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Abstract
In view of the increasing life expectancy in different parts of the world, a larger proportion of elderly patients with hepatocellular carcinoma (HCC) requiring oncological treatment is expected. The clinicopathological characteristics of HCC in elderly patients and in younger patients are different. Elderly patients, in general, also have more comorbidities. Evaluation of the efficacy of different HCC treatment options in elderly patients is necessary to optimize treatment outcomes for them. Treatment modalities for HCC include hepatectomy, liver transplantation, radiofrequency ablation, transarterial chemoembolization, and molecular-targeted therapy with sorafenib. In this review, current evidence on the risks and outcomes of the different HCC treatments for elderly patients are discussed. According to data in the literature, elderly patients and younger patients benefited similarly from HCC treatments. More clinical data are needed for the determination of selecting criteria on elderly HCC patients to maximize their chance of getting the most appropriate and effective treatments. As such, further studies evaluating the outcomes of different HCC treatment modalities in elderly patients are warranted.
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Core tip: Elderly patients and younger patients benefited similarly from hepatocellular carcinoma (HCC) treatments. Advanced age and comorbidity are intrinsic factors in elderly HCC patients but should not preclude them from receiving treatments. Patients should be evaluated individually and treatment options should be personalized. All treatment options available to the young should be made available to the elderly. Careful assessment of clinical status, cancer stage and comorbidity is needed to ensure good treatment outcomes.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third most common cause of cancer-related deaths worldwide[1]. Because of the high prevalence of hepatitis B virus infection[2], countries in eastern and southeast Asia have the highest incidence of HCC in the world[3].
Aging is a major risk factor and poor prognostic factor for most chronic diseases. Owing to the remarkable socioeconomic development and advancement of medical care, average life expectancy has increased around the world; citizens of many developed countries enjoy a lifespan of over 80 years. In the Hong Kong Special Administrative Region, the average life expectancy is the longest in the world. According to a report by Hong Kong Centre for Health Protection, the average life expectancy at birth reached 81.9 and 87.6 years for males and females respectively in 2017. Consequently, an increasing proportion of elderly patients with HCC requiring oncological treatment was expected[4]. It was estimated that the incidence of HCC will increase by approximately 59% by 2030, more than 50% of which will be in people aged 65 or above[5]. 
HCC in the elderly population may show different clinical and pathological characteristics when compared to the younger population. The incidence rate of HCC raises at the age of forties and decreases after eighties[6]. Aging has been shown to be associated with gradual alteration of hepatic structure and function as well as various changes in liver cells[7,8]. In the sequenced process of liver injury, aging decreases regenerative ability[7,9]. Elderly patients also have inferior cardiopulmonary function. Comorbidities such as diabetes mellitus and renal insufficiency are common among the elderly population. Aging is associated with higher severity and worse prognosis of various liver diseases due to the summation of the aforesaid factors.
Most developed countries accept the chronological age of 65 years as the definition of an elderly person[10]. However, many clinical studies about HCC in the elderly population defined elderly as over 70 years of age[11-17]. This heterogeneity will persist through the discussion in this review. The age cutoff for elderly in the literature varies from 60 to 80, while 70, 75 and 80 were the cutoffs commonly used. 
Although the prevalence of hepatitis B virus infection is decreasing in our locality due to the implementation of the universal neonatal vaccination program since 1988, the need for HCC treatment in the elderly may not decrease due to the following three reasons: (1) Delay in HCC recurrence due to improved primary treatment; (2) Increasing incidence of types of liver cirrhosis that require more time to develop into HCC, e.g., non-alcoholic steatohepatitis[18]; (3) Liberal use of antiviral agents which have an effect on viral hepatitis and delay the natural course of HCC formation[19]. In view of the above, evaluation of treatment options for elderly HCC patients is of high clinical relevance. The treatment options of HCC vary according to the stage of the disease. They include hepatectomy, liver transplantation (LT), radiofrequency ablation (RFA), transarterial chemoembolization (TACE), and molecular-targeted therapy with sorafenib. However, whether or not age should be a factor of consideration in HCC treatment allocation is controversial.
[bookmark: _GoBack]The aim of this review is to give an overview of the current knowledge on HCC treatments in elderly patients and to provide available evidence on the treatment modalities for HCC. In particular, the discussion will focus on the role of each treatment in the management of elderly HCC patients and these treatments’ respective clinical impact. 

HEPATECTOMY
Hepatectomy is an established therapeutic modality for HCC[20]. The mortality rate of liver resection is minimal[21] although the morbidity rate is 20%-30%[22-25]. The surgical outcome of hepatectomy depends on host liver function, HCC staging, and anesthetic risk[20]. In addition to the fact that young and old patients have histological difference in liver, elderly patients usually have more comorbidities, such as cardiovascular problems, diabetes mellitus, hypertension, and pulmonary disease. As such, they tend to suffer worse surgical outcomes[26]. 
[bookmark: _Hlk7441911]Numerous studies reported the results of hepatectomy for HCC in elderly patients. However, the majority of them were retrospective observational studies and therefore the validity of these results is debatable[27-36]. There are a few meta-analyses comparing hepatectomy outcomes between the elderly and the young, and Table 1 is a summary of these meta-analyses[37-39]. In general, comparable short-term outcomes (mortality, morbidity, immediate surgical complications, etc.) between the elderly and the young were reported. Long-term outcomes (1-, 3- and 5-year overall and disease-free survival rates) were also comparable between the two groups of patients in all the meta-analyses. The results were surprising as it would have been expected that the elderly would have worse post-hepatectomy outcomes due to their impaired physiological functions. In fact, one of the analyzed studies even reported better 1-year survival in the elderly compared to the younger group (odds ratio = 0.762, P = 0.045). This could probably be explained by the more careful selecting criteria on elderly patients – lower risk for surgery and lower grade of background liver fibrosis[40]. Heterogeneity of study design and publication bias might also have led to the paradoxical result.
There are different scoring systems for assessing elderly patients with poor physiological status, including Possum/pPossum, E-PASS, and APACHE II score. Although age is not an accurate risk factor for mortality or morbidity, it usually correlates with physiological reserve and is a surrogate marker for comorbidities[15,41,42]. The proportion of comorbid disease (cardiovascular, cerebrovascular and renal diseases, chronic obstructive pulmonary disease, etc.) is higher in elderly patients than in their younger counterparts. Cardiopulmonary workup including echocardiography and lung function test should be performed, if necessary, for patients with a high index of suspicion of occult cardiopulmonary disease[43]. Perioperative patient evaluation by physicians and anesthetists would optimize the outcomes of hepatectomy in elderly patients. 
Laparoscopic hepatectomy was introduced in 1996[44] as a minimally invasive technique with potential advantages. Its potential benefits over open hepatectomy include decreased operative blood loss, decreased pain, better cosmesis, faster recovery, fewer cardiovascular and respiratory complications, and shorter hospital stay. Many studies have shown that it could attain better perioperative outcomes[43,45-47]. Although laparoscopic hepatectomy has been shown to be a safe and effective approach to the management of liver disease[48-52], its application to elderly HCC patients with cirrhosis and other comorbidities remains unclarified. For this potentially feasible and safe alternative to open hepatectomy to benefit more patients, selecting criteria on elderly patients need to be determined.

LIVER TRANSPLANTATION
In the past, LT was seldom performed in elderly patients[53]. Since the 1990s, cases of LT in the aged population have gradually been reported and its feasibility in treating the elderly has been evaluated[54-56]. However, most of these studies used a cutoff age of 50-60 years, which would be controversial nowadays in view of the improved life expectancy worldwide. A more recent retrospective study reported a mean post-LT survival of 65 mo in 13 patients who were 75 or older at the time of LT[57].
Data in the literature about LT for elderly HCC patients was very limited since HCC is not the only indication for LT. In the several studies that evaluated the outcomes of LT in elderly patients[58-64], there were inconsistencies in the results: some reported comparable survival outcomes between older and younger recipients while some reported significantly worse survival outcomes in the elderly group. The studies quoted were all retrospective in nature with questionable validity, and the cutoff used for old age also varied in the studies, making direct comparison difficult. However, the researchers in the different studies generally agreed that age should not be the only factor in determining eligibility for LT. It is believed that other patient factors like preoperative disease severity (MELD score) and functional reserve are more important than chronological age in determining eligibility for LT[65]. Since elderly HCC patients often have a lower grade of background liver fibrosis and lower Child-Pugh scores when compared to younger HCC patients[40], LT may potentially be a treatment option for elderly HCC patients. Studies specifically evaluating LT as an oncological treatment for elderly HCC patients need to be conducted before patient selection criteria can be determined and evidence on outcomes can emerge.
The risk-benefit profile is the most important parameter for consideration of high-risk procedures such as LT for elderly patients. Data on the benefit of LT to elderly HCC patients are lacking, but we can assume that LT, as an oncological treatment, offers the elderly and the young similar benefit, as do other HCC treatment modalities. However, as depicted in Figure 1, the operative risk is considerably elevated in the older population. Therefore, LT as a treatment option for the aged population is still subject to debate, and the upper age limit for undergoing LT is yet to be defined.
In clinical practice, LT is seldom performed on elderly patients. In Hong Kong and other Asian regions, the rates of organ donation from the deceased are low[66]. The utilization of deceased-donor liver grafts for elderly HCC patients would be subjected to evaluation based on treatment efficacy and cost-effectiveness. Donor risk would be an additional concern in the case of living-donor LT. Furthermore, elderly waitlisted patients have a higher dropout rate than their younger counterparts, mainly due to deterioration of cardiopulmonary status. 

RADIOFREQUENCY ABLATION
Hepatectomy, LT and RFA are considered curative modalities for early-stage HCC. Percutaneous RFA would be beneficial to elderly patients with a poor risk profile due to avoidance of risks associated with general anesthesia. It is also less invasive and hence has fewer periprocedural risks and deteriorative effects on liver function[67]. It has become an increasingly popular treatment option for elderly HCC patients. AASLD and EASL guidelines present RFA as a potential treatment option for compensated cirrhotic patients with small HCCs < 5 cm[68,69]. However, to date, there have not been many studies about the long-term outcome of RFA in HCC patients. Percutaneous ethanol injection has been used to treat elderly HCC patients but evidence of its efficacy is limited[70,71]. RFA has largely replaced percutaneous ethanol injection for better recurrence-free survival and fewer treatment sessions[72]. 
In the comparison of RFA and surgical resection by postoperative outcomes, contradictory results were yielded. Peng et al[73] reported that patients having RFA had better outcomes than those having surgical resection, while Bauschke et al[74] and Yu et al[75] reported better outcomes for surgical resection. Another retrospective study by Jiang et al[76] concluded that RFA should be recommended for elderly patients (age > 65 years) with HCCs ≤ 20 mm while surgical resection would be a better treatment for HCCs of 21-50 mm in elderly patients. A meta-analysis by Hung et al[38] found that elderly and young patients shared similar survival outcomes at one year and three years after RFA. However, the elderly group had a significantly worse 5-year survival rate (odds ratio = 1.379, P = 0.01). Unlike elderly patients having surgical resection, elderly patients having RFA had poorer survival when compared with young patients. This may be due to selection bias – elderly patients with a poorer general health profile were included into the RFA arm.

TRANSARTERIAL CHEMOEMBOLIZATION
TACE is a widely used nonsurgical treatment that is considered to be effective in prolonging HCC patients’ survival[33,77-79]. It has been reported that development of peptic ulcer disease occurred in 2.5% of patients and development of liver failure occurred in 11% of patients[16]. The meta-analysis by Hung et al[38] found that elderly patients benefited more from TACE than younger patients did. Significantly better 1- and 3-year survival rates were seen in the elderly group (odds ratio = 0.664, P < 0.01 and odds ratio = 0.795, P = 0.013). Nonetheless, no significant difference in 5-year survival between the two groups of patients was observed. In general, elderly patients with HCC at an earlier stage or with a higher surgical risk are more likely to be selected to receive TACE. This may be a major reason to explain why some studies reported a better survival outcome in elderly patients after TACE.

TARGET THERAPY AND IMMUNOTHERAPY
Sorafenib represents the standard of care in the management of advanced HCC. It has been reported that sorafenib achieved similar progression-free survival and overall survival in elderly and young patients with advanced HCC[80]. However, morbidities including neutropenia, malaise and mucositis occurred more frequently in elderly patients. Dose reduction is a way to increase its tolerability[81,82]. Other common adverse effects (e.g., hand and foot syndrome and diarrhea) were reported to be similar in both populations[80]. Certain novel immunotherapy agents have been approved and introduced into clinical practice to treat HCC, e.g., anticytotoxic T lymphocyte-associated protein 4 antibody, anti-programmed cell death 1 antibody, and anti-programmed death-ligand 1 antibody. Despite limited data, immune checkpoint inhibitors may represent a potential option of nonsurgical treatment for elderly HCC patients[83].

CONCLUSION
Overall, elderly patients and younger patients benefited similarly from HCC treatments. Advanced age and comorbidity are intrinsic factors in elderly HCC patients but should not preclude them from receiving treatments. Patients should be evaluated individually and treatment options should be personalized. All treatment options available to the young should be made available to the elderly. Careful assessment of clinical status, cancer stage and comorbidity is needed to ensure good treatment outcomes. More clinical data are needed for the determination of selecting criteria on elderly HCC patients to maximize their chance of getting the most appropriate and effective treatments. As such, further studies evaluating the outcomes of different HCC treatment modalities in elderly patients are warranted.
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Table 1 Summary table of meta-analyses comparing outcomes of hepatectomy for hepatocellular carcinoma in the elderly and young populations
	Authors (year)
	Characteristics of included studies
	Outcome measures and results
	Conclusions

	Hung et al[38], (2015) 
	23 studies included in total
18 studies on hepatectomy for hepatocellular carcinoma (6341 patients)
	Short-term outcomes
Treatment complications: 
Comparable between the elderly and younger groups
Long-term outcomes
1-, 3-, 5-yr disease-free and overall survival:
Increased 1-yr overall survival in the elderly compared to the younger group
Comparable 3- and 5-yr survival, disease-free survival
	Hepatectomy, transarterial chemoembolization and radiofrequency ablation are safe and effective for elderly hepatocellular carcinoma patients
Similar success compared to younger patients
Optimal strategy depends on patient and tumor characteristics (evaluation of cancer stage and general condition is important)

	Mizuguchi et al[37], (2014) 
	16 studies included in total
5 studies on hepatectomy for hepatocellular carcinoma (1932 patients)
	Short-term outcomes
Morbidity and mortality:
No significant differences between the elderly and younger groups
	Outcome of hepatectomy depends on tumor type (hepatocellular carcinoma vs colorectal metastatic cancer)
Hepatectomy is indicated in older hepatocellular carcinoma patients

	Zhou et al[9], (2013) 
	28 studies included in total
11 studies on hepatectomy for hepatocellular carcinoma (3560 patients)
	Short-term outcomes
Morbidity and mortality:
No significant differences between the elderly and younger groups
Long-term outcomes
5-yr disease-free and overall survival:
No significant differences between the elderly and younger groups
	Similar overall morbidity and mortality in elderly and young patients
Analysis should be interpreted with caution as elderly mortality after hepatectomy has been reported to be higher in the presence of cirrhosis
Age alone should not be a contraindication to hepatectomy
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Figure 1 Schematic diagram–risk-benefit profile comparing aged patients with young patients in hepatocellular carcinoma treatments. TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation; SR: Surgical resection; LT: Liver transplantation; HCC: Hepatocellular carcinoma.

image1.jpeg
Benefit

Non-elderly

Risk-benefit profile for HCC patients

Elderly

Benefit
\
N

Risk

Risk




