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Liver-directed therapy for hepatocellular carcinoma
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Abstract: The high mortality rate for hepatocellular carcinoma (HCC) relative to its prevalence
underscores the need for curative-intent therapies. Multidisciplinary treatment decisions are required to
craft optimal treatment strategies considering tumor size, location and underlying liver cirrhosis. Surgical
resection of anatomically limited tumors with adequate hepatic reserve provides long-term survival in
more than half of patients and remains a standard first-line therapy. Eligibility for resection among newly
diagnosed patients is low and recurrences in the remaining cirrhotic liver are common. Transplantation
offers a higher chance of cure. Long wait times for the limited door pool require neoadjuvant loco-regional
therapies to maintain transplant eligibility. Image-guided therapies such as ablation and embolization have an
established role as primary or neoadjuvant preparing patients for curative treatment. Percutaneous ablation
in appropriately selected patients offers long-term survival similar to resection. New and evolving techniques
such as stereotactic body radiotherapy (SBRT), radiation segmentectomy and lobectomy, and combination
therapies employing both trans-arterial and ablative approaches show promise for curative-intent treatment
but require further prospective data before they can be integrated into treatment algorithms. For palliative-
intent therapy, conventional trans-arterial chemoembolization with lipiodol-based emulsions remains the
only technique supported by clinical trials. Newer platforms such as drug-eluting embolics failed to improve
survival over bland embolization in randomized trials and showed increased hepatobiliary toxicity. Trans-
arterial radioembolization offers similar overall survival (OS) to transarterial chemoembolization (TACE)
and non-inferiority to sorafenib in meta-analyses. The more favorable clinical toxicity profile makes it an

appealing technique for patients willing to accept the longer time to response.
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Introduction higher fraction of hepatitis C cirrhosis, followed by alcohol

and non-alcoholic steatohepatitis (NASH) cirrhosis (2).

Hepatocellular carcinoma (HCC) is the 6th most common
tumor occurring internationally and 3rd leading cause of
cancer deaths worldwide (1). Its prevalence is closely linked
to that of chronic liver disease with most cases occurring
in Asia and sub-Saharan Africa, where the predominant

cause is the hepatitis B virus. Western populations have a
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An important concept is that the majority of patients with
HCC have two diseases, HCC and the underlying liver
disease that predisposes to new tumor formation. Staging
and treatments plans consider both.

The Barcelona Clinic Liver Cancer (BCLC) classification
is extensively validated and endorsed by both the European
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Association for the Study of the Liver (EASL) panel of
experts and the American Association for the Study of Liver
Diseases (AASLD) guidelines (3,4). BCLC uses tumor size
and number, Child-Pugh score, and Eastern Cooperative
Oncology Group (ECOGQG) performance status to stratify
among treatment strategies. This differs from standard
cancer staging systems in that a change in ECOG PS from
0 to 1 changes the “stage” and treatment recommendations,
while conversely patients with and without metastatic
disease can be the same “stage”.

An alternative classification is the Hong Kong Liver
Cancer staging system, which combines performance
status, tumor size and number, Childs-Pugh score,
intrahepatic venous invasion, and extrahepatic venous
invasion or metastasis to allocate patients among liver-
directed therapies, systemic therapy, or supportive care (5).
This model more aggressively employs surgery and
chemoembolization in BCLC intermediate and advanced
stages (BCLC B and C), including patients with liver-
limited portal venous invasion, with improved survival over
that predicted in the BCLC model.

One third of patients with a new diagnosis of HCC will be
eligible for curative intent therapy (6). These approaches are
typically limited to patients with early-stage HCC (BCLC
A), a solitary lesion or up to three nodules that are less than
3 cm in diameter, with preserved liver function and without
macrovascular invasion or extrahepatic spread; or very
early-stage HCC (BCLC 0), a subgroup with single tumors
<2 cm in diameter. Intermediate-stage HCC patients (BCLC
B) have larger or more numerous tumors without vascular
invasion or extrahepatic spread. They may be considered for
downstaging to liver transplant (7). More advanced (BCLC
C & D) patients have an array of systemic therapy options
available that will not be discussed further in this article.
"This review will focus on curative intent therapies (ablation,
surgical resection and transplantation) and the new or
established trans-arterial liver-directed treatments.

Early stage HCC (BCLC 0 & A)

Ablation, resection, or transplantation are the curative
intent therapies offered to BCLC A patients (3,4). These
approaches provide a 5-year survival rate of 50-80%
(8,9). Recurrence is common for patients with HCC,
complicating up to 70% of patients after 5 years (1,10).
Liver transplant is the optimal treatment of both the tumor
and underlying carcinogenic liver disease but is hampered
by a limited organ supply. Surgical resection remains the
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1" line treatment for localized tumors in both cirrhotic
and non-cirrhotic patients according to the latest EASL,
AASLD and National Comprehensive Cancer Network
(NCCN) guidelines (3,4,11). However, only 5-10% of
HCC patients will present with resectable tumors (1).
Ablation has gained recognition in consensus guidelines
for treatment of unresectable early stage tumors. It has the
added benefit of maintaining maximal liver parenchyma.
A variety of patient factors, regional expertise and patient
preference determine the treatment of choice.

Curative intent locoregional therapy for single
HCC

Anatomic hepatectomy attempts to remove potential tumor
cells along portal venous tributaries within the involved
liver segment, an approach that has been shown to improve
overall survival (OS). With modern surgical techniques,
it offers low perioperative morbidity and 5-year survival
rates nearing 70% in appropriately selected patients (3).
The resection of segmental anatomy is of importance due
to the microsatellites that form with HCC (12). Venous
microvascular invasion occurs in a size dependent fashion
with increasing number of microsatellites seen with larger
tumors (12,13). Resection allows for complete pathologic
staging and potentially pre-emptive transplant for patients
at high risk of recurrence post resection (14). The issue of
resectability is key and revolves around tumor, liver and
patient factors with guidelines a goal overall mortality of 3%
and morbidity of 30% (3). In patients who are not resection
candidates, ablation or transplantation are used (4).

Percutaneous ablation includes several methods
of chemical or energy-based tumor destruction via
percutaneous, open or laparoscopic approaches. The most
common, heat-based techniques use electrical current
(radiofrequency ablation—RFA) or electromagnetic
energy (microwave ablation—MWA) to induce coagulative
necrosis within the tumor. They have superior response
and local recurrence (LR) rates compared to percutaneous
ethanol injection, an earlier method of ablation (4,15,16).
The heat-based techniques allow for the necrosis of a
rind of peritumoral liver that may eliminate small tumoral
satellites. MWA has advantages of a shorter delivery time
and multiple probe use that create larger, more predictable
ablation zone than RFA.

Advocates argue for thermal ablation to be considered
1" line therapy for all candidates, citing its minimally
invasive nature, preservation of liver parenchyma and low
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complication rate. It is limited by anatomic considerations,
e.g., adjacent vessels and organs, and inadequate tumor
necrosis for tumors >3 cm. Meta-analyses of RCT data
have failed to show a conclusive difference in all-cause
mortality between surgical resection and RFA in single,
resectable tumors, excluding data from a 2010 RCT that
utilized a single RFA probe, an approach that has since been
abandoned due to concerns for incomplete ablation (16-18).
Individual RCT data has not shown a significant difference
in overall or disease-free survival for RFA and resection
(19-22). A Cochrane review of 4 RCTs and 574 patients
showed equivalent all-cause mortality [hazard ratio (HR)
0.80, 95% CI: 0.6-1.08] (16). Although heterogeneity
in reporting definitions limited grouped analysis of
complications, both recent meta-analyses found a higher
rate in the resection group (16,17). The adjusted rate of
serious adverse events was 11.3 per 100 participants for
resection and 1.6 per 100 participants for ablation in two
RCTs of 391 patients [rate ratio 7.02, 95% CI: 2.29-21.46].
Both AASLD and NCCN consider resection as 1° line,
while EASL guidelines allow for the use of RFA in surgical
candidates, if in favorable locations (3,4,11). Many centers
consider a complimentary approach to deciding between
resection and ablation; with tumor size, location and patient
comorbidities as the main considerations.

Size <2 cm/BCLC 0 patients

An important subgroup to consider are the very-early
stage, BCLC 0, patients with a solitary small nodule,
<2 cm in diameter, Child-Pugh class A disease, and no signs
of microvascular invasion and dissemination. Very early
stage tumors have such promising outcomes from curative
intent treatment, both ablation and surgery, that they should
not be listed for transplant initially. Ablation and resection
provide complete response rates of >97% and 5-year survival
rate of >75% (23-25). Retrospective studies have suggested
an OS benefit of resection compared to thermal ablation
in this subgroup (26). However, available RCT data for
this population, either primary or subgroup data, found no
significant difference between RFA and resection in disease-
free survival (DFS), recurrence-free survival (REFS) or OS
(19-21). A 2017 RCT compared ablation and resection for
the very early subgroup (n=55) and found no significant
difference in either OS or disease free survival; with 1-,
3-, 5- and 10-year OS rates of 100%, 93%, 76% and 52%
respectively in the resection group, compared with 100%,
89%, 69% and 59% in the RFA group (P=0.950) (19). The
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1-, 3-, 5- and 10-year disease-free survival rates were 83%,
66%, 52% and 35% respectively in the resection group, and
77%, 62%, 46% and 39% in the RFA group (P=0.896) (19).
This makes intuitive sense, as the small tumor size would
have the lowest likelihood of microsatellite formation.

Size >3 cm

For tumors larger than 3 cm, size is not a limitation to
surgical resection if the tumor remains well circumscribed
and without vascular invasion. Patients with larger
tumors within resectability criteria are self-selected as
more indolent, less aggressive tumors. Concerns exist
over the ability to ablate tumors over 3 cm in diameter
due to the larger ablation zones required to destroy the
tumor and produce the 5 mm ablation margin required
to encompass any adjacent microsatellites (27). Within
the RCTs comparing resection and RFA, all patients were
surgical candidates with single tumors <4-5 cm (18-22). As
previously mentioned, a 2010 RCT that used a single RFA
electrode found improved RFS and OS rates with resection
for patients with larger sized tumors, with 5-year overall
recurrence of 63.48% for RFA and 41.74% for resection
(P=0.024) (18). The remaining RCTs found no significant
difference between OS or DFS/RFS outcomes (19-22).
New techniques such as MWA and thermal ablation
combined with transarterial chemoembolization (TACE)
attempt to create a larger, more predictable treatment
areas. MWA is increasing in popularity due to its speed and
decreased impact from the heat sink effect. A 2016 meta-
analysis comparing MWA and RFA showed equivalent
complete ablation and OS outcomes but a significant
improvement in LR rates for MWA (OR 0.48, 95% CI:
0.24-0.89, P=0.02) (25). This significant difference in LR
was not reproduced in a 2019 meta-analysis by Tan ez i
(OR 0.85, 95% CI: 0.35-2.10, P=0.73) (23). Their analysis
of RCT data showed no significant difference between
percutaneous MWA and RFA in complete ablation (OR
0.85, 95% CI: 0.41-1.79, P=0.67), LR rates (OR 1.47,
95% CI: 0.45-4.84, P=0.52) or three-year OS (OR 0.68,
95% CI: 0.34-1.37, P=0.28) (23). The authors suspected
the heterogeneity in available MWA technology, and the
smaller size of tumors studied to date failed to show the full
advantages of MWA. When comparing MWA directly to
hepatic resection, a 2019 meta-analysis of both HCC and
liver metastases, including 1 RCT of 90 patients with HCC,
found a significantly higher recurrence risk for MWA
(RR 2.49; 95% CI: 1.19-5.22; P=0.016) with less major
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complications (RR =0.31; P<0.001) (28). RFA has a more
established evidence base and safety profile. EASL, AASLD
and NCCN guidelines each remark that MWA shows
promising early results but that larger studies are required
for safety and efficacy data (3,4,11).

Combining TACE with ablation creates synergy by
decreasing blood flow in the ablation zone while taking
advantage of the synergy between doxorubicin and
hyperthermia in the large periablational zone to maximize
the volume of tumor necrosis. This reduces the possibility
of microsatellite survival, recurrence and results in better
OS than either treatment alone. A 2016 meta-analysis
comparing combination with RFA monotherapy, which
included 417 patients in 3 RCTs and a majority of tumors
>3 cm, found that combination therapy had an improved
RES rate with 1-, 3-, and 4-year rates of 71.3-79.4%, 48.8-
60.6%, and 36.6-54.8% for TACE+RFA, and 66.7-74.3%,
29.7-44.2%, 29.7-38.9% for RFA alone (HR =0.55, 95%
CI: 0.40-0.76, P<0.001). There was no significant increase in
major complications, which occurred in 7/249 TACE+RFA
patients and 6/249 RFA alone patients (OR =1.17, 95%
CI: 0.39-3.55, P=0.78) (29). This was consistent with prior
meta-analyses (30,31). A 2018 meta-analysis comparing
TACE and RFA with resection for patients within Milan
criteria found that TACE and RFA had an improved 1-year
survival rate (OR =0.50, P=0.009) and major complication
rate (OR 1.88, P=0.02) compared to surgical resection (32).
The OS benefit did not continue at 3 or 5 years and
there was no advantage in recurrence free survival at any
timepoint. Fewer studies have evaluated TACE and MWA.
Similar results have been found in small RCTs evaluating
TACE and MWA vs. MWA alone (33,34). Early cohort
studies have examined its effect in larger tumors (max
diameter up to 10 cm) with results similar to surgical
resection (35). Currently, guidelines recommend resection
for surgical candidates with tumors larger than 2-3 cm
and further prospective data on MWA and combination
therapy is required to prove their suspected advantages and
integrate them into the treatment paradigm (4,11).

Location

Perivascular, perihilar and subcapsular locations can limit
ablation effectiveness due to concerns of treatment efficacy
and collateral damage to the gastrointestinal tract or biliary
tree (36). Perivascular tumors (vessels >3 mm in diameter)
suffer from the heat-sink effect; heat lost by cooling of
ablated tissue by adjacent large vessels (37,38). MWA has
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a faster heating time that has been shown to overcome
the heat sink effect in animal models (39). Clinical data
comparing it with RFA is limited in proving this point,
possibly due to difficulty comparing retrospective data
on tumor location (23). There are differences in what
physicians consider ‘unable to ablate’, with techniques
ranging from laparoscopic ablation to occlusion balloon
use in hepatic or portal venous branches trialed to safely
ablate tumors in difficult locations (40). Recent large studies
have shown the OS, local tumor progression and major
complications are not significantly different regardless of the
technique used (4). Local expertise in these more advanced
techniques is an important consideration when choosing the
best treatment modality. Importantly, percutaneous ethanol
injection remains an option for small HCCs unsuitable
for thermal ablation due to proximity to vital structures,
subcapsular location, coagulopathy, or ascites.

Comorbidities

The most relevant and frequently encountered
comorbidities are liver cirrhosis, with particular attention
paid to the degree of portal hypertension. Portal
hypertension has been described as the single biggest
predictor of a poor outcome after surgery; predicting a
higher risk of postoperative clinical decompensation and
worse 3- and 5-year survival (41). EASL and AASLD
guidelines recommend resection for Child-Pugh A patients
only, while NCCN guidelines allow a provision for certain
cases of well selected Child-Pugh B cirrhosis patients
(3,4,11). This well selected group refers to patients without
portal hypertension, with a platelet count >100,000, absence
of varices and a hepatic venous gradient <10 mmHg;
approximately 10% of all HCC (1). This leaves a large
cohort at high risk from complications for whom ablation
or transplant should be considered.

A second important consideration is that adequate
functional reserve of at least 20% of normal liver and 30-
40% for patients with Child-Pugh Class A cirrhosis is
required for good outcomes of resection (3,11). Portal vein
embolization is an accepted technique in patients whom
the estimated future liver remnant (FLR) is too small to
allow safe resection, usually prior to right hepatectomy (42).
Portal vein embolization induces preoperative hypertrophy
of the contralateral lobe at a cost of minimal derangement
of liver function. Time must be allowed for regeneration,
which occurs more slowly in damaged livers. A
recommended minimum of 6 weeks should be allowed for
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hypertrophy, with studies showing that 1-2 months results
in adequate results (43). This can be considered a test of the
regenerative capacity of the liver, and failure to hypertrophy
are an indication that the liver function is worse than
it appears. Tumor progression is of concern during the
hypertrophy period, particularly since the rate of tumor
growth has been shown to increase compared to prior to
PVE (42,44). TACE and PVE combinations have been used
to maintain tumor control during this period.

Multiple single-center retrospective studies have
evaluated radiation lobectomy in HCC patients who
are otherwise candidates for resection but have a small
FLR (45). This involves performing unilobar (right
lobe) radioembolization with a parenchymal dose of
80-150 Gy (45). The theorized mechanism is that of
slow, controlled diversion of portal venous flow into the
contralateral lobe due to atrophy of the treated lobe (45).
Volumetric changes are slower than PVE, taking
approximately 6-9 months for maximal effect (45,46). To
date, retrospective cohort data has shown excellent tumor
control pending resection, which usually occurs after
3 months (45). This technique shows promise as a method
of maintaining tumor control while awaiting resection,
an important method of avoiding adding patients to the
transplant waitlist.

Newer approaches

External beam radiotherapy

The use of radiotherapy for treating small hepatic lesions
has been limited by concerns of efficacy and safety, in
particular the risk of radiation-induced liver disease
(RILD) to the normal liver parenchyma. Newer focused
radiation delivery fields used in 3D-conformal radiotherapy
(3D-CRT), intensity modulated radiotherapy (IMRT), and
stereotactic body radiotherapy (SBRT/SABR) have made
it possible to improve precision in radiation delivery (47).
This has led to growing interest on the use of EBRT at
varying stages of HCC treatment.

EBRT has advantages over ablation in high-risk locations
such as central lesions, below the diaphragm and those
adjacent to the biliary system (47). Based on a retrospective
analysis of 224 patients with inoperable, non-metastatic
HCC, Wahl et al. suggest that SBRT can improve time
to progression for lesions >2 cm with similar rates of
complications (48). They found overall 2-year freedom
from local progression (FFLP) rates of 80.2% for RFA and
83.8% for SBRT, but RFA was significantly worse FFLP
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when the subgroup of patients with tumors >2 cm was
analyzed (HR, 2.35; 95% CIL: 1.17-9.62; P=0.025) (48).
This is at odds with a propensity matched retrospective
analysis of the SEER database, which found that OS was
equivalent between SBRT and ablation therapy (all types,
of which 70% were ‘heat-based’) (49). A subgroup analysis
of tumors <3 c¢m found an OS of 37 months for ablation
and 47 months for EBRT (P=0.508), while ablation therapy
had a significant OS benefit for tumors ranging 3-5 cm
(20 vs. 16 months, P<0.001) and >5 cm (25 vs. 9 months,
P<0.001) (49). Well conducted, large prospective trial data is
required to establish the position of EBRT in the treatment
of early HCC. NCCN and AASLD guidelines consider
EBRT a safe alternative when ablation or resection are
contraindicated in patients with BCLC A disease, however,
EASL guidelines consider the evidence base lacking for a

recommendation.

Transarterial radiation segmentectomy

Transarterial radioembolization (TARE) uses minimally
embolic microspheres loaded with Ytrrium-90, a B-emitting
isotope, to deliver selective internal radiation to the
tumor. It has a more established role in intermediate and
advanced stages of disease, as will be discussed late in this
article (3,50). Firstly, we would like to address the novel
approach of curative radiation segmentectomy for early
stage disease (51). Explant pathologic data has shown that
higher doses of radiotherapy, applied more focally, result
in complete pathologic necrosis in approximately two
thirds of HCC patients (46). This has stimulated interest
in TARE as a curative intent approach for patients with
BCLC A disease and solitary tumors <5 cm. Lewandowski
et al. delivered doses >190 Gy to 1-2 segments in patients
with unresectable HCC deemed unsafe for ablation (51).
This group of 70 patients had 71-90% criteria-dependent
initial response rate, time to progression of 2.4 years and
OS of 55% at 5 years (51). The authors cite these rates of
local tumor control, prolonged time to progression and OS
comparable to ablation, resection and transplant as reasons
to consider radiation segmentectomy curative for BCLC
stage 0 or A patients with solitary tumors <5 cm. While
these are promising results in a single retrospective cohort,
prospective validation is required at other centers.

Curative intent locoregional therapy for

multifocal HCC

Multifocal HCC is present at diagnosis in 35-40% of
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patients. Transplant is the preferred curative treatment for
the patients that remain within BCLC A criteria (3,4). Those
with comorbidities preventing transplant are considered for
ablation. Few studies have evaluated the outcomes of these
patients after curative intent abladon (52,53).

Retrospective cohort studies of patients with multifocal
BCLC A HCC (3 tumors <3 c¢m) reported similar outcomes
for patients with 2 tumors as with solitary tumors, with
Zhang et al. reporting 1-, 3- and 5-year OS rates of
88.9%, 75.5% and 50.9% and RFS rates of 85.2%, 44.7%
and 24.0% (52). Outcomes were significantly worse for
patients with three tumors, with 1-, 3- and 5-year RFS
rates of 76.1%, 24.5% and 2.8% (52). These findings were
consistent with a propensity matched comparison of RFA
and resection which found that three tumors and multi-
segmental disease were independent predictors of poor
prognosis (53). Their comparison of treatment modalities
found a similar OS but a significantly longer RFS with
resection when compared to RFA, with 1-, 3- and 5-year
RFES of 87.5%, 53.1%, and 20.1 vs. 83.1%, 34.0%, and
9.7%, respectively (P=0.001) (53). However, resection is not
recommended for multifocal HCC by EASL or AASLD
guidelines (3,4) and thought ‘controversial, but can be
considered’ by NCCN guidelines (11).

Liver transplant treats both the tumor and the patient’s
underlying liver disease. Typically these patients fall within
the Milan criteria; a single tumor <5 cm or 1-3 tumors each
<3 cm, no macrovascular invasion and without extrahepatic
disease; which have consistently shown 5-year OS of
approximately 70% (9), equivalent outcomes to patients
without HCC who receive a transplant (1,9). The main
limitation is access, with wait times of over a 1 year for an
organ depending on blood type and geographic location.
Locoregional therapies play an important role in the
management of patients awaiting transplantation through
bridging, the treatment of waiting list patients within
the transplant criteria, and downstaging, the treatment
of patients to reduce tumor burden to within transplant
criteria.

Bridging

Patient awaiting transplantation are considered for
bridging therapy to reduce progression and post-transplant
recurrence (3). This can include any form of locoregional
therapy, with ablation or transarterial embolotherapy most
commonly used, with newer data emerging regarding
EBRT. It is a particularly important concept given the risk
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of progression for waiting list patients (7). The AASLD
guidelines recommend bridging if an expected waiting time
of >6 months (3). Difficulty in predicting wait times means
that in practice many groups will offer bridging therapies
once the patient is listed.

A recent meta-analysis of patients treated with
locoregional bridging therapy found dropout rates of
19% due to all causes and 11% due to progression (7).
For comparative studies, there was a non-significant
improvement of dropout rates among patients treated with
LRT compared to no therapy for both tumor progression
(RR 0.32,95% CI: 0.06-1.85) and all causes of dropout (RR
0.38, 95% CI: 0.060-2.370) (7). There was no significant
difference in outcomes when the types of locoregional
therapy were analyzed. The meta-analysis authors note that
the non-randomized nature of these studies could lead to a
more aggressive tumor biology in those patients selected for
locoregional therapy, possibly explaining the non-significant
difference in outcomes (7). There remains debate over the
optimal LRT for bridging patients with heterogeneous use
amongst centers (4). Single center studies have found an
increased time to progression with use of TARE compared
to conventional TACE (cTACE) (46,54). Salem et al. (54),
in an RCT of unresectable BCLC A or B patients, reported
a significantly longer TTP for patients treated with TARE
(>26 months) compared to cTACE patients (6.9 months;
P=0.0012) (HR 0.122, 95% CI: 0.027-0.557; P=0.007).
This study is limited by the its early termination due to
slow enrollment, after 45 of 179 intended patients were
recruited. Other two small RCTs of 24 and 28 patients with
unresectable BCLC A/B disease did not find a difference
in T'TP. Pitton er al. reported a median progression-
free survival (PFS) of 180 days for TARE versus 216 days
for TACE patients (P=0.06193) (55), while Kolligs et 4l
reported a median PFS of 3.6 months for TARE and
3.7 months for TACE (56). These studies are inconclusive
and TACE remains more popular in clinical practice but
further prospective studies comparing TACE with TARE in
the bridging setting would be of interest.

There are few reports on the use of SBRT as bridging
therapy in transplant. A planned interim analysis of an
RCT involving 69 patients within San Francisco transplant
criteria comparing proton beam radiation therapy and
TACE showed a trend towards improved 2-year local tumor
control (88% wvs. 45%, P=0.06) and progression-free survival
(48% wvs. 31%, P=0.06) with proton beam radiotherapy (57).
A Toronto group compared TACE, RFA and SBRT in
an intention to treat analysis of bridging therapies in
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transplant list patients (58). Patients received SBRT after
being deemed poor candidates for another LRT. SBRT
patients did have a greater deterioration in liver function
than TACE and RFA, 38.9% vs. 19.4% vs. 13% (P=0.001),
respectively; noting that they also had significantly
poorer baseline liver function (58). The dropout rates
were comparable between therapies; 16.7% for SBRT ws.
20.2% for TACE wvs. 16.8% for RFA (P=0.07); while post-
transplant recurrence rates were higher compared to RFA,
23.3% for SBRT ws. 30.5% for TACE wvs. 13.3% for RFA
(P=0.004) (58). They concluded that SBRT may have a
role in high-risk patients with impaired liver function,
particularly since lower radiation fraction doses can be used
with bridging, rather than curative intent (58). Despite
these early signs of improved tolerability, the latest NCCN
and AASLD guidelines concluded that more prospective
and randomized data is needed to determine the safety and
efficacy of radiotherapy (3,11). Two phase II randomized
control trial are in progress, NCT02182687, a comparison
of TACE and SBRT as a bridging option with results due
2022 and NCT02470533, a comparison of TACE using
drug-eluting embolics and SBRT in patient ineligible for
resection or ablation. Pending those results, EBRT remains
an alternative to be considered when those LRT have failed
or are contraindicated.

Downstaging

Downstaging is a controversial topic given the limited
supply of organs and the fact that several high-risk factors,
microsatellite presence and tumor dedifferentiation, are
not available pre-transplant. A meta-analysis of several
retrospective studies showed no significant difference in
post-transplant outcomes between T3 patients (multifocal
tumors with at least one >5 ¢cm) who were downstaged and
patients who were transplanted within Milan criteria (7).
Their analysis of three studies comparing T3 patients
transplanted after downstaging with T2 patients did not
find a significant difference in post-transplant RFS rates or
3-year OS rates (RR 1.02) (7). They did show significant
increases in l-year (RR 1.1.7; 95% CI: 1.01-1.23) and
S-year (RR 1.17; 95% CI: 1.03-1.32) post-transplant
survival rates. However, they rated their quality of evidence
as low with a high risk of bias and imprecision (7). That
same meta-analysis looked at the outcomes post-transplant
between types of downstaging therapies and concluded
that there was not enough evidence to decide between
modalities (7). These findings are consistent with an
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earlier meta-analysis by Parikh ez 2/. who found a pooled
transplant success rate of 0.48% (95% CI: 0.39-0.58) with
no significant difference between TACE and TARE (0.48
vs. 0.37; P=0.51) (59). Within a heterogeneous group of
studies (I’=84.8%), Parikh et al. found that prospectively
designed downstaging protocols outperformed retrospective
protocols in transplant success rates (0.68 vs. 0.44; P<0.001),
probably related to the treatment of more advanced disease
in the retrospective protocols (59). The limited studies
and data available are reflected in EASL/NCCN/AASLD
guidelines, where downstaging ‘may be considered’ for
those outside of transplant criteria, with EASL guidelines
adding the proviso that downstaging should be performed
within a defined protocol (3,4,11).

Table 1 summarizes outcomes and guidelines for all
curative intent approaches.

Palliative intent locoregional therapy for HCC
TARE

TARE was initially used in patients who were poor
candidates for TACE, e.g., those with vascular invasion
who were at high risk of liver failure as a consequence
of its embolic effect. The microembolic nature of Y90
microsphere therapy, due to their small size (<40 pm),
allowed for it to be used in patients with portal vein
occlusion (61). Its popularity has grown as an additional
non-curative treatment for patients with BCLC B disease
who are not candidates for resection or transplant or BCLC
C patients with locally advanced disease.

In the cohort of patients with unresectable BCLC A or
BCLC B tumors; prospective data reports OS outcomes of
16.4-18 months for patients undergoing TARE (62,63). As
previously discussed, three small RCTs between TACE and
TARE have shown equivalent OS rates (54-56). A meta-
analysis of all 3 RCTs did not find a difference in 1 year
OS (OR 1.31; 95% CI: 0.56-3.04) (64). An earlier meta-
analysis that included several observational studies but did
not include the 2016 RCT by Salem er a/. (54) also found
equivalent 1-year OS rates. That meta-analysis did find an
improved 2- and 3-year OS rates for TARE compared to
TACE, OR =1.43 (1.08-1.89, P=0.01) and OR =1.48 (1.03-
2.13, P=0.04) respectively (50).

With the similarity in OS outcomes, important
considerations are given to additional factors such as
time to progression, adverse events and quality of life.
The discussed RCT data and meta-analyses have shown
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Table 1 Outcomes of curative-intent strategies for various stages and sizes of HCC, with associated guidelines recommendations

Overall survival (%)
Methods

BCLC classification
1-year

3-year 5-year®

Guidelines (EASL/AASLD/NCCN) (3,4,11)

BCLC A, solitary

<3cm Resection (19,21) 93-100 76-77 66
Ablation* (19,21) 97-100 69-82 66
>3 cm Resection (18-22) 90-98 41-96
Ablation* (18-22) 87-96 55-82
Transplant (9,60) - - >70
Newer approaches
<5cm Radiation 98 66 57
segmentectomy (51)
EBRT (48) 74 45+ -
>3 cm TACE + ablation (32) 95-100 67-94
BCLC A, multifocal Transplant (9,60) - - >70
Ablation (52,53) 89-90 45-73
Resection (53) 96 72 36

BCLC A, bridge to
transplant

TACE/TARE/ablation (7) Equivalent transplant
success rates

BCLC B, downstaging TACE/TARE (7,59) Equivalent transplant

success rate

Resection favored to ablation (NCCN/AASLD)

Allow for 1% line RFA in surgical candidates if in favorable locations
(EASL)

64-76 Resection favored. Consider ablation in poor surgical candidates

55-66 Treatment of choice in poor resection candidates (AASLD/EASL)

No recommendation

Consider if ablation / resection contraindicated (AASLD / NCCN)
OR evidence lacking for a recommendation (EASL)

46-87 Requires further study (AASLD)

Transplant > ablation preferred.

38-51 Surgical resection is considered possibly appropriate (EASL),

controversial (NCCN) or not recommended (AASLD)

Bridging therapy recommended to reduce dropout rates (EASL/
NCCN)

No form of locoregional therapy preferred over another (AASLD)

Downstaging may be considered, preferably within a defined
protocol (EASL/AASLD/NCCN)

¢, if available. *, RF ablation. MWA considered promising but requiring larger prospective data for safety and efficacy. TACE, transarterial
chemoembolization; TARE, transarterial radioembolization; MWA, microwave ablation; HCC, hepatocellular carcinoma; EASL, European
Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; NCCN, National Comprehensive

Cancer Network.

equivalent safety profiles for both treatments (50,54-56).
TACE, however, typically requires repeated treatments
to ensure adequate tumor control, as seen in the meta-
analysis of 3 RCTs which showed that 80% of TACE
patients required multiple treatments, as opposed to 8%
of TARE patients (64). Kolligs et al. performed the only
RCT whose primary endpoint was quality of life using the
Functional Assessment of Cancer Therapy-Hepatobiliary
(FACT-Hep) questionnaire. Baseline quality of life
measures were worse in the TARE patients and remained
worse until 12 weeks post-procedure. After this, FACT-
hep scores between the groups were similar (56). These
results mimic an earlier prospective non-randomized study

© Chinese Clinical Oncology. All rights reserved.

that also reported equivalent FACT-Hep outcomes but
noted that several sub-features of quality of life, functional
wellbeing, social wellbeing and embolotherapy related
scores; were improved in the TARE population (65). The
longer time to progression, reduced number of treatments
and potential for improved quality of life outcomes have
encouraged the study of TARE outcomes in this population.
Currently, established guidelines note that TACE has a
more established evidence base for unresectable BCLC
A and BCLC B patients but consider TARE an option of
locoregional therapy (3,4,11). Further comparisons are
required to discover potential OS differences.

Patients may either present with advanced (BCLC C)
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HCC or stage migrate from an intermediate (BCLC B)
category after locoregional therapy. Systemic therapies,
firstly sorafenib, have been the standard of care since a
modest OS benefit was shown in SHARP trial (66). The
AASLD note that this trial and subsequent phase 3 trials
that showed an OS benefit for systemic therapies have been
limited to patients with a good PS (ECOG <2), Child-Pugh
A liver disease, and otherwise adequate organ function (3).
There has been interest in the use of TARE in patients
with advanced HCC after retrospective studies showed a
potential efficacy (67).

Two RCTs, SorAfenib Versus Radioembolization
in Advanced Hepatocellular Carcinoma (SARAH)
and Selective Internal Radiation therapy V sorafeNIB
(SIRveNIB), have since compared the efficacy and safety of
patients treated with TARE vs. sorafenib and failed to find a
statistically significant superiority difference in OS (68,69).
SARAH analyzed 459 patients with locally advanced HCC
in a European population and did not find a significant
difference in survival; 8.0 months for TARE compared
to 9.9 months for sorafenib (P=0.18) (68). Importantly,
in this trial TARE was a 2nd-line liver-directed therapy
after failure of TACE. SIRveNIB similarly did not show
a significant OS benefit in their study of 360 patients in
an Asian population; 10.0 months for TARE compared
to 8.8 months for sorafenib (P=0.36). Regarding adverse
events, the SIRveNIB trial comparing resin microspheres
with sorafenib and found that significantly fewer grade
>3 adverse events [36/130 (27.7%) vs. 82/162 (50.6%);
P=0.001]. SARAH reported similar findings as double the
amount of treatment-related serious adverse events were
attributed to sorafenib as to TARE. These are important
considerations as many patients will discontinue sorafenib
therapy due to issues with side effects and tolerability
is key in palliative patients with short lifespans. Despite
these potential advantages, an OS equivalence must be
proven first in RCT as neither SIRveNIB nor SARAH
trials were powered for non-inferiority so equivalent OS
rates cannot be assumed (70). Of interest are two ongoing
RCTs (SORAMIC and STOP-HCC) comparing the use of
TARE followed by sorafenib vs. sorafenib alone which will
help to define the role of TARE in this challenging patient
population.

TACE

TACE developed circa 1980 in Japan using an emulsion
of Lipiodol with an anthracycline chemotherapeutic drug
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(60,71-74). Lipiodol is an ethyl ester of iodized fatty acids
of poppy seed oil (Guerbet, Aulnay, France). TACE using a
Lipiodol drug emulsion followed by a solid embolic became
the standard treatment for intermediate stage HCC without
portal vein thrombosis as a result of two randomized studies
which used either doxorubicin (75) or cis-platinum (76)
mixed with Lipiodol, followed by administration of an
embolic agent. To date these studies represent the only
controlled trials for intra-arterial therapies for HCC
demonstrating the superiority of Lipiodol-TACE to best
supportive care. Modern controlled trials report OSs after
TACE even better than these original RCT’ from 2002.
The largest TACE RCT ever performed, a phase III study
of brivanib as adjuvant therapy to TACE in patients with
unresectable HCC in 502 patients, had a median OS in the
placebo arm (TACE only) and the brivanib + TACE arm
of 26 months (77). A prospective Japan-Korea cooperative
study of 99 patients (81% of whom in Child class A and 87%
with ECOG performance status of 0) reported a median
OS of 37 months (78). A randomized study comparing
Lipiodol TACE and drug-eluting embolic TACE reported
a median OS of 28 and 29 months, respectively (79).
Hence current expectation is that palliative TACE in early
and intermediate HCC should provide survival on the order
of 2-3 years.

TACE is also employed in patients with more
advanced HCC, such as macrovascular invasion or limited
extrahepatic disease in the setting of adequately preserved
hepatic function, but survival benefit in this population has
not been evaluated in a randomized trial. In a prospective
non randomized study, 164 HCC patients with segmental
or subsegmental portal vein thrombosis were treated with
TACE or conservative care according to the patient’s
preference after counseling from a tumor board. The 12-
and 24-month OS rates for the TACE and conservative
groups were 30.9%, 9.2%, vs. 3.8%, 0% (P<0.001) (80).

An alternative platform to Lipiodol emulsion for delivery
of chemotherapeutics to tumors is polymeric microspheres
capable of carrying a drug payload. Several now exist
commercially, mostly based on formulations of polyvinyl
alcohol. Because microspheres cannot cross the peribiliary
capillary plexus, they lodge in the distal arterioles where
the payload elutes from the polymer and distributes locally
via diffusion. Most of the clinical data with drug-eluting
embolics involves doxorubicin-loaded microspheres used
to treat HCC. Three randomized trials have shown no
oncologic benefit of the drug-eluting embolic platform
over Lipiodol TACE or bland embolization with unloaded
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microspheres, with nearly identical PFS and OS in the
bland trials (81-83). Therefore Lipiodol-TACE remains
the current standard of care in in terminational guidelines
for large or multinodular tumor isolated to the liver with
preserved liver function and absence of portal vein invasion.

Of greater concern with drug-eluting embolics are
toxicity and safety issues. The most concentrated drug
release is adjacent to the microspheres at the level of
the peribiliary capillary plexus, where the doxorubicin
causes local coagulation necrosis of the surrounding
hepatic parenchyma, a phenomenon not seen with bland
embolics (84). The consequence of this off-target drug
delivery is an increased incidence of hepatobiliary injury
with doxorubicin-loaded embolics that has been reported
following chemoembolization of HCC and NET metastases
(85-87). Furthermore, the lack of radiographic conspicuity
of drug-eluting embolics results in a higher incidence of
non-target embolization than with Lipiodol TACE. A series
of 237 cases reported a rate of injury to the gallbladder,
stomach, pancreas, and other extra hepatic sites between
5-10%, in excess of the Society of Interventional Radiology
Quality Assurance Guidelines for TACE (88). The lack
of efficacy and unacceptable toxicity of doxorubicin-loads
microspheres is sufficiently well evidenced to preclude their
use in clinical practice.

Conclusions

The disproportionate mortality rate for HCC relative to
its prevalence shows the progress that is needed in curative
intent therapeutic options. The underlying cirrhotic liver
plays a large role in limiting treatment options. Complex
treatment decisions are required to decide the optimal
treatment method when considering the tumor size, location
and underlying liver cirrhosis. Locoregional therapies such
as ablation and portal vein embolization have an established
role in treating or preparing patients for treatment. New
and improving techniques, EBRT, radiation segmentectomy
or lobectomy, and combination therapies; show promise
but require further prospective data before they can be
integrated into treatment algorithms. For palliative-intent
liver-directs therapy, Lipiodol TACE remains the standard
of practice; to date newer technologies have not yet proven
to improve outcomes.
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