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Abstract: Hepatocellular carcinoma (HCC) is a common malignancy with many patients presenting with 
local disease. As of date, the use of radiation is not included in the commonly utilized Barcelona Clinic Liver 
Cancer (BCLC) classification but is in the National Comprehensive Cancer Network guidelines. Radiation 
can volumetrically cover the entire tumor and with novel technologic advances can be administered non-
invasively with excellent clinical outcomes with few adverse events. The gold standard for localized early 
HCC (such as BCLC-A) is resection or transplantation. In patients who are not candidates for surgical 
treatment, locoregional therapy should be considered as an optimal therapy for these patients. Tumor 
ablation techniques such as microwave ablation (MWA) and radiofrequency ablation (RFA) are excellent tools 
to control local disease or bridge to transplantation. Should these not be possible though then ablation with 
external beam radiation is also capable of yielding comparable local control and serve as a bridge to transplant 
without worse rates of adverse events. For tumors that meet Milan criteria for transplantation, in comparison 
to transarterial chemoembolization (TACE), there is considerable randomized evidence demonstrating better 
local control, less adverse events, better progression-free survival (PFS), and less costly. It can be utilized 
as a bridge in Barcelona liver class B. For larger localized tumors though (extrahepatic disease or vascular 
invasion like BCLC-C), stereotactic body radiation therapy (SBRT) is shown via a randomized clinical trial 
to have a survival benefit, local control benefit, and no worse adverse events compared to systemic therapy. 
In this setting, it should be considered the local consolidation standard of care.

Keywords: Hepatocellular carcinoma (HCC); chemoembolization; stereotactic ablative radiation; transplant

Submitted Jul 10, 2023. Accepted for publication Dec 07, 2023. Published online Jan 22, 2024.

doi: 10.21037/apm-23-486

View this article at: https://dx.doi.org/10.21037/apm-23-486

354

Introduction to hepatocellular carcinoma (HCC)

HCC is the sixth most commonly diagnosed cancer 
worldwide (1). It is the third leading cause of cancer death 
worldwide and the second leading cause of cancer death 
among men (1). HCC is particularly common in eastern 
Asia (2,3). Risk factors for HCC include hepatitis B virus 

(HBV), hepatitis C virus (HCV), aflatoxin-contaminated 
foods, heavy alcohol intake, excess body weight, type 2 
diabetes mellitus (T2DM), and smoking (4).

According to Surveillance, Epidemiology, and End 
Results (SEER) data for liver and intrahepatic bile duct 
cancer in 2019, 39% of new HCC diagnoses are localized 
at the time of diagnosis and with the implementation of 
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more screening surveillance there may be an increase in the 
number of localized HCC diagnosis (5,6). Finding the best 
way to treat these early HCCs is essential since recurrence 
of disease usually results in cancer-specific mortality.  
The mean overall survival (OS) of untreated HCC is 
generally reported to be 4 to 6 months after symptoms 
appear (7). To avoid this rapid progression, potentially 
curative treatment of localized HCC must be initiated 
rapidly and providers must be up to date on the most 
effective and safe treatment modalities. The ability of 
a treatment to avoid damaging healthy liver is a major 
consideration given that over 90% of HCC cases occur in 
the setting of chronic liver disease and compromised liver 
function (8).

Barcelona Clinic Liver Cancer (BCLC) staging

Accurate staging is essential for a discussion of treatment 
options for patients with HCC. Many staging systems have 
been developed. The most widely adopted method is the 
BCLC staging system, which considers the characteristics 

of the tumor, underlying liver disease, and patient’s 
performance status. The BCLC system guidelines link the 
stage with recommended treatment strategies and are also 
adopted by the National Comprehensive Cancer Network 
(NCCN) in their guidelines. The updated guidelines as of 
2022 (9) are depicted in Figure 1. The figure demonstrates 
that the primary management for early-stage disease 
involves ablation for very early stage (BCLC-0) or less 
than 2 cm. With larger lesions (under 5 cm) or up to three 
lesions, hepatectomy or transplantation are reasonable 
options.

Ablative techniques

Ablation refers to treatment that destroys tumor tissue 
without removing it. Broadly the term includes treatment 
with ablative doses of external beam radiation but usually 
it refers specifically to noninvasive or minimally invasive/
percutaneous techniques including ethanol ablation, 
radiofrequency ablation (RFA), microwave ablation (MWA), 
laser ablation, cryoablation.

Figure 1 The BCLC staging system and the current recommendations for treatments by stage (9). HCC, hepatocellular carcinoma; PS, 
performance status; LT, liver transplantation; TACE, transarterial chemoembolization; BCLC, Barcelona Clinic Liver Cancer.
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Ethanol ablation

One of the earliest forms of percutaneous tumor ablation 
is ethanol injection. First described in 1983, percutaneous 
ethanol injection (PEI) uses ultrasound or computed 
tomography (CT) imaging to guide a needle into a tumor (10).  
Concentrated ethanol is injected and causes direct damage 
to tumor cells via dehydration and denaturation leading 
to coagulative necrosis. It is a safe, easy to perform, cost-
effective treatment. Only small lesions can be effectively 
treated with this technique and it often requires multiple 
sessions to ensure that ethanol diffusion reaches each part 
of the tumor.

Thermal ablation

The thermal ablative therapies are either hyperthermic 
treatments—including RFA, MWA, and laser ablation—or 
cryoablation. Hyperthermic treatments produce irreversible 
cellular damage, coagulation of tissue, and damage to 
mitochondrial and cytosolic enzymes in cells. Cryoablation 
kills primarily via cell membrane disruption after cooling 
to temperatures between −20 and −60 ℃ followed by rapid 
thawing.

RFA is a minimally invasive hyperthermic ablative 
technique using heat generated from an electrical current. 
After general anesthesia is induced, a thin needle electrode 
is inserted into the tumor through the skin and ground pads 
are placed on a separate portion of skin (11). An electric 
current that oscillates at radio frequencies is conducted 
from the needle to the ground pads with the patient 
creating a closed loop circuit. The high electrical resistance 
in the tissue surrounding the thin needle electrode causes 
heat buildup and eventual thermal injury in close proximity 
to the needle. The larger surface area of the ground pads 
placed on the skin dissipates the energy to avoid skin 
damage. Generally, RFA is indicated for BCLC stage 0 and 
in properly selected BCLC stage A.

MWA refers to all techniques of tumor destruction that 
use devices that generate electromagnetic radiation (EMR) 
with frequencies ≥900 kHz. This lower energy radiation 
does not induce DNA damage like ionizing radiation used 
in stereotactic body radiation therapy (SBRT) but instead 
generates heat as it passes through tissue. This causes 
thermal injury that drops off rapidly as distance from 
the source increases. This falls into the same category of 
thermal ablation as RFA. Importantly, vessels located in the 
proximity of the tumor are not as much at risk with MWA 

as they are with RFA.
The third method of hyperthermia ablation is laser 

ablation, which uses light energy applied via optical fibers 
inserted into tissue. This energy is absorbed into tissue 
creating temperatures of up to 150 ℃. There is less data 
regarding laser ablation than regarding RFA and MWA.

Cryoablation is a technique wherein a probe cooled with 
liquid nitrogen is placed into the tumor and an ice ball 
is created in the target tissue. The technique has limited 
application in HCC (12,13). The complication rate is not 
negligible, particularly because of the risk for “cryoshock”, 
a life-threatening condition resulting in multiorgan failure, 
severe coagulopathy, and disseminated intravascular 
coagulation following cryoablation. There are currently no 
randomized controlled trials (RCTs) that support the use of 
hepatic cryoablation for HCC treatment.

Comparison of ablative techniques

According to BCLC staging, for single lesions of less than 
or equal to 2 cm greatest dimension with preserved liver 
function, and good performance status, resection and 
ablation are both standard options. However, as we will see 
below, there is some data to argue that resection upfront 
may decrease local recurrence risk even in these stage 
0 patients. Therefore, ablation is not widely considered 
standard of care at this time for upfront treatment for 
patients with good functional status and liver function 
unless there are two or three small lesions that will make 
surgery unfeasible.

RF vs. ethanol

PEI was the first ablative technique widely adopted but in 
modern years, it has fallen out of favor due to many clinical 
trials that have demonstrated the superiority of RFA, 
which is now the most widely adopted technique. Several 
clinical trials have shown increased antitumor effect and 
locoregional disease control with RFA over PEI (11,14-17).

Brunello et al. ’s 2008 publication (17) is a good 
representation of the results of these five trials. They found 
finding in an intention-to-treat analysis that complete 
response (CR) at 1 year was achieved by 65.7% and 36.2% 
of patients treated by RFA and PEI, respectively in early 
HCC (P=0.0005).

Complications occurred in 10 and 12 patients treated by 
RFA and PEI, respectively (17). In patients with cirrhosis, 
RFA did not provide a clear survival advantage.
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The impact of RFA on OS is not as well established as its 
impact on locoregional control but the three meta-analyses 
below demonstrate an OS benefit particularly for tumors 
larger than 2 cm (18-20).

Orlando et al. in 2009 analyzed five trials with 701 
total patients with small HCC and found that OS was 
significantly higher in patients treated with RF than in those 
treated with PEI with odds ratio of 1.92 (1.35–2.74) (18).  
This data agrees with Cho et al. who published a meta-
analysis in the same year of 4 of the same clinical trials 
showing significant improvement in 3-year OS favoring 
RFA [odds ratio, 0.477 (0.340–0.670)] (19). The next year, 
Germani et al. published a third meta-analysis including 
trials with percutaneous acetic acid injection (PAI) as well as 
PEI analyzing 1,035 patients showing that RFA was superior 
to PEI for survival with OR 0.52 (0.35–0.78) but only for 
tumors greater than 2 cm. PAI did not significantly differ 
from PEI for survival and local recurrence but required less 
sessions (20).

Overall, this data confirms that RFA is superior to PEI.

MWA vs. RFA

Randomized data is limited in comparing MWA with RFA. 
One of the largest trials published by Kamal et al. showed 
no statistically significant differences were observed with 
respect to the efficacy of the two procedures, but there was 
a slight trend favoring RFA with respect to complication 
rates (21). A meta-analysis published in 2020 by Facciorusso 
et al. shows a similar efficacy and safety profile between the 
two techniques (22). There was a trend toward a decrease 
in long-term recurrences with MWA but this needs to be 
studied further.

A phase II clinical trial shows that MWA and RFA show 
similar diameters of ablative regions, similar OS, and similar 
recurrence-free survival (RFS) at 50 months in liver tumors 
between 1.5 and 4 cm (23). Hospital and treatment costs 
become more important when two treatments appear to 
be equally effective. Some studies have found that MWA is 
cheaper than RFA and requires fewer treatment sessions (24)  
and shorter overall treatment durations (25,26). Of note, 
MWA technology has evolved significantly since the 
publication of this trial. Newer devices can achieve higher 
temperatures and a larger volume of coagulation (27). 
Further studies are needed to compare MWA to RFA 
and resection in patients with larger volume of disease. 
Considering the data that we currently have, both MWA 
and RFA are very suitable options for percutaneous ablation 

of liver tumors.

RFA vs. laser ablation

Many studies demonstrate local recurrence and median 
survival rates with laser ablation that are comparable to 
those with RFA (28-30). There are two randomized clinical 
trials comparing laser ablation and RFA in the treatment 
of HCC with no significant difference between the two 
arms in terms of tumor control, OS, and safety although 
Ferrari et al. found on univariate analysis that those with 
Child-Pugh A or tumors <2.5 cm or single lesions seem to 
benefit more from RFA than laser ablation with significant 
improvement in OS for each of these variables favoring 
RFA (31,32). Laser ablation is an acceptable alternative to 
RFA but is not usually considered a standard option. No 
RCTs to compare laser ablation with non-RFA forms of 
ablation have been published.

RFA has been shown to be a very useful tool in treating 
early HCC and is cost-effective and likely represents the 
best that our current technology can achieve percutaneously. 
Outcomes with RFA cannot be beaten by PEI, MWA, or 
laser ablation as far as the data show currently and so it 
continues to be the gold standard for local percutaneous 
treatment.

Surgical resection (SR)

SR or transplantation for stage 0 and stage A HCC is the 
current standard of care for patients who are fit for surgery. 
Unfortunately, HCC is commonly set in the background 
of poor liver function and many patients are not amenable 
to SR upfront (8). In patients with stage I/II disease, 5-year 
survival rates of 60–70% have been reported compared 
to 20–30% in patients with stage III/IV disease (33,34). 
Additionally, operative mortality rate from liver failure after 
hepatectomy ranges from 0 to 32% (35-39) but the rate 
may decrease with hospital experience and as our treatments 
become more optimized (40). For small tumors, less than  
3 cm, RFA can be used for definitive management.

Resection vs. ablation

For very early-stage HCC, there is a wealth of data with 
large numbers of patients that supports the use of resection 
over RFA.

Chu et al. retrospectively reviewed 1,208 patients and 
found 15-year OS rates of 60.4% and 51.6% in the resection 
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and RFA groups respectively (P=0.0378). The 15-year RFS 
rates were 37% and 23.6% in the resection and RFA groups, 
respectively (P<0.001) (41). Inherently, retrospective data 
can be problematic when one of the treatment options 
(resection) is only considered for patients with good liver 
function and performance status, introducing bias that 
can explain their prolonged survival. However, survival 
benefits can still be found in prospective data. A 2020 meta-
analysis of RFA vs. SR for all resectable HCC analyzed 
13,147 patients. In total, 6,727 were treated with RFA and 
6,420 were treated with SR. The OS rates and disease-free 
survival (DFS) rates were improved with SR over RFA with 
odds ratios of 0.566 and 0.374 respectively at 5 years. For 
tumors >3 cm, the OS and DFS were not improved with 
SR vs. RFA (42). At least for small tumors, it seems that 
SR is superior to RFA for HCC in a patient who is a good 
surgical candidate.

Table 1 shows multiple trials in resection vs. RFA that 
have been able to prospectively compare patients with 
similar tumor sizes and Child-Pugh scores (43-48).

Of note, RFA is generally more cost-effective than 
resection as demonstrated by Cucchetti et al. in 2013 (49).

Resection vs. MWA

Limited data exists to compare surgery to MWA. 
Nonrandomized data from 2019 Liu et al. reviewing 
outcomes in resection vs. MWA shows a trend toward 
better outcomes with resection. They showed statistically 
significant improvement in RFS with resection over RFA. 
The trial included 212 patients in the resection arm vs. 116 
in the MWA arm with tumor size less than or equal to 5 cm 
and less than or equal to three tumors. RFS was 30.6% vs. 

57.5% in the liver resection and MWA arms respectively 
(P<0.001). OS at 5 years was similar in both arms (82.2% 
vs. 80.5% in the resection and MWA arms respectively 
(P=0.360) (50). Modern MWA techniques are rapidly 
evolving and prospective data to compare these techniques 
to the standard of care is needed.

There is not strong data comparing resection to other 
forms of ablation but due to its superiority over RFA, we 
can extrapolate that no other form of ablation currently 
available will be preferred when the patient can tolerate 
surgery. Overall, surgery gives the patient a better chance at 
local control but with advancements in ablation technology 
and with the large subset of patients who present with 
unresectable status, the debate regarding resection vs. 
ablation will stay relevant for early-stage HCC for some 
time.

Stereotactic ablative radiation

External beam radiation can be offered for HCC patients 
and while techniques have evolved over the years, it has 
been an important tool for treating HCC for many years. 
Historical treatment techniques often led to large volumes 
of liver being encompassed in the radiation field. Thus, 
a limiting factor for EBRT use was the development of 
radiation-induced liver disease (RILD) which occurred in 
around 10% of cases and has been shown to be dependent 
on total volume irradiated and dose (51,52). However, with 
advancements in technology, such as intensity-modulated 
radiation therapy (IMRT), and image-guided radiation 
therapy (IGRT) modern radiation oncologists have the 
ability to administer high doses of radiation to the liver 
without any significant risk of RILD (53). SBRT is a highly 

Table 1 Randomized clinical trials of resection vs. RFA

Studies Country Patient number CTP score Tumor size Tumor number OS RFS

Chen (43) China 71 vs. 90 A vs. A ≤5 cm 1 NS NS

Huang (44) China 115 vs. 115 A, B vs. A, B ≤5 cm ≤3 Better in LR Better in LR

Feng (45) China 84 vs. 84 A, B vs. A, B ≤4 cm ≤2 NS NS

Fang (46) China 60 vs. 60 A, B vs. A, B, C (5) ≤3 cm ≤3 NS NS

Ng (47) Japan 109 vs. 109 A, B vs. A, B ≤5 cm ≤3 NS NS

Lee (48) Korea 29 vs. 34 A vs. A 2–4 cm 1 NS Better in LR

Most of these trials demonstrate a trend toward better RFS with resection over RFA. Huang et al. reports an improvement in OS as well (44). 
RFA, radiofrequency ablation; CTP, Child-Turcotte-Pugh; OS, overall survival; RFS, recurrence-free survival; NS, not significant; LR, liver 
resection.
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conformal external beam radiation technique that delivers 
ablative doses in a few fractions. High biologically effective 
dose to tumor results in high likelihood of cell kill and 
tumor control and with high conformality and sharp dose 
drop off the surrounding liver can usually be safely spared.

Residual liver tissue is the primary organ at risk with 
SBRT and while SBRT is the least invasive technique 
currently available, the risk of damaging surrounding liver 
is higher than other local ablative therapies. Preservation of 
liver function is usually achievable depending on total liver 
volume, volume of lesions, prior treatments, and baseline 
liver function. Patients with liver cirrhosis Child-Pugh class 
A and early B are usually considered suitable candidates. 
Lesions close to large vessels or with portal vein thrombosis 
are usually better candidates for SBRT than for RFA. On 
the other hand, lesions adjacent to organs that are more 
radiosensitive, such as small bowel and stomach, may not 
be good SBRT candidates as dose reduction to achieve dose 
constraints may compromise tumor control. Even in these 
scenarios, though HCC is a radiosensitive disease and dose 
reductions can still yield considerable local control benefits.

Adequate pretreatment imaging to aid in treatment 
planning, patient immobilization, and motion management, 
as well as image guidance for daily treatments are all 
necessary to perform accurate SBRT. Often, fiducial 
markers are placed to aid with identifying the lesion on 
planning imaging and for daily treatments to ensure 
accurate targeting.

In recent years, SBRT has shown excellent results in local 
control of HCC with low toxicity and is being used more and 
more frequently but its role is still being elucidated. In the 
past SBRT had been preserved primarily for use in patients 
with 1–3 liver lesions with a maximum diameter ≥5 cm  
who are not eligible for resection. More recently it has been 
explored as a bridging strategy for patients awaiting liver 
transplants as well as in combination with other ablative 
therapies. It is essential to evaluate SBRT head-to-head 
with other local therapy modalities in early-stage HCC.

One of the first publications to provide rationale for 
further investigation of SBRT in HCC with randomized 
trials came from Bujold et al. in 2013 (53). In a phase II 
trial, 102 patients were analyzed with Child-Turcotte-Pugh 
class A disease, with at least 700 mL of non-HCC liver. The 
SBRT dose range was 24 to 54 Gy in 6 fractions, which was 
adjusted based on proximity to luminal gastrointestinal (GI) 
organs or total liver volume. Primary endpoints were toxicity 
and local control at 1 year (LC1y). A total of 102 patients 
were evaluated. Tumor-node-metastasis (TNM) stage was 

III in 66%, and 61% had multiple lesions. Median gross 
tumor volume was 117.0 mL (range, 1.3 to 1,913.4 mL).  
Tumor vascular thrombosis (TVT) was present in 55%, 
and extrahepatic disease was present in 12%. Despite these 
advanced features, local control at 1-year was 87%. There 
was a relationship between SBRT dose [hazard ratio (HR), 
0.96; P=0.02] and local control. Patients who received 30 Gy 
over had a local control of 85% vs. 66% at 2-year follow-
up. Toxicity ≥ grade 3 was seen in 30% of patients. In seven 
patients (two with TVT PD), death was possibly related 
to treatment (1.1 to 7.7 months after SBRT). Median OS 
was 17.0 months [95% confidence interval (CI): 10.4 to  
21.3 months]. These data showed some promise that good 
local control and survival could be obtained from SBRT 
even in patients with more advanced and bulky burden of 
disease.

SBRT vs. RFA

Wahl et al. [2016] published a retrospective review of 
outcomes in patients receiving SBRT vs. RFA. 224 patients 
with inoperable, nonmetastatic HCC underwent RFA 
(n=161) to 249 tumors or image-guided SBRT (n=63) to 
83 tumors. Freedom from local progression (FFLP) and 
toxicity were retrospectively analyzed. However, the two 
groups were not equivalent at baseline as the SBRT group 
had lower pretreatment Child-Pugh scores (P=0.003), 
higher pretreatment alpha-fetoprotein levels (P=0.04), and a 
greater number of prior liver-directed treatments (P<0.001). 
One- and 2-year FFLP for tumors treated with RFA were 
83.6% and 80.2% vs. 97.4% and 83.8% for SBRT. For 
tumors ≥2 cm, FFLP was worse for RFA compared with 
SBRT (HR, 3.35; P=0.025). Acute grade 3+ complications 
did not significantly differ. OS was not significantly 
different at 1 and 2 years after treatment with values of 70% 
and 53% after RFA and 74% and 46% after SBRT (54). 
Unlike RFA, SBRT is not susceptible to the heat sink effect 
of being near vessels and 100% of the tumor can objectively 
and volumetrically be prescribed too (55).

For many patients with stage A HCC, transplantation is 
ideal and those on the waiting list for liver transplantation 
are at risk of tumor progression and death. Bridging therapy 
is therefore essential and is aimed at controlling disease 
until the time of transplantation. RFA and transarterial 
chemoembolization (TACE) are established bridging 
therapies. A retrospective series, Sapisochin et al. provided 
good evidence for SBRT as a bridging therapy as compared 
to RFA and TACE (56). The authors aimed to ascertain 
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the safety and efficacy of SBRT on an intention-to-treat 
basis compared with TACE and RFA as a bridge to liver 
transplantation in a large cohort of patients with HCC. A 
total of 379 patients were treated with either SBRT (n=36), 
TACE (n=99), or RFA (n=244). Thirty patients were 
transplanted in the SBRT group, 79 in the TACE group, 
and 203 in the RFA group. Postoperative complications 
were similar between groups. Patients in the RFA group 
had more tumor necrosis in the explant. The 1-, 3-, and 
5-year actuarial patient survival from the time of listing was 
83%, 61%, and 61% in the SBRT group vs. 86%, 61%, and 
56% in the TACE group, and 86%, 72%, and 61% in the 
RFA group, P=0.4. The 1-, 3-, and 5-year survival from the 
time of transplant was 83%, 75%, and 75% in the SBRT 
group vs. 96%, 75%, and 69% in the TACE group, and 
95%, 81%, and 73% in the RFA group, P=0.7. The authors 
concluded that SBRT can be safely utilized as a bridge to 
LT in patients with HCC, as an alternative to conventional 
bridging therapies.

These retrospective data suggest that both RFA and 
SBRT are effective local treatment options for inoperable 
HCC. It is important to note though that with larger sizes, 
SBRT is not merely a “dichotomous” effect for liver cancer. 
While RFA would be considered a dichotomous modality of 
either being administered or not, SBRT has the advantage 
of knowing objectively the dose on a continuous scale. No 
matter the size, one can have confidence that an ablative 
dose was administered. This data may pave the way for 
SBRT to be studied prospectively and potentially gain a 
place as a reasonable first-line treatment option in early 
HCC.

SBRT vs. TACE

There have been several studies investigating the role of 
SBRT vs. TACE. Consistently across multiple randomized 
trials, SBRT has demonstrated to have a superior local 
control effect although it does not have a survival benefit. 
It also has less adverse effects, and it is potentially less 
costly than TACE. There was a large retrospective study 
from Michigan which demonstrated this. It was shown 
that in Sapir retrospectively, in a large review, etc. that 
when comparing TACE vs. SBRT, the 1- and 2-year local 
control were 97% and 91% for SBRT while they were 47% 
and 23% for TACE (HR, 66.5; P<0.001) (57). Of note, if 
there was segmental portal vein invasion SBRT controlled 
the disease. This series has been confirmed by multiple 
separate randomized clinical trials. The trendy trial was 

a randomized phase 2 study comparing TACE to SBRT. 
In this study, the median local control in the TACE arm 
was 12 months while in the SBRT it was not reached at  
40 months. Additionally, the median time to progression 
was 12 months for TACE vs. 19 months for SBRT (58). 
Grade 3 adverse events were 0% in SBRT vs. 13% in 
TACE. There was no difference in survival. Another 
randomized evaluated the difference between proton 
therapy and TACE in patients suitable for transplantation. 
In this trial, it was found that local control was improved 
with protons was improved vs. TACE (HR, 5.64; P=0.003). 
The progression-free survival (PFS) median was 12 months 
for TACE vs. not reached for proton therapy. This trial 
also found a reduction in hospitalizations which were 24 
for proton beam radiotherapy (PBT) vs. 166 for TACE 
(P<0.001). Proton beam therapy, which is generally more 
costly than the more widely used photon-based SBRT, 
was 28% less costly than TACE (59). Another randomized 
trial demonstrated that after a failure of TACE, there was a 
marked benefit to utilizing SBRT over TACE. The median 
local control was not reached in the SBRT vs. being a median 
of 8 months in the TACE arm. One-year local control was 
84% in SBRT arm vs. 23% in the TACE arm. There was no 
difference in OS as well. The patients treated with SBRT was 
significantly longer PFS in comparison with patients treated 
with TACE with a median of 9 vs. 4 months (60).

Locally advanced HCC

Utilizing SBRT for locally advanced disease is a current 
option with level 1 evidence. For tumors that are ineligible 
for transplantation and locally advanced, SBRT has a large 
survival benefit. The use of SBRT is naturally attractive as 
a noninvasive yet effective option for patients with higher 
burden of disease where resection and even ablation would 
not be feasible. This is demonstrated by the recently 
published abstract for RTOG 1112 in 2022 showing a 
survival benefit to adding SBRT to sorafenib in new or 
recurrent locally advanced HCC that are ineligible for other 
local treatment modalities (61).

The authors hypothesized that OS would improve with 
SBRT followed by sorafenib vs. sorafenib alone in patients 
with advanced HCC. Patients had Child-Pugh A with 
maximum HCC volume 20 cm and no more than three 
extrahepatic metastases. Patients were randomized 1:1 to 
sorafenib vs. SBRT (27.5–50 Gy in 5 fractions, with dose 
individualized based on liver and other constraints) followed 
by sorafenib. A total of 177 patients were randomized to 
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the two arms. Most patients (82%) had BCLC stage C 
disease with macrovascular invasion in 74%. Amongst 
the vascular invasions the vast majority had either VP3 
(main portal branch) or VP4 (main portal vein invasion) 
establishing that this the most advanced patient population 
evaluated within an HCC clinical trial evaluating a local 
modality. Median OS was 12.3 months in the sorafenib 
arm vs. 15.8 months in the SBRT/sorafenib arm. OS was 
also statistically significantly improved for SBRT/sorafenib 
after adjusting for performance status, M stage, Child-
Pugh A5 vs. 6, and degree of vascular HCC. Median PFS 
was 5.5 months with sorafenib vs. 9.2 months with SBRT/
sorafenib. Grade 3+ AEs were not significantly different. 
This new data clearly shows the added local control benefit 
from adding SBRT in these patients with advanced disease 
to systemic therapy with no additional toxicity than drug 
therapy alone. This trial also raises the question of whether 
the immunostimulatory traits of radiation may play a part 
in the effectiveness of SBRT and may provide a benefit 
that resection and ablation do not, especially when used in 
conjunction with immunomodulatory agents.

Immunotherapy

Immunotherapy is an evolving treatment option for 
many disease sites. While there is a Food and Drug 
Administration (FDA) indication for atezolimumab and 
bevacizumab in locally advanced HCC (62), the data to 
support treating early HCC with immunotherapy is sparse. 
It is estimated that of all HCC patients to be treated with 
immune checkpoint inhibitors, about 70% have no response 
to treatment, perhaps because of the very heterogenous 
immune microenvironment of HCCs (63,64). Identifying 
molecular markers that may predict which patients will 
respond to treatment is an area of ongoing research. 
Finding the correct combinations of immune modulation 
and other ablative techniques is of particular interest. 
One popular theory claims synergism between ablation 
and immunotherapy dependent on the fact that antigen 
presentation is increased after an ablative event to the 
tumor (64). The introduction of immunomodulatory agents 
timed appropriately with increased antigen spill could lead 
to a greater immune response. Larger randomized studies 
are needed to address these questions in HCC.

Conclusions

For early HCC, the treatment paradigm favors resection 

or transplantation for all who can safely undergo the 
procedure. For small lesions that can be easily accessed 
for percutaneous ablation, RFA or MWA are well-studied 
and effective treatments. For patients where ablation and 
surgery are not feasible, SBRT appears to offer equivalent if 
not superior rates of local control depending on the clinical 
scenario. For those meeting transplant criteria, radiation 
may offer better local control, PFS, less adverse events, 
and be less costly than TACE. For locally advanced disease 
SBRT with the addition of systemic therapy should be the 
standard of care as this is the only regimen with level 1 
evidence for a marked OS benefit.
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