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Patients with early-stage hepatocellular carcinoma (HCC), as
defined by the Barcelona Clinic Liver Cancer (BCLC) staging,
have a good performance status (Eastern Cooperative Oncolo-
gyGroup [ECOG]0), compensated liver function (Child–PughA
or B), and limited tumor burden (a single tumor or up to three
tumors each not more than 3 cm in size). Patients meeting
these criteria have demonstrated good prognosis and are
typically treated with curative intent.1 Traditional treatment
options include liver transplantation (LT), hepatic resection,
thermalablationandtransarterial chemoembolization(TACE).
Transarterial radioembolization (TARE), traditionally used for
intermediate- and advanced-stage disease, has been increas-
ingly used in early-stage HCC with curative intent in patients
who are not candidates for surgeryor ablation. Ablation, TACE,
and TARE can be used to bridge patients to LTwhile TARE and
portal vein embolization (PVE) can be used to bridge patients
with limited future liver remnant (FLR) to resection.

In this section, we will review each treatment modality
with emphasis on patient selection and expected outcomes.

Liver Transplantation

Liver transplantation is a curative surgical option for patients
with early-stage HCCwho are not resection candidates. Trans-

plant not only treats the initial cancer but also has the added
benefit of removing the underlying cirrhotic liver, which may
lead to future de novoHCC formation. However, in 1996 after a
period of unrestricted transplantation, it was determined that
the 5-year survival of transplanted patientswith HCCwas less
than 50%. The Milan criteria were introduced to improve
posttransplant outcomes.2A systematic review byMazzaferro
et al in 2011 determined that patients within Milan criteria
have 5-year survival comparable to non-HCC liver transplant
patients,with less than10% tumor recurrence.3While expand-
ed criteria to improve access to transplant—such as the UCSF
model—havebeenvalidated,4,5Milan criteria remains the gold
standard and is the most commonly used. Limited organ
supply and long waitlist times place these patients at risk of
falling outside of theMilan criteria due to disease progression,
no longer qualifying for transplant. Under the current policy,
patients are initially listedwith their natural MELD (model for
end-stage liver disease) score and awarded a MELD exception
score of 28 points after a 6‐month waiting period. The points
increaseevery 3months to amaximumscore of 34points. This
change was made to ensure a more equitable allocation of
donor organs between HCC and non‐HCC patients.6,7 As this
has in effect created a mandatory wait time of 6 months for
early-stage HCC patients, “bridging” therapy has become an
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Abstract Patients with early stage hepatocellular carcinoma have good prognosis and are
treated with curative intent. Although this cohort of patients is generally defined by
limited tumor burden, good liver function, and preserved functional status, there
remains utility in further stratification to optimize overall survival and limit post-
operative morbidity and mortality. Transplant, resection, ablation, transarterial radio-
embolization, and transarterial chemoembolization, either as monotherapy or in
combination, may play a crucial role in treating this cohort of patients depending
on a multitude of factors. In this section, we review each treatment modality and
provide general guidelines for patient selection.
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integral part of the pretransplant algorithm. Several studies
andmeta-analyses of local regional therapy (LRT) for bridging
have demonstrated a significantly lower dropout rate due to
tumor progression.8,9 Mehta et al found that a subgroup of
patients having a single tumor between2 and3 cm in sizewith
complete response after thefirst LRT, andanAFP level� 20ng/
mL after the first LRT, had 1‐ and 2‐year probabilities of
dropoutof1.3 and1.6%, respectively,whereas theprobabilities
were 21.6 and 26.5% for all other patients (p¼ 0.004).8

A retrospective study by Oligane et al comparing the use of
bridgingwith TACE and/or radiofrequencyablation (RFA) to no
bridging found that in the unmatched cohort, as well as in a
propensity score–matched subgroup, bridging reduced the
rate of posttransplant recurrence and prolonged overall sur-
vival (OS).10Morerecently,Gabret alpublisheda study looking
at long-term outcomes in patients who received TARE as
bridging or downstaging to transplant. Three-, 5-, and 10‐
year OS rates were 84, 77, and 60%, respectively. Twenty-four
patients developed recurrence, with median recurrence-free
survival of 120months. Disease-specificmortality rates at 3, 5,
and 10 years were 6, 11, and 16%, respectively.11 Good
response to bridging and downstaging therapy has also been
shown to be associated with favorable histology such as
absence of microvascular invasion and low-grade tumor pa-
thology, and, as such, has become an important prognostic
indicator of underlying pathology.9 In effect, LRT provides a
biologic test of time allowing identification of patients with
unfavorable tumor biology that cannot be delineated by
imaging alone. Given limited organ availability, the use of
LRT has become an important tool in the selection of trans-
plant patients which is reflected in the 2018 EASL guidelines:
bridging a patient to transplant with the use of LRT is strongly
recommended with wait times of 6 months or longer.12

Bridging techniques for early-stage HCC vary by institu-
tion and include TACE, ablation, combination of TACE and
ablation, and TARE. The method of LRT for bridging is not
specifically dictated by the EASL guidelines. At present, the
most commonly used bridging technique around theworld is
TACE,13 although this is institutionally dependent and both
ablation and TARE are utilized at many centers.

Liver Resection

Liver resection is a curative surgical option for patients with
early-stage hepatocellular carcinoma (HCC). It is ideally per-
formed in patients with preserved liver function and limited
comorbidities.Expected5-yearOSrangeswidely from40to70%
and is dependent on a combination of factors including under-
lying liver disease, extent of resection, tumor size/number,
vascular involvement, AFP level, and operative factors such as
whether R0 resection was achieved and complications such as
intra/postoperative bleeding.14–16 To avoid postoperative liver
failureandmortality, it is crucial toweigh liver functionwith the
necessary amount of liver to be resected. There is an abundance
of data that supports resecting theminimumamount of liver to
achieve adequate margins. Yip et al showed that patients who
underwent right posterior sectionectomy had significantly
lower incidence of postoperative liver failure compared with

patients who underwent right hepatectomy (2 vs. 9.4%,
p¼ 0.005) with similar 5-year OS (83 vs. 76%) and disease-
free survival (52%).14,16 A similar study comparing mesohepa-
tectomy to extended hepatectomy resulted in comparable
findings.17 The exact FLR volume required for safe resection is
still debated in the literature anddepends on liver function, but
in general, 20 to 30% FLR is considered adequate for healthy
livers, whereas >40% is considered safe for cirrhotic livers.18,19

Several clinical findings, laboratory values, and scoring
systems have been used to assess liver function prior to
resection. Clinical findings to suggest portal hypertension
such as platelets <100,000 cells/mm3, splenomegaly, and
varices are widely used as a contraindication to resection.
This practice is somewhat controversial, as there are several
retrospective studies showing that resection can be safely
performed in patients with clinical findings of portal hyper-
tension but without confirmed hepatic venous pressure
gradient� 10mmHg. Boleslawski et al showed that patients
with elevated HVPG� 10mm Hg were more likely to have
postoperative liver dysfunction and mortality and 90-day
mortality, whereas esophageal varices, splenomegaly, and
thrombocytopeniawere not predictive of outcome.20Despite
this, it is common practice to exclude patients with clinical
findings suggestive of portal hypertension from resection in
order to optimize results.

TheMELD, Child–Pugh score, and albumin–bilirubin (ALBI)
grading system are scores routinely used to evaluate patients’
liver function prior to resection. Ideal resection candidates
have aMELD score of less than 9, CP score of 5, and ALBI grade
1. In a retrospective review of 82 patients undergoing liver
resection, perioperative mortality was 29% for patients with
MELD> 8 and 0% for patients with MELD <9.21 In a different
studyof229patients, therewere zero instances of liver failure/
death and an8.1% complication rate inpatientswithMELD< 9
comparedwith 37.5% liver failure and 83.3% complication rate
in patients with elevated MELD scores.22

Patientswhohave suboptimal liver function and/or require
resections that will leave them with inadequate FLR benefit
from either PVE or Y90 radioembolization to hypertrophy the
FLR prior to surgery. There is strong evidence that PVE prior to
resection does not negatively impact postsurgical outcomes in
FLR-matched cohorts and helps patients who would not
otherwise be surgical candidates.23,24 PVE and Y90 have their
respective advantages and disadvantages. For example, PVE
results in rapid and exuberant FLR hypertrophy, often peaking
in 4 to 8 weeks, but does not address the underlying malig-
nancy which may progress if left untreated. Y90 radioembo-
lization provides good tumor control but at the expense of less
dramatic hypertrophy, which may take 3 to 9 months to peak.
Marti et al showed that in their cohort of 82 patients who
underwent PVE, despite 34.1% having radiographic progres-
sion of disease, 87.8% were able to undergo resection with
similar disease-free survival andOS at 1 and3 years.25Ameta-
analysis of PVE by Wajswol et al similarly demonstrated a
relative FLR hypertrophy rate of 49.4% with 75.9% of patients
proceeding to resection.26

Data for using Y90 radioembolization to induce hypertro-
phy is less robust comprising retrospective series of patients
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treated with lobar Y90 not necessarily with the intent of
optimizing for resection. In their retrospective matched pair
analysis, Garlipp et al showed that PVE resulted in signifi-
cantly greater hypertrophy than TARE (61.5 vs. 29%) within a
shorter time frame (33 vs. 46 days).27 The Y90 cohort had
more prior intervention possibly explaining the difference.
Vouche et al reported a post Y90 hypertrophy of 45% at
9 months but only 7% hypertrophy at 1 month.28 Similarly,
Teo et al reported 26 to 47% hypertrophy ranging from
44 days to 9 months following unilobar TARE with Y90.29

In their systematic review, Birgin et al demonstrated that
only 30% of patients receiving lobar Y90 underwent resection
following Y90.30 Given the available data, our practice is to
perform PVE for patients who will undergo resection in the
near future and Y90 for patients who may or may not
undergo resection. Some institutions practice the concept
of “test of time” prior to resectionwhere patients at high risk
of recurrence undergo watchful waiting or locoregional
therapy prior to planned resection 3 to 6months later. Those
with aggressive tumor biologywill progress and not undergo
surgery, thereby avoiding the morbidity associated with
surgery. At the center of this concept is the assumption
that those who progress shortly following LRT would have
progressed after early resection as well.

Given the functional reserve required to safely undergo
resection, many early-stage HCC patients are not candidates
for resection and are better served with parenchyma-pre-
serving alternatives such as ablation or embolization.

Ablation

Ablation is a curative treatment option for patients with early-
stage HCC who are not candidates for surgery. It is also an
excellent choice as a bridge treatment for patients awaiting
transplant. The ideal candidate is someone with tumors less
than 3 cm located within liver parenchyma not in close prox-
imity to largevascularorbiliarystructures. There isoverwhelm-
ingevidence—includingnumerous randomizedcontrolled trials
(RCTs) and meta-analyses—supporting ablation, specifically
RFA, as a curative option comparable to resection.

Multiple RCTs have demonstrated the benefit of RFA. Chen
et al randomized 161 early-stage CP-A HCC patients with
tumors less than 5 cm and ICG-R15 less than 30% to RFA or
resection.31 The ablation cohort required more treatments
and had higher recurrence rates; however, the 4-year OSwas
not significantly different between the cohorts (65.9% for RFA
and 64% for resection). Interestingly, 34 of the 71 patients
randomized to ablation had tumors greater than 3 cm and
would be considered suboptimal ablation candidates. Com-
plete response was present in 62% of patients after initial
ablation and 91.5% after repeat ablations. Similar results
with comparable OS between surgical resection and ablation
were discovered in numerous other RCTs.31–35 The sole RCT
showing statistically significant survival benefit of resection
over ablation was performed by Huang et al. They random-
ized 230 patients with HCC within Milan criteria to RFA or
resection.32 In this study, 5-year OS was significantly better
for resection (55% for ablation and 76% for resection,

p< 0.01). In the surgical cohort, 16 additional lesions were
identified and treated at the time of resection. Twenty-seven
of 84 patients who underwent ablation had tumors larger
than 3 cm, and tumors in suboptimal locations such as near
large vessels, bowel, or diaphragm requiring artificial pleural
effusion were not excluded. While critical structures such as
bowelmay be successfully hydrodissected away, the effect of
heat sink is difficult to mitigate. Consensus from these trials
is that the OS is likely not significantly different between
ablation and resection for HCCs less than 3 cm, but ablation
shows a higher recurrence rate. The higher local recurrence
rate following ablation is postulated to be a result of satellite
nodules or the presence of microvascular portal vein inva-
sion not conspicuous on preoperative imaging. For this
reason, at least a 5-mm ablation margin around the tumor
is recommended. Because RFA relies on conduction of heat
through ionic tissue, it is plagued by decreasing efficacy in
tumors larger than 3 cm. Because the likelihood of complete
ablation decreases with increasing tumor size and complete
ablation correlateswith survival, RFAhas been supplanted by
microwave ablation at many centers due to several theoreti-
cal advantages microwave has over RFA.36–38

In contrast to RFA,microwave ablation results in volumet-
ric heating and is thereby not as restricted by high imped-
ance of charred tissue. Other benefits include less
susceptibility to heat sink and higher intertumoral temper-
atures. Poggi et al demonstrated 100%CR forHCC< 3 cm, 90%
CR for HCC 3 to 5 cm, and 69% CR for HCC> 5 cm.39 Despite
these theoretical advantages, clinical outcomes have been
similar to RFA.40 Liang et al demonstrated 5-year OS of 51% in
a series of 288 patients.41 The only RCT to compare micro-
wave ablation to hepatic resection as well as a meta-analysis
by Zang et al demonstrated no difference inOS at 3 years.42,43

The most recent meta-analysis with long-term outcomes
comparing microwave to resection demonstrated a signifi-
cantly better OSwith resection but is biased by retrospective
studies with sicker patients in the ablation arms. The micro-
wave treatment arm also included tumors that were unre-
sectable because of comorbidities or poor liver function.43

Predictive factors effecting long-term survival following
microwave ablation include size of tumor, number of tumors,
and underlying liver function. Unlike resection, patientswith
ALBI grade 2 or CP-B scores can be safely ablated without
significant risk of postoperative liver failure and death.44–46

Ablation is avoided as a bridge to transplant at some
centers due to concern for tract seeding and aggressive
tumor recurrence. The original article on the matter pub-
lished by Llovet et al reported a 12.5% tract seeding rate, but
this was attributed to a combination of technique and a large
portion of their patients having subcapsular lesions.47 Nu-
merous studies have since shown that the rate is closer to 0 to
2.5% and more common in subcapsular lesions that have
been previously biopsied. The incidence of tract seeding can
be minimized by avoiding direct puncture of the lesion,
utilizing the no-touch ablation technique, and by ablating
the tract.48–51 Aggressive tumor recurrence is less well
understood and may be a sequela of ablation or represent
the natural progression of an aggressive tumor biology.
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Reported incidence ranges from 0.7 to 8% and is associated
with larger tumors, tumors with infiltrative margins, in-
creased AFP, and location near portal veins. Techniques to
minimize the incidence of aggressive tumor recurrence have
not been validated, but we prefer to pretreat with TACE and
include a generous ablation margin when possible (►Fig. 1).
Other suggested steps are utilizing the no-touch technique
and ablating for longer period of time at a lower wattage.52

Combining TACE and ablation has advantages in both small
and larger tumors. In HCCs less than 3 cm in size that are not
well seen by ultrasound or noncontrast CT, conventional
TACE (c-TACE) can be used to stain the tumor increasing its
conspicuity during the ablation. For larger tumors, TACE is
believed to help increase the area of coagulative necrosis and
help treat concurrent satellite tumors. A meta-analysis by Ni
et al showed that combination of TACE and RFA improved OS
in patientswith intermediate (between 3 and 5 cm) and large
(>5 cm) tumors.53

Other ablation modalities including cryoablation, ethanol
ablation, and irreversible electroporation are less commonly
used except in niche situations and have been supplanted at
many U.S. institutions by Y90 radiation segmentectomy.

Transarterial Radioembolization

While Y90 has traditionally been used as salvage therapy in
patients for whom other therapies have failed, there is a
growing body of evidence to support the use of Y90 as first-
line at multiple stages of HCC and potentially curative
therapy in early-stage disease when radiation segmentec-

tomy doses are applied. In 2014, an article by Vouche et al
demonstrated that in treatment-naive patients with a soli-
tary unresectable tumor of 5 cm or less not amenable to RFA,
the median time to progression was 33.1 months with
complete, partial, and stable disease responses achieved in
47, 39, and 12% of patients by mRECIST criteria.54 Pathologic
correlation of patients who went on to transplant demon-
strated >90% pathologic tumor necrosis. Subanalysis of the
data revealed that complete necrosis was significantly more
likely when the radiation dose to the intended segment
exceeded 190 Gy. A phase II trial from the Milan group
showing a higher rate of CR and PR when tumor dosing
exceeds 500 Gy supports the concept of greater response
when “hyper” or segmental dosing to a specific segment is
achieved.55 Padia et al found that complete response was
achieved in 95% of patients when segmentectomy dosing
was applied with minimal toxicity (no grade 3 or 4 toxicities
were reported).56 Padia et al went on to demonstrate supe-
rior complete response rate of Y90 segmentectomy dosing
when compared with TACE using mRECIST criteria. In that
study, CR of 84 and 58% for TARE and TACE, respectively, was
reported.57 A propensity score matched retrospective study
by Biederman et al in 2017 demonstrated that for treatment-
naive patients with tumors less than 3 cm in diameter there
was no difference in overall CR rate, TTP, and OS.58 A
retrospective study by Lewandowski et al in 2018 of 70
early-stage unresectable HCC patients who underwent radi-
ation segmentectomydemonstrated amedian OS of 6.7 years
with survival probability of 98, 66, and 57% at 1, 3, and
5 years, respectively. Furthermore, OS probability rates at 1,

Fig. 1 A 76-year-old male with hepatitis B, Child–Pugh score 6, MELD 10, ECOG 0 with history of prior transarterial chemoembolization/
ablations presented with new 17-mm LI-RADS 5 lesion in segment 8 of the liver. (a) Pretreatment arterial phase imaging shows enhancing lesions.
(b) Delayed phase imaging shows washout. (c) CT-guided microwave ablation with needle traversing the center of the tumor which has been
stained with lipiodol. One-year post–microwave ablation, arterial phase imaging (d) and venous (e) phase imaging demonstrate no viable tumor.
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3, and 5 years were 100, 82, and 75%, respectively, in patients
with baseline tumors less than 3 cm in size.59 These data are
comparable to other curative intent therapies.

As a result of these data, many centers have adopted
radioembolization as part of the primary treatment algo-
rithm for patients with early-stage HCC defined by the
Barcelona Clinic Liver Cancer (BCLC) and have led to its
adoption as first-line therapy in unresectable early-stage
HCC (►Fig. 2).

Transarterial Chemoembolization

Transarterial chemoembolization is a well-established treat-
ment for intermediate-stage HCC and is generally considered
the first-line noncurative therapy for many patients being
bridged to transplant. Two widely accepted techniques for
TACE are available. c-TACE is the administration of an emul-
sion of chemotherapeutic agent with lipiodol followed by an
embolic agent to obtain a synergistic effect of drug cytotoxic
activity and ischemia. With drug-eluting bead TACE (DEB-
TACE), the cytotoxic agent is loaded directly onto embolic
agent resulting in an increased local concentration of the
chemotherapeutic agent60–62 while simultaneously reduc-
ing systemic side effects. In 2009, the PRECISION V study
compared c-TACE to DEB-TACE but failed to show statistical
superiority of DEB-TACE to c-TACE in all categories including
complete response, objective response, and disease control.
The short follow-up period prevented assessment of OS and
time to progression.63 The PRECISION ITALIA trial, another
RCT also comparing c-TACE to DEB-TACE, was prematurely
stopped, as no significant difference in median TTP nor in 2-
year survival rate could be demonstrated.64 Multiple meta-
analyses have been published on the topic with mixed
conclusions and the topic continues to be debated and
both techniques are regularly used. Based on this data, we
prefer c-TACE for tumors less than 3 cm and for combination

treatment with ablation due to enhanced visibility from the
lipiodol staining and DEB-TACE for larger tumors (>3 cm) to
limit systemic side effects.

As this section is focused on the treatment of early-stage
disease, it is important to discuss the concept of treatment
stage migration strategy which, in essence, states that all
stages of HCC require individually tailored treatment. There-
fore, when LT, resection, and ablation are not possible in the
BCLC stage A population, TACE becomes a viable treatment
option. This concept is supported by data from Burrel et al
demonstrating a median OS of 54.2 months in BCLC stage A
patients treatedwith subselective DEB-TACE.65 TACE has also
been proven to be a beneficial adjunctive for ablative candi-
dates, where combination TACE–ablation therapy demon-
strates decreased long-term local tumor progression rates
for BCLC stage A patients versus TACE alone or RFA alone,
which was discussed previously in the “Ablation” section.

Summary

Locoregional therapy plays a critical role as both adjunctive
and primary therapy and the modality of treatment should
be tailored to the individual patient to optimize outcomes.
Our algorithm favors transplant for patients within Milan
criteria and decompensated liver disease. These patients are
bridged with TACE, ablation, or radioembolization depend-
ing on number, distribution, size, and location of the lesions.
Given the data supporting longer time to progression for
ablation and radioembolization, we favor these techniques in
patients with longer expected wait times. TACE is favored as
a bridging technique in patients not suitable for ablation or
with limited hepatic reserve (CP-B9 and CP-C), therefore
unsuitable for TARE.

Resection is favored for patients within Milan criteria or
with a single large lesion and compensated liver disease,
provided there is adequate FLR. If adequate FLR is not present,

Fig. 2 Transarterial radioembolization of early-stage hepatocellular carcinoma. (a) Arterial phase contrast-enhanced MRI of the liver shows an
enhancing mass in segment 8 measuring 5.5 cm, abutting the diaphragm, and surrounded by lung parenchyma in a 75-year-old man with
alcoholic cirrhosis. (b) The same lesion demonstrated on angiography with single feeding arterial vessel. (c) Arterial phase imaging from a
contrast-enhanced MRI 6 months posttreatment without any evidence of residual enhancement to suggest viable tumor.
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PVE or radiation lobectomy is used to promote FLR hypertro-
phy. Radiation lobectomy is favored in patients when there is
concern for aggressive disease to allow for local tumor control
during a biological test of time prior to resection.

For patients who are neither resection nor transplant
candidates, our algorithm is as follows. Ablation is reserved
for patientswith tumors less than 3 cm in size. If the tumor is
subscapular or near a large vessel or critical structure, we
prefer TARE using a segmentectomy technique. TACE is
reserved for patients who are not candidates for any of the
other treatment modalities mentioned.

As exemplified byour algorithm, the effectivemanagement
of early-stage HCC is ideally managed through a multidisci-
plinary approach with interventional radiology, hepatology,
transplant surgery, and surgical oncology (►Fig. 3).
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