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Management of hepatocellular carcinoma in elderly and
adolescent/young adult populations
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Department of Internal Medicine, Chung-Ang University College of Medicine, Seoul, Korea

Hepatocellular carcinoma (HCC) presents unique challenges in both the elderly and adolescent/young adult (AYA) populations,
requiring distinct management approaches. Recent epidemiological data show an increasing incidence of HCC in both age groups,
with elderly cases rising significantly and AYA cases showing trends in specific regions. The clinical characteristics and treatment
considerations vary substantially among these populations. Elderly patients with HCC typically present with hepatitis C virus
infection, metabolic dysfunction-associated steatotic liver disease, well-differentiated tumors, and multiple comorbidities. In
contrast, AYA patients with HCC often present with more aggressive tumor characteristics and predominantly with hepatitis B
virus-related diseases. Treatment decisions for elderly patients with HCC require careful consideration of physiological reserves,
comprehensive geriatric assessments, and potential complications. Recent studies have demonstrated that elderly patients can
achieve outcomes comparable to younger patients across various treatment modalities when properly selected. While surgical
outcomes are comparable to those of younger patients with proper selection, less-invasive options such as radiofrequency ablation
or transarterial therapies may be more appropriate for some elderly patients. The treatment approach for AYA HCC emphasizes
curative intent while considering long-term effects. AYA patients require specialized attention to their psychosocial needs, fertility
preservation, and long-term health maintenance. Although data on AYA patients remain limited, they are known to have relatively
favorable prognoses despite exhibiting more aggressive tumor characteristics. Management of HCC in both the elderly and AYA
populations requires individualized approaches that consider age-specific factors. Both groups benefit from multidisciplinary team

involvement and careful consideration of quality of life. (J Liver Cancer 2025;25:52-66)
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INTRODUCTION

Liver cancer is the sixth most common cancer and the third
leading cause of cancer-related mortality worldwide." Hepato-
cellular carcinoma (HCC) accounts for approximately 90% of all
primary liver cancers and constitutes a significant global health
burden. Projections suggest that the incidence of HCC will con-
tinue to increase, with estimates surpassing 1 million cases by
2025.>* In the United States, HCC has been identified as the
most rapidly rising cause of cancer-related deaths; however, some

studies present conflicting findings regarding this trend.*”* HCC

has been considered a disease that predominantly affects mid-
dle-aged individuals, with peak incidence occurring between
the ages of 50 and 70 years.” However, recent epidemiological
data indicate a shift in the demographic profile of HCC, with
an increasing number of cases being reported in age groups out-
side the middle-aged populattion.6

The management of HCC in these age groups presents unique
challenges. Elderly patients with HCC frequently have comor-
bidities, altered pharmacokinetics, and reduced physiological re-
serves, which can complicate treatment decisions and outcomes.”

In adolescent and young adult (AYA) patients aged 15 to 39 years,
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HCC often presents with more aggressive characteristics and
may involve distinct etiological factors, including genetic predis-
position, congenital liver disease, or early-onset chronic viral
hepatitis.” However, there is a lack of evidence regarding the
treatment of HCC in these age groups, and current guidelines
do not provide specific recommendations based on age."*"

As the incidence of HCC continues to increase in young and
elderly populations, there is an urgent need to understand better
the epidemiology, risk factors, diagnostic approaches, and treat-
ment strategies tailored to these age groups. ‘This review aimed
to comprehensively examine the current landscape of HCC
management in elderly and AYA patients, focusing on differ-
ences in epidemiology, clinical presentation, treatment strate-
gies, and clinical outcomes. Understanding these differences is
essential for improving personalized care and optimizing patient

outcomes across elderly and AYA age groups.

EPIDEMIOLOGY
Elderly HCC

'The definition of elderly varies significantly across different soci-
eties and cultures, reflecting the complex nature of aging and
the diverse ways in which different populations experience and
conceptualize later life stages.12 'The definition of elderly in HCC
research varies, with most studies using 65 years as the cutoff,
though some now classify patients as elderly starting at 70 or 75
years. Some researchers have further stratified elderly patients
with HCC into three subgroups: young-old (75-80 years), mid-
dle-old (80-85 years), and oldest-old (85 years and above).” This
detailed categorization allows for a more granular analysis of
how age impacts HCC presentation, treatment efficacy, and out-
comes. The evolving definition of elderly in HCC research has
been influenced by several factors. The increasing life expectancy
and shifts in HCC epidemiology, with certain etiological factors
leading to later disease onset, have driven the redefinition of el-
derly in HCC research.’ Given this diversity in definitions, this
review will consider various age thresholds and definitions of el-
derly as applied in different HCC studies.

Data from the Korean Primary Liver Cancer Registry (KPLCR),
which includes a representative cohort of patients newly diag-
nosed with HCC in Korea from 2008 to 2017, showed that the
proportion of elderly patients among the total cohort has steadily
increased over time, rising from 33.5% in 2008 to 45.9% in
2017.° A study analyzing data from the Korean National Health
Insurance Service database on patients newly diagnosed with
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HCC between 2008 and 2018 reported that both crude inci-
dence rate and age-standardized rate (ASR) decreased across
most age groups.6 However, the ASR in those aged >80 years
showed a marked increase, rising from 70.0 to 160.2 per
100,000 person-years (average annual percent change [AAPC],
+9.0%). By 2028, the number of patients with HCC aged 280 years
is expected to increase fourfold, accounting for 21.3% of the to-
tal HCC population.

Reports from the Surveillance, Epidemiology, and End Results
(SEER) database, which covers less than 30% of the United
States. population, indicate that the annual percent change (APC)
in liver and intrahepatic bile duct cancer incidence for individu-
als aged 65-74 years was 3.0% from 2000 to 2012, 6.0% from
2012 to 2017, and 2.0% from 2017 to 2021." The AAPC was
4.2% from 2012 to 2021 and 2.0% from 2017 to 2021. In com-
parison, for individuals aged >75 years, the APC from 2000 to
2021 was 2.9%, with an AAPC of 2.9% during both 2012-2021
and 2017-2021, showing differences in incidence rate trends
between those aged 65-74 years and those aged 275 years.

An analysis of all 50 states of United States from 2017 to 2021
showed that the age-specific incidence rate of liver and intrahe-
patic bile duct cancer increased from ages 65 to 69 years, reach-
ing its highest at 80-84 years (43.2 per 100,000 people), fol-
lowed by 75-79 years (42.8 per 100,000 people).15 An annual re-
port on cancer occurrence and trends in the United States re-
ported that HCC incidence rates increased by 8% in individuals
aged 65-69 years and by 3% in those aged 70 years or older."
The incidence rates of HCC in both men and women increased
from age 55 to age 285 years. The epidemiological rise in elderly
patients with HCC reflects significant changes in liver disease
management and overall population health. Advances in the
treatment of chronic liver disease over recent decades have ex-
tended life expectancy, thereby increasing the likelihood of de-
veloping HCC later in life.

Adolescent and young adult HCC

'The National Comprehensive Cancer Network defines AYA pa-
tients with cancer as those between the ages of 15 and 39 years.17
'The incidence of HCC in AYAs is significantly lower than that
in older adults; however, this incidence has been rising in recent
years, indicating a concerning trend. Data from the KPLCR
(2008-2017) reported that AYA patients accounted for 2.7% of
newly diagnosed HCC cases.® A study that analyzed data from
the Global Burden of Disease study between 2010 and 2019 on
AYA primary liver cancer found a global estimate of 78,299 pri-
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mary liver cancer cases, 60,602 deaths, and 2.90 million disabil-
ity-adjusted life years in the young population.18 Globally, the
APC of AYA primary liver cancer from 2010 to 2019 was only
0.2%. The Western Pacific region had the highest burden of pri-
mary liver cancer, showing the greatest increase in the incidence
of AYA HCC compared to that in other regions from 2010 to
2019 (APC, 1.69%). This trend is likely due to the high preva-
lence of hepatitis B virus (HBV) in the region, as HBV infec-
tion is a major risk factor, accounting for over 80% of AYA
HCC cases in some studies.” Over half of the countries globally
have experienced a rise in primary liver cancer incidence among
AYAs. However, the APC from 2010 to 2019 was -0.35% in the
European region and 0.21% in the American region.18 In the
SEER database, the incidence rate of AYA HCC in the United
States has shown only a modest rise, with an APC of 1.0% dur-
ing 2000-2021 and an AAPC of 1.0% during both 2012-2021
and 2017-2021, respectively.14

Liver cancer-related deaths accounted for approximately 12.51%
of deaths in this age group.18 While mortality from primary liver
cancer due to most causes significantly declined from 2010 to
2019. An increase was observed in cases attributable to metabolic
dysfunction-associated steatotic liver disease (MASLD) (APC,
+0.87%) and alcohol consumption (APC, +0.21%). According
to estimates from the International Agency for Research on
Cancer under the World Health Organization, there were
36,302 new cases of liver cancer and 29,603 liver cancer-related
deaths among individuals aged 15 to 39 globally in 2020, with
an almost 1:1 ratio of new cases to deaths.”” Liver cancer ranks
as the fourth most common cancer in this age group. In China,
where HBV infection is more prevalent, young individuals ac-
count for 48.1% of global liver cancer cases, making liver cancer
the leading cause of death in the AYA population (21.59%). The
epidemiological trends in AYA HCC are largely attributable to
increased hepatitis virus transmission through drug use, alcohol

abuse, and the prevalence of obesity.

CLINICAL CHARACTERISTICS

Elderly and AYA patients with HCC exhibit distinct clinical
characteristics, leading to differences in prognosis and treatment
outcomes (Table 1). Elderly patients with HCC are more likely
to have hepatitis C virus (HCV) infection than younger pa-
tients, who are more commonly affected by HBV infection.”"*
'The elderly group also have a higher proportion of non-viral eti-

ologies, including MASLD. 'This difference is partly attributed
to the natural history of liver diseases, as HCV- and MASLD-
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related HCC take longer to develop than HBV-related HCC.”
The higher proportion of women among elderly patients with
HCC compared to that in AYA patients with HCC may be at-
tributed to women’s longer life expectancy.’

Elderly patients tend to present with smaller HCCs than
younger patients, with tumors in the elderly being more likely to
be well-differentiated, encapsulated, and associated with less
vascular invasion.” In contrast, AYA HCC often exhibits larger
tumor sizes, more aggressive characteristics, and higher alpha-
fetoprotein (AFP) levels than elderly patients.” In AYA pa-
tients, a recent study showed that young men bear a higher bur-
den of HCC and experience worse temporal progression than
young women."® This disparity can be attributed to several key
factors. HCC in younger patients often exhibits higher cellular
proliferation rates and faster growth, driven by increased meta-
bolic activity and enhanced signaling pathways that promote tu-
mor progression.24 In addition, genetic factors also contribute, as
younger patients tend to have a higher prevalence of genetic mu-
tations and chromosomal instability, which are associated with
more aggressive tumor characteristics.” While younger patients
generally have more robust immune responses, which can para-
doxically create selective pressure, favoring the survival and growth
of more resistant and aggressive tumor cells.”* AYA HCC is
predominantly linked to HBV infection, which drives more ag-
gressive tumor behavior. In contrast, HCC in elderly patients is
more commonly associated with HCV or MASLD, which typi-
cally exhibit less aggressive tumor dynamics. Finally, younger
patients are less likely to undergo routine health screening, re-
sulting in delayed diagnosis at more advanced stages of the dis-
ease.

The aging liver undergoes significant structural, functional,
and cellular changes that impair its ability to maintain homeo-
stasis and respond to stress.”’” Structural shrinkage, reduced he-
patic blood flow, and decreased bile acid secretion weaken diges-
tive processes, while reduced cytochrome P450 activity limits
drug metabolism.” Aging hepatocytes exhibit increased poly-
ploidy and apoptosis, with metabolic shifts such as reduced glu-
coneogenesis and increased lipid accumulation, leading to he-
patic steatosis.”” Mitochondrial dysfunction, including fewer
mitochondria, increased oxidative stress and diminished mi-
tophagy, further compromises cellular health.*® Immune func-
tion declines, characterized by impaired antigen presentation,
reduced phagocytosis, and heightened production of pro-inflam-
matory cytokines, contributing to a pro-inflammatory state.”"
Additionally, autophagy processes are disrupted, resulting in the

accumulation of cellular waste.” These age-related changes sig-
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nificantly affect the liver’s capacity to manage disease progres-
sion and influence treatment outcomes in elderly patients with
HCC.

Elderly patients have a higher prevalence of comorbidities
than AYA patients with HCC. A study of KPLCR data found
that elderly patients had a significantly higher prevalence of dia-
betes and hypertension than non-elderly pat'cients.8 Specifically,
34.8% of elderly patients had diabetes compared to 21.0% of
non-elderly patients, while 52.4% of elderly patients had hyper-
tension compared to 23.8% of non-elderly patients. AYA pa-
tients with HCC, on the other hand, tend to have fewer comor-
bidities at diagnosis than patients with HCC in other age groups.9
However, 40% of AYA cancer survivors develop multiple chron-
ic conditions within 10 years of their diagnosis, compared to
20% of their peers without cancer.” Although specific data on
the prevalence of comorbidities in AYA patients with HCC are
not available, studies on AYA cancer survivors, encompassing var-
ious types of cancers, suggest general trends. AYA cancer survi-
vors are two to three times more likely to experience cardiovas-
cular complications such as cardiomyopathy and stroke than in-
dividuals without cancer.” Additionally, nearly half of AYA
cancer survivors (47%) are overweight or obese at baseline, indi-
cating a substantial risk of metabolic disorders such as diabetes
and hyperlipidemizl.8 Mental health issues are also prevalent,
with 31% of AYA cancer survivors reporting mental health co-
morbidities.”* Therefore, when determining treatment strategies
for elderly patients with HCC, it is essential to consider their co-
morbidities to minimize complications associated with treat-
ment. AYA patients with HCC face a higher risk of developing
chronic conditions over time, highlighting the need for regular

monitoring and follow-up care.

TREATMENT STRATEGIES
Eldedy HCC

A study using KPLCR data showed that elderly patients with
HCC received less aggressive treatment after diagnosis, with a
higher proportion remaining untreated than non-elderly patients
(25.2% vs. 16.7%) (Table 2)." However, median overall survival
(OS) was significantly longer in elderly patients who underwent
treatment (38.6 months in the treated group vs. 22.3 months in
the untreated group). Therefore, it is important to carefully select
elderly patients who can benefit from treatment and adopt a
more proactive approach to manage their disease. However, sev-

eral factors must be carefully considered when determining the
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treatment approach or whether to treat elderly patients with

HCC.

Personalized treatment plans

Managing elderly patients with HCC presents the challenge of
carefully evaluating the benefit-risk ratio and determining when
the potential benefits of treatment outweigh the risks of toxicity
in this population. This is particularly complex because of reduced
life expectancy and diminished ability to adapt to physical and
psychological stress. Such assessments are even more challeng-
ing in older adults and necessitate the use of specialized tools
tailored to their needs.

In elderly patients with HCC, potential age-related decline in
liver function plays a crucial role in determining treatment deci-
sions. Models such as the Child-Pugh score, model for end-
stage liver disease (MELD) score, and albumin-bilirubin score
are useful for assessing liver function.™”* In addition, the etiolo-
gy of the underlying liver disease must also be considered, as it
can influence treatment choices and outcomes. The tumor char-
acteristics, including the number, size, and location of nodules
and the presence of vascular invasion or metastasis, are critical
for treatment planning. Additionally, the patient’s immune sta-
tus is a significant consideration, as it can impact the tolerability
of specific therapies and overall prognosis. The Barcelona Clinic
Liver Cancer (BCLC) staging system can help determine the
most suitable treatment by integrating liver function, perfor-
mance status, and tumor characteristics.”’

Comorbidities are another important factor in characterizing
elderly patients, although there remains a debate regarding the
best methods to define and stratify the risk of mortality based
on the number and severity of these conditions.”® The compre-
hensive geriatric assessment (CGA) is one of the most widely
recognized methods for identifying frailty, a state of vulnerability
to poor resolution of homeostasis following stress or an event.”
CGA offers a multidimensional and interdisciplinary evaluation
of an older adult’s health status. This process encompasses the
assessment of physical function, cognitive ability, comorbidities,
medication use, nutritional status, psychological wellbeing, and
social support. Key daily activities such as eating, bathing, man-
aging finances, and using a telephone are also evaluated using
tools such as activities of daily living (ADLs) and instrumental
ADLs. Based on CGA findings, patients are categorized as fit,
vulnerable, or frail. Fit patients are deemed suitable for standard
treatment regimens, vulnerable patients may require tailored or
modified approaches, and frail patients often benefit more from

supportive care focused on symptom management and improved
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quality of life. By combining insights from CGA with HCC-
specific considerations, clinicians can formulate highly individu-
alized treatment strategies. Personalized treatment plans for el-
derly patients with HCC enhance patient autonomy, minimize
the risks of under- or overtreatment, reduce mortality, and im-

prove overall outcomes.

Early-stage HCC

Treatment options for BCLC stage 0 or A HCC include liver
resection, liver transplantation (LT), and local ablation.”” The
BCLC classification does not specify whether age influences
treatment decisions, and the available scientific evidence on this
matter remains inconclusive. KPLCR data showed that surgical
treatments, including liver resection and transplantation, were
performed at a lower rate in elderly patients than in non-elderly
patients (23.9% vs. 39.5%) with very early and early-stage HCC.*
Conversely, elderly patients were more likely to receive transar-
terial therapy than non-elderly patients (45.0% vs. 36.3%). The
use of local ablation therapy was similar between the two groups,
performed in 19.2% of elderly patients and 19.0% of non-elderly
patients. In patients with early-stage HCC, elderly patients had
a significantly shorter median OS compared to non-elderly pa-
tients (41.6 vs. 111.6 months). However, among elderly patients,
those who received treatment for HCC had a significantly lon-
ger median OS than those who did not (44.7 vs. 21.3 months).

Surgical resection

Surgical resection is the preferred treatment for localized HCC
in patients without cirrhosis. For those with cirrhosis, it is rec-
ommended in cases of limited tumor burden, well-compensated

liver function, absence of significant portal hypertension, and

Table 1. Clinical characteristics of elderly and AYA patients with HCC

sufficient future liver remnant volume.* For surgical resection in
elderly patients with HCC, careful consideration of age-related
liver changes is required, as factors like reduced hepatic blood
flow, diminished bile acid secretion, and impaired immune
function can impact surgical outcomes and recovery.” Proper
patient selection, considering tumor characteristics (size, num-
ber, location), liver function, hepatic reserve, and the presence or
severity of portal hypertension, is crucial for achieving favorable
surgical outcomes in elderly patients with HCC.* In addition,
the patient’s overall performance status, comorbidities, and the
estimated future liver remnant volume must be thoroughly eval-
uated to ensure suitability for surgical intervention.

According to KPLCR data, the proportion of elderly patients
with HCC undergoing surgery was lower than that of non-el-
derly patients, with rates of 13.9% vs. 25.6% for BCLC stage 0
and 26.3% vs. 43.0% for BCLC stage 1.” This discrepancy is
likely due to concerns about higher operative risks and shorter
expected survival in older patients. In early-stage patients with
HCC who underwent surgical resection, the median OS was
significantly shorter in elderly patients than in non-elderly pa-
tients, both before (86.3 vs. 133.9 months) and after the inverse
probability of treatment weighting (IPT'W) analysis (97.4 vs.
138.0 months). The 1-year and 5-year OS rates were 83.8% and
65.1% in elderly patients and 90.9% and 75.4%, respectively, in
non-elderly patients with HCC.

However, a meta-analysis of 42 studies involving 7,778 elderly
patients found similar OS outcomes between elderly and non-
elderly patients, with 1-year and 5-year OS rates of 86.0% and
51.6% in elderly patients and 86.6% and 53.8% in non-elderly
patients with HCC.* This difference may be attributed to varia-
tions in liver disease etiology among elderly patients with HCC

Characteristic Elderly Early-onset

Etiology HBV is less common

HCV or MASLD are more common

Comorbidities

Tumor size Smaller

Vascular invasion Less frequent

Tumor characteristic Less aggressive
Alpha-fetoprotein Lower levels
Family history Less frequent

Genetic predisposition

High prevalence of diabetes, hypertension

Less likely to have genetic risk factors

Predominantly HBV

Fewer at diagnosis but higher risk of long-term
chronic conditions

Larger

More frequent

More aggressive

Higher levels

More frequent

More frequent association with genetic mutations

AYA, adolescent and young adult; HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus; MASLD, metabolic dysfunction-associated

steatotic liver disease.
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included in the two studies. The meta-analysis included a popu-
lation with 23.45% HBV and 38.6% HCYV, whereas the KLLP-
CR data showed 33.8% HBV and 17.7% HCV in elderly pa-
tients. Additionally, the KPLCR data included more recent cas-
es from 2008 to 2017, whereas the meta-analysis included stud-
ies with older timeframes, which may further account for the
observed differences.

In a meta-analysis, no significant differences were observed in
recurrence-free survival, with 1-year rates of 67.3% vs. 74.2%
and 5-year rates of 31.6% vs. 30.2% between the two groups.43
However, elderly patients experienced a higher rate of minor
complications (21.9% vs. 13.7%), while major complication rates
remained comparable. These results may be attributed to recent
advances in surgical techniques and perioperative management
as well as the implementation of more careful selection criteria
for elderly patients. In clinical practice, careful patient selection
combined with a multidisciplinary approach is important to
achieve acceptable mortality and morbidity outcomes and in-
creasing the proportion of patients eligible for curative therapies.
Perioperative assessment tools, such as the American Society of
Anesthesiologists score, physiological and operative severity
score for the enumeration of mortality and morbidity (POS-
SUM/P-POSSUM), estimation of physiologic ability and sur-
gical stress (E-PASS), and acute physiology and chronic health
evaluation (APACHE 1II) scores, play a key role in assessing el-
derly paltien'cs.44 Studies and meta-analyses of randomized con-
trolled trials on enhanced recovery after liver surgery have fur-
ther highlighted its benefits, including improved postoperative
morbidity rates, shorter hospital stays, and faster functional re-
covery.

Over the past decade, laparoscopic and robotic techniques
have been increasingly utilized in liver surgery to reduce surgical
stress, improve outcomes, and demonstrate safety and effective-
ness.”* Recent studies have highlighted the feasibility of these
techniques in elderly patients. A Korean propensity score match-
ing analysis reported shorter hospital stays in elderly patients,
with no differences in OS, disease-free survival (DFS), or com-
plication rates between laparoscopic and open hepatectomy.47
Another propensity score matching study also observed fewer
major complications and shorter hospital stays in elderly patients
with HCC treated with laparoscopic liver resection.” These
findings support laparoscopic and robotic surgery as viable and
safe alternatives to open hepatectomy, emphasizing the need for
clear selection criteria to maximize benefits for elderly patients.

Finally, elderly patients with HCC undergoing liver resection

require specialized postoperative care to optimize outcomes and
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minimize complications. This includes close monitoring in the
intensive care unit, respiratory care with early ambulation and
respiratory exercises, infection control, nutritional support, reg-

ular cognitive assessments, and management of comorbidities.

Local ablation therapy

Patients with solitary HCC who are not candidates for surgery
or choose not to undergo surgery should be evaluated for cura-
tive ablative therapies.10 An ablation-first approach may be ap-
propriate for patients with centrally located tumors requiring
major hepatectomy or those with very early-stage HCC. A re-
cent study using the National Cancer Database, which included
10,032 elderly patients (270 years) with HCC, showed that he-
patic resection was associated with improved OS (hazard ratio
[HR], 0.65; 95% confidence interval [CI], 0.57-0.73) compared
to radiofrequency ablation (RFA).” Furthermore, the survival
benefit of hepatic resection persisted even after 1:1 propensity
score matching. A meta-analysis of 13 studies involving 4,903
elderly patients (265 years) with HCC showed that the surgery
group demonstrated superior OS (HR, 1.44; 95% CI, 1.22-1.70)
and DFS (HR, 1.40; 95% CI, 1.00-1.97) compared to the RFA
group.50 'This advantage was also observed in patients with small
HCC (tumors less than 3 cm), where the surgery group had bet-
ter OS (HR, 1.42; 95% CI, 1.00-2.03) and DFS (HR, 1.32;
95% CI, 0.91-1.91). However, adverse events were significantly
lower in the RFA group (odds ratio [OR], 0.22; 95% CI, 0.14-
0.36), leading to shorter hospital stays (mean difference, 14.88
days; 95% CI, -22.44 to -7.32).

'The significant benefit of surgical resection is its ability to re-
move potential venous tumor thrombi, achieve complete tumor
resolution with clear margins, and provide valuable histopatho-
logical information. Although elderly patients with more comor-
bidities may be less suitable for surgery.w Therefore, RFA offers
several advantages, including minimal invasiveness, reduced
blood loss, lower perioperative risk, and less impact on liver
function.” Therefore, local ablation therapy may be a more prac-
tical and appropriate option than surgical resection for certain
elderly patients.

According to KPLCR data, after IPTW analysis, the median
OS in elderly patients who underwent local ablation therapy was
comparable to that of non-elderly patients (82.2 vs. 105.5 mon-
ths).* A meta-analysis including five studies of patients who un-
derwent RFA found no significant differences in 1-year (OR,
1.5; 95% CI, 0.788-2.885) and 3-year OS (OR, 1.352; 95% CI,
0.940-1.944) between elderly and non-elderly patients undergo-
ing RFA for HCC.” However, at 5 years, younger patients showed

59



Volume 25 Number 1, March 2025

significantly better clinical outcomes (OR, 1.379; 95% CI, 1.079-
1.763). Another study also reported higher 5-year mortality in
elderly patients, and further analysis revealed that this difference
was primarily due to liver-unrelated deaths in the elderly group.™
Regarding safety, recent studies and meta-analyses have indicat-
ed no significant differences in hospitalization duration or seri-
ous adverse events between elderly and younger patients with
HCC treated with RFA.***

Microwave ablation (MWA) is more effective than RFA in
achieving higher intra-tumoral temperatures, larger ablation
volumes, and shorter procedure times, with an improved con-
vection proﬁle.55 However, complications such as liver failure,
bleeding, infection, abscess formation, bile duct stenosis, and or-
gan injury occur in 2-3% of cases.”® A retrospective study of el-
derly patients with HCC treated with MWA found no signifi-
cant differences in OS between elderly (>65 years) and non-el-
derly (<65 years) patients with HCC.” However, elderly patients
had higher rates of HCV infection, comorbidities, cirrhosis,
larger tumors, poorer liver function, more ablation points, longer
ablation times, and greater hospitalization costs. Another study
demonstrated that elderly patients (>75 years), even those with
significant comorbidities, benefited from MWA similarly to
non-elderly patients, with no significant differences in complete
ablation rates, major complications, OS, or progression-free sur-
vival (PFS) after matching over an 8-year follow—up.58

Cryoablation is a type of local ablation therapy. In a prospec-
tive multicenter study including 223 patients aged 270 years
with small HCC and no metastasis, the local tumor progression
(LTP) rates at 1, 3, and 5 years were similar between the two
groups (12%, 17%, and 20% for cryoablation and 17%, 18%, and
21% for RFA, respectively).59 However, for tumors >3 cm in dia-
meter, LTP rates at 1 and 3 years were significantly lower with
cryoablation (13% and 22%) than with RFA (22% and 42%, re-
spectively). The OS rates at 1, 3, and 5 years were comparable
between the two groups (90%, 75%, and 62% for cryoablation
and 90%, 68%, and 63% for RFA, respectively).

LT

LT is an ideal treatment option for patients with early-stage
HCC who cannot undergo resection due to liver dystunction or
tumor multifocality, as it addresses both cancer and the underly-
ing liver disease.”” Although LT offers better long-term survival
than hepatic resection or local ablation, elderly patients are rarely
considered for LT because of their lower priority in the context
of limited organ availability. However, over the past 15 years,

the age of liver transplant recipients has steadily increased in
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both the United States and Europe.” In the United States, the
proportion of liver transplant recipients aged 65 years or older
increased from 9% in 2002 to 20% in 2017. Similarly, within the
Eurotransplant region, the proportion of liver transplant recipi-
ents aged 65 or older increased by 16% between 2012 and 2016.

A study using the National Cancer Database analyzed elderly
patients (270 years) diagnosed with HCC, including 4,674 who
underwent resection and 416 who received LT.” In the study,
patients receiving L'T" demonstrated significantly better OS and
longer median survival (97.9 months for LT vs. 65.6 months for
resection), suggesting that LT provides superior survival out-
comes for well-selected elderly patients with HCC. However, in
studies examining overall LT recipients, including those with
HCC, while 1-year post-transplant outcomes were comparable
between patients younger and older than 60 years, 5-year sur-
vival rates were consistently and significantly lower in recipients
aged 60-70 years or older.”"* The survival gap between elderly
and non-elderly patients with HCC widens over time. In older
transplant recipients, the decline in 5-year survival probability
mirrors that observed in the general population of similar age
groups. Early mortality is particularly high in elderly patients
with high MELD scores (>25-28), although such scores do not
appear to significantly affect late mortality risk in this popula-
tion.***

LT eligibility should not be determined by age alone; other
factors, such as liver function, comorbidities, and perioperative
risks, must be considered. However, the use of LT in elderly pa-
tients remains a topic of debate because of the shortage of liver

donors, and the upper age limit for transplantation has yet to be

clearly defined.*

Intermediate-stage HCC

Intermediate-stage HCC is highly heterogeneous, with progno-
sis influenced by AFP levels and liver function impairment, even
within Child-Pugh class A.”” However, there are no strict cut-
offs to guide treatment selection, and decisions regarding LT,
transarterial chemoembolization (TACE), or systemic therapy
must be individualized. According to KPLCR data, transarteri-
al therapy was performed in 63.0% of elderly patients and 63.8%
of non-elderly patients, while surgical resection was conducted
in 11.0% of elderly and 15.7% of non-elderly patients with inter-
mediate-stage HCC.® In patients with intermediate-stage HCC,
elderly patients had a significantly shorter median OS than non-
elderly patients (34.5 vs. 49.7 months). The median OS was sig-
nificantly longer in the elderly patients who received treatment

for HCC than in those who remained untreated (36.5 vs. 28.4
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months). In IPTW analyses, OS was comparable between el-
derly and non-elderly patients undergoing surgery, with a medi-
an OS of 66.0 vs. 90.3 months. Similarly, for patients receiving
transarterial therapy, IPTW analysis showed no significant dif-
ference in OS between the two groups, with a median OS of
36.5 months in elderly patients and 37.2 months in non-elderly
patients.

In a retrospective study of 875 patients who received TACE
as their primary therapy (604 non-elderly and 271 elderly pa-
tients with HCC), long-term survival outcomes were compara-
ble between the two groups.67 The estimated 1-, 3-, and 5-year
survival rates were 79% vs. 84%, 57% vs. 57%, and 42% vs. 39%
for non-elderly and elderly patients, respectively.” A prospective
study of 102 patients who underwent TACE as their first treat-
ment also showed similar survival outcomes between elderly and
younger patients, with age not associated with an increased rate
of adverse events.” Although randomized controlled trials are
limited, existing studies suggest that the cumulative risk of liver-
related mortality and adverse events after TACE is comparable
between elderly and younger patients. Therefore, TACE remains
the preferred treatment option for elderly patients with interme-
diate-stage HCC. In addition, for patients who are eligible for
resection but have a high perioperative risk, TACE can serve as
an alternative due to its safety profile and the increased risk of
surgical complications in this population.

Transarterial radioembolization (TARE) is often considered a
safer alternative to TACE in patients with HCC because of its
favorable safety profile and reduced treatment-related complica-
tions.” One key advantage of TARE is its lower incidence of
post-embolization syndrome, which includes fever, abdominal
pain, nausea, and vomiting, and can be particularly challenging
for elderly patients with reduced physiological reserves. In con-
trast to TACE, TARE delivers targeted radiation without caus-
ing significant ischemic damage, thereby reducing the risk of
liver dysfunction. TARE is better tolerated than TACE, with
fewer complications and hospitalizations, making it a viable op-
tion for frail elderly patients. As an outpatient procedure, it also
minimizes hospital stay and associated risks. Additionally, TARE
offers comparable or superior tumor control and overall survival
while avoiding the systemic toxicity of chemotherapy.”” Al-
though research on elderly patients with HCC remains limited,
TARE may be a more suitable treatment option, particularly for
those at higher risk of adverse events from TACE.

Advanced-stage HCC

Advanced-stage HCC includes patients with vascular invasion
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or extrahepatic spread who remain relatively fit, as indicated by a
performance status of <2 at staging, and those with preserved
liver function.” Patients with BCLC-C should be considered
for systemic therapy, with various effective first-, second-, and
subsequent-line treatment options available for those meeting
the criteria established in clinical trials leading to regulatory ap-
proval. However, KLPCR data showed that the most common-
ly received treatment for advanced-stage HCC was transarterial
therapy, with 34.9% of elderly and 42.9% of non-elderly patients
undergoing this treatment.’ Systemic therapy was administered
to 16.5% of elderly patients and 21.2% of non-elderly patients.
Since the data were collected between 2008 to 2017, the propor-
tion of patients receiving systemic therapy is expected to have
increased in recent years.

In KPLCR data, elderly patients had a significantly shorter
median OS than non-elderly patients (24.3 vs. 31.4 months).?
However, elderly patients who received treatment had a signifi-
cantly longer median OS than those who remained untreated
(31.4 vs. 22.3 months). In IPTW analysis, OS was comparable
between elderly and non-elderly groups treated with transarteri-
al therapy (28.4 vs. 33.5 months). Similarly, IPT'W analysis in-
dicated that the median OS in elderly and non-elderly patients
treated with chemotherapy was comparable (25.3 vs. 26.3 months).

The preferred first-line treatment is the combination of at-
ezolizumab and bevacizumab (Atezo-Bev) or durvalumab and treme-
limumab. The Atezo-Bev combination showed superior survival
benefits compared to sorafenib, though it has not been directly
compared with lenvatinib.””* Patients eligible for Atezo-Bev
must have preserved liver function (Child-Pugh A in cases of
underlying cirrhosis) and no high-risk factors for bleeding on
upper endoscopy, such as untreated esophageal varices or a his-
tory of variceal bleeding.” A multicenter retrospective study of
317 patients with HCC treated with Atezo-Bev found that el-
derly patients did not have worse OS or PFS, as shown by IPTW-
adjusted univariate analysis (HR, 1.239; 95% CI, 0.640-2.399
for OS and HR, 1.256; 95% CI, 0.871-1.811 for PFS).” Addi-
tionally, treatment-related adverse events were similar between
elderly and non-elderly patients. In addition, a subgroup analysis
of elderly patients aged 75-79, 80-84, and 285 years revealed no
significant differences in cumulative OS or PFS among these age
groups, except proteinuria, which differed across groups.

Durvalumab and tremelimumab, another first-line treatment
option for unresectable HCC, have demonstrated a significant
OS benefit compared to sorafenib.”” Although data on elderly
patients are limited, the STRIDE study included 50.4% of pa-
tients classified as elderly. In a retrospective study including 120
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patients with unresectable HCC, treatment-related adverse events
by age group (<70 vs. 270 years) showed no significant differenc-
es between the two groups, suggesting comparable tolerability
regardless of age.”

If treatment with Atezo-Bev or durvalumab-tremelimumab is
not feasible, lenvatinib can be used as a first-line chemotherapy
option for HCCrA propensity score-matched study of 100 pa-
tients receiving lenvatinib included 50 elderly patients (75 years)
and 50 non-elderly patien’cs.78 'There were no significant differ-
ences in the frequency of adverse events between elderly and
non-elderly patients. Similarly, OS and PFS did not differ sig-
nificantly between the two groups (HR, 0.972; 95% CI, 0.374-
2.529 and HR, 1.362; 95% CI, 0.687-2.700, respectively).

'The efficacy and safety of Atezo-Bev and lenvatinib in elderly
patients are comparable to those in non-elderly patients, indicat-
ing that advanced age alone is not a reason to limit chemothera-
py. However, elderly patients with HCC require careful evalua-
tion when considering systemic therapy due to their increased
susceptibility to treatment-related adverse effects. A thorough
assessment of underlying conditions and risk factors is essential
to determine the most appropriate treatment while minimizing

potential complications.

AYAHCC

'The treatment of AYA patients with HCC should be individu-
alized, considering both the aggressive nature of the disease in
younger patients and the potential long-term impact of treat-
ment. A multidisciplinary approach involving hepatologists, sur-
geons, and supportive care specialists is essential for optimal
management. Given their younger age and generally better
overall health, curative treatment should be prioritized whenever

possible.

Treatment approaches

Compared with other age groups, AYA patients require special-
ized attention in treatment strategies, family counseling, psy-
chological and behavioral support, and nursing care.”” Certain
AYA patients may tolerate more intensive therapies, compared
to older adults, as they generally have fewer comorbidities that
could limit treatment intensity.80 Therefore, if intensive treatment
is available for a specific disease and no contraindications exist,
it may be a viable option for select AYA patients. Surgical resec-
tion, including hepatectomy, is often the preferred first-line treat-
ment for localized diseases. LT is another viable option, particu-

larly for AYA patients with cirrhosis or decompensated liver dis-
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ease, provided that their tumor burden remains within interna-
tionally accepted criteria. However, AYA patients with HCC
face unique challenges after LT, as they require lifelong immu-
nosuppressive therapy and its associated complications for a
much longer period than older patients. This prolonged risk in-
creases their vulnerability to infections, metabolic disorders, and
long-term complications, making continuous monitoring and
management essential throughout their lifetime.” For advanced-
stage HCC, newer combination therapies, including immuno-
therapy, are also being evaluated and may offer promising results
in AYA patients.

AYA patients should receive care from a multidisciplinary
team specializing in AYA cancer treatment and addressing age-
specific developmental concerns such as fertility, sexual health,
education, career development, employment, family planning,
pregnancy, sexually transmitted diseases, and substance use dis-
orders.” Upon cancer diagnosis, AYA patients should undergo a
comprehensive assessment, which includes a psychosocial evalu-
ation, discussion of cancer and treatment-related risks to fertility
and sexual function, and education on fertility preservation
methods and contraception. A thorough family history should
be documented, and referrals for genetic counseling and familial
risk assessment should be considered if needed.” They also face
important decisions regarding their education, career, and em-
ployment. Throughout treatment, it is essential that AYA pa-
tients have the opportunity to remain as normal as possible, con-
tinue their studies or careers, and participate in key life events.”!
Physical and occupational therapy can play a vital role in helping
them transition back to an age-appropriate lifestyle.85 Pregnancy
testing should be conducted before each treatment cycle per in-
stitutional protocol, with referrals to fertility preservation or re-
productive health programs as needed.”

AYA patients with cancer may engage in risky behaviors such
as tobacco, alcohol, cannabis, or substance use, which can nega-
tively impact their health. Due to both treatment- and lifestyle-
related factors, AYA cancer survivors face a significantly higher
risk (up to 5 to 15 times greater) of developing cardiovascular dis-
ease compared to the general popula'cion.9 As a result, lifestyle
and dietary modifications are essential for improving long-term
survival.” Encouraging healthy lifestyle behaviors, including
regular physical activity during and after treatment, can provide

both physical and psychological benefits."

Prognosis of AYA HCC

However, the effect of age at onset on the prognosis of liver can-

cer remains controversial. Some researchers have suggested that
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younger patients with HCC have worse prognoses, with higher
recurrence rates even after surgical treatment.””” In contrast,
other studies report no significant difference in survival between
younger and older patients and even indicate improved survival
rates in younger individuals.”"” These conflicting findings may
be due to institutional heterogeneity and the limited sample siz-
es of young patients in these studies.

A recent study using the SEER database, which included
1,005 AYA patients and 55,435 older adult patients with HCC,
found that AYA patients generally had a more favorable progno-
sis than older patients across most subgroups.9 The 1-, 3-, and
5-year OS rates were significantly higher in AYA patients than
in older patients before propensity score matching (PSM) (61.4%,
45.3%, 39.0%, 52.1%, 30.0%, and 21.8%, respectively) and after
PSM (61.0%, 45.2%, 38.8%, 52.4%, 33.4%, and 25.4%, respec-
tively). In the subgroup analysis, AYA patients had a better
prognosis across most subgroups, with significantly improved
outcomes observed in women, white individuals, AFP-negative
patients, American Joint Committee on Cancer stage I-II cases,
and those who did not receive chemotherapy. Among the risk
factors, undifferentiated carcinoma was identified as the stron-
gest negative prognostic factor for AYA patients (HR, 6.08),
while partial hepatectomy was the most beneficial treatment op-
tion (HR, 0.29). This study highlights that AYA patients with
HCC exhibit more aggressive tumor characteristics yet achieve
better prognoses than patients with older age emphasizing the
need for personalized surveillance and treatment strategies.
However, further research, including prospective studies and in-
vestigations incorporating diverse racial and ethnic populations,
is necessary to gain a more comprehensive understanding of

treatment outcomes and prognostic factors in AYA patients with

HCC.

CONCLUSION

The management of HCC in the elderly and AYA populations
presents two distinct challenges in modern hepatology. While
both groups showed increasing incidence trends, their clinical
presentations, treatment considerations, and outcomes differed
significantly. Future research should focus on developing age-
specific treatment algorithms, understanding the biological dif-
ferences that drive disease characteristics in these populations,

and optimizing supportive care strategies.
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