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Abstract
Hepatocellular carcinoma (HCC) management is a challenging task. Despite continuous efforts to develop more 
effective treatments, patient prognosis often remains poor. Recently, a new management concept - the 
“multiparametric therapeutic Hierarchy” - has been proposed, with the hypothetical advantage of avoiding the risk 
of undertreatment inherent in “classical” HCC management modalities while also minimizing the risk of 
overtreatment that may occur when inexperienced clinicians adopt overly aggressive treatment hierarchies. The 
“multiparametric” concept emphasizes a more comprehensive evaluation of each patient, focusing on their 
individual clinical presentation. Among the various factors considered, patient fitness plays a critical role. Here, 
fitness is understood as the set of patient-specific characteristics that can influence the outcomes of therapies 
within the hierarchical framework (or even preclude certain therapies altogether). This multifaceted concept 
extends beyond traditional “Performance Status” measurements, incorporating considerations of frailty and 
comorbidity. In this review, we explore the available evidence regarding the role of patient fitness within the 
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multiparametric therapeutic hierarchy for HCC. Finally, we discuss fitness considerations across different levels of 
the therapeutic hierarchy, highlighting current evidence, existing challenges, and limitations, with the aim of 
providing new insights for physicians involved in HCC management.
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INTRODUCTION
Hepatocellular carcinoma (HCC) poses a significant challenge for clinicians managing this disease. This is 
largely due to its highly variable clinical presentations and frequent occurrence in patients with advanced 
liver disease. In these individuals, outcomes are further influenced by multiple factors, such as tumor 
burden, comorbidities, clinical frailty[1], and the underlying liver disease[2]. Despite continuous 
advancements and the growing availability of more refined treatment options, HCC often still carries a poor 
prognosis[3]. This remains true even though staging systems and treatment guidelines, such as the Barcelona 
Clinic Liver Cancer (BCLC), have substantially improved since their introduction thirty years ago[4]. The 
latest updates to these systems have incorporated new therapies and approaches shown to dynamically 
impact prognosis at all stages of the disease[3]. Nevertheless, they continue to rely on a rigid stage-based 
hierarchy, where tumor staging represents the conceptual starting point for patient management[5]. 
Although this approach provides clinicians with an evidence-based framework for selecting the most 
appropriate treatment for each tumor stage, in practice, it carries a non-negligible risk of undertreatment. 
Because this strategy is closely tied to the initial assessment of the patient, it is often ill-suited to account for 
dynamic changes in prognosis introduced by novel therapeutic options. Consequently, treatment decisions 
in clinical practice frequently diverge from guideline recommendations[6,7]. In recent years, several 
alternative management frameworks have been proposed to address these discrepancies. One such recent 
proposal is the multiparametric therapeutic hierarchy introduced by the HCC Special Interest Group of the 
Italian Association for the Study of the Liver (AISF)[5]. This approach places the patient’s characteristics at 
the center of the decision-making process, evaluating all possible variables to allocate the patient to the most 
appropriate therapy - whether curative, aimed at downstaging, or palliative - while continuously reassessing 
treatment allocation based on response[5]. However, this approach, while theoretically minimizing the risk of 
undertreatment, requires an extensive, multiparametric, and multidisciplinary evaluation of every clinical 
aspect of the patients, such as liver disease severity, tumor characteristics, and the feasibility of each 
treatment option, all hierarchically ranked according to their curative potential[3]. In fact, the most recent 
guidelines from the European Association for the Study of the Liver have begun to move away from a 
purely stage-based algorithm, increasingly favoring multiparametric expert evaluations for all HCC 
patients[8]. Nevertheless, these guidelines still lack a fully comprehensive framework, particularly concerning 
the concept of patient fitness. Patient fitness, defined as the combination of individual characteristics that 
not only influence outcomes but may also preclude certain therapies, plays a crucial role in expert, 
multidisciplinary, multiparametric HCC management. In oncology, fitness extends beyond traditional 
performance status (PS) measures and includes frailty (a state of decreased physiological reserve) and 
comorbidities. In HCC, where treatment options range from curative interventions to purely palliative care, 
patient fitness often becomes the decisive factor in treatment selection and success.

The aim of this review is to investigate the available evidence on patient fitness evaluation and its role within 
the above-mentioned multiparametric therapeutic hierarchy.
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FITNESS
Fitness
As in the management of other solid cancers, the concept of patient fitness has been included as a key factor 
in the proposed multiparametric therapeutic hierarchy for treatment allocation[5]. Fitness can be defined as a 
patient’s ability to undergo a given treatment based on biological, physical, and medical conditions. Age, 
frailty, and comorbidities are among the variables that determine a patient’s fitness for treatment. This 
parameter was introduced to avoid the potentially misleading interpretation of PS when used to assess a 
patient’s overall condition[5]. In fact, patients should be deemed fit or unfit for treatment based on their 
general and medical conditions, independent of the malignant disease. By contrast, PS evaluates a patient’s 
physical abilities and overall health specifically in relation to neoplastic disease. Notably, in the original 
multiparametric therapeutic hierarchy algorithm, PS is incorporated as a “critical tumor feature” rather than 
as a general fitness parameter [Figure 1]. The most commonly used measure of PS is the Eastern 
Cooperative Oncology Group (ECOG) criteria, developed in 1974 as a standardized tool to assess treatment 
toxicity and response (with scores ranging from 0 to 5)[9]. Additionally, the Karnofsky Performance Scale 
mirrors this approach[10], classifying patients as “fully active” at a score of 0, “completely disabled” at 4, and 
“dead” at 5.

Older age in HCC fitness evaluation
Age is an unavoidable component in assessing fitness among patients with HCC[5]. In particular, in more 
radical approaches, advanced age (i.e., > 75 years) could represent a relative or even absolute 
contraindication. However, it is intuitive that biological age, rather than biographical age, is the most 
important consideration[5]. Indeed, the presence and number of comorbidities influence treatment choice 
and even the feasibility of treatment more than age alone. This is especially critical when evaluating liver 
transplantation (LT). With the aging global population, LT in elderly patients is increasingly discussed. 
Nowadays, there is a growing consensus that, after carefully excluding significant comorbidities, LT is 
feasible in elderly patients without a specific age cut-off, providing similar short- and long-term benefits 
compared to younger recipients. Nevertheless, questions remain regarding cost-effectiveness, quality-of-life 
outcomes, and optimal patient selection[11]. Less radical approaches are generally feasible in older patients. 
For example, in early-stage HCC, radiofrequency (RF) ablation or surgery (in carefully selected cases) can 
be considered, while in intermediate/advanced stages, more conservative approaches such as transarterial 
chemoembolization (TACE) or systemic therapy may be suitable[12,13]. In general, evidence supporting HCC 
therapies in elderly patients mostly comes from retrospective or real-world studies, as this population has 
often been excluded from clinical trials. Further studies are needed to address these gaps[12]. Nonetheless, 
there is broad consensus that multidisciplinary expert management is crucial for these subjects. The role of 
age will be further discussed in subsequent sections.

Comorbidities in HCC
Comorbidities play an important role in determining fitness and treatment eligibility. One of the earliest 
definitions of comorbidity is “any distinct additional clinical entity that has existed or that may occur during 
the clinical course of a disease that is under study”[14].

The presence of comorbidities can hinder treatment options for HCC patients at any stage. For example, 
severe cardiac, pulmonary, or renal disease, as well as significant frailty, can limit treatment choices 
regardless of liver function.

LT or resection may be contraindicated in patients with high cardiovascular risk or severe obesity[15,16]. 
Certain cardiovascular conditions may also restrict targeted therapies, while solid organ transplantation or 
autoimmune diseases can contraindicate the use of combined immune checkpoint inhibitors and anti-
angiogenic drugs in advanced settings[17,18].
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Figure 1. Fitness evaluation within the multiparametric therapeutic hierarchy. Proposal for modifying the original algorithm to provide a
more detailed assessment of patient fitness across various treatment stages. At each stage, the impact of fitness on treatment choices
varies depending on the radicality/invasiveness of the intervention - higher in liver transplantation, moderate in liver resection, and
low/marginal in locoregional/systemic therapies. (Modified from Vitale et al.[5]). CCI: Charlson comorbidity index.

Whether individual comorbidities that contraindicate specific treatments should be evaluated separately, or 
whether a composite score capturing the overall effect of comorbidities is preferable, remains an open 
question. Among available scoring systems, the Charlson comorbidity index (CCI) is the most widely used 
and is often considered the gold standard for assessing comorbidities in both research and clinical 
practice[19]. In HCC, CCI has been correlated with post-treatment outcomes and prognosis[20-23], but it 
remains unclear whether it should be used in its original form or adapted for this patient population[20,24].

Liver Function. In the context of HCC, impaired liver function is not considered a comorbidity, as chronic 
liver disease is inherently present in most patients. Nevertheless, liver function strongly affects prognosis 
and treatment strategies, regardless of tumor stage[25]. The liver’s functional status is critical for determining 
whether treatments that could further impair liver function are feasible. This principle applies both to early-
stage tumors, where surgical resection may be contraindicated, and to advanced stages, where locoregional 
or systemic therapies may be limited by the risk of hepatic decompensation[26,27].

Hepatic decompensation, more so than tumor progression, has been shown to negatively impact overall 
survival in both early[28,29] and intermediate/advanced HCC stages[2,30-32], although this impact has not been 
adequately quantified in randomized controlled trials.

Optimal patient care requires a coordinated, multidisciplinary approach to optimize treatment and improve 
overall outcomes[33-35].

Because of its importance, liver function assessment is considered a separate step in the therapeutic 
hierarchy and will be addressed in a dedicated review[5].

Definition of frailty
When evaluating the feasibility of HCC treatment, frailty is another critical factor to consider. Originally 
defined in geriatrics, frailty refers to a biological syndrome characterized by diminished physiological 
reserves and overall homeostasis, resulting in increased vulnerability to health stressors[36]. “Global” frailty 
arises from multidimensional impairments across one or more physiological systems, including the 
musculoskeletal, cardiovascular, neurologic, endocrine, and immune systems. Frailty is a dynamic process 
that can be caused or accelerated by extrinsic factors such as significant comorbidities, smoking, alcohol 
consumption, and socioeconomic status. In geriatric patients, the Comprehensive Geriatric Assessment 
(CGA) is regarded as the gold standard for evaluating frailty[37]. This multidomain assessment covers various 
areas, including comorbidities, mobility (muscle strength, balance, and motor skills), cognition and mood, 
nutritional status, socioeconomic factors, and medication use. Several screening tools for frailty have also 
been developed, such as the G8 screening tool, the Rockwood Clinical Frailty Scale, and the Vulnerable 
Elders Survey (VES-13)[37]. The G8 tool, an eight-item questionnaire encompassing the key domains of the 
CGA, is frequently used in oncology. Other tools, such as the Fried frailty phenotype[36], incorporate 
objective measures like grip strength, balance tests, and gait speed. These scores are valuable not only for 
evaluating frailty and determining suitability for anti-cancer therapies but also for identifying modifiable 
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factors (e.g., poor nutrition) that can improve patient outcomes. However, there is no universally 
recommended approach for assessing frailty. Moreover, the complex interplay between polypharmacy, 
comorbidities, and frailty poses significant challenges. This is especially important in HCC, which 
predominantly affects patients over 65 years of age, a population inherently more susceptible to these 
intersecting clinical factors.

Frailty in cirrhosis
In most cases, HCC occurs in the context of liver cirrhosis, which itself can cause frailty. Frailty has become 
a significant contributor to morbidity and mortality in patients with cirrhosis[38-44]. In patients with liver 
disease, particularly if advanced, hepatic-specific factors (i.e., impaired protein synthesis, ammonia-
associated muscle toxicity, and encephalopathy-related physical inactivity) are often the main drivers of 
frailty, leading to loss of muscle mass and function (physical frailty). In cirrhotic patients, sarcopenia 
represents the morphological correlate of frailty and serves as a negative prognostic factor, predicting 
poorer outcomes after LT[45-49]. Considering the close relationship between sarcopenia and frailty, most 
available tools emphasize assessing muscle function loss. Among global frailty assessments, the frailty index, 
Clinical Frailty Scale, and Hospital Frailty Risk Score have been evaluated[41,50,51]. Physical frailty has been 
assessed using the liver frailty index (LFI), Fried frailty phenotype, short physical performance battery 
(SPPB), activities of daily living (ADL), 6-minute walk test (6MWT), gait speed (used alone), and grip 
strength (used alone)[40,42,44,52-55]. All these tests, except for ADL, are performance-based[40,54,55] and require 
active patient participation.

Among these tools, the LFI has been thoroughly investigated. It was developed to predict mortality in 
patients with cirrhosis awaiting LT and is calculated using three components: grip strength (average of three 
trials measured with a hand dynamometer in the dominant hand), timed chair stands (time required to 
perform five chair stands with arms folded across the chest), and balance tests (total time the subject can 
maintain balance in three positions [side-by-side, semi-tandemm and tandem] for up to 10 s each)[39]. In 
outpatients with cirrhosis, an LFI score ≥ 4.5 identifies frail patients with a 1.9-fold increased adjusted risk of 
waitlist mortality (95%CI: 1.4-2.6) compared to non-frail patients[52]. By providing an objective measure, the 
LFI improves clinicians’ subjective predictions of waitlist mortality[56]. Additionally, LFI o predicts greater 
post-LT healthcare utilization (including longer hospital stays, more intensive care unit days, and more 
inpatient days within 90 days post-LT)[57]. However, identifying a specific LFI threshold above which 
mortality risk significantly increases remains challenging[58]. Evaluating longitudinal changes in LFI may be 
more informative for outcome prediction in patients with decompensated cirrhosis. For example, a 0.1-unit 
increase in LFI over 3 months is associated with a 2-fold higher risk of death/delisting (95%CI: 1.4-3.1)[59], 
whereas a 0.1-unit decrease reduces the overall mortality risk by 6% (cause-specific hazard ratio: 0.94; 
95%CI: 0.92-0.97; P < 0.001)[60]. Attempts to identify an LFI cut-off beyond which transplantation becomes 
futile due to high post-LT mortality have been unsuccessful. A recent study showed that no LFI threshold 
was identified at which post-LT mortality exceeded pre-LT mortality, suggesting that transplantation still 
offers survival benefits even in patients with advanced frailty[61].

Other assessments using the Fried frailty phenotype, SPPB, 6MWT, and gait speed have demonstrated 
similar associations with mortality[38,42,44,53]. Ambulatory assessments using the Clinical Frailty Scale, frailty 
index, Fried frailty phenotype, and gait speed have also been shown to predict future hospitalizations and 
length of stay[38,41,44,51].

Frailty in HCC
Unlike patients with cirrhosis, there is limited evidence on the role of frailty in predicting prognosis and 
guiding treatment allocation in patients with HCC. Frailty, as assessed by the Clinical Frailty Scale, has been 
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independently associated with cancer-specific survival in patients undergoing liver resection (LR)[62]. 
Similarly, a poor prognosis after hepatectomy has been reported among frail patients defined using the 
Kihon Checklist and Barthel Index[63,64]. Moreover, the Hospital Frailty Risk Score has been linked to longer 
hospital stays and higher mortality rates in patients with HCC[65]. However, data on the usefulness of LFI in 
treatment allocation or survival prediction in HCC patients are lacking. In this context, frailty has often 
been indirectly evaluated through the assessment of sarcopenia, its morphological correlate[66]. A systematic 
review and meta-analysis demonstrated that sarcopenia in HCC patients is associated with decreased overall 
survival, a higher risk of recurrence following LR and LT, lower objective response rates, and increased rates 
of drug-related adverse events[67]. Interestingly, a recent study evaluating the impact of skeletal muscle index 
(SMI) on the survival of patients with HCC who underwent transplantation beyond the Milan criteria 
concluded that greater muscle mass is associated with a better long-term prognosis[68]. Nevertheless, 
although closely related, sarcopenia and frailty are not synonymous. Sarcopenia reflects mainly the physical 
dimension of frailty, whereas frailty is a broader, multidimensional concept that encompasses physical, 
psychological, and social components. While hepatology studies commonly focus on physical frailty alone, a 
comprehensive assessment of global frailty may provide more accurate prognostic information. However, 
there is still a lack of data regarding which frailty score is most appropriate for HCC patients and the 
optimal cut-off values to guide treatment selection.

Frailty and sarcopenia
As stated above, sarcopenia and frailty are closely related, making it valuable to discuss sarcopenia within 
the framework of frailty[69]. Along with aging and comorbidities, sarcopenia is a key determinant of frailty. 
According to a widely accepted definition, sarcopenia is a progressive and generalized skeletal muscle 
disorder characterized by the pathological loss of muscle mass and function, associated with an increased 
risk of adverse outcomes including falls, fractures, disability, and mortality[70]. It can develop primarily as a 
consequence of aging or secondarily due to underlying conditions[70]. The causes of secondary sarcopenia 
include activity-related factors (e.g., bed rest, ataxia), nutrition-related factors (e.g., malnutrition), and 
disease-related factors (e.g., malignancies, severe organ failure, chronic inflammatory diseases, endocrine 
diseases)[70]. Despite its comprehensive theoretical definition, in clinical practice, sarcopenia is often assessed 
only by measuring skeletal muscle mass, rather than incorporating muscle strength and physical 
performance (LAI). Thus, an operational definition of sarcopenia based primarily on reduced muscle mass 
has been widely adopted, including by the American Association for the Study of Liver Diseases[71].

Skeletal muscle mass can be quantitatively assessed using various methods, such as dual-energy X-ray 
absorptiometry, bioelectrical impedance analysis, and cross-sectional imaging (CT or MRI scans)[71]. CT 
imaging is currently considered the gold standard for muscle mass assessment in cirrhosis and is typically 
reported as the SMI, calculated as the total skeletal muscle area at the L3 vertebral level normalized to 
height[71]. Diagnostic SMI cut-off values for sarcopenia are gender-specific and vary across regions and 
populations. For example, the American Association for the Study of Liver Disease (AASLD) defines 
sarcopenia as SMI < 39 cm2/m2 in women and < 50 cm2/m2 in men, whereas the Japanese Society of 
Hepatology uses L3-SMI < 38 cm2/m2 in women and < 42 cm2/m2 in men[72].

Overall, sarcopenia is highly prevalent among cirrhotic patients with HCC, and its pathogenesis is 
influenced by both cirrhosis- and tumor-related mechanisms. Cirrhosis-specific factors include 
malnutrition (e.g., decreased calories intake, deficiencies in branched-chain amino acids (BCAAs), zinc, 
magnesium, and vitamin D), a hypercatabolic state (e.g., chronic inflammation, impaired glycogen 
synthesis, insulin resistance, increased proteolysis, lipid peroxidation, hyperammonemia, upregulated 
myostatin), and hormonal dysfunction (e.g., low insulin-like growth factor and testosterone levels)[73]. 
Furthermore, HCC treatments themselves may contribute to or exacerbate muscle loss. A recent meta-
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analysis of 57 studies involving 9,790 HCC patients reported a pooled prevalence of sarcopenia of 41.7% 
(95%CI: 36.2-47.2). Sarcopenia was significantly associated with poorer overall survival (HR: 1.93; 95%CI: 
1.73-2.17; P < 0.001), higher risk of tumor recurrence (HR: 1.75; 95%CI: 1.56-1.96; P < 0.001), lower 
objective response rates (OR: 0.37; 95%CI: 0.17-0.81; P = 0.012), and more drug‐related adverse events (OR: 
2.23; 95%CI: 1.17-4.28; P = 0.015)[67], findings consistent with previous investigations[74,75].

Despite their close relationship, sarcopenia and frailty are distinct in definition and therapeutic focus. While 
sarcopenia emphasizes muscle mass and function, frailty encompasses a broader range of functional 
declines, including muscle weakness and slowness[76]. Therefore, evaluating frailty may be more appropriate 
for assessing overall fitness in HCC patients.

FRAILTY AND FITNESS AS DYNAMIC CONCEPTS
Cancer prehabilitation
Most pathogenic mechanisms and determinants of frailty can be targeted through specific clinical 
interventions, making frailty a dynamic feature in the global assessment and management of patients with 
HCC[71,77]. Cancer prehabilitation refers to a multimodal pre-treatment approach designed to optimize a 
patient’s health and functional reserve prior to cancer treatment. This strategy aims to maximize treatment 
opportunities while minimizing anticipated treatment-related impairments, morbidity, and mortality[77]. In 
2017, the World Health Organization (WHO) launched the “Rehabilitation 2030” initiative - a call to action 
to advance global access to high-quality rehabilitation services as essential components of health care for 
individuals with noncommunicable diseases[78]. Oncology was designated a priority area, not only due to the 
severe impact of cancer and related therapies on patients’ physical and functional capacities, but also 
because of the demonstrated effectiveness of rehabilitation in mitigating these effects[78].

Despite the well-established negative prognostic impact of frailty in HCC patients, data on the feasibility 
and efficacy of frailty-focused therapeutic interventions in this population remain scarce and 
heterogeneous[77,79,80]. The lack of standardized operational definitions, consistent outcome assessments, and 
consensus on the optimal components of prehabilitation programs continues to hinder efforts to establish a 
clear causal relationship between prehabilitation and improved outcomes. Furthermore, various clinical, 
methodological, socioeconomic, and psychological factors complicate the implementation of such 
interventions, particularly in HCC patients[71,81,82]. Nevertheless, evidence supporting the effectiveness of 
prehabilitation in enhancing clinical outcomes can be pragmatically derived from studies involving patients 
with other solid organ cancers or liver cirrhosis[71,81-84].

Frailty treatment
In real-world clinical practice, frailty is a major challenge, as it represents a multidimensional construct 
requiring an interdisciplinary, time-consuming, and resource-intensive approach throughout all stages of 
care, from diagnosis to treatment and outcome assessment[71,77,78,80,85]. To ensure optimal resource allocation, 
implementing an effective and comprehensive screening program is a crucial prerequisite[71]. A three-level 
framework for disease prevention and health promotion seems to be the most cost-effective approach. Each 
level targets different stages of disease and thus requires varying intensities of assessment and intervention. 
According to the 2021 Practice Guidance on Malnutrition, Frailty, and Sarcopenia in Patients with Cirrhosis 
by the AASLD[71]: “Primary prevention” involves routine screening to identify patients with frailty or at high 
risk; “Secondary prevention” entails initiating therapy in patients diagnosed with frailty; “Tertiary 
prevention” focuses on intensifying therapy in patients with frailty who do not respond to first-line therapy.
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Currently, the most significant determinants of frailty targeted by rehabilitative interventions in cancer and 
cirrhotic patients include major comorbidities, liver function, malnutrition, muscle dysfunction, and 
psychosocial disorders[71,79,80,85].

Obviously, a “one-size-fits-all” prehabilitation program is unrealistic, given the complexity and 
heterogeneity of both HCC patients and HCC therapies[71,79,80,85]. Instead, an individualized, dynamic, 
patient- and therapy-tailored approach should be pursued. Moreover, these interventions should primarily 
target high-risk patients identified not only during initial screening but also throughout the treatment 
pathway via repeated reassessment, as these individuals stand to benefit the most from 
prehabilitation[71,77,79,80,85].

Muscle dysfunction
Exercise training is a rehabilitative intervention with well-established benefits in patients with various 
chronic conditions and solid tumors. However, its implementation in the management of patients with 
chronic liver disease has long been limited by concerns about its feasibility and safety[86-88]. Recent systematic 
reviews evaluating exercise training as an intervention for frailty in cirrhotic patients awaiting LT have 
consistently reported that physical rehabilitation is feasible, with good patient adherence, minimal 
musculoskeletal adverse events, and no evidence of exercise-related cirrhosis decompensation or portal 
hypertension complications[86-88]. The reviewed studies uniformly excluded patients with severe 
cardiopulmonary disease or those without adequate primary or secondary prophylaxis for esophageal 
varices. Additionally, treatments for ascites and hepatic encephalopathy had to be optimized before 
enrollment[88]. Other factors considered in pre-exercise risk assessments included recent alcohol 
consumption, recurrent falls, significant anemia, and physical or mental disabilities[86,87]. The vast majority of 
studies reported significant improvements in functional, physical, or aerobic capacity[86-88]. Furthermore, 
improvements in physical activity levels and frailty were associated with favorable clinical outcomes[88]. In an 
ambispective cohort study of 517 patients, Lin et al. found that a median improvement of 0.3 points in the 
LFI among frail patients participating in a home-based prehabilitation program was significantly associated 
with improved survival. Moreover, adherence to the physical therapy program was independently 
associated with increased survival[89].

Recently, Marcantei et al., in a systematic review involving 809 patients with HCC (514 in the exercise 
training group vs. 295 controls), showed that physical prehabilitation either prevented deterioration or 
significantly improved physical function, prevented muscle mass loss, and improved body composition. 
Overall, exercise training was found to be feasible, safe, and effective not only in outpatient settings but also, 
importantly, during hospitalization. Therefore, it should be started at diagnosis and continued during and 
after treatment, including in cases involving surgery[80].

In 2024, Hallsworth et al. reported on a home-based telehealth exercise intervention in HCC patients. 
Despite the small sample size (n = 15), the study successfully engaged older and medically complex patients 
(mean age 74 years; 68% with cardiovascular disease; 48% with diabetes, 89% with musculoskeletal 
disorders, 37% frail and 63% pre-frail). The intervention was feasible, with a 74% adherence rate and no 
serious adverse events, and it significantly improved physical function, grip strength, and balance[90].

Regarding exercise prescription, the AASLD[71] recommends a combination of aerobic and resistance 
training for cirrhotic patients. The rationale is that aerobic training improves muscular endurance and 
cardiopulmonary fitness, while resistance training specifically enhances skeletal muscle strength and mass. 
Guided by the principles of frequency, intensity, time, and type (FITT), the recommendations are as 
follows:
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· Frequency - Aerobic (4-7 day/week); Resistance (2-3 day/week) 
· Intensity - Use the talk test to ensure adequate intensity (patients should be short of breath but able to 
speak a full sentence); perform 3 sets of 10-15 repetitions per session 
· Time - Start gradually and increase progressively 
- Aerobic: 150 min per week 
- Resistance: at least once per week 
· Type - aerobic (e.g., walking), resistance (e.g., functional activities such as stair climbing or progressive 
weight training), flexibility and balance exercises (e.g., stretching, balance training)

Similarly, the European Society for Clinical Nutrition and Metabolism (ESPEN) practical guidelines for 
cancer patients[83] recommend (F) three sessions per week of (I) moderate-intensity training (50%-75% of 
maximum heart rate or aerobic capacity), (T) lasting 10-60 min per session, (T) combining aerobic and 
resistance exercises. The exercise prescriptions derived from systematic reviews of LT candidates and HCC 
patients were generally in line with these recommendations[86-88]. Exercise training can be delivered not only 
in-person but also through remote, home-based programs supervised by caregivers and/or monitored via 
telehealth, offering comparable outcomes and safety profiles[80,86-88,90].

Treatment of malnutrition
Similar to exercise training, there are few interventional studies investigating the effects of nutritional 
therapy on long-term outcomes in patients with HCC[77,91,92]. Nutritional interventions in this population 
should be evaluated within an operational framework that takes into account the morbidity of anti-cancer 
treatments, the underlying causes of chronic liver disease, and liver metabolic dysfunction.

Chemotherapy and surgery are known risk factors for the development or worsening of malnutrition. 
Accordingly, the guidelines for the prevention and treatment of malnutrition in cancer patients should also 
be applied to HCC patients[83]. These guidelines recommend interventions to increase oral intake, ensure 
adequate protein consumption, and correct vitamin or mineral deficiencies[83].

Patients with alcohol-related cirrhosis tend to present with more severe undernutrition, due to unhealthy 
lifestyles and frequent socioeconomic challenges[71,93]. Their caloric intake is often markedly reduced because 
of prevalent alcohol consumption, resulting in deficiencies in protein, fat, and various micronutrients 
(including folate, thiamine, zinc, selenium, vitamin D, vitamin B, and vitamin E)[71,92,93]. Additionally, 
alcohol-associated skeletal myopathy is an important contributor to sarcopenia in these patients[71]. In 
contrast, patients with Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD) exhibit 
prognostically unfavorable nutritional disorders, but with relatively opposite features[71,93]. Obesity is an 
independent risk factor for worse clinical outcomes both in chronic liver disease[93]and in liver surgery[94]. 
Intensive lifestyle interventions aiming for weight loss of ≥ 10% have been shown to significantly improve 
liver function and histology, as well as to reduce portal hypertension, without severe adverse events[71,84,93]. 
When caloric restriction is prescribed for MASLD, it is essential to ensure adequate protein intake (1.2-
1.5 g/kg/day), and it must be combined with an exercise program[71,84,93], because sarcopenic obesity is highly 
prevalent in this population and is associated with worse prognosis. A study involving 19 overweight/obese 
HCC patients evaluated a personalized hypocaloric, normoproteic diet combined with exercise training. All 
patients achieved weight loss, reduced body fat mass, and showed improvements in liver function and 
fibrotic markers, while maintaining skeletal muscle mass. However, despite these encouraging findings and 
the demonstrated feasibility and safety, no significant improvements in postoperative outcomes were noted, 
probably due to the small sample size.
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The metabolic dysfunction associated with chronic liver disease is characterized by reduced macro/
micronutrient availability, a persistent catabolic state, increased oxidative stress, and impaired biosynthetic 
and detoxification capacities[71,84,92,93]. Furthermore, portal hypertension and related complications can lead to 
reduced oral intake and malabsorption. The severity of malnutrition strongly correlates with the degree of 
liver disease, and a malnourished or sarcopenic state represents an independent risk factor for liver 
decompensation, complications of portal hypertension, hospitalization, and mortality[71,84,92,93]. Compared 
with other cancer patients, those with HCC often require higher caloric and protein intake (adjusted for 
BMI and Child-Pugh class; at least 35 kcal/kg/day in non-obese patients; and 1.2-1.5 g/kg/day of protein). In 
addition, specific dietary routines, such as frequent meals and late-night snacks, are recommended to 
counteract the accelerated starvation state[71,84,93].

Moreover, in the presence of malnutrition or sarcopenia, empirical oral multivitamin supplementation is 
pragmatically advised[71]. Nutritional supplements can help support or complement the prescribed diet. 
Enteral nutrition should be considered when oral intake is insufficient to meet nutritional targets, or when 
oral intake is not possible due to impaired cognitive status, severe gastrointestinal symptoms, or other 
clinical restrictions[71,82]. Delaying surgery to optimize preoperative malnutrition is necessary to mitigate the 
risk of postoperative morbidity and mortality, and has been proven safe in terms of tumor progression[82]. 
Patients with cirrhosis exhibit early onset of gluconeogenesis after short-term fasting, contributing to their 
increased protein requirements and muscle depletion. In cirrhotic patients, a randomized controlled trial 
reported that a late-evening nutritional supplement over 12 months improved body protein stores[95].

Specific nutritional interventions
Clinical research has explored the role of specific nutritional interventions in HCC patient management, 
focusing in particular on BCAAs and immunonutrition.

BCAAs
Cirrhotic patients often experience impaired protein metabolism, characterized by increased oxidation and 
reduced endogenous utilization of BCAAs[91,96]. This deficit represents a major pathogenic factor 
contributing to the development of hepatic encephalopathy and sarcopenia[91,96]. According to a recent 
systematic meta-analysis[97], the most consistent evidence supporting long-term BCAA supplementation is 
that it can improve event-free survival (P = 0.008; RR = 0.61; 95%CI: 0.42-0.88) and overall survival (P = 
0.05; RR = 0.58; 95%CI: 0.34-1.00) in cirrhotic patients. However, when examining the effects of BCAAs in 
patients undergoing specific HCC treatments (e.g., systemic therapy, radiotherapy, transarterial/ablative 
treatments, LR, LT), results were heterogeneous[91,96,97]. A consistent improvement in overall survival and 
nutritional status was observed only in patients receiving systemic therapy[96,97]. Conversely, in patients 
treated with resection, locoregional therapies, or LT, no significant benefit in terms of overall survival or 
recurrence-free survival was demonstrated[97-99]. Nonetheless, BCAAs appear to contribute to patient 
optimization, improving nutritional status, preserving or enhancing liver function, and potentially 
preventing therapy-related liver injury[96,98,99]. A recent meta-analysis involving 1,389 liver cancer patients 
undergoing hepatic resection or LT reported that perioperative BCAA administration was associated with 
reduced postoperative infections (RR = 0.58; 95%CI: 0.39 - 0.84; P = 0.005) and ascites (RR = 0.57; 95%CI: 
0.38-0.85; P = 0.005), as well as shorter hospital stays and increased body weight, without impacting cancer 
recurrence or overall survival[100].
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Immunonutritional interventions
Immunonutrition involves supplementation with multiple nutrients that support metabolic homeostasis 
and immune function, promote protein synthesis and antioxidant activity, and reduce the metabolic 
response to stress, thus modulating the postoperative inflammatory response[101,102]. These formulas typically 
include ω-3-fatty acids (ω-3 FAs), glutamine (Gln), arginine (Arg), and nucleotides, and have mainly been 
tested in surgical patients[101,102]. Two recent meta-analyses consistently demonstrated that perioperative 
immunonutrition in patients undergoing LR was associated with a significantly decreased risk of overall 
postoperative complications, surgical-site infections, and shorter hospitalization. In contrast, no significant 
effects on liver failure, overall survival, or disease-free survival were observed[101,102]. Additionally, another 
meta-analysis investigating the effect of ω-3 FAs on liver function and inflammatory reaction in patients 
undergoing LR showed that their administration had a positive impact on postoperative liver function and 
inflammation[103]. Meanwhile, evidence supporting immunonutrition in LT patients is limited and 
conflicting. A 2015 meta-analysis[104] suggested a heterogeneous protective effect against infectious 
complications but found no significant impact on mortality, graft function recovery, or graft rejection risk. 
Similarly, two randomized trials did not demonstrate any significant clinical benefits of peritransplant 
immunonutrition[105,106].

Psychosocial disorders and comorbidities
Patients with HCC often experience a severe psychosocial burden and negative lifestyle habits, all of which 
can contribute to the development of frailty. A comprehensive, multimodal prehabilitation program 
typically includes both medical risk factor optimization and psychosocial interventions[77,85]. These 
interventions not only directly address features of frailty but also synergistically enhance the beneficial 
effects of exercise and nutritional therapy[71,82,85]. For HCC patients, cessation of smoking and alcohol 
consumption is a fundamental component. Moreover, these patients frequently face socioeconomic 
deprivation, depressive disorders, and anxiety, resulting in lower quality of life and significantly higher 
levels of distress compared to patients with other cancers[107]. In addition, the complexity and multimodality 
of HCC therapies themselves contribute to increased stress, uncertainty, and anxiety[108]. In 2021, the first 
systematic review on Psycho-Oncological Interventions for Patients with Hepatobiliary Cancers was 
performed[107]. Only one randomized controlled trial involving 136 HCC patients evaluated the effect of 
psychological-educational care over 1 year after hepatectomy. The intervention included health education, 
personal interviews and support, guided patient meetings, and telephone follow-ups. After 12 months, the 
intervention group showed significantly reduced rates of depression and anxiety, improved quality of life, 
and increased overall survival compared to the control group receiving standard supportive care[109]. 
Another trial involving 97 patients undergoing postoperative chemotherapy after LR assessed the effect of a 
5A nursing intervention on quality of life and self-care efficacy. The intervention significantly improved 
self-care abilities and quality of life, alleviated cancer-related fatigue during treatment, and increased patient 
satisfaction with nursing care[110]. Overall, although data on psychosocial interventions in HCC patients are 
extremely limited, the high physical, psychological, and social needs observed throughout their cancer 
trajectory underscore the importance of further investigations in this area. These findings promote the 
incorporation of psychosocial prehabilitation strategies into clinical practice, as has been done in other 
oncological populations[111].

Enhanced recovery after surgery protocols
Enhanced Recovery After Surgery (ERAS) protocols currently represent the most consistent, effective, and 
evidence-based approach for implementing prehabilitation programs in clinical practice. These multimodal 
pathways comprise interventions at every stage of surgical patient management, aiming to facilitate a rapid 
recovery of physical function by attenuating the perioperative stress response to major surgery. The ERAS 
Society has recently released updated guidelines for perioperative care in liver surgery[82] and LT[81]. The 
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recommendations regarding prehabilitation encompass preoperative counseling, lifestyle changes, physical 
exercise, and nutritional interventions. In 2024, Delabays et al. conducted a systematic review and meta-
analysis to assess the impact of ERAS pathways on outcomes in cirrhotic patients undergoing liver 
surgery[112]. Among 646 patients (327 in the ERAS group and 319 in the non‐ERAS group), those managed 
with ERAS protocols showed a significant decrease in the risk of overall complications (OR 0.43; 95%CI: 
0.31-0.61; P < 0.001) and experienced shorter hospitalization compared to the non‐ERAS group, although 
no significant differences were observed in 90‐day postoperative mortality, reoperation rates, readmissions, 
or liver failure. These findings align with the broader evidence supporting the benefits of ERAS protocols in 
other types of surgery, as well as in liver surgery overall[113]. Another meta-analysis[114] examining LT 
outcomes in 284 patients managed with fast-track protocols derived from ERAS guidelines reported a 
significant reduction in overall complication rates after LT (OR 0.41; 95%CI: 0.23-0.74; P = 0.003).

Overall, the implementation of ERAS protocols in the therapeutic management of patients with HCC 
should be encouraged and prioritized, given their feasibility, safety, efficacy, and cost-effectiveness.

FITNESS AND FRAILTY EVALUATION IN THE THERAPEUTIC HIERARCHY
In the multiparametric, multidisciplinary expert decision-making framework that guides each step of the 
exclusionary ordinal therapeutic hierarchy for HCC treatment[5], the assessment of patient fitness is the first 
and foremost consideration, even before evaluating tumor characteristics. This prioritization is necessary 
because severe frailty or certain comorbidities may preclude the feasibility of a given therapeutic approach, 
regardless of tumor features or technical feasibility. Naturally, the impact of comorbidities and frailty varies 
depending on the type of therapeutic approach. Below, we outline the most important factors to consider 
when evaluating patient fitness at each stage of the ordinal therapeutic hierarchy. Table 1 summarizes the 
critical roles of fitness and frailty in influencing therapeutic choices for HCC. Figure 1 presents a proposed 
algorithm for a more granular evaluation of patient fitness within the multiparametric therapeutic 
hierarchy, which will be discussed in the following paragraphs[5].

LT
LT represents the most curative therapy for HCC, offering both radical treatment for tumors confined to 
the liver and resolution of underlying liver disease[115,116]. However, it is also a highly invasive and aggressive 
procedure, carrying a substantial risk of perioperative morbidity and mortality - risks that are significantly 
heightened by the presence of comorbidities and/or frailty, which can in turn diminish the benefit of 
transplantation[116,117]. Among treatment settings (along with LR), LT is supported by the most robust and 
granular data, with frailty/comorbidity indices demonstrating reliable predictive value for outcomes[117]. 
While there is no formal age limit for LT, it is generally recommended that candidates over 65 years 
undergo more stringent evaluation[117]. This recommendation stems primarily from the higher prevalence of 
specific comorbidities in elderly patients (e.g., cardiovascular diseases, diabetes, chronic respiratory diseases, 
chronic kidney disease, and obesity), which tend to reduce the benefits of LT more than age itself[15,118-126]. 
There is increasing interest in validating deep learning and AI-based algorithms for predicting major 
cardiovascular events in LT recipients[127,128]. Nevertheless, more traditional assessment tools, such as the 
CCI, have also demonstrated good reliability in the LT setting[20].

An unresolved challenge remains in understanding the impact of HCC recurrence after LT on efficacy, 
toxicity profiles, and overall survival. Further investigation is needed to establish optimal management 
strategies for these patients[129-131].
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Table 1. Potential treatment implications of frailty and comorbidities

1. Surgical interventions 
· Frail patients could show significantly higher early mortality after hepatectomy 
· Increased risk of postoperative complications 
· Extended recovery periods 
· Higher likelihood of failure to rescue 
2. Locoregional therapies 
· Reduced tolerability to transarterial therapies 
· Increased risk of adverse events 
· Lower complete response rates 
3. Systemic therapy 
· Higher rates of dose modifications 
· Increased treatment discontinuation 
· Reduced survival benefit 
4. Liver transplantation 
· Increased risk of waitlist mortality  
· Greater risk of hospitalizations and mortality after hospitalization  
· Higher risk of mortality and poor functional recovery after transplant

LR
The considerations regarding fitness for LT can largely be applied to LR as well. Thanks to advancements in 
minimally invasive surgical approaches (i.e., mini-invasive LR) and improved anesthesiological 
management, there is virtually no age limit for LR, provided that candidates are appropriately 
selected[132-136]. However, while a single comorbidity does not necessarily contraindicate LR, the cumulative 
burden of multiple comorbidities can significantly increase morbidity and mortality. This is especially true 
for patients with metabolic syndrome (obesity, dyslipidemia, type 2 diabetes, arterial hypertension), and 
more specifically in those with MASLD-related HCC[137-140]. Frailty and sarcopenia also clearly affect 
treatment outcomes[141-144]. Beyond the traditional ASA (American Society of Anesthesiologists) score, 
several additional parameters have been investigated to better assess surgical risk[62,145-150]. Unlike in the LT 
setting, where comorbidities may contraindicate transplantation, in LR, these conditions do not necessarily 
preclude surgery, and there are no clearly defined cut-off values in the proposed scoring systems to serve as 
absolute contraindications. Therefore, the selection of candidates for LR should rely on a comprehensive, 
multidisciplinary evaluation that takes into account all relevant aspects - clinical status, surgical factors, and 
the availability of efficacious alternatives.

Anesthesiological assessment in surgical fitness evaluation
Anesthesiological evaluation is essential in assessing surgical fitness for both LR and transplantation. While 
both procedures require thorough preoperative assessment, their risk profiles and perioperative 
implications differ substantially. For LR, anesthesiologists focus on evaluating cardiopulmonary reserve, 
frailty, and liver function reserve - especially in patients with chronic liver disease. Tools such as 
Cardiopulmonary Exercise Testing (CPET), spirometry, and the ASA classification are commonly employed 
to quantify surgical risk and identify candidates who may benefit from prehabilitation[151,152].

In contrast, anesthesiological assessment for LT also involves evaluating the systemic effects of chronic liver 
dysfunction (e.g., portopulmonary hypertension, hepatopulmonary syndrome, coagulopathy) and the 
patient’s ability to tolerate prolonged anesthesia and significant hemodynamic shifts during surgery[151]. The 
complexity of transplantation, with its multi-organ implications, necessitates a more extensive perioperative 
evaluation, including echocardiography, pulmonary function tests, and detailed nutritional and sarcopenia 
assessments[39].

According to the 2024 EASL guidelines, pretransplant evaluation should be conducted within a 
multidisciplinary framework and tailored to optimize patient survival and graft function. Anesthesiologists 
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contribute decisively to this process, helping to inform transplant candidacy decisions and identify
reversible contraindications. Their role is particularly pronounced in borderline or high-risk patients, where
perioperative outcomes hinge on meticulous physiological optimization[8].

Locoregional therapies
As we move “down” the therapeutic hierarchy, we gain greater applicability at the cost of treatment
radicality. Percutaneous ablation (PA), whether using mono- or bipolar RF or microwave (MW) techniques,
is generally well tolerated[153,154], even in frail patients or those with significant comorbidities. In recent years,
laparoscopic ablation (LA) has also emerged as a more effective option than other lower-tier therapies, such
as TACE, and is now included in the therapeutic hierarchy when technical limitations preclude PA[155,156].
Regarding patient fitness, PA is typically feasible even in patients with severe comorbidities and of any age,
largely because it does not require general anesthesia and can usually be performed under mild systemic
analgesia with sedation. In contrast, LA requires general anesthesia, making careful anesthetic management
crucial in high-risk patients (frail/elderly), as is the case with any laparoscopic procedure[157]. Special
attention is needed in patients with previous biliary interventions (e.g., biliary anastomosis or
sphincterotomy), as they are at higher risk for biliary abscesses. However, this risk can be mitigated through
extended antibiotic prophylaxis[157,158]. Finally, it should be noted that monopolar RF can interfere with
pacemakers, whereas bipolar RF and MW do not[159].

Intra-arterial therapies
Intra-arterial therapies encompass a range of locoregional techniques that target HCC via its vascular
supply. These include transarterial embolization (TAE), which reduces tumor blood flow by blocking the
feeding artery with a gelatin sponge; TACE, which combines arterial embolization with the administration
of high concentrations of chemotherapeutic agents; and transarterial radioembolization (TARE), which
delivers high-dose beta radiation-emitting particles into the tumor’s capillary network. In addition,
nonselective hepatic artery infusion chemotherapy (HAIC) is also considered a therapeutic option[159-162].

Regarding frailty and comorbidities, there are no major contraindications for intravascular treatments,
given their minimally invasive nature and the absence of a need for major anesthesia. Furthermore,
advanced age is not a limiting factor, as evidence indicates it is not correlated with higher rates of adverse
events or lower overall survival compared to younger patients[163-167]. However, it should be noted that
chronic kidney disease with a reduced glomerular filtration rate could be a relative contraindication due to
the interventional radiology component of these procedures[168-170].

Systemic therapies
The therapeutic landscape of HCC has drastically changed in recent years, largely due to the continuous 
development and availability of new systemic treatments. These advances have expanded treatment options 
for patients deemed unsuitable for surgical or locoregional treatments and have added complexity to patient 
management and decisions regarding treatment futility[2,171]. When selecting systemic therapy, multiple 
factors must be carefully evaluated to determine the most appropriate and effective option. Beyond 
considerations of first-, second-, or third-line therapies - based on efficacy, mechanism of action, and 
patient and tumor characteristics, which are beyond the scope of this review - the feasibility of systemic 
treatments crucially depends on the patient’s overall fitness. As previously discussed, systemic therapies are 
typically reserved for patients with advanced disease who are not candidates for more radical therapies due 
to technical or biological factors (e.g., liver function, general fitness, or tumor burden)[2,171-175]. Consequently, 
patients considered for systemic therapy are often among the most frail and comorbid[5]. Importantly, 
patient fitness varies depending on the specific systemic treatment under consideration. Table 2 summarizes 
potential mechanisms by which frailty may negatively impact systemic therapies.
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The primary limitation arises from the phase III registration trials, which have predominantly included 
patients with an Eastern Cooperative Oncology Group performance status (ECOG-PS) of 0-2 (and more 
recently, 0-1). Therefore, a poor PS should be regarded as at least a relative contraindication, given the 
limited evidence from real-world studies in patients with more advanced functional impairments - and such 
data are not available for every systemic treatment[176]. With respect to age, older patients have been included 
in both real-world studies and post hoc analyses of clinical trials, which have demonstrated clinical 
benefits[177-182]. Thus, age alone should not be considered a barrier to systemic therapy. Instead, attention 
should be focused on comorbidities, which tend to increase with age and may contraindicate specific 
systemic treatments based on drug mechanisms and related side effects. For example, cardiovascular 
diseases may limit the use of tyrosine kinase inhibitors (TKIs) and anti-VEGF agents, given the high rates of 
uncontrolled arterial hypertension and cardiovascular events associated with these regimens[183,184]. 
Autoimmune diseases represent another important group of comorbidities. Overall, data regarding the use 
of systemic therapies in patients with autoimmune diseases are limited. While there are no specific 
restrictions on the use of TKIs or anti-VEGF agents in this population[17], the safety of immunotherapy is 
less well established, as patients with autoimmune conditions are typically excluded from clinical trials[185]. 
Some authors, based on experience in other oncological settings, have suggested cautious use of these agents 
due to the potential risk of exacerbating autoimmune diseases[186,187]. However, there is currently insufficient 
evidence to recommend immunotherapy in patients with autoimmune liver diseases, and further trials are 
needed[17]. The same caution applies to extrahepatic autoimmune diseases, for which data in HCC are 
entirely lacking; thus, the use of immunotherapies should be carefully evaluated on a case-by-case basis[17].

Table 2. Potential mechanisms through which frailty may negatively impact systemic therapies

Treatment tolerance: 
· Increased severity of adverse events 
· Higher rates of dose reductions and treatment discontinuation 
· Greater risk of treatment-related hospitalizations 
· Reduced completion of planned treatment cycles 
Functional reserve: 
· Diminished ability to recover from treatment-related toxicities 
· Increased risk of functional decline during therapy 
· Compromised resistance to metabolic stress 
· Reduced capacity to maintain daily activities during treatment 
Treatment delivery: 
· More frequent dose modifications required 
· Increased likelihood of treatment delays 
· Higher risk of permanent discontinuation 
· Challenges in maintaining dose intensity 
Clinical outcomes: 
· Higher rates of early treatment discontinuation 
· Increased mortality risk 
· Reduced overall survival 
· Compromised quality of life during treatment

ACTUAL LIMITATIONS, CONTROVERSIES AND UNRESOLVED ISSUES
Several critical gaps persist in our understanding of the relationship between patient fitness and treatment 
outcomes in HCC. First, many pivotal HCC trials have historically excluded or underrepresented frail 
patients, typically enrolling only those with an ECOG PS of 0-1. Second, the lack of standardized frailty 
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complexity particularly hampers the interpretation of treatment outcomes and the development of
predictive models. These limitations underscore the urgent need for dedicated research addressing the role
of fitness assessment in treatment decision making and outcome prediction for HCC patients.

Finally, while the multiparametric therapeutic hierarchy approach for HCC treatment is a promising
framework, its feasibility in low-resource settings poses significant challenges. Although this approach
emphasizes personalized treatment based on survival benefit, practical implementation in these settings
requires addressing resource constraints, potential biases, and the need for multidisciplinary teams, all of
which are difficult to achieve with limited resources. Table 3 summarizes possible interventions to 
overcome or manage frailty and comorbidities in HCC patients.

CONCLUSIONS
Patient fitness, encompassing both frailty and comorbidity burden, fundamentally influences HCC 
treatment outcomes. Understanding the distinct impacts of these components enables more precise risk 
stratification and treatment selection. Future research should focus on developing tailored interventions for 
patients with different fitness profiles to optimize outcomes while minimizing treatment-related 
complications.

Moreover, the complex interaction between liver dysfunction, tumor burden, and fitness measures 
introduces significant confounding that is not adequately addressed in the current literature. This 

assessment tools specifically validated for HCC patients represents a significant limitation. While various 
instruments exist, including the LFI and general geriatric assessment tools, their predictive value for 
treatment outcomes and the optimal timing for their implementation remain inadequately studied in the 
context of systemic therapy for HCC. Moreover, optimal cut-off values remain to be defined[188]. For 
example, the proposed algorithm [Figure 1] for evaluating patient fitness incorporates items such as the 
“Relevance” of frailty assessment for any therapy and the CCI, which are quantitative. However, no specific 
thresholds can currently be recommended due to the lack of supporting data. Therefore, prospective or 
interventional studies directly comparing different frailty indices in HCC patients are warranted. Such 
studies could also provide an opportunity to design and validate HCC-specific fitness tools or scores (e.g., 
integrating age, CCI, LFI, and muscle mass index), which could improve clinical assessment. Third, 
prospective studies investigating the relationship between baseline fitness measures and treatment-related 
adverse events are scarce. This gap is particularly relevant for newer therapeutic options, such as 
immunotherapy combinations and targeted agents, where the impact of pre-existing frailty on toxicity 
profiles remains poorly characterized. Fourth, there is limited evidence regarding the dynamic nature of 
fitness during treatment. Most available data are derived from baseline assessments, while changes in 
functional status during therapy and their implications for treatment modification remain largely 
unexplored.
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Table 3. Possible interventions to overcome or manage frailty and comorbidities in HCC

Management implications

1. Treatment Selection 
· Frailty: Consider less aggressive interventions 
· Comorbidities: May (relatively or absolutely) contraindicate specific treatments 
2. Risk Stratification 
· Frailty: Focus on functional reserve assessment 
· Comorbidities: Emphasize organ system evaluation 
3. Supportive Care 
· Frailty: Rehabilitation and nutritional support are crucial 
· Comorbidities: Specific organ system support required

Recommendations for clinical practice

1. Comprehensive Assessment 
· Standardized frailty evaluation 
· Detailed comorbidity documentation 
· Regular reassessment during treatment 
2. Treatment Adaptation 
· Individualized approach based on fitness profile 
· Consider modified treatment protocols 
· Enhanced monitoring for vulnerable patients 
3. Supportive Interventions 
· Prehabilitation for frail patients 
· Optimization of comorbid conditions 
· Involvement of a multidisciplinary team
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