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Abstract

Hepatocellular carcinoma (HCC) is the sixth most common malignancy and the
third leading cause of cancer-related death worldwide. Contemporary advances
in systemic and locoregional therapies have led to changes in peer-reviewed
guidelines regarding systemic therapy as well as the possibility of downstaging
disease that may enable some patients with advanced disease to ultimately un-
dergo partial hepatectomy or transplantation with curative intent. This
review focuses on all modalities of therapy for HCC, guided by modern-day
practice-changing randomized data where available. The surgical management
of HCC, including resection and transplantation, both of which have evolving
criteria for what is considered biologically resectable and transplantable, as well
as locoregional therapy (i.e., therapeutic embolization, ablation, radiation, and
hepatic arterial infusion), are discussed. Historical and modern-day practice-
changing trials evaluating immunotherapy with targeted therapies for advanced
disease, as well as adjuvant systemic therapy, are also summarized. In addition,
this article examines the critical dimension of toxicities and patient-oriented
considerations to ensure a comprehensive and balanced discourse on treat-

ment implications.
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INTRODUCTION

The incidence of hepatocellular carcinoma (HCC) is rising, especially
in younger populations.! HCC most commonly develops in the setting
of chronic liver disease, in which longstanding inflammatory states
predispose patients to malignancy.? Although viral hepatitis and
alcohol remain the primary etiology of chronic liver disease world-
wide, metabolic dysfunction-associated steatohepatitis (MASH) is an
emerging cause of cirrhosis and HCC in the United States because of
an increase in the prevalence of obesity and metabolic syndrome.?

Surgical treatment provides the best opportunity for cure in
patients with HCC provided they are eligible for resection or liver
transplantation (LT). Unfortunately, a significant number of patients
with HCC is diagnosed at advanced stages, managed with mostly
palliative locoregional and/or systemic therapies, which offer symp-
tom relief and disease control but not a cure.®

Approximately 50% of patients with HCC receive systemic
therapies, and, until recently, the standard of care remained multi-
kinase inhibitors in the first-line and second-line settings. In the past
5 years, however, immune checkpoint inhibitors (ICls) have revolu-
tionized the management of patients with advanced HCC. The advent
of more effective systemic therapies, often paired with locoregional
therapies, has facilitated prolonged survival among patients with
metastatic as well as locally advanced disease and has allowed for
some patients to undergo surgical intervention when radical surgery
previously would not have been an option.

Given the complexities and nuances of HCC management, pa-
tients are ideally treated in a multidisciplinary setting in which sur-
geons, medical oncologists, radiation oncologists, interventional
radiologists, as well as hepatologists collaborate to deliver optimal
care to achieve optimal outcomes. It also remains critical that
treatment paradigms take into consideration patient-and tumor-
related factors, such as performance status, extent of disease, and
liver dysfunction, each of which are primary drivers of morbidity and
mortality. In the context of the rapidly evolving surgical and systemic
therapeutic landscape and treatment guidelines for HCC, this
comprehensive review of multimodal management strategies for

patients with HCC provides a valuable resource for all clinicians.

EPIDEMIOLOGY

Liver cancer is the sixth most common cancer and the third leading
cause of cancer-specific mortality worldwide.® In 2022, liver cancer
accounted for approximately 866,136 cases and 758,725 deaths
gIobaIIy,5 with an estimated 29,840 new cases and related deaths
expected in the United States in 2024.° Throughout the world, HCC
is the dominant type of liver cancer, accounting for approximately
75% of all cases.”® The highest rates of HCC diagnosis are among
individuals aged 60-70 years, with a higher prevalence in males.” The
incidence and mortality rates of HCC differ across the world and
among ethnic groups, a variance largely linked to the geographic

distribution and the age at which people are exposed to key risk

factors.” East Asian and African populations witness the highest
incidence and death rates from HCC. However, the global prevalence
of HCC has transitioned over time from areas with low-to-moderate
now to include areas with high sociodemographic indices.'®! This
transition suggests a shift in the leading causes of HCC from viral to
nonviral etiologies.'? Consequently, both incidence and mortality
rates of HCC are increasing in several European nations and the
United States. In the United States specifically, HCC incidence has
risen from 2.38 to 3.09 per 100,000 women from 2001 to 2020 and
from 7.32 to 9.82 per 100,000 men over the same period. In addition,
the number of new cases of liver cancer per year is predicted to in-
crease by 55% between 2020 and 2040 globally, with a projected 1.4
million people diagnosed in 2040. Furthermore, it is predicted that
1.3 million people could die from liver cancer in 2040, which is 56%
higher than in 2020.13-16

RISK FACTORS FOR HCC

More than 90% of HCC cases develop amidst chronic inflammatory
liver disease.r® Cirrhosis, regardless of its etiology, represents the
primary risk factor for HCC; and HCC, which has an annual incidence
of 1%-6% in the cirrhotic population, is the foremost cause of mor-
tality in this population.t”~?

Viral hepatitis is the most common risk factor for HCC. World-
wide, it is estimated that over 350 million people have chronic in-
fections caused by hepatitis B (HBV) and hepatitis C virus (HCV),
with 80%-90% of these individuals unaware of their infection sta-
tus?® and thus at an unappreciated risk for HCC.*>?! In Asia and
Africa, approximately 60% of HCC cases are attributable to HBV
infection, whereas, in Western regions, this figure remains approxi-
mately 20%.2 Chronic HCV infection is the most prevalent precursor
to HCC in regions such as North America, Europe, and Japan.!?
Although the majority of cases of HCC are associated with advanced
fibrotic liver disease (bridging fibrosis or cirrhosis), HBV-associated
HCC may occur in the absence of advanced fibrosis, an observation
that affects screening strategies for patients with chronic HBV
disease.

Alcohol-related liver disease accounts for 20% of HCC cases®? and
is an independent risk factor for HCC.2%2* Furthermore, alcohol can
enhance the effects of other risk factors, such as viral hepatitis,
leading to an earlier onset of liver cancer.2® Patients diagnosed with
HCC because of alcohol have the lowest survival rate compared with
those who have HCC caused by other factors (median survival, 6 vs.
8-10 months).2>?¢

MASH has seen a notable rise in its association with HCC since
2010. Currently, MASH accounts for 15%-20% of HCC cases in
Western countries.?” HCC without cirrhosis occurs more frequently
in cases related to MASH compared with other causes. Specifically,
39% of HCC cases associated with MASH arise without cirrhosis, in
contrast to 22% for HBV, 6% for HCV, and 9% for alcohol-related
liver disease.??® For those patients without HBV (see above) in this

cohort, HCC without cirrhosis is still most often identified in the
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milieu of advanced fibrosis. Studies have demonstrated that meta-
bolic dysfunction-associated steatotic liver disease is more prevalent
in men than in women during the premenopausal stage; however, its
prevalence is higher in postmenopausal women.??

Iron overload and dflatoxin are additional though less common risk
factors for HCC. Iron deposition can result in oxidative damage to
cells and ferroptosis,®® and the most common disease is hereditary

hemochromatosis, 3132

which is linked to a heightened risk of
developing HCC, with past estimates suggesting the risk could be up
to 200 times greater.>* Aflatoxin is a carcinogenic substance pro-
duced by Aspergillus mold. It is linked to 5%-28% of HCC cases
worldwide and has a geographic prevalence that mirrors that of HBV.
When both aflatoxin and HBV are present, the risk of developing

HCC can increase by four to 10 times.>>%¢

SCREENING

16:37-41 3dvocate

Numerous professional organizations and societies
for screening patients who are at risk, predominantly consisting of
people with cirrhosis and those with chronic HBV infection in the
absence of cirrhosis.t”373-41 HCC screening mainly benefits those
with compensated cirrhosis, classified as Child-Turcotte-Pugh (CTP)
class A or B. For patients with advanced cirrhosis (CTP class C),
screening is typically not recommended because of the absence of
tolerable effective treatments, except for patients who are eligible
for consideration of LT, in whom a tailored screening strategy may be
appropriate. The effectiveness of HCC screening in patients with
significant fibrosis but not cirrhosis is a topic of ongoing discussion.
European guidelines advocate for screening in these cases, high-
lighting the challenge in precisely identifying the shift from advanced
fibrosis to cirrhosis.t” Although most guidelines limit HCC screening
to certain groups of noncirrhotic patients with HBV, screening has
been found to be cost-effective for patients who have HBV without
cirrhosis if the annual incidence rate exceeds 0.2%.Y In addition,
screening is often deemed unnecessary for patients with competing
liver or other diseases that shorten life expectancy to 12 months or
IeSS.17’39_41

Guidelines recommend biannual measurement of a-fetoprotein
(AFP) in combination with ultrasound (US) for HCC surveillance
because of its cost effectiveness, noninvasive nature, accessibility,
reasonable accuracy, and patient tolerance.®” The 2024 US Liver
Imaging Reporting and Data System (LI-RADS) surveillance protocol
advises interpreting radiologists to assign a score (US-1, US-2, or US-
3) based on their observations and provide a corresponding follow-up
imaging recommendation. Category US-1 refers to a US study
without evidence of HCC. Category US-2 subthreshold indicates an
observation measuring <10 mm and requires follow-up US in 3-6
months. Category US-3 describes an examination with observations
measuring >10 mm, not definitely benign, including area(s) of
parenchymal distortion or a new thrombus in the portal or hepatic
vein, necessitating multiphase, contrast-enhanced imaging.*? It

should also be noted that patients with HCV cirrhosis who achieve a

sustained virologic response after antiviral therapy, although they
are considered cured from vital hepatitis, remain at high risk for HCC
and thus should continue HCC surveillance indefinitely with biannual
AFP measurement and liver US imaging.

DIAGNOSIS

Imaging has long been central to the care of patients at risk for, and/
or with a diagnosis of, HCC because it is a critical part of surveillance,
diagnosis, staging, treatment, and follow-up. Various technologies
have extended the capabilities of imaging, including hepatobiliary
contrast agents in magnetic resonance imaging (MRI) as well as
intravenous contrast agents for US (Table 1). Importantly, HCC is the
only liver tumor in which the classic imaging appearance is specific
enough to forgo biopsy and proceed directly to treatment, and
perhaps the most effective advances related to HCC imaging have
been related to increases in spatial resolution, contrast enhancement,

and knowledge of artifacts.

Imaging modalities

In the diagnostic assessment of people with cirrhosis who are at
elevated risk for HCC, multidetector computed tomography (CT) is
indispensable. The use of multiphase contrast-enhanced imaging,
which includes late arterial, portal-venous, and delayed phases, is
critical for accurate imaging diagnosis.>? The defining imaging char-
acteristics for the diagnosis of HCC on multidetector computed to-
mography are: nonrim arterial hyperenhancement during the late
arterial phase and nonperipheral washout in the portal-venous and/
or delayed phases.**** This pattern mirrors the unique vascular al-
terations associated with hepatocarcinogenesis, in which tumor
inflow relative to the remainder of the liver is increased through the
hepatic arterial system and decreased through the portal venous
system.

MRI is highly effective for detecting and characterizing lesions
because of its superior contrast resolution and its ability to assess
various tissue properties beyond vascularization.*® It is the preferred
imaging modality for characterizing suspicious nodules identified
during the screening of high-risk patients.*> A recent meta-analysis
reported that pooled sensitivity and specificity of MRI for diag-
nosing HCC was 70% and 94%, respectively, regardless of tumor
size.*® Sensitivity is nearly 100% for lesions >2 cm, decreases to
58.3%-64.6% for lesions <2 cm, and is even lower for subcentimeter
lesions.*”~>C Despite this, MRI generally outperforms CT for diag-
nosing HCC lesions <2 c¢cm and has similar accuracy for lesions >2
cm.”? In addition, MRI has seen substantial improvements in the past
5-10 years, with motion-robust techniques becoming more widely
available. In addition, short temporal window imaging has led to more
precise arterial phase timing as well as mitigation of artifacts related
to fast transit of the contrast bolus. MRI is also helpful in dis-

tinguishing HCC from other common hypervascular lesions that may
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TABLE 1 Key findings of imaging modalities in the diagnosis of the most common liver masses.

Ultrasound

Triphasic CT

MRI

Hemangioma

Focal fat

FNH (<3 cm)

Adenoma

HCC

Intrahepatic
cholangiocarcinoma

Colorectal metastasis

Peripheral feeding vessels; low flow,
hyperechoic, increased through
transmission relative to normal liver

Hyperechoic, shadowing, no mass effect,
no vessel displacement

Homogenous isoechoic or nearly
isoechoic, may be difficult to discern,
occasional central hyperechoic area with
centripetal flow

Variable appearance (may be
hyperechoic or hypoechoic),
homogeneous or heterogeneous;
demographics can be helpful

Hypoechoic or hyperechoic,
homogeneous or heterogeneous

Hypoechoic; bile duct dilation for central
tumors, no bile duct dilation for
peripheral tumors

Usually hypoechoic but can be
hyperechoic, target appearance

Peripheral discontinuous nodular
hyperenhancement, fills in from
periphery, follows blood pool
enhancement on delayed phases

Sharp interface, low attenuation (<40
HU), characteristic locations around the
gallbladder fossa and falciform ligament

Lobulated, homogeneous arterial phase
hyperenhancement, fades to
enhancement of background liver,
occasionally late enhancing central scar

Variable appearance, may be
hyperenhancing or isoenhancing, may
washout or fade to enhancement of
background liver, capsule, may contain
fat; demographics can be helpful

Arterial phase hyperenhancement,
washout, capsule, often heterogeneous,
may contain intratumoral vessels

Irregular linear rim arterial phase
hyperenhancement, delayed central
enhancement, hepatic capsular
retraction

Smooth linear rim arterial phase
hyperenhancement, venous phase
washout

Peripheral discontinuous nodular
hyperenhancement, fills in from
periphery, follows blood pool
enhancement on delayed phases,
marked T2 hyperintensity (high-flow
hemangiomas may show pseudo washout)

Diagnostic appearance on in-phase and
opposed-phase imaging

Lobulated, homogeneous arterial phase
hyperenhancement, fades to
enhancement of background liver,
occasional late enhancing central scar,
isointense T2; retains gadoxetate
disodium

Variable appearance; may be
hyperenhancing or isoenhancing, may
washout or fade to enhancement of
background liver, capsule, may contain
fat; demographics can be helpful

Arterial phase hyperenhancement,
washout, capsule, often heterogeneous,
may contain intratumoral vessels

Irregular linear rim arterial phase
hyperenhancement, delayed central
enhancement

Smooth linear rim arterial phase
hyperenhancement, venous phase
washout, intermediate T2w
hyperintensity

Abbreviations: CT, computed tomography; FNH, focal nodular hyperplasia; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging; T2w,
T2-weighted. HU, Hounsfield units.

mimic the cancer, including perfusional abnormalities, hemangiomas,
focal nodular hyperplasia, high-grade dysplastic nodules, small
intrahepatic cholangiocarcinoma, mixed hepatocellular-
cholangiocarcinoma, and, infrequently, hypervascular metastases
within a cirrhotic liver (Table 1).4>>2-54

The LI-RADS classification consists of four distinct algorithms
designed to standardize terminology, reporting, and management
for patients who have or are at risk for HCC (Table 2 and
Figure 1).°> This system is applied across various contexts: sur-
veillance using US; diagnosis using CT, MRI, or contrast-enhanced
US; and evaluating treatment response with CT or MRI. Adoption
of this interpretive system has had a tremendous impact on the
standardization of terminology and management decisions stem-
ming directly from imaging findings. The integration of LI-RADS into
the clinical setting has streamlined the communication between
radiologists, oncologists, and patients by using a uniform language
that enhances the accuracy of the reports and also considerably
increases the consistency with which major HCC features are

described in radiology reports.>®

Role of biopsy

Although tissue biopsy is not required for diagnosing HCC in many
patients, there are certain cases in which it is necessary.’” For
instance, LR-4 observations (probably but not definitely HCC) may be
managed with observation or biopsy, and LR-M observations (definite
malignancy, not specific for HCC) typically undergo biopsy or
resection when feasible.!” In noncirrhotic livers, in which imaging
specificity for HCC decreases and LI-RADS criteria cannot be
applied, a biopsy is often needed. In addition, a liver tumor biopsy is
recommended for patients with suspected intrahepatic chol-
angiocarcinoma, mixed hepatocellular-cholangiocarcinoma, or sec-
ondary malignancies, which, in combination with histologic and serum
markers, can help differentiate HCC from other tumors.>® Another
potential benefit of tissue biopsy is its ability to categorize HCC into
histologic subtypes, which align with molecular classifications and
carry prognostic significance. For example, it can identify highly
differentiated, CTNNB1-mutated subtypes and poorly differentiated,

TP53-mutated subtypes.®? ¢t
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TABLE 2 Liver Imaging Reporting and Data System (LI-RADS).

No APHE Nonrim APHE
<20 mm >20 mm <10 mm 10-19 mm >20 mm
Additional major features® None LR-3 LR-3 LR-3 LR-3 LR-4
One LR-3 LR-4 LR-4 °LR-4/LR-5 LR-5
Two or more LR-4 LR-4 LR-4 LR-5 LR-5

Abbreviations: APHE, arterial phase hyperenhancement; CT, computed tomography; HCC, hepatocellular carcinoma; LR-1, definitely benign; LR-2,
probably benign; LR-3, intermediate probability of hepatocellular carcinoma; LR-4, high probability of hepatocellular carcinoma; LR-5, definitely

hepatocellular carcinoma.

2Additional major features: enhancing “capsule,” nonperipheral “washout,” “threshold growth” °LR-4 if enhancing “capsule” or LR-5 if nonperipheral

“washout” OR threshold growth.

With the shift toward less invasive medical techniques, liquid
biopsy is a potential major advance in cancer care. This technique
does not require needle placement into the tumor, thereby mitigating
the risk of needle tract seeding associated with percutaneous tumor
biopsies, and thus may reduce the theoretical risk of tumor dissem-
ination and its potential impact on cancer outcomes.®? In addition, it
enables real-time, noninvasive tumor monitoring and facilitates the
early detection of circulating tumor cells, cell-free DNA, noncoding
RNAs, and extracellular vesicles. As biomarker-stratified trials
become more common, tissue biopsies may remain essential for
matching patients with optimal treatments, whereas liquid biopsies
are expected to play a crucial role in early HCC detection and
monitoring treatment responses, with a sensitivity ranging from 83%
to 93%.°”

STAGING SYSTEMS FOR HCC

Survival outcomes for patients with HCC have improved in recent
years, which can be attributed to advances in therapeutic options,
such as immunotherapy, in combination with reliable staging systems
that facilitate more accurate prognostication and help the clinician
personalize treatment. In the United States, the American Joint
Committee on Cancer TNM system is most commonly used and as-
sesses tumor size (T), lymph node involvement (N), and distant
metastasis (M).6® Although the TNM system provides a detailed
assessment of the extent of liver cancer, it does not account for liver
function. To address this limitation, other staging systems have been
developed that incorporate both tumor characteristics and liver
function. Notable among these are the Barcelona Clinic Liver Cancer
(BCLC) system (the most widely used), the Cancer of the Liver Italian
Program score, and the Okuda system.®*%® Each of these staging
systems is summarized in Table 3.

The BCLC system is frequently used alongside the TNM sys-

tem17,67,68

and was developed based on findings from multiple cohort
studies and randomized controlled trials (RCTs) conducted by the
Barcelona group. Although the BCLC staging system was originally
developed for the stratification and treatment allocation of patients

with cirrhosis and HCC, it is also commonly applied to patients

without cirrhosis. The BCLC staging system incorporates tumor size,
the presence of metastatic disease, portal hypertension, the CTP
score, the total bilirubin level, and performance status and has distinct
algorithms to direct treatment®® (Table 3 and Figures 2 and 3).
Common critiques of the BCLC system, however, include the lack of
consideration of tumor behavior and disease heterogeneity as well as
its historically restrictive nature pertaining to BCLC-B patients who
may benefit from surgical management.

In 2022, an updated BCLC classification was published®® that not
only addresses these known shortcomings in the older classification
system but also encompasses modern-day therapeutic advances.
First, the 2022 guidelines support individualized care based not only
on patient and disease characteristics but also on local expertise and
technical availability. Second, the update recognizes LT as a key
objective. Unlike the 2018 version, in which LT was recommended
only for multifocal HCCs <3 cm, the 2022 guidelines include three
pathways to LT: small multifocal HCCs, a subgroup patients with
BCLC stage B HCC, and patients successfully downstaged with
transarterial chemoembolization (TACE) or transarterial radio-
embolization (TARE). The 2022 BCLC classification further stratifies
patients with BCLC stage B HCC into three subgroups based on tu-
mor burden and liver function and suggests the appropriateness of
some treatment strategies as well as the futility of others. The first
subgroup includes patients who are candidates for LT if they meet
the extended LT criteria (typically based on tumor size and/or AFP
levels), as defined by each institution or country. The second sub-
group consists of patients who are not eligible for LT but have pre-
served portal flow and well defined, arterially fed nodules, supporting
selective transarterial therapy. The third subgroup comprises pa-
tients with diffuse, infiltrative, or extensive bilobar liver involvement,
for whom systemic therapy is recommended because they are un-
likely to benefit from transarterial therapy.

Although the BCLC system remains the most widely adopted,
recommendations for surgical management in patients with early
stage HCC remain conservative. Specifically, surgical resection is only
recommended for patients who have BCLC stage O or A with solitary
tumors despite data supporting consideration of surgical resection
among patients with multinodular HCC, especially BCLC stage A

tumors (three or fewer nodules, each <3 cm).%?~"2
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A; LR-1

E; LR-5

FIGURE 1 Imaging characteristics of LI-RADS lesions and the associated risk of HCC. (A) LR-1: 2.2-cm observation with peripheral nodule
enhancement and gradual fill-in; definitely benign. (B) LR-2: 2.9-cm, distinct, T1-hyperintense observation with no arterial phase
hyperenhancement, washout, or capsule. Approximately 16% of LR-2 lesions are HCC, and 18% are malignant (C) LR-3: 1.3-cm observation
with nonrim arterial phase hyperenhancement, no washout or capsule, and faint, persistent enhancement in the delayed phase. Approximately
37% of LR-3 lesions are HCC, and 39% are malignant. (D) LR-4: 2.1-cm observation with nonrim arterial phase hyperenhancement and no
washout or capsule. Approximately 74% of LR-4 lesions are HCC, and 81% are malignant. (E) LR-5: 4.4-cm mass in the medial aspect of
segment 6 with heterogeneous mass-like arterial phase hyperenhancement, washout, and capsule. Approximately 95% of LR-5 lesions are
HCC, and 98% are malignant. (F) LR-M: 2.4-cm observation with rim arterial phase hyperenhancement, questionable washout, and no capsule.
DEB-TACE indicates drug-eluting bead transarterial chemoembolization; HCC, hepatocellular carcinoma; LI-RADS, Liver Imaging Reporting
and Data System; TACE, transarterial chemoembolization; TAE, transarterial embolization; TARE, transarterial radioembolization.
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TABLE 3 Staging systems for hepatocellular carcinoma.

Tumor-node-metastasis (TNM) classification

Primary tumor (T)

> Primary tumor cannot be assessed

TO No evidence of primary tumor

T1 Solitary tumor <2 cm, or >2 cm without vascular invasion

Tia Solitary tumor <2 cm

Tib Solitary tumor >2 cm without vascular invasion

T2 Solitary tumor >2 cm with vascular invasion, or multiple tumors, none >5 cm

T3 Multiple tumors, at least one of which is >5 cm

T4 Single tumor or multiple tumors of any size involving a major branch of the portal vein or hepatic vein,

or tumor(s) with direct invasion of adjacent organs other than the gallbladder or with perforation of
visceral peritoneum

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis (M)
MO No distant metastasis
M1 Distant metastasis

TNM staging groups

Stage T N M
1A T1a NO MO
1B T1b NO MO
1l T2 NO MO
1A T3 NO MO
1B T4 NO MO
IVA Any T N1 MO
IVB Any T Any N M1

Barcelona Clinic Liver Cancer (BCLC) prognostic groups

Definition (tumor features, liver function, performance

Stage status [PS]) Treatment
Very early e Single <2 cm e Resection
stage (0) e Preserved liver function e If portal hypertension/hyperbilirubinemia, transplantation is
e PSO recommended
e |f other clinical comorbidities, radiofrequency ablation is then
recommended
Early stage (A) e Single, or three or fewer nodules each <3 cm e Resection is viable for single lesions
e Preserved liver function e |f multiple lesions, transplantation is recommended
e PSO e |If other clinical comorbidities are present, radiofrequency ablation is
recommended
Intermediate e Multinodular e Management is usually recommended to be transcatheter arterial
stage (B) e Preserved liver function chemoembolization
e PSO
Advanced e Portal invasion and/or extrahepatic spread e Management is usually palliative or clinical trials
stage (C) e Preserved liver function

e PS1-2
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TABLE 3 (Continued)

Barcelona Clinic Liver Cancer (BCLC) prognostic groups

Definition (tumor features, liver function, performance

Stage status [PS])

Treatment

Terminal stage (D) o Any tumor burden
e End-stage liver function
e PS 3-4

e Symptomatic treatment only

Histologic grade (G)
GX
G1
G2
G3
G4

Grade cannot be accessed
Well differentiated
Moderately differentiated
Poorly differentiated

Undifferentiated

Fibrosis score

FO
F1

Fibrosis score 0-4 (none to moderate fibrosis)

Fibrosis score 5-6 (severe fibrosis or cirrhosis)

Cancer of the Liver Italian Program (CLIP) score

Child-Pugh stage A

Tumor morphology Uninodular and extent <50% of liver

a-Fetoprotein, ng/mL <400
Portal vein thrombosis No
Score 0

B C

Massive or
extent >50%
of liver

Multinodular and extent <50% of liver

>400
Yes
1 2 3

Okuda staging

Factors

e Disease involving >50% of hepatic parenchyma
e Ascites

e Albumin <3 mg/dL

e Bilirubin >3 mg/dL

Stage |
Stage Il

Stage Il

No factors present
One or two factors present

Three or four factors present

GENERAL THERAPEUTIC APPROACH

Although clinicians rely on staging systems like the BCLC classifi-
cation to inform prognosis and treatment, HCC remains a heter-
ogenous disease in a patient population with variable hepatic
function and physical performance status. Therefore, patients
ideally should be managed within a multidisciplinary team to
personalize treatments that achieve the most favorable outcomes.”®
In this section we detail specific treatment strategies and the data
supporting their use, guided by the therapeutic algorithm in
Figure 3. The wide variety of treatments for HCC are delivered by
different specialties: surgery, interventional radiology, radiation
oncology, medical oncology, and transplant hepatology. Thus the
suggested approach is useful for conceptualizing the various

treatment options that may be applied for individual patients
dictated by extent of disease (early stage vs. locally advanced vs.
systemic disease), hepatic function, and performance status. In
addition, for reference, a selection of ongoing clinical trials in

progress is summarized in Table S1.

EARLY STAGE HCC: SOLITARY TUMORS AND
MULTIFOCAL DISEASE WITHIN TRANSPLANTATION
CRITERIA

Surgical treatment, including partial hepatectomy and LT, offers long-
term survival with a good quality of life and is one of the only
potentially curative treatments for HCC (Figures 2 and 3). Patients
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Early Stage

Single tumor, confined to liver,
technically resectable,
or within transplant criteria

Treatments

/ Resection
]
3 . )
¢— Liver transplant i
1 o% %
@ Ablation i i
]
]

o

Radiation yd
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FIGURE 2 Emerging treatment strategies for the management of HCC. Early stage HCC, defined as a single tumor confined to the liver
that is technically resectable and/or within transplantation criteria, is most effectively managed with local therapies, such as partial
hepatectomy, liver transplantation, ablation, radiation, or transarterial therapies. Locally advanced HCC, including technically and/or
biologically unresectable tumors, multifocal disease outside of transplantation criteria, or patients unfit for surgery, is most effectively
managed with transarterial therapies with or without systemic therapy. Systemic disease, which includes distant metastatic HCC, relies on
systemic therapy as the cornerstone of treatment. DEB-TACE indicates drug-eluting bead transarterial chemoembolization; HCC,
hepatocellular carcinoma; TACE, transarterial chemoembolization; TAE, transarterial embolization; TARE, transarterial radioembolization.

ideally suited for liver resection have localized HCC confined to the
liver without radiographic evidence of invasion of the liver vascula-
ture, preserved hepatic function, and no evidence of portal hyper-
tension (although a minor resection could be considered in some
patients who have portal hypertension).”*”> Although LT theoreti-

76778 several fac-

cally offers a better chance of cure over resection,
tors, including organ availability, limit its widespread use; thus liver
resection remains the standard therapy for most patients who have

resectable HCC.”?
Partial hepatectomy
Generally, liver resection is the treatment of choice among patients

without cirrhosis. Unfortunately, less than one half of patients who

are considered for hepatectomy are indeed resectable based on

several patient-specific and disease-specific factors (Table 4).8%8% |n

noncirrhotic patients as well as those who have compensated
cirrhosis, resection is recommended if HCC presents as a single tu-
mor, regardless of size, assuming the patient has adequate liver
remnant volume and preserved liver function (CTP class A with total
bilirubin <1.5 mg/dL; Model for End-Stage Liver Disease [MELD]
score, <9) without clinically significant portal hypertension, and a
good performance status.

Anatomic resection has been associated with improved
recurrence-free survival (RFS) and overall survival (OS) compared
with nonanatomic resection; however, nonanatomic resection is
often appropriate to preserve parenchyma and mitigate the risk of
postoperative hepatic insufficiency.82%% There is currently a lack of
strong evidence to support a clear magnitude of negative margin to
be achieved during resection of HCC. Most observations come from

retrospective studies, from which the conclusions may be affected by
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FIGURE 3 The Proposed Duke Clinic treatment algorithm for the management of HCC based on patient-specific and disease-specific
characteristics. Note that treatment algorithms vary depending on the patient's performance status. EBRT indicates external-beam radiation;
DEB-TACE drug-eluting bead transarterial chemoembolization; HCC, hepatocellular carcinoma; SBRT, stereotactic body radiotherapy; TACE,
transarterial chemoembolization; TAE, transarterial embolization; TARE, transarterial radioembolization.

TABLE 4 Key considerations in determining resectability (suitability for partial hepatectomy) of hepatocellular carcinoma.

Category Resectable Unresectable

Performance status ECOG performance status of 0-1 ECOG performance status >2

Liver function/cirrhosis Compensated cirrhosis (Child-Pugh A-B7, with total Decompensated cirrhosis (Child-Pugh B8-C)
bilirubin<1.5 mg/dL; MELD <9)

Portal hypertension Absent: HVPG <10 mmHg generally indicates lower Present: Significant portal hypertension (HVPG >10
perioperative risk mmHg) or clinically manifested by splenomegaly,

esophageal varices, recanalized umbilical vein, and/or
thrombocytopenia

Single vs. multifocal disease  Single Multifocal

Extrahepatic disease Absent Present

Large vessel invasion Absent Present

Technical ability to achieve  Margin-negative resection can be achieved with Margin-negative resection that would require resection of

negative margins preservation of an adequate liver remnant with sufficient all three hepatic veins, both portal veins and the
inflow/outflow/biliary drainage retrohepatic vena cava, and/or would leave an inadequate

liver remnant

Future liver remnant Adequate: Noncirrhotic, >30%; cirrhotic, >40% to 50% Inadequate: Noncirrhotic, <30%,; cirrhotic, <40% to 50%

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HVPG, hepatic venous pressure gradient; MELD, Model for End-Stage Liver Disease.

selection bias. The only RCTs available to date report a benefit in Because of recent advances in surgical techniques and periop-
terms of local control within 2 years from surgery for wide anatomic erative care, postoperative mortality after HCC resection among
margins (up to 2 cm) in patients who have a single HCC with pre- patients with cirrhosis is now <5%, yet postoperative liver decom-

served liver function.84-8¢ pensation still ranges from 10% to 12%.57 Predictors of liver
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decompensation include the extent of liver resection, fibrosis, the
presence of portal hypertension, and a MELD score >9 or 108870 |n
patients with cirrhosis and portal hypertension, resection should be
considered on an individual basis, carefully weighing risks versus
benefits and considering alternative treatment strategies (e.g.,
embolotherapies) because even a minor hepatectomy in this popu-
lation can result in postoperative hepatic insufficiency and
death.'7?92 A large retrospective study evaluating the role of liver
resection in patients with HCC and clinically significant portal hy-
pertension was just identifier
NCT06245798) and is anticipated to clarify the role of surgery for
this population.

completed (ClinicalTrials.gov

Although current guidelines reserve partial hepatectomy for
patients who have solitary tumors without macrovascular invasion
and sufficient hepatic functional reserve, accumulating evidence
suggests that it may be a reasonable option for highly selected pa-
tients who have multifocal (up to three tumors) HCC and/or
macroscopic vascular invasion because they may achieve a survival
benefit from surgery compared with TACE, systemic therapy, or ra-
diation alone.?> 8 This advantage is clearer in patients who have
three or fewer tumors.’® No study has identified a cutoff value of the
number of HCC foci beyond which resection is contraindicated. The
limit of three nodules has been fixed in analogy with Milan criteria.
Even if it is reasonable, results of surgery beyond this threshold are
lacking. Also, there is ongoing debate about the definition of multi-
focal HCC because often it is a misclassification of satellite nodules
(macroscopic or microscopic tumor foci situated close to the main
tumor [<20 mm] into the same segment, probably caused by HCC
microscopic vascular invasion). Moreover, the distinction between
multicentric and metastatic HCC deserves more attention: multi-
centric disease is the occurrence of multiple synchronous HCCs,
while metastatic disease is the onset of a primary tumor with rapid
development of intrahepatic metastases. Despite all of these limita-
tions, these historical boundaries have been challenged. In 2008,
Ishizawa et al. reported the first large retrospective series with
favorable results for 126 patients who underwent resection of
multifocal disease, which was associated with a 5-year survival rate
of 58%, although multivariable analysis revealed that the presence of
multiple tumors was an independent risk factor for recurrence
(hazard ratio [HR], 1.64).> In 2013, Torzilli et al. analyzed more than
2000 patients undergoing liver resection for HCC worldwide,
including 333 with multiple HCCs.?® Patients with BCLC stage B
disease (including both large and multinodular HCCs) achieved a 57%
5-year survival rate. Recently, Fukami et al. analyzed the Japanese
nationwide registry, in which 1944 patients who had two or three
HCCs underwent surgery were compared with 1302 patients who
had a similar tumor burden and underwent chemoembolization.””
Patients in the resection group had better survival both in the whole
series (5-year survival, 59% vs. 42%; p < .001) and after propensity
score matching (60% vs. 42%; p < .001), independent of HCC size
(<30 or >30 mm). A recent retrospective study of 5000 patients with
multinodular HCC, after a matching-adjusted, indirect comparison,

demonstrated that resection produced 1-year, 3-year, and 5-year

survival rates of 89.1%, 70.9%, and 56.4%, respectively, compared
with radiofrequency ablation (RFA), which produced rates of 94.0%,
65.2%, and 39.9%, respectively, while TACE produced respective
rates of 90.9%, 48.9%, and 29.2%.® Multivariable Cox survival
analysis in the weighted population demonstrated a survival benefit
in patients undergoing resection over alternative treatments (RFA vs.
liver resection: HR, 1.41; 95% confidence interval [Cl], 1.07-1.86;
p = .01; TACE vs. liver resection: HR, 1.86; 95% Cl, 1.29-2.68;
p =.001).78

The role of surgery versus chemoembolization in patients with
BCLC stage B HCC is further supported by a retrospective study
across multiple institutions'®® and one randomized trial.”? The RCT
from China included 2502 patients who had HCC over a 22-month
period (from November 2008 to September 2010), including 173
patients who had multinodular HCC beyond Milan criteria, and
demonstrated that liver resection improved survival compared with
TACE (1-year, 2-year, and 3-year OS: 76.1%, 63.5%, and 51.5% vs.
51.8%, 34.8%, 18.1%; p < .001). The same difference persisted in
patients who had more than three nodules, but only 11 of such pa-
tients were included. Multivariate Cox proportional hazards regres-
sion analysis revealed that surgical resection (HR, 0.434; 95% ClI,
0.293-0.644; p < .001), the number of tumors (HR, 1.758; 95% ClI,
1.213-2.548; p = .003) and sex (HR, 0.451; 95% Cl, 0.236-0.862;
p = .016) were independent risk factors associated with OS. One
limitation of this study is the relatively lower survival rates in the
TACE group compared with those reported in contemporary
studies.1°17194 Specifically, TACE with drug-eluting beads (DEB-
TACE) has been associated with better survival outcomes compared
with conventional TACE (cTACE); however, this treatment option
was not available in China at the time of the trial.}® It should be
clear that the decision to recommend hepatectomy for patients with
multifocal HCC is highly nuanced, thus patients selected for this
approach should be evaluated in a multidisciplinary setting.

Liver transplantation

Patients with chronic liver disease and HCC are considered to have a
field defect, in which cancer can develop anywhere in the liver.
Therefore, LT for HCC is a conceptually attractive treatment strategy
because it allows for complete removal of the cancer with negative
margins while simultaneously replacing the diseased liver, which
otherwise would remain at risk for the development of additional
HCC tumors. Transplantation is particularly relevant for patients
with HCC in the setting of liver dysfunction, advanced cirrhosis, and/
or portal hypertension.

The Milan criteria (Table 5), which requires patients to have a
solitary HCC up to 5 cm in greatest dimension or up to three tumors,
none of which can be greater than 3 cm, and no macrovascular in-
vasion, nodal metastases, or distant metastases, were first published
in 1996 and have since been accepted worldwide and incorporated
into the United Network for Organ Sharing criteria as an approved

indication for LT and to determine priority listing status.'®® These
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TABLE 5 Eligibility criteria for liver transplantation and prognostic scores.

Transplantation criteria

Milan criteria

UCSF criteria

Metroticket

UNOS criteria

Up to 7 criteria

AFP French model
Prognostic scores

RETREAT score

TBS

UCLA Nomogram

HALTHCC

MORAL score

RELAPSE score

Single nodule <5 cm, up to three lesions <3 cm each, without vascular invasion, nodal
involvement, and without extrahepatic metastases

Single lesion <6.5 cm, or three or less lesions <4.5 cm each, with a total greatest tumor
dimension <8 cm

Maximum size of the tumor, number of tumor nodules, and presence/absence of
microvascular invasion + AFP

AFP <100 ng/mL, tumor 2-5 cm in greatest dimension or two or three tumors 1-3 cm in
greatest dimension, no macrovascular involvement, no extrahepatic disease

Sum of the size of the largest tumor (in cm) and number of tumors seven or fewer, absence
of microvascular invasion

Point system based on tumor size, number, and AFP levels

AFP recent, microvascular invasion, and a composite score of largest viable tumor
dimension and number of viable tumors

TBS? = (maximum tumor diameter)? + (number of tumors)?

Nuclear grade, degree of vascular invasion, pre-LT beyond MC and not downstaged,
radiologic maximum tumor dimension >5 cm if nonincidental, NLR, AFP max, and total
cholesterol

MELD-Na, TBS, AFP, year of transplantation, underlying cause of cirrhosis, neutrophil-
lymphocyte ratio, history of locoregional therapy, and Milan criteria status

NLR >5, AFP max >200, maximum tumor dimension >3 cm, tumor number greater than
three, vascular invasion, and grade 4 tumors

0.389 * log NLR + 0.354 * log Max AFP + 2.21 * (log pathologic max diameter +1) + 0.560
(if moderate grade) + 0.816 (if poor grade) —0.265 (if necrotic) + 0.861 (if microvascular
invasion) + 1.218 (if macrovascular invasion)

Abbreviations: AFP, a-fetoprotein; HALTHCC, Hazard Associated with Liver Transplantation for Hepatocellular Carcinoma; LT liver transplantation;
max, maximum; MC, Milan criteria; MELD, Model for End-Stage Liver Disease; MORAL, model of recurrence after liver transplantation; NLR,

neutrophil-lymphocyte ratio; RELAPSE, Recurrent Liver Cancer Prediction Score; RETREAT, Risk Estimation of Tumor Recurrence After Transplant;
TBS, transplant benefit score; UCLA, University of California-Los Angeles; UCSF, University of California-San Francisco; UNOS, United Network for

Organ Sharing.

criteria have revolutionized patient selection for LT and have aided in
overcoming the historically poor outcomes after transplantation for
HCC compared with nonmalignant indications, including high 90-day
mortality rates, recurrence rates up to 80%, and poor long-term
survival, all of which plagued early experience with transplantation
for HCC.1071%8 Consequently, from an oncologic standpoint, LT is
now considered to provide the best long-term outcomes for patients
who present with transplantable HCC, with 5-year survival exceeding
70% and recurrence rates less than 10%-15%.%°° The main criticism
of the Milan criteria is that they result in a dichotomous score that is
perhaps too restrictive, incapable of discerning disease heterogene-
ity, and thus commonly excludes patients with HCC outside of Milan
criteria who might actually benefit from LT. Therefore, in recent
years, several other criteria for LT have been proposed to expand
eligibility for LT (Table 5). The University of California-San Francisco
criteria are the most widely applied extended criteria for LT in HCC
and have been validated.**° Indeed, use of University of California-
San Francisco criteria might expand the pool of candidates for LT
by up to 20%.''' For completeness, Table 5 lists other current

eligibility criteria for LT, including the United Network for Organ
Sharing criteria, up to seven criteria, the Metroticket score, and the
AFP French model. Table 5 also includes post-LT prognostic outcome
scores; however, these are not applicable during the patient-
selection phase.

Because of the necessary waiting time after transplant candidacy
is approved, including meeting Milan or other criteria for HCC
burden, patients are at risk of HCC progression outside of criteria
and losing transplant candidacy. Bridging therapy entails the use of
locoregional therapies to control or eradicate any HCC during the
mandatory waiting period and while awaiting organ availability to
maximize chances that the patient will remain within criteria until an
organ is available. Although various liver-directed therapies have
been used, an analysis of 3601 patients from the US Multicenter HCC
Transplant Consortium revealed that a complete histopathologic
response was correlated with significantly greater RFS versus pa-
tients who were untreated or who had only a partial response. In fact,
patients who had a partial response had a higher recurrence rate
than those who were untreated.!'? In a single-institution study on
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transplanted patients who underwent bridge therapy, the pathologic
complete response rate in explanted livers was 28.5% after stereo-
tactic body radiotherapy (SBRT), 41% after TACE, 60% after RFA,
and 75% after radioembolization.'**

Another method to expand eligibility for LT is the concept of
downstaging patients outside of transplant criteria using locoregional
therapies to decrease disease burden and to meet Milan or extended
criteria (Figure 3). Reported success rates in downstaging HCC vary
widely from 24% to 90%, likely influenced by the chosen downstaging
treatment, initial tumor burden, and tumor biology.'** After suc-
cessful downstaging to transplantable disease, transplant recipients
can achieve excellent posttransplant outcomes and low recurrence
rates that mimic the outcomes of patients who initially were within
criteria. In a randomized trial, patients with HCC beyond Milan
criteria who were downstaged (with chemoembolization, RFA, radi-
oembolization, or resection) had a 5-year posttransplantation OS
rate of 77.5%.11* Therefore, the 2022 BCLC guideline updates have
now included LT as an acceptable treatment approach for individuals
who have BCLC stage B HCC after downstaging of their HCC to
within Milan criteria.®® Exploring the role of ICls in downstaging is
crucial because they have significantly improved the management of
intermediate-stage and advanced-stage HCC, potentially making
some patients eligible for LT.1'> However, long-term survival and
recurrence outcomes have not yet been reported. Neoadjuvant ICls
may benefit select LT candidates, but ongoing challenges include
understanding response indicators and managing post-LT risks,
including rejection.¢

Another important consideration in LT as a management strategy
for HCC is organ availability, especially in countries with an opt-in
donation system, such as the United States. Currently, patients
who have HCC within Milan criteria receive priority on the LT
waiting list and compete with patients who do not have HCC.''” This
current allocation system appears advantageous to patients with
HCC because of fewer patients falling off of transplantation waiting
lists, regardless of geography.''” Alternatively, living donation ne-
gates wait time and the risk of dropout from eligibility, although it
raises the ethical question of whether it is justifiable to subject a
healthy donor to the risks of major hepatectomy for donation,
especially if the recipient has a reasonable chance of receiving an
organ from a donor who has died. Studies comparing the outcomes of
patients with HCC after a living donor LT (LDLT) and a deceased
donor LT (DDLT) suggest that an LDLT is associated with improved
outcomes. An intention-to-treat analysis produced 1-year, 3-year,
and 5-year OS rates that were significantly better in the LDLT group
compared with the DDLT group (94.1% vs. 77.5%, 81.4% vs. 48.7%,
and 75.9% vs. 40.8%, respectively).!*® Disease recurrence and
recipient complications are similar with LDLTs, whereas dropout is
lower because patients are not required to be waitlisted. Thus an
LDLT should be considered in the setting of refined inclusion criteria
and optimized tumor management.t*?

Given graft scarcity in many countries, even for patients within
LT criteria, it is important to understand how LT outcomes compare

with the outcomes associated with partial hepatectomy for HCC

management. A recent meta-analysis comparing LT versus resection
in patients who were eligible for both treatment modalities demon-
strated that LT was superior to resection in terms of 5-year OS and
RFS in all patients with HCC (OS: odds ratio [OR], 0.79; 95% Cl, 0.67-
0.93; level of heterogeneity [1?], 57%; RFS: OR, 0.44; 95% Cl, 0.25-
0.75; 12, 96%). Salvage LT (LT for recurrence after liver resection)
versus primary LT did not differ between 5-year OS and RFS (OS: OR,
0.62; 95% Cl, 0.33-1.15; I, 0%; RFS: OR, 0.93; 95% Cl, 0.82-1.04; I,
0%).12° The survival benefit is most profound in patients who have
multifocal disease within Milan criteria (specifically, a greatest tumor
dimension <3 cm without major vascular invasion), with a HR of 0.39
(95% ClI, 0.30-0.50) relative to resection.*?* Although LT appears to
be associated with improved outcomes compared with resection,
organ availability continues to limit access to this therapy for many
patients; thus patients with technically and biologically resectable
HCC who have good performance status and normal hepatic function

without portal hypertension should be prioritized for resection.

Adjuvant therapy in patients undergoing surgery with
curative intent

Adjuvant therapy is not offered as a standard-of-care option, even
for patients who remain at high risk for HCC recurrence after
curative-intent resection or ablation, although the incidence of
recurrence may be as high as 88%.12%122 This remains an area of high
unmet need because no beneficial therapies have been reported.
Sorafenib, a tyrosine kinase inhibitor (TKI), which, until recently, was
the first-line treatment for advanced HCC,*® was explored as an
adjuvant therapy in the STORM trial (ClinicalTrials.gov identifier
NCT00692770). This large RCT, which that included 1114 patients
(80% undergoing curative-intent resection), reported no significant
difference in median RFS compared with placebo (33.3 months in the
sorafenib group vs. 33.7 months in the placebo group; HR, 0.940;
95% Cl, 0.780-1.134; one-sided, p = .26).1%*

The phase 3 IMbrave050 trial (ClinicalTrials.gov identifier
NCT04102098) randomly assigned (1:1) high-risk patients to receive
adjuvant atezolizumab (1200 mg) plus bevacizumab (15 mg/kg) every
3 weeks for 17 cycles (12 months) or active surveillance. Although
the initial analysis of RFS suggested an improvement with adjuvant
atezolizumab/bevacizumab, updated efficacy data presented at the
European Society for Medical Oncology Congress 2024 suggested
otherwise. RFS with atezolizumab/bevacizumab was 33.2 months
versus 36 months with active surveillance (HR, 0.90; 95% ClI, 0.72-
1.12). Furthermore, while OS data remain immature, there was no
improvement with adjuvant atezolizumab/bevacizumab (HR, 1.26;
95% Cl, 0.85-1.87). Despite an acceptable safety profile, these data
do not support the routine use of this adjuvant regimen for patients
with high-risk HCC who undergo hepatectomy or ablation.'?®

Adjuvant locoregional therapies have also been investigated in
several RCTs, suggesting a potential role for TACE or radiation after
curative-intent surgery.*2412” However, further studies are required

to define the role of such strategies, as they are not considered
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standard of care at this time. Similarly, several pharmacologic clinical
trials—such as CheckMate 9DX, EMERALD-2, and Keynote-937
(ClinicalTrials.gov identifiers NCT03383458, NCT03847428, and
NCT03867084, respectively)—are still ongoing and may provide

additional insights once results become available.?8-1%°

LOCALLY ADVANCED HCC: TECHNICALLY AND/OR
BIOLOGICALLY UNRESECTABLE TUMORS,
MULTIFOCAL DISEASE OUTSIDE
TRANSPLANTATION CRITERIA, AND PATIENTS NOT
CANDIDATES FOR SURGERY

Locoregional therapies—used as stand-alone treatments or in
conjunction with systemic therapies—have emerged as important
tools to control HCC in various circumstances. Liver-directed therapy
in the form of transarterial therapies, ablation, and radiation are
considered on the basis of patient (performance status, liver func-
tion), tumor-specific (extent of disease within the liver and relation
with intrahepatic and gastrointestinal luminal structures), and insti-
tutional (practice patterns, available expertise) factors. As noted
above, optimal therapy is best ascertained by a multidisciplinary
team, considering the nuanced factors that determine the risks and
benefits of each type of therapy for a given patient and tumor. Each
of the commonly deployed treatment modalities are reviewed below
as they pertain to locally advanced disease, but it should be noted
that locoregional therapy is also commonly deployed for early stage
HCC with curative intent (Figures 2 and 3).

TRANSARTERIAL THERAPIES

It is well established that liver tumors, including HCC, derive their
blood supply predominantly from branches of the hepatic artery,
whereas normal liver parenchyma has a dual blood supply, with the
minority derived from the hepatic arterial circulation and the ma-
jority from the portal venous circulation. Transarterial therapies
exploit this inherent differential to achieve significantly higher de-
livery of particles and/or chemotherapy/radiotherapy directly to tu-
mors than to normal parenchyma, which results in a selective tumor
therapeutic effect with relative sparing of normal parenchyma and
negligible systemic toxicity. Such therapies have become a corner-
stone of the treatment for locally advanced, inoperable HCC, with

increasing data supporting their use in early stage HCC as well.

Transarterial embolization and TACE

Transarterial embolization (TAE), also referred to as bland emboli-
zation, constitutes the targeted introduction of embolic materials—
such as polyvinyl alcohol, gelfoam, and acrylic copolymer gelatin
particles—into the arterial supply of neoplastic tissue with the goal of

inducing tumoral ischemia and necrosis.?®! After delineating the

arterial supply of one or more tumors, the embolic is infused typically
until stasis of flow is achieved. Contrast-enhanced CT or MRI is then
used to assess the treatment response, with expectation of tumoral
necrosis and regression. Hepatic ischemia is extremely rare unless
portal venous occlusion is also present, which is generally a contra-
indication to TAE. Postembolization syndrome, consisting of transient
right upper quadrant or epigastric pain, fatigue, anorexia, low-grade
fever, and mild leukocytosis, occurs in the majority of treated
patients.

TACE entails the addition of one or more chemotherapeutic
agents to an embolic agent. By doing so, the local concentration of
chemotherapeutic agents in tumor is markedly increased compared
with that in normal parenchyma and systemically, and the embolic
effect allows prolonged retention within the tumor. cTACE involves
mixing a chemotherapeutic agent, such as cisplatin or doxorubicin,
with gelatin sponge or lipiodol, which is a radiopaque oil that has an
embolic effect. The mixture is then infused into the hepatic arterial
supply of a tumor. Randomized clinical trials comparing TACE versus
supportive therapy demonstrated significantly improved survival
with TACE, establishing it as the standard of care for unresectable,
locally advanced HCC for almost 2 decades.*0%:132

DEB-TACE subsequently emerged as an innovative drug-delivery
modality to simplify the delivery of chemotherapeutic.t®® These
specially designed microspheres take up a chemotherapeutic agent
and releases it slowly over time. The PRECISION V trial (Clin-
icalTrials.gov identifier NCT00261378) was a prospective study that
randomized 212 patients with advanced HCC to receive either
doxorubicin-based DEB-TACE versus cTACE. In this study, DEB-
TACE elicited higher rates of complete response, objective
response, and disease control but was not superior to TACE when
considering the primary end point of tumor response at 6 months
(p = .11).** In a randomized trial by Golfieri et al., 177 patients
received either cTACE or DEB-TACE. Adverse events were similar
across both groups, with the notable exception of postprocedural
pain, which was more frequent and severe in the cTACE group
(b <.001). Survival rates at 1 year and 2 years indicated no significant
difference, standing at 86.2% and 56.8%, respectively, for DEB-TACE
and at 83.5% and 55.4%, respectively, for cTACE (p = .949).2%° The
uncertainty regarding the efficacy and safety results has been reas-
sessed through a meta-analysis of the randomized trials that favored
DEB-TACE over CcTACE.**'¥” DEB-TACE demonstrated an
increased complete response rate (OR, 1.38; 95% ClI, 1.01-1.89), an
improved OS rate (OR, 1.41; 95% Cl, 1.01-1.98), and an extended
survival time (weighted mean difference, 6.65; 95% Cl, 6.15-7.14),
alongside fewer adverse events (OR, 0.59; 95% Cl, 0.41-0.84).
However, both treatments hade comparable rates of serious adverse
events (OR, 0.86; 95% Cl, 0.50-1.49).

Theoretically, the addition of chemotherapeutic may allow
increased local cytotoxicity given its high concentration in tumors;
however, whether the addition of chemotherapeutic agents to
embolic agents improves tumoral response continues to be a
controversial topic. Indeed, various randomized clinical trials con-
ducted from the 1980s to the early 2000s vyielded inconsistent
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results, 101181.182138-141 A eta-analysis and subsequent reviews,
which examined randomized clinical trials comparing survival out-
comes following TAE and TACE, found no significant differences in
survival rates between bland and chemoembolization.2213 These
findings suggest that the ischemia and necrosis induced by the
embolization process itself may play a more crucial role than the
effects of the chemotherapy. In a contemporary randomized clinical
trial, Brown et al. observed no significant differences comparing the
outcomes of embolization using microspheres alone to those of

chemoembolization with doxorubicin-eluting microspheres.**

Transarterial radioembolization

TARE uses the B-emitter yttrium-90, which is selectively delivered to
the tumor's arterial vasculature using resin or glass microspheres,
thereby achieving a targeted tumoricidal effect.2> Although it is a
particle-based transarterial therapy, the number and size of particles
are grossly inadequate to produce a significant embolic effect (stasis
is not achieved), thus the mechanism of action is cellular irradiation
without significant ischemia. TARE has several clinical utilities,

including tumor downsizing,**® bridging to LT,**”

controlling tumor
burden while inducing hypertrophy of the future liver remnant
before resection (radiation lobectomy),*#”"¥#8 providing palliation or
delaying disease progression in advanced HCC, and serving as a
primary curative treatment modality for isolated liver lesions.*4?:1>°
Radioembolization is also the only transarterial therapy with efficacy
and safety for treating vascular invasion, including the potential for
complete histopathologic responses.'>152

The prescribed dose of yttrium-90 can vary drastically (often
between 50 and 500 gray [Gy]) based on tumor, liver, and patient
factors, because its effects on the targeted tumor and normal pa-
renchyma are dose-dependent, as with all radiation-based thera-
pies.’>3 It is notable that early trials were all performed using
standardized dosing strategies, in which modest doses were admin-
istered to large volumes of liver, whereas modern principles entail
delivering high doses to the smallest amount of parenchyma possible.
High tumor-absorbed doses correlate with high degrees of tumoral
necrosis. However, higher levels of parenchyma-absorbed doses
correlate with greater degrees of radioembolization-induced liver
disease and worsening of hepatic fibrosis. Thus the strategy of
maximum dose to minimal parenchyma is preferred. It has been hy-
pothesized that this evolution in strategic dosimetry is a reason for
disparate results comparing prior randomized clinical trials investi-
gating TARE for HCC using conventional dosimetry versus more
current trials using personalized dosimetry. To address this
question, the DOSISPHERE-O1 RCT (ClinicalTrials.gov identifier
NCT02580234) investigated the difference between standard
dosimetry TARE with 120 Gy delivered to the treated hepatic lobe
versus personalized dosimetry with at least 205 Gy delivered to the
target lesion.'>* In this French phase 2 study, which included 60
patients who had at least one lesion >7 cm, of whom 68% had portal

vein invasion, those who received treatment with personalized

dosimetry had an objective response rate of 71% versus only 36%
with standard dosing (p = .0074).1°* At least one adverse event was
observed in 20% of the patients who received personalized dosim-
etry and 33% of those who received standard dosimetry, including
ascites (3% vs. 10%), hepatic failure (6% vs. none), lymphopenia (35%
vs. 43%), gastrointestinal hemorrhage (none vs. 10%), and trans-
aminitis (18% vs. 10%), and there was a single mortality in each
group.’>* OS was significantly longer among patients in the person-
alized dosimetry group who received a tumor dose >205 Gy versus
those who received lower doses (median OS, 22.9 vs.10.3 months;
p =.001).2%°

TARE has been evaluated as a primary therapy for HCC across
various stages and has essentially replaced TACE as first-line trans-
arterial therapy.’®® In the first randomized trial comparing TARE
versus TACE in patients with BCLC stage A or B HCC (using con-
ventional dosimetry), the time-to-progression was >26 months with
TARE and 6.8 months after cTACE (p = .001) and toxicity was
significantly lower, but there was no significant difference in OS (18.6
vs. 17.7 months). This trial importantly established radioembolization
as preferable to TACE for transplantation-eligible patients to mini-
mize the risk losing their candidacy because of progression.’®” In a
more contemporary trial that randomized patients to TARE (using
personalized dosimetry) or to DEB-TACE for early or intermediate,
unresectable HCC, a significant survival benefit was demonstrated
(30.2 vs. 15.6 months; p = .006).2°® Therefore, with this trial, radio-
embolization became the preferred transarterial therapy for both
transplant and nontransplant candidates. Further studies of TARE
using the radiation segmentectomy approach demonstrated even
better outcomes. Lewandowski et al. retrospectively determined that
radiation segmentectomy using a target tissue dose >190 Gy was
comparable to curative-intent treatments in early stage HCC for
solitary tumors <5 cm, and especially for lesions <3 cm.*>® The
objective response rate was 90%, and 59% of patients had a complete
response, with a median time to progression of 2.4 years. The median
OS was 6.7 years with a 57% OS rate at 5 years and a 75% OS rate
for tumors <3 cm. The 2021 LEGACY retrospective multicenter
study by Salem et al. reported an 88.3% response rate for treatment-
naive patients who had solitary HCC lesions <8 cm, with 62.2%
showing a response duration of >6 months and a 3-year OS rate of
86.6%, which increased to 92.8% for patients who later underwent
resection or LT.1%?

The SARAH and SIRveNIB multicenter randomized trials (Clin-
icalTrials.gov identifiers NCT10142442 and NCT01135056, respec-
tively) compared TARE versus sorafenib in advanced HCC. The 2017
SARAH trial reported no difference in OS or PFS between the two
treatments, but TARE demonstrated significantly better tolerability
and fewer adverse events. The median OS was 8 months (95% ClI,
6.7-9.9 months) in the TARE group versus 9.9 months (95% Cl, 8.7-
11.4 months) in the sorafenib group (TARE vs. sorafenib: HR, 1.15;
95% Cl, 0.94-1.41; p = .18). At least one serious adverse event was
reported in 174 of 226 patients (77%) in the TARE group and in 176
of 216 patients (82%) in the sorafenib group.2¢° Similarly, the 2018

SIRveNIB trial indicated no difference in OS, time to progression, or
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PFS, but TARE was tolerated better overall than sorafenib.'%!
However, it is notable that both trials used conventional dosimetry
rather than modern dosimetric methods that use the principles of
higher dose to more limited regions. In a more contemporary trial
examining the use of ablative dosing in 57 patients who had
advanced HCC with portal venous invasion, the median OS with high-
dose treatments was 45.3 months compared with 18.2 months when
lower doses were used.’®! In another study using personalized
dosimetry in 18 patients who had advanced HCC with portal inva-
sion, multifocal, or large tumors and underwent resection after
downstaging using TARE, the OS was 61.8 months, and 79% of the 14
patients who had vascular invasion exhibited complete pathologic
necrosis of the intravascular tumor.'2

In summary, based on the aggregate of data, TARE has a longer
time to progression and a higher rate of complete pathologic necrosis
than TACE and TAE, making it the preferable transarterial modality
in both transplant and nontransplant candidates. TARE is also the
primary treatment option for patients with vascular invasion. The use
of personalized dosimetry with higher doses to tumor and lower
doses to parenchyma is key to optimizing outcomes. However, TACE
and TAE may be considered for patients who are poor TARE
candidates.

Hepatic arterial infusion

Hepatic arterial infusion (HAI) chemotherapy most often entails the
surgical implantation of a subcutaneous pump and catheter to deliver
high-dose chemotherapy directly to the liver through the gastrodu-
odenal artery.'*>%% This therapy has been used predominantly at
Memorial Sloan Kettering Cancer Center over the past 5 decades but
has recently expanded throughout the United States as well as
internationally as a recognized treatment for colorectal liver metas-
tases and intrahepatic cholangiocarcinoma.’*®"%¢7 |ts role in the
management of locally advanced HCC is much less clear, although
recent data from China using HAI by means of percutaneously
inserted catheters and intermittent drug delivery (rather than
implantable, pump-based continuous infusion) suggest that HAl may
be a valuable strategy for some patients. The phase 3 FOHAIC-1 trial
(ClinicalTrials.gov identifier NCT03164382) randomized patients
with previously untreated unresectable HCC to receive either HAI
with fluorouracil, leucovorin, and oxaliplatin (FOLFOX) versus sor-
afenib. Patients who received treatment with HAI chemotherapy
(liver-directed chemotherapy only, without any systemic therapy)
had significantly improved OS compared with those who received
sorafenib (median OS, 13.9 vs. 8.2 months; p < .001).1°® These
findings were similar to another randomized clinical trial comparing
HAI FOLFOX combined with sorafenib versus sorafenib alone among
patients who had advanced HCC and portal vein invasion (median
0S, 13.4 vs. 7.1 months; p < .001).2¢?

More recently, Li et al. randomized patients with untreated yet
unresectable HCC up to 7 cm to receive HAI FOLFOX versus TACE

(epirubicin, lobaplatin, lipiodol, and polyvinyl alcohol particles). In
their phase 3 trial, HAl FOLFOX improved OS (median OS, 23.1 vs.
16.1 months; p < .001) and progression-free survival (median PFS,
9.6 vs. 5.4 months; p < .001) compared with TACE.>’° A recent meta-
analysis demonstrated that, compared with TACE, HAIl chemo-
therapy as first-line therapy was associated with better OS (HR, 0.53;
95% Cl, 0.40-0.69) and PFS (HR, 0.54; 95% Cl, 0.40-0.72). Further
subgroup analysis revealed that HAI chemotherapy may yield
improved survival over TACE, regardless of tumor stage, especially in
patients with advanced portal vein tumor thrombus.*”*

ABLATION

A multitude of ablative modalities exist, including heat-based RFA
(MWA,),

nonthermal (irreversible electroporation), and chemical (ethanol),

and microwave ablation cold-based (cryoablation),
each selected based on anatomic considerations and institutional
practice preferences and expertise.r’? Currently, MWA is the most
commonly used thermal ablative modality because of technical con-
siderations, including a shorter ablation time and less of a heat-sink
effect near major vessels, compared with RFA. Although there is no
absolute tumor size beyond which RFA/MWA should not be
considered, the best outcomes are in patients who have one to three
lesions <3 cm.'”2 In addition to tumor size, tumor location also plays
an important role in determining candidacy, including proximity to
major bile ducts, diaphragm, gallbladder, and viscus structures. Image
guidance for probe placement is typically performed using CT and/
or US.

In a large, multicenter, retrospective series that included 139
patients who had HCC, local recurrence was observed in 12%, the
median survival was 27 months, and tumor size >3 cm was associated
with worse RFS.Y7# In the first published RCT in 2010 comparing RFA
versus resection in patients who had HCC within Milan criteria, the
OS rate was higher with resection than with RFA (5-year OS, 76.7%
vs. 54.8%; p = .001) as was PFS (5-year PFS, 51.3% vs. 28.7%;
p = .017).Y”° Since then, three additional RCTs were conducted
comparing resection versus RFA, all of which demonstrated similar
OS and PFS. Feng et al. randomized patients who had up to two HCC
tumors measuring <4 cm to undergo either surgical resection or RFA.
The 1-year, 3-year, and 5-year RFS rates were similar between the
two groups (resection: 90.6%, 76.7%, and 61.1%, respectively; RFA:
86.2%, 66.6%, and 49.6%, respectively; p = .122), as were OS rates
at 1 year, 2 years, and 3 years (resection: 96.0%, 87.6%, and 74.8%,
respectively; RFA: 93.1%, 83.1%, and 67.2%,
p =.342).17¢ Ng et al. randomized patients who had HCC within Milan

criteria to either RFA or resection, again demonstrating similar OS

respectively;

and PFS.Y”7 In the largest and most recent multicenter randomized
trial published in 2022, Takayama et al. randomized 301 patients with
up to three HCC nodules measuring up to 3 cm in greatest dimension
to undergo resection or RFA, and no difference was demonstrated in

RFS (median, 3.5 vs. 3.0 years; p = .58).178 The converging outcomes
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between RFA and resection may be attributed to improvements in
techniques and technology because percutaneous RFA of the liver
was first reported in 1995.777 It is notable that these randomized
studies excluded patients with significant portal hypertension.
Based on these data, RFA has been shown to yield similar OS as
resection for patients who have a limited number of small HCCs, with
lower morbidity and a shorter hospital stay (Figures 2 and 3). RFA
can also be performed for patients who have portal hypertension,
ascites, and varices, with significantly longer survival compared with
untreated patients.*8® Although outcomes for both RFA and resec-
tion are similar, tumor location and patient characteristics (portal
hypertension, cardiac disease, etc.) play an important role in deter-
mining candidacy for both ablation and resection. One of the ad-
vantages of ablation is its parenchymal-sparing nature, which is
important in cirrhotic patients who are likely to develop additional
HCC. Although no studies have been performed comparing micro-
wave ablation versus resection, a meta-analysis reported that RFA
and MWA have similar 1-year to 5-year OS, RFS, and local recur-
rence rates and fewer adverse events, whereas MWA had a signifi-

cantly better 6-year OS rate.'®!

EXTERNAL BEAM RADIATION

Historically, external beam radiation therapy (EBRT) for HCC has
been used cautiously because of the radiosensitivity of the liver and
the technical inability to deliver conformal radiotherapy.'®2 However,
the development of more targeted modes of radiation delivery,
namely, SBRT and proton-beam radiotherapy, led to the increasing
consideration of EBRT as a therapeutic option for HCC with
acceptable safety, decreased concern for radiation-induced liver
injury, and improved cost effectiveness (Figures 2 and 3).183184
Multiple retrospective studies and clinical trial data have demon-
strated similar local control rates between EBRT and other liver-
directed therapies like RFA.*®>18¢ |ndeed, SBRT has shown control
rates ranging from 95% to 100% up to 1 or 2 years after treat-

ment, 187-189

and it has also been used as a bridge to LT to provide
tumor downstaging or stabilization of disease while waiting for an
organ. It is important to note that these studies often under-
represent patients with CTP scores greater than B7; and, when
included, they typically receive lower doses of radiation because of
concerns about liver toxicity.190 For this reason, caution should be
exercised when treating patients with significant underlying hepatic
dysfunction.

A large, intention-to-treat, retrospective study indicated a
similar drop-out rate between SBRT, TACE, and ablation when these
strategies were used to bridge patients to transplantation (16.7% in
the SBRT group vs. 20.2% in the TACE group and 16.8% in the RFA
group; p = .7). The respective 1-year, 3-year, and 5-year actuarial
patient survival rates from the time of listing were 83%, 61%, and
61% in the SBRT group versus 86%, 61%, and 56% in the TACE group
and 86%, 72%, and 61% in the RFA group (p = .4). The respective 1-

year, 3-year, and 5-year survival rates from the time of

transplantation were 83%, 75%, and 75% in the SBRT group versus
96%, 75%, and 69% in the TACE group and 95%, 81%, and 73% in the
RFA group (p = .7).2%' iRECIST (modified Response Evaluation
Criteria in Solid Tumors for immune-based therapeutics), a multi-
center study, offered a more robust interpretation of HCC response
after SBRT, leading to enhanced predictions of local tumor control
and 1-year survival rates compared with traditional criteria.?”?

Despite its rise as non-invasive anticancer therapy that may be
considered for curative-intent treatment of small HCC or to provide
durable disease control in larger HCC tumors, randomized data for
radiotherapy in the first-line setting are still lacking. To fill this
knowledge gap, the SOCRATES-HCC study (Australian New Zealand
Clinical Trials registry number ACTRN12621001444875) is the first
active, randomized, multicenter trial to assess the safety, efficacy,
and cost effectiveness of radiation compared with standard therapies
as first-line treatment for unresectable, early stage HCC.1?® This
study involves a collaboration among hepatology, interventional
radiology, and radiation oncology groups across Australia, coordi-
nated by the Trans Tasman Radiation Oncology Group (TROG Cancer
Research). Finally, data from the NRG Oncology/RTOG 1112 trial (a
randomized phase 3 study presented at the 2023 American Society
of Clinical Oncology Gastrointestinal Cancers Symposium; Clin-
icalTrials.gov identifier NCT01730937) compared sorafenib versus
SBRT followed by sorafenib in HCC: compared with sorafenib alone,
SBRT significantly improved both OS and PFS in patients with HCC,
with no observed increase in adverse events. More specifically, after
adjusting for various factors, the median OS was improved from 12.3
months (sorafenib alone, 90% Cl, 10.6-14.3 months) to 15.8 months
(sorafenib plus SBRT, 90% Cl, 11.4-19.2 months; HR, 0.72; 95% Cl,
0.52-0.99; two-sided Cox p = .042). Median PFS was also improved
from 5.5 months (sorafenib only, 95% Cl, 3.4-6.3 months) to 9.2
months (sorafenib plus SBRT, 95% Cl, 7.5-11.9 months; HR, 0.55;
95% Cl, 0.40-0.75; two-sided p = .0001). In addition, there was a
strong indication of a quality-of-life benefit at 6 months with
SBRT.1?4

SYSTEMIC METASTATIC DISEASE

Although locoregional therapies may be delivered selectively with
the intent to control hepatic disease burden (Figures 2 and 3), the

cornerstone of therapy for advanced HCC is systemic therapy (see

11,951  recommendation 1.2,1967198.200-204

2‘208,209

recommendation

1,295-297 recommendation 2.

recommendation 2.
dation 2.3,2197213 and recommendation 3.1%% in Table 6).197‘216 This

section summarizes data for TKls as well as immunotherapy, the

recommen-

latter having transformed the care for patients with advanced HCC.

Tyrosine kinase inhibitors

Sorafenib, a multitargeted, orally active, small-molecule TKI that

predominantly inhibits Raf kinase and vascular endothelial growth
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TABLE 6 Systemic therapy for advanced hepatocellular carcinoma.

Systemic therapy

Mechanism of action

Atezolizumab
Bevacizumab
Cabozantinib
Durvalumab
Ipilimumab

Lenvatinib

Nivolumab
Pembrolizumab
Ramucirumab
Regorafenib

Sorafenib

Tremelimumab

Anti-PD-L1 antibody

VEGF monoclonal antibody

Tyrosine kinase inhibitor that targets VEGFR-2, MET, KIT, AXL, and FLT3
Anti-PD-L1 antibody

Anti-CTLA-4 antibody

MTKI that targets VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-B, FGFR-1, FGFR-2, FGFR-3,
FGFR-4, KIT, and RET

Anti-PD-1 receptor antibody

Anti-PD-1 antibody

Anti-VEGFR2 antibody

MTKI that targets EGFR and VEGF receptors

MTKI that targets VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-B, KIT, RET, RAS/RAF/MAPK,
and FLT-3

Anti-CTLA-4 antibody

Recommendations?®

Systemic therapy Note

First-line treatment for patients with Child-
Pugh class A and ECOG PS 0-1
advanced HCC

Atezolizumab + bevacizumab or durvalumab
+ tremelimumab

First-line Recommendation 1.1 (Ren 20217, Abou-
therapy  Alfa 2022,1%8 Kelley 2022,%%? Llovet
2008,2°° Kudo 2018%°%)
Recommendation 1.2 (Abou-Alfa 2022,1%8
Kelley 2022,%%7 Llovet 2008,2°° Yau 2022,2°2
Qin 2023,2°% peng 2023,2°4 Roessler
2023,2%° Alden 20232%¢)
Second-  Recommendation 2.1 (Kim 2023,%°” Bruix
line 2017,%°% Abou-Alfa 20182°%)
therapy
Recommendation 2.2 (Zhu 20192*° Finn
2020211
Recommendation 2.3 (Qin 2021,2023,212 213
Finn 2022,%'* Topalian 20152%%)
Third-line Recommendation 3.1 (Finn 2020%*%)
therapy

Sorafenib OR lenvatinib OR durvalumab

Sorafenib OR lenvatinib OR cabozantinib OR
ramucirumab

Sorafenib OR lenvatinib OR cabozantinib

Cabozantinib OR regorafenib OR
ramucirumab OR nivolumab + ipilimumab
OR durvalumab

Where there are contraindications to
recommendation 1.1

After first-line therapy with atezolizumab +
bevacizumab, second-line therapy with a TKI
or ramucirumab (AFP >400 ng/mL) is
recommended

After first-line therapy with durvalumab +
tremelimumab, second-line therapy with a
TKI is recommended

After first-line therapy with sorafenib or
lenvatinib, second-line therapy with another
TKI (cabozantinib or regorafenib),
ramucirumab (AFP >400 ng/mL), nivolumab
+ ipilimumab, or durvalumab may be
recommended for appropriate candidates;
atezolizumab + bevacizumab or durvalumab
+ tremelimumab may be considered for
patients who may not have access to these
therapies in the first-line setting and do not
have contraindications to these
combinations

Third-line therapy may be considered in CTP A patients with good performance status using
one of the agents listed previously that has a mechanism of action nonidentical to that of the

previously received therapy

Abbreviations: AFP, a-fetoprotein; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; CTP A, Child-Turcotte-Pugh class A; ECOG PS, Eastern
Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; FGFR, fibroblast growth factor receptor; MTKI,
multitargeted tyrosine kinase receptor inhibitor; PD-1, programmed cell death protein-1; PD-L1, programmed death ligand 1; PDGFR, platelet-derived
growth factor receptor; PD-L1, programmed death ligand 1; TKI, tyrosine kinase inhibitor; VEGFR, vascular endothelial growth factor receptor.

2Gordan JD, Kennedy EB, Abou-Alfa GK, et al. Systemic therapy for advanced hepatocellular carcinoma: ASCO guideline update. J Clin Oncol. 2024;42
(15):1830-1850. 10.1200/JC0.23.02745.21¢
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(VEGFR)
standard systemic therapy for patients with advanced HCC based

factor receptor intracellular kinase, became the
on the SHARP randomized trial (ClinicalTrials.gov identifier
NCT00105443).2°° Compared with patients who were randomized
to placebo, those who were treated with sorafenib had a longer
median OS (10.7 vs. 7.9 months; HR, 0.69; 95% Cl, 0.55-0.87).
There was no significant difference between the two groups
regarding the median time to symptomatic progression (4.1 vs. 4.9
months, respectively; p = .77), although the median time to radio-
logic progression was 5.5 months in the sorafenib group and 2.8
months in the placebo group (p < .001).2%°

Lenvatinib is a modern TKI that inhibits VEGFR1-VEGFRS3,
fibroblast growth factor receptors 1-4, platelet-derived growth fac-
tor receptor a, RET, and KIT. The efficacy of lenvatinib for advanced
HCC was evaluated in the REFLECT randomized noninferiority trial
(ClinicalTrials.gov identifier NCT01761266), which compared it with
sorafenib in 954 patients with unresectable HCC who had not
received prior systemic therapy (CTP class A, 99%). Lenvatinib
resulted in a noninferior OS compared with sorafenib (13.6 vs. 12.3
months; HR, 0.92; 95% Cl, 0.79-1.06), although the objective
response rate was higher (24% vs. 9%) and the median time to pro-
gression was longer (7.4 vs. 3.7 months; HR, 0.66; 95% Cl, 0.57-0.77).
Regarding toxicity, grade 3-4 hypertension was more common with
lenvatinib (23% vs. 14%), whereas hand-foot-skin reactions (52% vs.
37% any grade, 11% vs. 3% grade >3) and alopecia (25% vs. 3%) were
more frequent with sorafenib.?°! Based on these data, sorafenib and
lenvatinib are considered interchangeable and may be used in the
first-line or later line setting dictated by the patient's candidacy for
more effective, modern-day treatment (e.g., immunotherapy;
reviewed below).

Other TKls have demonstrated a survival benefit compared
with placebo in patients previously treated with sorafenib.
RESORCE (ClinicalTrials.gov identifier NCT01774344) was a ran-
domized, double-blinded, parallel-group, phase 3 trial that included
patients with CTP A HCC who tolerated sorafenib but had disease
progression. In this study, regorafenib improved OS compared with
placebo (10.6 vs. 7.8 months, respectively; HR, 0.63; 95% Cl, 0.50-
0.79). Adverse events were reported in all regorafenib recipients
(374 of 374 patients; 100%) and in 179 of 193 (93%) who
received placebo.?%®

Cabozantinib was shown to significantly extend OS compared with
placebo in a population that progressed after at least one line of
treatment, including prior sorafenib. Compared with placebo, cabo-
zantinib significantly improved OS (median, 10.2 vs. 8 months; HR,
0.76; 95% Cl, 0.63-0.92). In addition, it was associated with an
improvement in PFS (median, 5.2 vs. 1.9 months; HR, 0.44; 95% Cl,
0.36-0.52) and a modest but higher objective response rate (4% vs.
<1%; p =.009). Grade 3-4 adverse events occurred in 68% of patients
in the cabozantinib group compared with 36% of patients in the pla-
cebo group.2°? The most frequent high-grade adverse events included
palmar-plantar erythrodysesthesia (17% with cabozantinib vs. 0%
with placebo), hypertension (16% vs. 2%, respectively), and elevated

aspartate aminotransferase levels (12% vs. 7%, respectively).

The phase 3 randomized and placebo-controlled REACH-2 trial
(ClinicalTrials.gov identifier NCT02435433) examined ramucirumab
(an immunoglobulin-G1 VEGFR2 antagonist) in patients with
advanced HCC who had either progressed on or could not tolerate
sorafenib. Ramucirumab showed consistent, meaningful clinical effi-
cacy without new safety concerns in patients with advanced HCC
and AFP levels >400 ng/mL who had received treatments other than
sorafenib. More specifically, the median OS was 8.5 months in the
ramucirumab group (95% Cl, 7.0-10.6 months) versus 7.3 months in
the placebo group (95% Cl, 5.4-9.1 months; HR, 0.710; 95% ClI,
0.531-0.949; p = .0199), and PFS was 2.8 months (95% Cl, 2.8-4.1
months) versus 1.6 months (95% Cl, 1.5-2.7 months; HR, 0.452; 95%
Cl, 0.339-0.603; p < -0001), respectively. This study stands as one of
the initial sequencing investigations for patients with advanced HCC
who did not receive treatment with sorafenib.2**

Immunotherapy

The most significant advancement in modern-day treatment of HCC
has been the development and approval of immunotherapy, which has
quickly become the standard of care for the treatment of patients with
advanced HCC in the first-line and later-line settings (Table 6). Im-
munotherapies that inhibit the immune checkpoint interaction be-
tween programmed cell death protein-1 (PD-1) and programmed
death-ligand 1 (PD-L1) have shown substantial survival benefit in
some patients with metastatic carcinomas?*® and thus were hypoth-
esized to play a role in the treatment of HCC because there is signifi-
cant expression of PD-1 in the HCC tumor microenvironment.?!” The
first suggestion that immunotherapy could be a relevant treatment
for HCC came from CheckMate 040 (ClinicalTrials.gov identifier
NCT01658878), a phase 1/2, open-label, noncomparative, dose-
escalation, and expansion trial that included 148 patients. In this
trial, nivolumab elicited a response rate of 20% and a median survival of
13 months. During the dose-escalation phase, nivolumab showed an
acceptable safety profile and was generally well tolerated.?®

A global, open-label, phase 3 trial included 501 patients with
unresectable HCC and randomized them to atezolizumab (anti-PD-
L1) and bevacizumab (anti-VEGF) together (now standard of care
first-line therapy for patients with advanced HCC) versus sorafenib
(the previous standard of care). The intention-to-treat analysis
showed a HR of 0.58 for death (95% Cl, 0.42-0.79; p < .001) with
atezolizumab/bevacizumab versus sorafenib. The OS at 12 months
was 67.2% (95% Cl, 61.3%-73.1%) with atezolizumab/bevacizumab
and 54.6% (95% Cl, 45.2%-64.0%) with sorafenib. The median PFS
was 6.8 months (95% Cl, 5.7-8.3 months) and 4.3 months (95% ClI,
4.0-5.6 months) in the respective groups (HR, 0.59; 95% Cl, 0.47-
0.76; p < .001).2'? Grade 3-4 adverse events occurred in 56.5% of
329 patients who received at least one dose of atezolizumab/bev-
acizumab and in 55.1% of 156 patients who received at least one
dose of sorafenib.?'? Grade 3-4 hypertension was observed in 15.2%
of patients in the atezolizumab/bevacizumab group, whereas other

high-grade toxic effects were rare.
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The benefit of immunotherapy-based regimens, specifically dual-
checkpoint inhibition, was further supported by the HIMALAYA trial
(ClinicalTrials.gov identifier NCT03298451), a phase 3, multicenter
RCT that included 1171 patients with unresectable HCC and evalu-
ated the STRIDE regimen (tremelimumab [anticytotoxic T-lympho-
cyte-associated protein 4 monoclonal antibody] with durvalumab [an
anti-PD-L1 monoclonal antibody) versus durvalumab monotherapy
versus sorafenib monotherapy as first-line treatment for patients
with unresectable HCC. The OS with durvalumab monotherapy was
noninferior to sorafenib (HR, 0.86; 95.67% Cl, 0.73-1.03; non-
inferiority margin, 1.08), whereas the OS with STRIDE was 16.4
months versus only 13.8 months with sorafenib (p = .0035). The OS
HR for STRIDE versus sorafenib was 0.78 (96.02% Cl, 0.65-0.93;
p = .0035), although the median PFS was not significantly different
between the three groups. Grade 3-4 treatment-emergent adverse
events occurred in 50.5% of patients with STRIDE (lipase increased in
6.2%, aspartate aminotransferase increased in 5.2%, and diarrhea
increased in 4.4%), in 37.1% with durvalumab (aspartate amino-
transferase increased in 6.7%, lipase increased in 4.1%, and alanine
aminotransferase increased in 3.1%), and in 52.4% with sorafenib
(palmar-plantar erythrodysesthesia syndrome in 9.1%, hypertension
in 6.1%, diarrhea in 4.3%).1% The 4-year follow-up of the trial indi-
cated that the OS HR for STRIDE versus sorafenib remained 0.78
(95% ClI, 0.67-0.92); the OS rate at 36 and 48 months for STRIDE
was 30.7% and 25.2%, respectively, compared with 19.8% and 15.1%,
respectively, for sorafenib.??°

Two additional immunotherapy-based regimens being investi-
gated were highlighted at the 2024 American Society of Clinical
Oncology Annual Meeting. The initial findings from CheckMate
9DW, which compared ipilimumab plus nivolumab versus lenvatinib
or sorafenib as first-line treatment for unresectable HCC indicate
that the combination of ipilimumab plus nivolumab resulted in a
statistically significant improvement in OS compared with lenvatinib
or sorafenib, along with a higher objective response rate, more
durable response, and a manageable safety profile. More specifically,
the median OS was 23.7 months with ipilimumab plus nivolumab
versus 20.6 months with lenvatinib or sorafenib (HR, 0.79; 95% ClI,
0.65-0.96; p = .0180)*?® Furthermore, the final OS analysis of the
CARES-310

NCT03764293) was presented, evaluating camrelizumab plus rivo-

phase 3 study  (ClinicalTrials.gov identifier
ceranib versus sorafenib as first-line therapy for unresectable HCC.
Camrelizumab plus rivoceranib continued to show a clinically
meaningful improvement in survival over sorafenib, with a
manageable safety profile, supporting it as a new first-line treat-
ment option for unresectable HCC. The median OS was significantly
prolonged with camrelizumab plus rivoceranib versus sorafenib
(23.8 months [95% Cl, 20.6-27.2 months] vs. 15.2 months [95% ClI,
13.2-18.5 months]; HR, 0.64; 95% Cl, 0.52-0.79; one-sided
p < .0001).22¢

Monotherapies have demonstrated either noninferiority or, in
certain contexts, superiority to sorafenib and may represent a viable
treatment option for patients who are unsuitable for the more toxic
atezolizumab/bevacizumab  and

dual-therapy regimens like

tremelimumab/durvalumab (Table 6). Such data include the single-
arm phase 2 KEYNOTE-224 trial (ClinicalTrials.gov identifier
NCT02702414), which demonstrated that first-line, single-agent
pembrolizumab in patients with advanced HCC achieved an objec-
tive response rate of 16% (all partial responses) and a median
duration of response of 16 months (range, 3 to >24 months). The
median PFS and OS were 4 and 17 months, respectively.??? Similarly,
nivolumab in the first-line setting was directly compared with sor-
afenib in the phase 3 CheckMate 459 trial (ClinicalTrials.gov identi-
fier NCT02576509), which enrolled 743 treatment-naive patients
with advanced HCC. In that trial, nivolumab yielded a two-fold higher
objective response rate (15% vs. 7%) and more complete responses
(4% vs. 1%); however, PFS (median, 3.7 vs. 3.8 months) and OS
(median, 16.4 vs. 14.7 months; HR, 0.85; 95% Cl, 0.72-1.02) were
similar. Grade 3-4 treatment-related serious adverse events were
also similar between groups (nivolumab 12% vs sorafenib 11%), as
were the rates of treatment discontinuation because of toxicity.?** A
summary of guideline-based recommendations are included in
Table 6, which are often dictated by patient-specific, liver-specific,

and disease-specific factors.

MULTIMODAL MANAGEMENT OF ADVANCED
HCC—COMBINING LIVER-DIRECTED THERAPIES
WITH SYSTEMIC THERAPY

For some patients, particularly those with locally advanced HCC
confined to the liver, combining liver-directed therapies with sys-
temic therapies is a promising treatment paradigm that is gaining
popularity (Figures 2 and 3). The EMERALD-1 phase 3 RCT (Clin-
icalTrials.gov identifier NCT03778957) evaluated TACE combined
with durvalumab with or without bevacizumab for patients who had
CTP stage A-B7 cirrhosis and HCC confined to the liver.?2® The trial
had three therapeutic arms: TACE only, TACE with durvalumab, and
TACE with durvalumab and bevacizumab.??® The trial included 616
patients and demonstrated that PFS was significantly improved for
TACE with durvalumab and bevacizumab versus TACE (median PFS,
15.0 vs. 8.2 months; HR, 0.77; 95% Cl, 0.61-0.98; p = .032).%?°
Interestingly, the secondary end point, which compared PFS between
TACE plus durvalumab and TACE alone, was not met (100 vs. 8.2
months; HR, 0.94; p = .638).22% Response rates were concordantly
improved from 29.6% to 43.6%, and the median time to progression
was improved from 10 months to 22 months when durvalumab and
bevacizumab were added to TACE.2?2® Despite more intense therapy,
the combination of TACE with systemic therapy did not result in an
increase in adverse events. Similarly, the recently released results
from LEAP-012—a randomized, multicenter, double-blind, phase 3
trial that included 480 patients with unresectable HCC and assessed
lenvatinib plus pembrolizumab with TACE versus placebo with TACE
in intermediate-stage HCC (ClinicalTrials.gov identifier
NCT04246177)—demonstrated a statistically significant and clini-
cally meaningful improvement in PFS compared with the placebo/
TACE regimen (HR, 0.66; 95% ClI, 0.51-0.84; p = .0002), with a
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median PFS of 14.6 months (95% Cl, 12.6-16.7 months) versus 10.0
months (95% Cl, 8.1-12.2 months).22*

Combining immunotherapy with TARE has also been investigated
and may have even greater potential given the suspected immunogenic
properties of yttrium-90. In a phase 1/2a study that combined TARE
with durvalumab for patients with liver-confined, locally advanced
HCC, inclusive of patients with BCLC stage B and C disease, the median
time to progression was 15.2 months, the median OS was not reached,
and nearly 60% of patients were alive at 18 months.?2> Response rates
with this combination were also encouraging, with a complete
response in 29.2% of patients and a partial response in 54.2%, yielding
an overall response rate of 83.4%. Importantly, grade >3 adverse
events were observed in only 8.7% of patients. Similarly, in another
small study, 27 patients with locally advanced HCC who were not
eligible for transplant or resection were treated with TARE and pem-
brolizumab. The primary end point was 6-month PFS, with 55.6% of
patients achieving this outcome, and the median PFS was nearly 10
months. The ORR was 30.8%, and the disease control rate was
84.6%.2%° Finally, the CA209-678 phase 2 trial (ClinicalTrials.gov
identifier NCT03033446) demonstrated that TARE followed by nivo-
lumab achieved a median OS of 16.9 months, although the median PFS
was only 3.6 months.??” Intrahepatic tumors had a higher response
rate of 43.5%, indicating potential synergy, with TARE possibly
enhancing the effectiveness of PD-1 inhibitors.?2’

Taken together, these data suggest that combining TARE with
immunotherapy has a promising response rate and safety profile with
a signal toward survival benefit and warrants ongoing evaluation.??°
Furthermore, given the signal for efficacy in patients with liver-
confined yet advanced HCC, combining modalities may also have
relevance for patients with distant disease but significant hepatic
disease burden, with the goal of liver-directed therapy to control
hepatic disease, which is thought to be the primary driver of prog-
nosis. It is anticipated that such a treatment paradigm may become
commonplace in the future.

Patients with HCC understand that optimal care often comes
from multidisciplinary teams. However, access to multimodal care
can be uneven, including strategies such as liver-directed therapies in
combination with systemic therapies. Patients living far from major
or academic centers or without adequate insurance may struggle to
receive the full range of treatments. Thus, advocacy for equitable
access to such therapies and support throughout a patient's treat-
ment journey is critical. Telehealth hepatology consultations for HCC
effectively coordinate surveillance, communicate treatment de-
cisions, and are associated with outcomes similar to those of stan-

dard consultations.?28:222

EMERGING THERAPIES FOR HCC

Emerging therapies for HCC have been advancing rapidly. Several
new approaches are being explored in clinical trials, aiming to
improve patient outcomes. Antibody-drug conjugates are emerging

as an advanced chemotherapeutic option designed to selectively

destroy neoplastic cells with minimal toxicity to noncancerous cells.
Studies indicate enormous potential for antibody-drug conjugates
that target GPC3, CD24, and other tumor-associated antigens in
HCC due to their high tumor-specific expression and have demon-
strated potential relevance in preclinical evaluations (see
Table 5$2).2%° Another emerging field in the management of advanced
HCC is chimeric antigen receptor T-cell therapy. Currently, relevant
research focuses on GPC3-targeted therapy, evaluating multiple
molecules, mainly in a preclinical setting, demonstrating significant
antitumor activity and prolonged survival in animal models of
HCC.2®* Moreover, given the immunosuppressive liver tumor
microenvironment, combining chimeric antigen receptor T-cell ther-
apy with ICls or locoregional therapies might help enhance the ac-

tivity of chimeric antigen receptor T-cell therapyy.?3?

UTILIZING MULTIDISCIPLINARY TEAMS FOR
INDIVIDUALIZED DECISION MAKING

Considering the large number of treatment options available for
patients with HCC, the methodology for deciding the optimal treat-
ment for any given patient is particularly challenging. Historically,
numerous algorithms were created to help guide treatment de-
cisions®®¢>23%  However, algorithms are increasingly becoming
outdated, incomplete, and complicated because of the growing
number of treatment options and combination therapies. Although
many treatments and combination therapies have highly promising
results, there is a paucity of randomized studies that compare out-
comes between the various treatments. Because most patients with
HCC have various degrees of cirrhosis, they represent a particularly
complex subset of patients who have cancer. Essentially, all treat-
ment options adversely affect hepatic reserve to some degree,
making it essential to balance effective cancer control with the
preservation of liver function—particularly because between one
quarter to one third of patients with HCC die of competing risks,
specifically underlying liver-related complications, rather than
HCC.2** Therefore, although the primary goal of cancer therapies is
to eradicate or manage HCC, maintaining liver function is equally
critical for improving patient outcomes. Because LT produces the
best outcomes for the majority of patients, the goals of treatment are
not only to preserve liver function and control tumor but also to
optimize transplantation candidacy. Although no algorithm can
accurately and comprehensively capture the complexities of the pa-
tients and treatments, multidisciplinary tumor boards have emerged
as a critical tool to guide optimal decision making that often now
supersedes most algorithms. These teams typically consist of trans-
plant hepatologists, gastroenterologists, hepatobiliary surgeons,
transplant surgeons, diagnostic radiologists, interventional radiolo-
gists, medical oncologists, and radiation oncologists. A multimodal
treatment approach for HCC from a patient's perspective involves
not only dealing with the medical aspects of the disease but also
navigating the physical, emotional, and practical challenges that arise

during treatment. Patient-centered considerations are essential
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when contemplating multimodal therapy. Patients with HCC often
face a bleak outlook, so the opportunity to receive multiple, targeted
treatment options brings a sense of hope. Multimodal treatments are
seen as a way to maximize the chances of tumor reduction or elim-
ination, potentially extend life expectancy, and offer personalized
care tailored to individual tumor characteristics. Many patients with
HCC prioritize quality of life as an even higher priority than survival.
Patients want to maintain as much normalcy as possible and to be
able to perform daily activities, spend time with loved ones, and
retain some control over their bodies and choices. A multimodal
treatment approach may offer the potential to extend life, but it can
also compromise a patient's physical and emotional state.

With the involvement of specialty teams, all options available
locally can be explored and discussed. Each specialist can weigh in on
the expected outcomes with the treatment(s) from their specialty
because numerous tumor and patient factors must be considered;
then, consensus may be achieved for optimal treatment. In many
cases, equivalent options may be available. In these cases, patients
can be educated and counseled by pertinent specialists, and the pa-
tient can decide what best fits their goals, desires, and social situa-
tion. Numerous studies have analyzed patient outcomes when
triaged through a multidisciplinary tumor board. In a retrospective
study comparing patients managed through a multidisciplinary tumor
board versus those who were not, patients managed via a tumor
board had significantly higher survival: 19.1 versus 7.6 months;
p < .0001.%% Survival benefits with the use of a multidisciplinary
clinic have been shown to persist even in multivariate analysis after
adjusting for BCLC stage and receipt of curative-intent treatment.2*®
Patients also presented at an earlier tumor stage (p = .007), with
lower AFP levels (p = .007), and with a greater odds of HCC treat-
ment (p < .0001). In a different study, patients undergoing imaging
surveillance with a multidisciplinary clinic review were more likely to
receive treatment with ablation or resection (p = .006) or with LT
(p = .001) and were less likely to develop tumor progression
(p = .005).2%7

Patients value clear communication and understanding of each
treatment option. They want to know:

e How treatments work (e.g., how immunotherapy boosts the im-
mune system or how chemotherapy targets cancer cells);

e Possible side effects and risks for both short-term and long-
term; and

e Potential benefits in terms of survival, quality of life, and symptom

management.

Many patients appreciate a balanced view in which the benefits
of multiple treatments are weighed against their side effects and

likely effect on day-to-day life, including:

o Financial strain because of the high cost of newer therapies (like
targeted treatments and immunotherapy) and frequent medical

visits; and

e Emotional strain from uncertainty, fear of treatment failure, and
distress over side effects.

Patients appreciate psychosocial support services, such as
counseling, support groups, or financial navigators, to help manage
these challenges. They also desire health care providers who are
empathetic and open to discussing the full scope of what they are
experiencing.

Patients often report that the side effects of treatment, including
fatigue, weight loss, nausea, liver complications, and mental health
struggles, can be as challenging as the disease itself. A multimodal
treatment approach, although potentially effective, can intensify these
side effects because each therapy comes with its own set of risks (e.g.,
immunotherapy-related fatigue, chemotherapy-related nausea). In
addition, combining treatments may lead to cumulative side effects,
affecting physical and emotional well-being. For patients, the care
team must support them in managing these side effects, providing clear
strategies to alleviate discomfort, monitoring for early signs of com-
plications, and providing emotional support to handle the mental toll.
Finally, some patients may reach a point at which curative treatments
are no longer effective, and they shift their focus to palliative care. A
multimodal approach can integrate pain management, emotional and
psychological support, and efforts to improve overall well-being in the
final stages of the disease. In this phase, patients often want the care
team to focus on quality of life rather than aggressive treatments that
might not provide meaningful benefits.

In summary, although a multimodal treatment approach offers
many potential benefits, patients must navigate a complex landscape
of medical, emotional, and logistical challenges. Their priorities can
shift throughout their disease, so health care providers must remain
flexible, communicative, and supportive, ensuring that the treatment
approach aligns with the patient's individual goals and needs.

CONCLUSIONS

In an ideal setting, all patients with HCC should be treated within a
multidisciplinary setting focused on collaboration among surgeons,
medical oncologists, radiation oncologists, interventional radiologists,
and hepatologists to provide precision care and achieve optimal
outcomes. Treatment paradigms must consider both patient-related
and tumor-related factors, such as the extent of liver disease,
which is often the primary driver of morbidity and mortality.
Surgical treatment, either resection or transplantation, remains the
best option for a cure in patients who are operable. The advent of
more effective systemic and locoregional therapies has also
facilitated prolonged survival among patients with advanced
disease, as well as allowed patients to undergo surgical
intervention who otherwise would have disease that is considered
inoperable. BCLC and Milan criteria have standardized HCC
management, offering a structured approach for the prognostic

evaluation and treatment of patients with HCC. In the era of
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