically considered for any tumor with major vessel inva-
sion, some centers offer surgery for advanced lesions not 
extending beyond a first-order branch of the portal vein 
and report adequate survival rates.18 Prospective studies 
are needed to determine the safety and suitability of more 
aggressive surgical resection in patients with intermediate 
and advanced HCC. This treatment option may become 
important as the incidence of HCC increases while the 
availability of sufficient livers for transplant diminishes.

Liver Transplant
Liver transplant is another curative option and is recom-
mended in patients with HCC who have decompensated 
cirrhosis. To qualify for liver transplant, patients must 
have tumors that fall within the Milan criteria (ie, a 
solitary tumor up to 5 cm in size or 3 tumors up to 3 cm 
in size).19 Macroscopic vascular invasion, regional nodal 
involvement, or distant metastases preclude liver trans-
plantation. With the application of the Milan criteria, 
recurrence-free survival rates were greater than 90%.19 
However, there is concern that the Milan criteria are too 
restrictive, and patients with greater tumor burden might 
also have acceptable posttransplant survival. Yao and 
colleagues demonstrated that expanded criteria for liver 
transplant in patients with HCC did not adversely impact 
survival rates when compared to the rates associated with 
the Milan criteria.20 The University of California San 
Francisco (UCSF) criteria permit transplant for solitary 
tumors that are 6.5 cm or smaller or when there are 3 or 
fewer nodules 4.5 cm or smaller each with a total tumor 
diameter of 8 cm or less. One-year survival for patients 
meeting UCSF criteria was 90%, whereas patients exceed-
ing these criteria had a 1-year survival of only 50%.20 A 
case series of 467 patients who underwent liver trans-
plantation at the University of California Los Angeles 
demonstrated similar findings; lymphovascular invasion, 

tumor number, and poorly differentiated tumors all inde-
pendently predicted poorer survival.21

Other studies have shown that UCSF criteria predict 
similar survival rates as the Milan criteria, which may help 
expand the role of liver transplant for HCC.22,23 However, 
the impact of this expansion on current allocation poli-
cies is not clear, and exception points are presently only 
granted to patients whose cancer falls within the Milan 
criteria. Persons with tumors that exceed the Milan criteria 
can be treated with locoregional therapies with the goal of 
downstaging HCC to within the Milan criteria. Down-
staging can also be used as a bridge to liver transplant with 
the goal of decreasing the risk of tumor progression and 
subsequent waiting list dropout. Although this concept 
has been adopted almost universally by transplant centers, 
there is conflicting evidence on its role in survival and 
cost-effectiveness. Due to the heterogeneity of survival 
data, treatment protocols, and regional variation in wait 
times for liver transplant, it is difficult to reach a defini-
tive conclusion on the role of downstaging. A 2015 sys-
tematic review demonstrated that downstaging to within 
the Milan criteria was successful in approximately 40% 
of patients, although the HCC recurrence rate posttrans-
plant was as high as 16%.24 Another systematic review 
reported similar survival data for patients who underwent 
liver transplant within the Milan criteria, and for patients 
who were downstaged to within the Milan criteria who 
underwent liver transplant.25 Large-scale studies are 
needed, as it remains unclear how long-term outcomes 
in downstaged patients compare to outcomes in patients 
whose HCC was always within the Milan criteria.

In recent years, there has been increased controversy 
surrounding the use of liver transplantation for HCC out 
of concern that HCC patients have an unfair survival 
advantage over non-HCC patients owing to receipt of 
Model for End-Stage Liver Disease (MELD) exception 
points for HCC. In an analysis of liver transplant rates, 
patients with HCC who were awarded 22 MELD excep-
tion points at the time of listing (along with subsequent 
exception points every 3 months) were transplanted at 
rates higher than their non-HCC counterparts in the first 
6 months.24 After 6 months, the rates were similar.26 In an 
effort to diminish this disparity, the Organ Procurement 
and Transplantation Network and the United Network 
for Organ Sharing changed the MELD exception policy 
in 2015.27 Prior to 2015, patients with HCC were listed 
with 22 MELD exception points for T2 lesions, and points 
were added every 3 months until the patient underwent 
or was no longer suitable for liver transplantation. Since 
October 2015, patients with T2 lesions are listed at their 
biological MELD score and after 6 months are awarded a 
MELD score of 28. Patients are then awarded exception 
points every 3 months to a maximum of 34 points.27 This 
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change allows time to observe tumor behavior in the first 6 
months of listing. Also, some studies suggest that a shorter 
wait to transplant portends a higher risk of posttransplant 
HCC recurrence and mortality.28,29 Patients who drop out 
of the waiting list due to either progression or complica-
tion of their HCC may have aggressive tumor biology. 
In these cases, the longer interval to gain MELD excep-
tion points may identify those patients with aggressive 
disease and increased risk of recurrence, thereby avoiding 
futile liver transplantation. Living-donor liver transplant 
may obviate some of the controversy related to organ 
availability and allocation because the MELD exception 
policy does not apply. Living-donor liver transplant may 
also reduce geographic disparity by providing an option 
for liver transplant in regions in which donor organs are 
limited and, thereby, reducing waiting list dropout.

Locoregional Treatments

Treatment of HCC has rapidly evolved with interven-
tional radiology. Percutaneous ethanol injection (PEI), 
radiofrequency ablation (RFA), microwave ablation 
(MWA), cryoablation, and TACE are the major modali-
ties utilized to control growth of HCC lesions.

Percutaneous Ethanol Injection
PEI, one of the oldest image-guided modalities,30,31 
involves direct injection of ethanol into the lesion, 
which induces tumor necrosis. Prior to RFA, PEI was 
considered first-line therapy for small HCC lesions. 
With the advent of RFA and improved imaging tech-
nology, PEI is typically not first-line therapy, as it has 
significant adverse effects. The procedure may cause 
significant postprocedural pain and typically requires 
multiple sessions to achieve complete treatment effect; 
additionally, there is a high risk of recurrence. Currently, 
PEI is most commonly used in combination with other 
interventional treatments such as TACE.32,33 There have 
been reports of successful PEIs for adrenal, bone, and 
lymphatic metastases from HCC.34-36

Radiofrequency Ablation
In RFA, a probe is inserted percutaneously or laparoscopi-
cally under ultrasound guidance, and alternating current 
is applied to the tumor. The radiofrequency waves gener-
ate thermal energy leading to tumor necrosis. Multiple 
reports have demonstrated the efficacy of RFA. Patients 
within the Milan criteria have 1-year survival rates 
approaching 97%, 3-year survival rates between 60% and 
87%, and 5-year survival rates between 40% and 75%.37,38 
The Child-Pugh score, initial response, and number and 
size of nodules all play a role in predicting survival.37,38 
Solitary lesions smaller than 3 cm are most appropriate 

for RFA. Lesions larger than 5 cm have a less robust treat-
ment response, with one study citing a complete response 
of approximately 63%, compared to 93% in patients with 
lesions between 3 and 5 cm and 100% in lesions smaller 
than 3 cm.39 Treatment success may increase when multi-
ple probes are used for larger tumors, but these studies are 
limited by small sample sizes.40,41 Exophytic lesions along 
the inferior edge of the liver or those in proximity to the 
hepatic dome are typically not treated with RFA due to 
the risk of bowel or diaphragmatic injury. In addition to 
percutaneous RFA, a laparoscopic approach can be con-
sidered to reduce the risk of injury to adjacent organs.42 As 
with all modalities, postablation imaging and surveillance 
are used to confirm sustained treatment effect and to plan 
additional therapy as appropriate.

Microwave Ablation
Another modality useful for the treatment of HCC 
lesions less than 3 cm in size is MWA. In MWA, a needle 
electrode is typically advanced percutaneously under 
ultrasound guidance.43 High-frequency microwaves are 
then delivered to the lesion to induce thermal destruc-
tion. This technique has been in use since the late 1980s, 
most frequently in Japan and China. When compared to 
RFA, MWA shows no statistically significant difference 
between complete response rates or 2-year local recur-
rence rates.44,45 In another study, laparoscopic MWA 
showed superiority in reducing long-term local progres-
sion compared with laparoscopic RFA; however, there 
were no significant differences between 5-year survival 
rates and treatment response rates.46 Whether these results 
can be extrapolated to percutaneous approaches remains 
to be studied. Although larger RCTs are needed to further 
compare the 2 technologies, MWA seems to be a suitable 
alternative to RFA.

Cryoablation
Cryoablation has been less utilized as more advanced 
ablative techniques have emerged, but still plays a role 
in select patients. The technique requires laparoscopy 
with direct application of a cryoprobe, with either liquid 
nitrogen or argon gas placed on the HCC lesion. Freezing 
induces irreversible damage to the tissue. Typically, 2 to 3 
cycles are performed in a single session, and intraopera-
tive ultrasound is used to monitor tumor destruction in 
real time. Cryoablation can be used as monotherapy or 
as part of a multimodal treatment approach. There are 
no RCTs evaluating the efficacy of cryoablation compared 
to other ablative modalities, although retrospective trials 
and case series have evaluated the efficacy of cryoablation. 
One large series of patients receiving cryotherapy dem-
onstrated a 39.8% 5-year survival rate, and among the 
subset of patients with lesions less than 5 cm, survival was 
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55.4%.47 The main disadvantage of cryoablation is that it 
is most often performed laparoscopically and may cause 
morbidity in patients with advanced cirrhosis. Complica-
tion rates have been reported to be upwards of 50% and 
include coagulopathy, cardiac arrhythmia, and liver frac-
ture.48 However, percutaneous application of cryoablation 
may mitigate these risks.49,50 Cryoablation may have a role 
in special situations, such as treatment of residual disease 
at resection margins, but is rarely considered as a first-line 
therapy in the treatment of HCC.

Transarterial Chemoembolization
TACE has become one of the most commonly used treat-
ment modalities for HCC, both for primary therapy and 
for downstaging tumors and bridging to transplantation. 
TACE is typically considered in patients with multifocal 
HCC or with tumors that are not amenable to resection 
or ablative therapy without evidence of vascular invasion 
and relatively well-preserved hepatic reserve.51 PVT is 
considered a contraindication to TACE due to the poor 
overall survival of patients with HCC and PVT and the 
increased risk of acute liver failure post-TACE. Other con-
traindications to TACE include macrovascular invasion 
of the tumor into the main portal vein, complete main 
portal vein obstruction, refractory hepatic encephalopa-
thy, biliary obstruction, and Child-Pugh class C cirrhosis. 
Relative contraindications include a total bilirubin level 
greater than 2 mg/dL, greater than 50% of liver involve-
ment with the tumor or tumor size at least 10 cm, cardiac 
or renal insufficiency, significant lung disease, or recent 
hepatic decompensation.52 In select situations, patients 
with partial PVT not due to tumor infiltration may still 
be candidates depending on tumor location, thrombus 
extent and location, and operator expertise.

In TACE, percutaneous catheterization of the 
hepatic artery targets the feeding branches of the tumor.53 
The size, number, and distribution of lesions dictate 
the degree of selectivity required to achieve maximal 
therapeutic effect. Once the vessel has been selectively 
cannulated, a chemotherapeutic agent is infused. Typical 
agents used for infusion are doxorubicin, cisplatin, or 
mitomycin C. Some clinicians may utilize ethiodized oil 
(Lipiodol, Guerbet), a contrast material that theoretically 
promotes intratumoral chemotherapy retention while 
localizing the lesion radiographically.54,55 Ethiodized oil 
enhances during posttreatment surveillance imaging and 
aids visualization of the previously treated site, but may 
also make it difficult to distinguish residual tumor from 
retained contrast. In addition, there have been reported 
cases of lipiodol emboli to the pulmonary and cerebral 
circulation.6,56 Once the chemotherapeutic agent is 
infused, a procoagulant material (eg, Gelfoam, Pfizer) is 
usually injected to embolize the artery. Flow through the 

embolized vessel is usually re-established within 2 weeks, 
which allows for future access to the lesion for additional 
therapy. Tumor necrosis is induced by TACE via direct 
cytotoxicity from chemotherapy as well as ischemia.

There is a rising preference for the use of TACE 
with drug-eluting beads (DEB-TACE) over conventional 
TACE; however, data on long-term efficacy are mixed.44 
Individual studies have demonstrated that patients 
undergoing DEB-TACE for unresectable HCC have 
significantly improved overall survival compared with 
conventional TACE recipients.57,58 The side-effect profile 
of DEB-TACE appears improved compared with that of 
conventional TACE, with diminished cardiac, hepatic, 
and gastrointestinal toxicity, theoretically because DEB-
TACE allows for a slower release of the chemotherapeutic 
agent and less systemic exposure.59 Either approach is 
reasonable, although given the possible lower side-effect 
profile of DEB-TACE, more centers are adopting this 
modality as a first-line treatment. Two or more sessions 
may be required depending on tumor response.

Although TACE has very low mortality (as low as 4% 
in patients with adequate hepatic reserve60), it is associ-
ated with significant posttreatment complications. Most 
commonly, patients develop postembolization syndrome 
and are often preemptively hospitalized for observation 
and symptom management. This syndrome, with vary-
ing severity, can be seen in up to 90% of patients after 
TACE and includes nausea, right upper quadrant pain, 
and ileus.61 Typically, the aminotransferases and bilirubin 
become transiently elevated.62 Patients undergoing TACE 
should receive adequate intravenous hydration and anti-
emetics to minimize symptoms. The role of prophylactic 
antibiotics is unclear; data suggest that routine use may 
not reduce postprocedure infection.63 Other less com-
mon, but significant, complications include acute-on-
chronic liver failure, liver abscess, and bile duct injury. 
Clinicians should be especially vigilant regarding acute 
hepatic decompensation in patients who receive TACE 
to a large vessel rather than subselective TACE, given the 
risk of collateral injury to functioning hepatocytes in the 
treatment zone, which further diminishes hepatic reserve. 
Long-term survival from HCC after conventional TACE 
is not significantly different than survival after bland 
embolization. Independent studies and a meta-analysis 
including a Cochrane review concluded that there is no 
compelling evidence to support or refute the use of TACE 
in unresectable HCC.64,65

Advances in Hepatocellular  
Carcinoma Therapy

Although the modalities previously explained are widely 
used for the treatment of HCC, newer therapies have 
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emerged and include transarterial radioembolization 
(TARE), irreversible electroporation (IRE), systemic 
radiotherapy, systemic chemotherapy, and immunother-
apy. These modalities are still considered experimental, as 
there are no large-scale studies advocating their use over 
the current standard of care set down by the EASL and 
AASLD guidelines. Ongoing studies may provide more 
insight into the optimal use of these therapies.

Transarterial Radioembolization
TARE is a newer treatment modality for HCC, and 
involves selective catheterization of hepatic arteries with 
infusion of radioactive material into the feeding artery 
to induce tumor necrosis. Typically, resin or glass beads 
coated with yttrium-90 are used; however, lipiodol 
labeled with iodine-131 is used in adjuvant settings 
outside of the United States.66 Unlike with TACE, TARE 
is not contraindicated in patients with PVT. There is no 
consensus regarding whether TARE is more efficacious 
than TACE. A recent meta-analysis comparing TARE to 
TACE demonstrated that 4-year survival rates were not 
significantly different and, therefore, TARE was nonin-
ferior to TACE.67 It should be noted, however, that this 
analysis only included 5 studies out of a potential 172, 
signifying that these results may not be generalizable. Sev-
eral retrospective, small-scale studies68,69 show comparable 
or superior results of TARE compared to TACE, includ-
ing longer time-to-progression and reduced toxicity, but 
there have been no large, randomized, prospective trials. 
The AASLD currently does not endorse TARE as standard 
therapy for HCC.6 The National Comprehensive Cancer 
Network, along with other consensus groups, has adapted 
TARE as a reasonable therapeutic option for the treat-
ment of HCC.70 There are a few RCTs, including the 
PREMIERE trial71,72 and the ongoing TRACE (Transar-
terial Radioembolization Versus Chemoembolization for 
the Treatment of Hepatocellular Carcinoma) trial,73 that 
directly compare TARE with TACE. In the PREMIERE 
trial, patients who underwent TARE had longer time-to-
progression and lower liver transplant dropout rates com-
pared with patients who received conventional TACE. 
Overall survival, however, was not significantly different 
between both groups.71,72

The side-effect profile of TARE is better than that of 
TACE, requiring fewer hospital admissions and leading 
to less abdominal pain and lower elevation in transami-
nases.74,75 To minimize the risk of extrahepatic radiation 
injury, candidates for TARE undergo hepatic angiogra-
phy with cannulation of the tumor’s feeding vessel and 
infusion of technetium-99m macroaggregated albumin. 
These molecules are similar in size to the spheres used 
for TARE and provide a pretreatment map. Addition-
ally, this procedure estimates the degree of pulmonary 

and splanchnic shunting, therefore assessing the risk of 
pulmonary toxicity. A single photon emission computed 
tomography scan performed after administration assesses 
distribution of the tagged material. A pathologic pulmo-
nary shunt fraction greater than 15% translates to a radia-
tion dose greater than 30 Gy per treatment and increases 
the risk of pulmonary injury, thus limiting utilization in 
this scenario.76 More common side effects include mildly 
elevated aminotransferase levels, abdominal pain, and 
nausea. Less common, but more significant, side effects 
include gastroduodenal ulcers, cholecystitis, and hepatic 
decompensation. In contrast to TACE, which typically 
requires a short hospital admission for symptom man-
agement, TARE is an outpatient procedure. TARE is an 
option for the treatment of HCC and offers therapy in 
situations in which TACE is contraindicated. Long-term 
outcome data are needed before it can be recommended 
over other therapies.

Irreversible Electroporation
IRE, commercially available as NanoKnife (AngioDy-
namics) in the United States, is a unique treatment that 
utilizes electrical pulses to create pores in the cellular 
membrane, leading to apoptosis and cell death. With this 
approach, there is minimal damage to surrounding paren-
chyma and vascular structures.77,78 Furthermore, IRE may 
confer minimal risk in treating tumors in close proximity 
to vessels or encasing vessels, with only 4.4% of vessels 
demonstrating changes after treatment.79 Studies have 
demonstrated excellent treatment response, with com-
plete response in 97% of patients with lesions less than 
3 cm in one study, and another study showing complete 
pathologic necrosis of the tumor on explant.80,81 A 2014 
systematic review also demonstrated treatment success 
rates ranging from 67% to 100%.82 Lesions larger than 4 
cm may be less responsive to treatment,83 but more data 
and studies are needed to determine which characteristics 
favor treatment response. In a study comparing IRE to 
MWA, there was equivalent treatment response at 180 
days, but less frequent transaminase level elevation, faster 
recovery, and lower readmission rates in the IRE group.84 
For HCC lesions in areas that are challenging to access, 
IRE remains a promising modality; however, more studies 
are needed to determine the factors predicting success of 
this treatment option.

Systemic Radiotherapy
The addition of systemic radiotherapy to the HCC 
armamentarium reflects advances in radiation oncology, 
including external beam radiation therapy (EBRT) and 
proton beam radiation therapy. Previously, standard 
EBRT was not considered for treatment of HCC due to 
hepatic radiosensitivity and concern for collateral damage 
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to healthy liver parenchyma. Even low-dose radiation 
(28-35 Gy) has a greater than 5% risk of radiation-
induced liver injury, characterized by anicteric hepatitis, 
and can lead to liver failure, although rarely.85 These doses 
are far lower than what is required to eradicate HCC 
lesions. With standard EBRT, there is an additional risk 
of radiation injury to adjacent organs, including the small 
intestine and kidneys.86

With the advent of stereotactic radiotherapy, EBRT 
has evolved and includes 3-dimensional conformal 
radiotherapy and intensity modulation radiation therapy 
(IMRT), which allow more precise localization, thereby 
sparing the surrounding parenchyma. With 3-dimen-
sional conformal radiotherapy, doses of radiation greater 
than 90 Gy can be delivered to hepatic lesions without 
significant collateral radiation toxicity.87 Complete treat-
ment response from high-dose 3-dimensional conformal 
radiation therapy to HCC lesions is as high as 90%, with 
improved 2-year survival rates.88 Factors limiting the 
radiation dose include Child-Pugh class B or C, prior 
TACE, PVT, and HBV infection.89,90 By using computer-
generated intensity modulation, IMRT allows for higher 
radiation doses than 3-dimensional conformal radiation 
therapy with a lower risk of radiation toxicity.91 Further-
more, IMRT can be used with helical computed tomogra-
phy and can be applied to multiple targets simultaneously. 
Likely, the higher radiation dose explains why IMRT has 
improved treatment response and overall survival com-
pared to 3-dimensional conformal radiation therapy.92-94

Stereotactic radiotherapy is a relatively recent devel-
opment and seems best suited for patients with small 
lesions and well-preserved hepatic function. Radiation 
toxicity varies due to tumor size and heterogeneity of 
tumor location.95,96 In a trial comparing RFA to stereo-
tactic radiotherapy for small, inoperable HCC, stereo-
tactic radiotherapy showed delayed time-to-progression 
for tumors larger than 2 cm; overall survival and local 
response rates were similar for the 2 treatments.97 Stereo-
tactic radiotherapy has already been adapted as an alter-
native therapy by the National Comprehensive Cancer 
Network.70

Charged particle therapy, such as proton beam ther-
apy, may have the greatest capacity to spare surrounding 
tissue from radiotoxicity, as proton beams lose very little 
energy until they reach their target.98 Good local control 
rates have been demonstrated after proton beam therapy,99 
and 5-year control rates have been reported to be greater 
than 90%.100 Overall survival rates vary due to differ-
ences in tumor size and underlying liver function.100,101 
A prospective RCT comparing TACE to proton beam 
therapy is ongoing; results of an interim analysis were 
recently published, and although no difference was found 
in overall survival, there was a trend toward improved 

2-year local control and progression-free survival in the 
proton beam group that was not statistically significant.102 
Charged particle therapy is promising for select patients 
with HCC but requires further investigation.

Systemic Chemotherapy
Chemotherapy is reserved for patients with advanced 
HCC or BCLC stage C or D, and includes traditional 
agents such as doxorubicin, gemcitabine, and oxalipla-
tin. The EACH (Oxaliplatin [Eloxatin] Plus FOLFOX4 
Compared With Single-Agent Doxorubicin [Adriamycin] 
as Palliative Chemotherapy in Advanced Hepatocellular 
Carcinoma Patients) trial compared a combination of 
fluorouracil, leucovorin, and oxaliplatin vs doxorubicin 
in a prospective, open-label trial; there was no signifi-
cant difference in overall survival, but there was a trend 
toward increased overall survival in the combination 
chemotherapy group.103 A recent meta-analysis evaluating 
oxaliplatin-based chemotherapy regimens demonstrated 
modest improvement in overall survival, although 1-year 
survival rates hovered just under 40%.104

Advanced HCC portends a poor prognosis, and there 
has been research attempting to find alternative systemic 
therapies. The first oral chemotherapeutic agent proven 
to have survival benefit in HCC is sorafenib (Nexavar, 
Bayer), an oral multikinase inhibitor, which is approved 
by the US Food and Drug Administration (FDA) as first-
line therapy for advanced HCC. The SHARP (Sorafenib 
HCC Assessment Randomized Protocol) trial demon-
strated median overall survival in the sorafenib arm of 
10.7 months, compared with 7.9 months in the placebo 
arm.105 Significant adverse reactions include diarrhea, 
weight loss, hand-foot-skin eruptions, and hypophos-
phatemia. Sorafenib is recommended for advanced-stage 
HCC per the AASLD and BCLC treatment guidelines.6 
Given the modest survival benefit, a recent analysis of the 
Surveillance, Epidemiology, and End Results–Medicare 
database was conducted to determine the survival rate 
and cost-effectiveness of sorafenib.106 Although there 
was an overall survival benefit with sorafenib compared 
to controls, it was limited to only 31 days in those with 
decompensated liver disease. Thus, while sorafenib was 
deemed overall cost-effective for the entire cohort, it was 
not cost-effective in the subgroup of patients with hepatic 
decompensation.106

Multiple studies have combined sorafenib with 
interventional techniques, including TACE, to enhance 
response. Recent meta-analyses reviewing the combina-
tion of TACE and sorafenib have demonstrated longer 
time-to-progression, but results are conflicted as to 
whether this translates to increased overall survival.107-109 
In all analyses, combination treatment led to an increased 
rate of adverse reactions.107-109 In the recent SPACE 
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(Sorafenib or Placebo in Combination With TACE) trial 
comparing DEB-TACE plus placebo to DEB-TACE 
plus sorafenib in patients with BCLC stage B HCC, 
there was no statistically significant difference in time-
to-progression or overall survival.110 Thus, combination 
therapy likely offers modest benefit without significantly 
improving overall survival and leads to more adverse 
events. Sorafenib and TARE have also been studied in 
combination; a small study showed improved overall sur-
vival and progression-free survival compared to historical 
experience with sorafenib monotherapy.111 Combination 
therapy requires further investigation, especially given the 
advances in radiotherapy.

Regorafenib (Stivarga, Bayer) is a new treatment 
recently approved by the FDA as a second-line therapy 
for advanced HCC in patients who failed treatment with 
sorafenib. Although structurally similar, regorafenib is 
more potent than sorafenib, with a similar side-effect 
profile. In the phase 3 clinical RESORCE (Regorafenib 
After Sorafenib in Patients With Hepatocellular Carci-
noma) trial, patients with Child-Pugh class A cirrhosis 
and advanced HCC who progressed on sorafenib had 
a significantly longer overall median survival of 10.6 
months in the regorafenib arm vs 7.8 months in the pla-
cebo arm (hazard ratio, 0.62; P<.001).112 Progression-free 
survival and response to therapy were also significantly 
higher in patients treated with regorafenib.

Multiple other drugs, including lenvatinib (Len-
vima, Eisai), cabozantinib (Cometriq, Exelixis), apatinib, 
and tivantinib, are under investigation for the treatment 
of advanced HCC and are in various stages of clinical 
trials. Additional data are needed before these treatments 
can be recommended.

Immunotherapy
Immunotherapy is promising for the treatment of HCC. 
Immune checkpoint inhibitors include antibodies 
targeting cytotoxic T-lymphocyte–associated protein 4 
(CTLA-4), programmed cell death protein 1, and pro-
grammed cell death ligand-1 and -2.113-115 Blocking these 
proteins restores T-cell function, allowing the immune 
system to more effectively detect and kill HCC cells. 
At the American Society of Clinical Oncology meeting 
in 2015, results of a phase 1/2 study with nivolumab 
(Opdivo, Bristol-Myers Squibb) in 47 patients with 
advanced liver cancer were presented; 68% of patients 
had drug-related adverse events, the complete response 
rate was 5%, and the partial response rate 14%.116 
Pembrolizumab (Keytruda, Merck) was associated with 
partial response and prolongation of survival in a patient 
with progressive metastatic HCC while being treated 
with sorafenib.117 Tremelimumab (formerly ticilimumab, 
CP-675,206; Pfizer) is a monoclonal antibody targeting 

CTLA-4. In patients with advanced HCC, there was a 
partial response rate of 17.6% with time-to-progression 
of 6.5 months.118 The use of tremelimumab plus RFA, 
cryoablation, or TACE in patients with BCLC B or C 
HCC was associated with a partial response rate of 26.3% 
in areas outside of the ablation zone, and median time to 
tumor progression was 7.4 months.119 Ipilimumab (Yer-
voy, Bristol-Myers Squibb), a CTLA-4 inhibitor used in 
malignant melanoma120 and renal cell carcinoma,121 is 
currently being studied in combination with nivolumab 
for use in patients with advanced HCC.122 At the time of 
this manuscript, there are 34 open clinical trials focused 
on immunologic manipulation for treatment of HCC.123

Conclusion

The incidence of HCC has been steadily increasing 
worldwide. Whereas other cancers have seen substantial 
decreases in mortality due to improvements in therapy 
over the past decade, the same cannot be said for HCC. 
Surgical resection, a curative treatment option, is often 
limited by patient characteristics. Although curative, 
liver transplantation is limited by the scarcity of donor 
organs. Much of the progress in the treatment of HCC is 
attributable to developments in the field of interventional 
oncology. Minimally invasive procedures such as RFA, 
MWA, TACE, TARE, and IRE are now used to cure 
small cancers and also as a bridge to liver transplantation. 
Sorafenib effectively prolongs survival in patients with 
advanced HCC, but its use in clinical practice is limited 
by side effects. Immunotherapy-based regimens and 
novel chemotherapeutic agents, including regorafenib, 
are expected to significantly improve the landscape for 
treatment of HCC. A multidisciplinary approach that is 
personalized for each patient is essential and will ensure 
dramatic improvement in outcomes for patients with 
HCC over the next decade. In the interim, increasing sur-
veillance in patients at risk for HCC can identify tumors 
at an earlier stage, thus increasing chances for a curative 
therapy.
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