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Abstract

Background: The growing demand for surgical resection in elderly patients with hepatocellular carcinoma highlights the need to 
understand the impact of preoperative frailty on surgical outcomes. The aim of this multicentre cohort study was to investigate the 
association between frailty and short- and long-term outcomes after hepatic resection among elderly patients with hepatocellular 
carcinoma.

Methods: A multicentre analysis was conducted on elderly patients with hepatocellular carcinoma (aged greater than or equal to 70 
years) who underwent curative-intent resection at ten Chinese hospitals from 2012 to 2021. Frailty was assessed using the Clinical 
Frailty Scale (with frailty defined as a Clinical Frailty Scale score greater than or equal to 5). The primary outcomes were overall 
survival and recurrence-free survival; secondary outcomes encompassed postoperative 30-day morbidity and mortality, and 90-day 
mortality. The outcomes between patients with and without preoperative frailty were compared.

Results: Of the 488 elderly patients, 148 (30.3%) were considered frail. Frail patients experienced significantly higher 30-day morbidity 
(68.9% (102 of 148) versus 43.2% (147 of 340)), 30-day mortality (4.1% (6 of 148) versus 0.6% (2 of 340)), and 90-day mortality (6.1% (9 of 148) 
versus 0.9% (3 of 340)) compared with non-frail patients (all P < 0.010). During a median follow-up of 37.7 (interquartile range 20.4–57.8) 
months, frail patients demonstrated significantly worse median overall survival (41.6 (95% c.i. 32.0 to 51.2) versus 69.7 (95% c.i. 55.6 to 
83.8) months) and recurrence-free survival (27.6 (95% c.i. 23.1 to 32.1) versus 42.7 (95% c.i. 34.6 to 50.8) months) compared with non-frail 
patients (both P < 0.010). Multivariable Cox regression analysis revealed frailty as an independent risk factor for decreased overall 
survival (HR 1.61; P = 0.001) and decreased recurrence-free survival (HR 1.32; P = 0.028).

Conclusion: Frailty is significantly associated with adverse short-term and long-term outcomes after resection in elderly patients with 
hepatocellular carcinoma. The findings suggest that frailty assessment should be incorporated into perioperative and postoperative 
evaluation for elderly patients undergoing hepatocellular carcinoma resection.
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Introduction
Hepatocellular carcinoma (HCC) has a high incidence in China, 
accounting for almost half of the global cases1,2. Hepatic 
resection remains one of the main curative treatment options 
for HCC, especially for patients with preserved liver function 
and localized tumours3. Treatment decisions for elderly patients 
with HCC are often challenging due to concerns about 
age-related physiological changes, co-morbidities, and the 
potential risk for postoperative complications4,5.

Frailty is a multidimensional geriatric syndrome characterized 
by a decline in physiological reserve and increased vulnerability to 
stressors, leading to adverse health outcomes6,7. As previously 
demonstrated, frail patients with malignant tumours are at 
increased risk of postoperative complications, chemotherapy 
intolerance, disease progression, and death8. Frailty could 
influence surgical outcomes in the elderly population, as it is 
associated with increased morbidity, mortality, and functional 
decline after major surgery8–14. Various tools have been 
developed to assess frailty, including the Clinical Frailty Scale 
(CFS), which evaluates an individual’s frailty status based on 
their physical, cognitive, and social functioning15,16.

Despite the increasing demand for hepatic resection in elderly 
HCC patients, the impact of preoperative frailty on surgical 
outcomes remains poorly understood. The aim of this multicentre 
cohort study was to identify the effect of preoperative frailty, 
assessed using the CFS, on short-term and long-term outcomes 
after hepatic resection for elderly HCC patients.

Methods
Study design and patient cohort
This multicentre cohort study focused on elderly patients (aged 
70 years or older) who underwent curative-intent hepatic 
resection for HCC at ten hepatobiliary centres in China from 
January 2012 to December 2021. The participating centres were: 
Eastern Hepatobiliary Surgery Hospital, First Hospital of Jilin 
University, Shandong Provincial Qianfoshan Hospital, Mengchao 
Hepatobiliary Hospital, Fourth Hospital of Harbin, Ziyang First 
People’s Hospital, Fuyang People’s Hospital, Liuyang People’s 
Hospital, Pu’er People’s Hospital, and First Affiliated Hospital of 
Harbin Medical University. Ethical approval was granted by the 
respective ethics committees of each centre and the study 
adhered to the Declaration of Helsinki. All patients signed the 
corresponding informed consent before surgery.

The study included patients who were aged greater than 
or equal to 70 years, had a pathologically confirmed HCC 
diagnosis, had a curative resection with a microscopically 
clear margin (R0 resection), and had clinical and follow-up 
data that were available. Patients with a combined HCC- 
cholangiocarcinoma or a recurrent HCC diagnosis or submitted 
to a prior anti-HCC treatment (for example transcatheter 
arterial chemoembolization (TACE), portal vein embolization, 
and associating liver partition and portal vein ligation for staged 
hepatectomy) before surgery or an R1 or R2 resection or without 
complete data were excluded. Data censoring occurred on 31 
December 2022.

Preoperative assessment
Liver function was assessed through serum biochemistry and 
Child–Pugh grade, where Child–Pugh grade C was deemed a 
contraindication for HCC resection. Preoperative cardiovascular 
evaluation was standardized across all participating 

institutions17 and, for patients aged greater than or equal to 
60 years, routine evaluations included a thorough medical 
history, physical examination, 12-lead electrocardiogram, 
echocardiography, and pulmonary function tests. Additional 
tests, such as cardiopulmonary exercise testing (CPET) or 
anaerobic threshold (AT) determination, were not routinely 
performed. Resection criteria remained consistent throughout 
the study interval, encompassing the number of resectable 
tumours, the presence or absence of gross tumour thrombus, 
and sufficient liver function reserve, defined as Child–Pugh class 
A or selected B, and future liver remnant volume greater than 
30% of total liver volume for non-cirrhotic patients or greater 
than 40% for cirrhotic patients18,19.

The clinical characteristics of patients included: age, sex, 
co-morbidities, American Society of Anesthesiologists (ASA) 
grade, hepatitis B virus (HBV) infection status, hepatitis C virus 
(HCV) infection status, the presence of cirrhosis or portal 
hypertension, Child–Pugh grade, preoperative α-fetoprotein 
(AFP) levels, maximum tumour size, tumour number, the 
presence of macrovascular or microvascular invasion, satellite 
nodules, tumour differentiation, and tumour encapsulation. 
Co-morbidities encompassed hypertension, diabetes mellitus, 
chronic obstructive pulmonary disease, renal dysfunction, and 
cardiovascular disease. Cirrhosis was verified through 
histopathological examination. Portal hypertension was 
identified by the presence of either splenomegaly with reduced 
platelet count (less than 100 × 109/l) or oesophageal varices. 
Tumour encapsulation was defined based on pathological 
criteria, which was confirmed by the presence of a fibrous 
capsule completely surrounding the tumour tissue upon 
microscopic examination. Complete encapsulation was defined 
as the presence of an intact capsule surrounding the entire 
tumour circumference, whereas incomplete encapsulation was 
defined as partial or absent capsule formation. Operative 
variables included operative approach (open or laparoscopic), 
intraoperative blood loss, intraoperative blood transfusion, 
duration of operation, extent of hepatectomy (major or minor), 
type of resection (anatomical or non-anatomical), and resection 
margin status. Major hepatectomy was defined as a partial 
hepatectomy involving greater than or equal to three Couinaud 
liver segments, whereas minor hepatectomy was defined as a 
partial hepatectomy involving less than three Couinaud liver 
segments.

Frailty assessment
Frailty was assessed using the CFS, a nine-point scale that 
measures an individual’s frailty by evaluating their physical, 
cognitive, and social functioning (Table S1)15. The CFS 
assessment was performed by the admission nurse as part of 
the standard preoperative evaluation protocol. The scale’s 
standardized criteria and straightforward variables ensured 
consistent evaluation across all participating centres. Patients 
were classified into frail (CFS score greater than or equal to 5) 
and non-frail (CFS score less than 5) groups.

Surgical procedures and perioperative 
management
Surgical techniques and perioperative management were largely 
uniform across all participating centres, with resection criteria 
remaining consistent throughout the study interval20,21. 
Perihepatic ligaments and hepatic parenchyma were transected 
using a harmonic scalpel or a Cavitron ultrasonic surgical 
aspirator. Broad-spectrum antibiotics were intravenously 
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administered for 1–3 days. Fresh frozen plasma or albumin was 
provided if plasma albumin levels were less than 30 g/l. Blood 
tests and serological liver function tests were conducted on 
postoperative days 1, 3, 5, and 7. All patients underwent chest 
X-ray examinations on postoperative day 3 and ultrasonography 
during the first week after resection. Blood transfusions were 
given to patients with haemoglobin levels less than 7 g/dl. If no 
complication occurred, drains were removed between 
postoperative days 2 and 4.

The follow-up comprised serum AFP measurements, 
ultrasonography, or contrast-enhanced CT or MRI of the abdomen 
once every 2 months for the initial 6 months, once every 3 
months for the subsequent 18 months, and then once every 
6 months at 2 years. Decisions regarding adjuvant TACE were 
made by multidisciplinary tumour boards at each institution, 
considering factors such as tumour characteristics, surgical 
outcomes, and patient performance status. Tumour recurrence 
was defined as the emergence of new intrahepatic or extrahepatic 
tumour nodules, with or without elevated serum AFP levels, and 
the presence of intrahepatic nodules displaying typical imaging 
features and characteristic HCC attributes on contrast-enhanced 
CT or MRI examination. Treatment for HCC recurrence was 
determined by the recurrence pattern, the remaining hepatic 
functional reserve, and the patient’s overall condition.

Study outcomes
The primary outcomes were overall survival (OS) and 
recurrence-free survival (RFS) and the secondary outcomes 
included postoperative mortality and morbidity. OS was defined 
as the time from surgery to death or the last follow-up and RFS 
was defined as the time from surgery to either disease recurrence 
or death from any cause, whichever occurred first. Patients who 
remained alive without recurrence were censored at the last 
follow-up date. Deaths without documented recurrence were 
considered events rather than censored observations, as RFS 
requires patients to be both alive and disease-free. Postoperative 
mortality encompassed deaths occurring within both 30 and 90 
days after surgery. Postoperative morbidity was graded according 
to the Clavien–Dindo classification, with Clavien–Dindo grades 
III–V indicating major morbidities22.

Statistical analysis
Continuous variables are expressed as mean(s.d.) or median 
(interquartile range (i.q.r.)) and they were compared using 
Student’s t test or the Mann–Whitney U test. Categorical 
variables are presented as n (%) and they were compared using 
the chi-squared test or Fisher’s exact test, as appropriate. 
Survival curves were estimated using the Kaplan–Meier method 
and survival distributions between the frail and non-frail groups 
were compared using the log rank test. Univariable and 
multivariable Cox proportional hazards regression models were 
employed to identify factors associated with OS and RFS. 
Variables with P < 0.100 in the univariable analysis were included 
in the multivariable analysis. Results are reported as HRs with 
95% confidence intervals. A two-sided P < 0.050 was considered 
statistically significant. All statistical analyses were conducted 
using SPSS® (IBM, Armonk, NY, USA; version 26.0).

Results
Patient characteristics
A total of 488 elderly HCC patients who underwent curative 
hepatic resection were included in the study, with 340 patients 

in the non-frail group and 148 patients in the frail group (Fig. 1). 
The median age of the cohort was 75 (i.q.r. 72–78) years and the 
median CFS score was 4 (i.q.r. 1–6) (Table 1). Significant 
differences were observed between the two groups with regard 
to age, co-morbidities, ASA grade, the presence of portal 
hypertension, Child–Pugh grade, maximum tumour size, 
tumour number, the presence of macrovascular invasion and 
satellite nodules, tumour differentiation, intraoperative blood 
loss, intraoperative blood transfusion, extent of hepatectomy, 
and resection margin status (all P < 0.050).

Short- and long-term outcomes
The postoperative 30-day overall, major, and minor morbidity 
rates in the frail group were 68.9% (102 of 148), 14.2% (21 of 148), 
and 54.7% (81 of 148) respectively, which were significantly 
higher compared with those in the non-frail group, which were 
43.2% (147 of 340), 6.2% (21 of 340), and 37.0% (126 of 340) 
respectively (all P < 0.01) (Table 1). The frail group also exhibited 
higher 30-day mortality (4.1% (6 of 148) versus 0.6% (2 of 340); 
P < 0.001) and 90-day mortality (6.1% (9 of 148) versus 0.9% (3 of 
340); P < 0.001) compared with the non-frail group.

After excluding 12 patients with early postoperative deaths 
(less than or equal to 90 days after surgery), 476 patients were 
included in the long-term outcome analysis, comprising 337 
patients in the non-frail group and 139 patients in the frail 
group (Table 2). The median follow-up interval was 37.7 (i.q.r. 
20.4–57.8) months. The median OS in the frail group was 41.6 
(95% c.i. 32.0 to 51.2) months, which was significantly lower 
compared with that in the non-frail group (69.7 (95% c.i. 55.6 to 
83.8) months; P < 0.001) (Fig. 2). The frail group also exhibited a 
poorer median RFS of 27.6 (95% c.i. 23.1 to 32.1) months 
compared with the non-frail group (42.7 (95% c.i. 34.6 to 50.8) 
months; P = 0.002) (Fig. 3).

Univariable and multivariable analyses for overall 
survival and recurrence-free survival
Frailty was found to be independently associated with both poorer 
OS (HR 1.61 (95% c.i. 1.22 to 2.13); P = 0.001) (Table 3) and poorer 
RFS (HR 1.32 (95% c.i. 1.03 to 1.70); P = 0.028) (Table 4). Other 
independent risk factors for poorer OS were Child–Pugh grade B, 
preoperative AFP level greater than 400 μg/l, multiple tumours, 
macrovascular or microvascular invasion, and intraoperative 
blood transfusion, whereas other independent risk factors for 
poorer RFS were tumour size greater than 5 cm, multiple 
tumours, macrovascular invasion, and intraoperative blood 
transfusion.

Discussion
Identifying frail patients at an increased risk of adverse outcomes 
may allow healthcare providers to implement targeted 
interventions, such as prehabilitation, optimization of medical 
co-morbidities, and enhanced recovery after surgery protocols, 
to minimize postoperative complications and improve long-term 
survival5,23,24. The present study demonstrates that preoperative 
frailty, assessed using the CFS, is significantly associated with 
worse short-term and long-term postoperative outcomes in 
elderly HCC patients.

Recent studies have demonstrated encouraging outcomes for 
hepatic resection in selected elderly HCC patients. Xing et al.25

analysed 17 431 patients and found comparable survival 
outcomes between elderly and younger patients when proper 
patient selection was employed. Chen et al.26 recently reported 

Diao et al. | 3



successful outcomes for major hepatectomy in elderly patients 
with large HCC, showing that age alone should not be a 
contraindication for surgical resection. These findings align with 
the present results, suggesting that careful patient selection is 
more crucial than chronological age in determining surgical 
outcomes. The importance of frailty assessment in elderly 

patients undergoing surgery has been increasingly recognized in 
recent years8,27–32. Frailty is a multidimensional concept that 
reflects a decline in an individual’s physiological reserve, 
increasing their vulnerability to adverse outcomes when faced 
with stressors, such as surgery6,16,30,31,33,34. The CFS is a simple 
and validated tool that measures an individual’s frailty by 

Elderly patients undergoing liver
resection for HCC from 2012 to 2021
from a Chinese multicentre database

n = 635

Excluded from the study n = 147
Recurrent HCC n = 65
Combined HCC-cholangiocarcinoma n = 3
Preoperative anti-tumour treatment n = 25
R1 or R2 resection n = 18
Irretrievable incomplete or missing data n = 36

Included in the study n = 488
Preoperative frailty n = 148
No preoperative frailty n = 340

Fig. 1 Flow chart of the patient cohort 

HCC, hepatocellular carcinoma.

Table 1 Clinical characteristics, operative variables, and short-term outcomes

Non-frail group (n = 340) Frail group (n = 148) P

Clinical characteristics
Age (years), mean(s.d.) 74.8(4.0) 76.3(4.7) 0.001
Male 275 (80.9) 111 (75.0) 0.148
Co-morbidities 166 (48.8) 94 (63.5) 0.001
ASA grade >II 120 (35.3) 77 (52.0) 0.001
Positive for HBV 293 (86.2) 129 (87.2) 0.886
Positive for HCV 20 (5.9) 13 (8.8) 0.244

Cirrhosis 242 (71.2) 111 (75.0) 0.441
Portal hypertension 89 (26.2) 54 (36.5) 0.023
Child–Pugh grade B 10 (2.9) 15 (10.1) 0.003
Preoperative AFP level >400 μg/l 93 (27.4) 53 (35.8) 0.068
Maximum tumour size (cm), mean(s.d.) 5.0(3.6) 5.9(4.1) 0.015
Multiple tumours 188 (55.3) 79 (53.4) 0.767
Macrovascular invasion 15 (4.4) 14 (9.5) 0.037
Microvascular invasion 105 (30.9) 48 (32.4) 0.751
Satellite nodules 35 (10.3) 33 (22.3) 0.001
Poor tumour differentiation 183 (53.8) 97 (65.5) 0.017
Incomplete tumour encapsulation 246 (72.4) 102 (68.9) 0.448

Operative variables
Laparoscopic hepatectomy 138 (40.6) 52 (35.1) 0.268
Intraoperative blood loss (ml), median (i.q.r.) 225 (100–400) 375 (250–650) 0.008
Intraoperative blood transfusion 45 (13.2) 38 (25.7) 0.002
Major hepatectomy 59 (17.4) 38 (25.7) 0.037
Anatomical resection 199 (58.5) 87 (58.8) 0.958
Resection margin <1 cm 149 (43.8) 91 (61.5) <0.001

Short-term outcomes
Postoperative hospital stay, mean(s.d.) 10.1(6.6) 14.9(10.9) <0.001
Postoperative 30-day mortality 2 (0.6) 6 (4.1) 0.011
Postoperative 90-day mortality 3 (0.9) 9 (6.1) 0.002
Postoperative 30-day morbidity 147 (43.2) 102 (68.9) <0.001

Major morbidity 21 (6.2) 21 (14.2) 0.008
Minor morbidity 126 (37.0) 81 (54.7) <0.001

Readmission within 30 days after discharge 5 (1.5) 16 (10.8) <0.001

Values are n (%) unless otherwise indicated. ASA, American Society of Anesthesiologists; HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, α-fetoprotein; i.q.r., 
interquartile range.
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evaluating their physical, cognitive, and social functioning15,35. In 
this study, 30.3% of the elderly patients undergoing hepatic 
resection for HCC were classified as frail, which is consistent 
with other surgical populations12,36.

In terms of short-term outcomes, the findings of the present 
study revealed that frail elderly patients had significantly higher 
30-day morbidity and mortality rates compared with their 
non-frail counterparts, in line with previous studies analysing 
various types of surgery16,31,34,37–40. The increased vulnerability 
of frail patients to complications could be attributed to their 
diminished physiological reserve, as well as the presence of 
co-morbidities and impaired functional status11,41,42. Frailty has 
been associated with an increased risk of delirium, falls, and 
prolonged hospital stay, all of which can contribute to higher 
morbidity and mortality rates43,44.

The present study demonstrated that frail elderly patients had 
significantly poorer OS and RFS after hepatic resection for HCC, in 
line with previous reports that have shown an association 
between frailty and worse oncological outcomes in patients 
undergoing surgery for various malignancies45–49. Several 
factors may explain the poorer long-term outcomes observed 
among the frail elderly patients in this study. Frail patients may 
have an increased susceptibility to the adverse effects of 
adjuvant therapy, leading to suboptimal treatment and worse 
oncological outcomes50,51. Frailty has been linked to a higher 
risk of developing postoperative complications, which could 
negatively impact long-term survival52,53, and it is often 
associated with an increased risk of non-cancer-related 
mortality due to the presence of co-morbidities and diminished 
functional status54,55.

Frailty assessment should be incorporated into the 
preoperative evaluation process to better stratify the risk of 
complications, to inform shared decision-making56,57, and to 
develop perioperative management strategies for selected 
individual (such as prehabilitation, optimization of 
co-morbidities, and closer postoperative monitoring). 
Prehabilitation, which involves interventions aimed at 

Table 2 Long-term outcomes

Non-frail group 
(n = 337)

Frail group  
(n = 139)

P

Follow-up interval 
(months), mean(s.d.)

46.2(32.4) 36.4(25.0) <0.001

Adjuvant TACE 73 (21.5) 25 (18.0) 0.367
Recurrence during the 

follow-up
131 (38.9) 53 (38.1) 0.918

Intrahepatic recurrence 98 (29.1) 40 (28.8) 0.947
Extrahepatic 
recurrence

10 (3.0) 5 (3.6) 0.774

Intrahepatic and 
extrahepatic 
recurrence

23 (6.8) 10 (7.2) 0.845

Reoperation for 
recurrence

11 (8.4) 3 (5.7) 0.760

Death during the 
follow-up

153 (45.4) 84 (60.4) 0.003

OS (months), median (95% 
c.i.)

69.7 (55.6,83.8) 41.6 
(32.0,51.2)

<0.001

One-year OS rate (%) 90.7 86.2
Three-year OS rate (%) 75.2 58.4
Five-year OS rate (%) 55.2 36.8
Median RFS (months), 

median (95% c.i.)
42.7 (34.6,50.8) 27.6 

(23.1,32.1)
0.002

One-year RFS rate (%) 77.2 75.4
Three-year RFS rate (%) 55.3 40.2
Five-year RFS rate (%) 37.4 24.2

Values are n (%) unless otherwise indicated. TACE, transcatheter arterial 
chemoembolization; OS, overall survival; RFS, recurrence-free survival.
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improving a patient’s physical, nutritional, and psychological 
status before surgery, has been shown to improve postoperative 
outcomes in various surgical populations58–62.

This study has several limitations. The retrospective design 
could have introduced selection bias and limited the ability to 

control for confounding factors. Another limitation of this study 
was the use of the CFS to assess frailty. While the CFS is a valid 
measure of frailty, there are alternative frailty assessment tools 
that could be more suitable, such as the Frailty Index, the Fried 
Frailty Phenotype, and the Short Physical Performance 
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Fig. 3 Curves for comparison of cumulative incidence of recurrence-free survival between elderly patients with and without preoperative frailty 
(P = 0.002; calculated using the log rank test)

Table 3 Univariable and multivariable Cox regression analyses of risk factors associated with overall survival

Variable HR comparison Univariable  
HR (95% c.i.)

Univariable P Multivariable  
HR (95% c.i.)

Multivariable P

Frailty status Frailty versus non-frailty 1.78 (1.36,2.34) <0.001* 1.61 (1.22,2.13) 0.001*
Age ≥80 years versus <80 years 1.01 (0.73,1.40) 0.949
Sex Male versus female 1.06 (0.77,1.46) 0.709
Co-morbidities Yes versus no 1.21 (0.89,1.64) 0.235
ASA grade >II versus ≤II 1.04 (0.80,1.35) 0.763
Positive for HBV Yes versus no 0.93 (0.66,1.32) 0.688
Positive for HCV Yes versus no 1.07 (0.69,1.67) 0.761
Cirrhosis Yes versus no 1.12 (0.83,1.51) 0.450
Portal hypertension Yes versus no 1.16 (0.89,1.52) 0.276
Child–Pugh grade B versus A 2.22 (1.33,3.70) 0.002* 1.75 (1.03,2.96) 0.038*
Preoperative AFP level >400 μg/l versus ≤400 μg/l 1.36 (1.04,1.78) 0.024* 1.39 (1.06,1.83) 0.017*
Maximum tumour size >5 cm versus ≤5 cm 1.38 (1.07,1.78) 0.014* NA 0.218
Tumour number Multiple versus solitary 1.54 (1.18,2.01) 0.001* 1.48 (1.12,1.94) 0.005*
Macrovascular invasion Yes versus no 3.41 (2.17,5.36) <0.001* 2.97 (1.86,4.72) <0.001*
Microvascular invasion Yes versus no 1.55 (1.17,2.04) 0.002* 1.44 (1.06,1.94) 0.018*
Satellite nodules Yes versus no 2.02 (1.43,2.84) <0.001* NA 0.234
Poor tumour differentiation Yes versus no 1.40 (1.08,1.83) 0.012* NA 0.067
Tumour encapsulation Incomplete versus complete 1.41 (1.05,1.90) 0.023* NA 0.072
Operative approach Open versus laparoscopic 0.95 (0.72,1.26) 0.724
Intraoperative blood loss >400 ml versus ≤400 ml 1.38 (0.92,2.06) 0.118
Intraoperative blood transfusion Yes versus no 2.09 (1.52,2.87) <0.001* 1.67 (1.20,2.32) 0.002*
Extent of hepatectomy Major versus minor 1.27 (0.93,1.74) 0.135
Type of resection Non-anatomical versus anatomical 0.92 (0.71,1.19) 0.526
Resection margin <1 cm versus ≥1 cm 1.06 (0.82,1.37) 0.655
Adjuvant TACE No versus yes 1.13 (0.92,1.39) 0.253

*Statistically significant. ASA, American Society of Anesthesiologists; HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, α-fetoprotein; NA, not available; TACE, 
transcatheter arterial chemoembolization.

6 | BJS Open, 2025, Vol. 9, No. 1



Battery6,15,63. The generalizability of the findings of the present 
study could also be limited, as the study population was from 
ten Chinese hospitals; further research is needed to confirm 
the findings in more diverse patient populations and to 
explore the potential impact of cultural, socio-economic, and 
healthcare system-related factors on the relationship 
between frailty and surgical outcomes64,65. The findings of 
the present study do not directly inform the development of 
interventions to address frailty in elderly HCC patients. 
Further research is needed to identify effective strategies for 
preventing or mitigating frailty in elderly HCC patients, such 
as prehabilitation, optimization of co-morbidities, and 
individualized perioperative care plans24,56.

Prospective studies are needed to validate the use of the CFS in 
preoperative risk stratification for elderly HCC patients. 
Interventional studies exploring the effectiveness of 
prehabilitation programmes in improving postoperative 
outcomes for frail patients should be conducted. The 
development and validation of HCC-specific frailty assessment 
tools that incorporate both general frailty measures and 
liver-specific factors could further refine risk prediction in this 
population. Studies investigating the impact of frailty on 
long-term quality of life and functional outcomes after HCC 
resection would provide valuable information for shared 
decision-making between clinicians and patients.
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Table 4 Univariable and multivariable Cox regression analyses of risk factors associated with recurrence-free survival

Variable HR comparison Univariable HR 
(95% c.i.)

Univariable P Multivariable HR 
(95% c.i.)

Multivariable P

Frailty status Frailty versus non-frailty 1.46 (1.14,1.87) 0.002* 1.32 (1.03,1.70) 0.028*
Age ≥80 years versus <80 years 0.83 (0.61,1.12) 0.231
Sex Male versus female 1.21 (0.90,1.61) 0.205
Co-morbidities Yes versus no 1.08 (0.82,1.43) 0.561
ASA grade >II versus ≤II 1.12 (0.89,1.42) 0.330
Positive for HBV Yes versus no 1.08 (0.78,1.50) 0.630
Positive for HCV Yes versus no 1.00 (0.65,1.52) 0.985
Cirrhosis Yes versus no 1.18 (0.91,1.53) 0.222
Portal hypertension Yes versus no 1.09 (0.85,1.39) 0.503
Child–Pugh grade B versus A 1.68 (1.04,2.71) 0.034* NA 0.278
Preoperative AFP level >400 μg/l versus ≤400 μg/l 1.19 (0.93,1.52) 0.158
Maximum tumour size >5 cm versus ≤5 cm 1.52 (1.21,1.92) <0.001* 1.31 (1.04,1.67) 0.024*
Tumour number Multiple versus solitary 1.53 (1.21,1.94) <0.001* 1.37 (1.08,1.74) 0.010*
Macrovascular invasion Yes versus no 4.00 (2.61,6.13) <0.001* 2.86 (1.83,4.46) <0.001*
Microvascular invasion Yes versus no 1.46 (1.14,1.86) 0.003* NA 0.102
Satellite nodules Yes versus no 1.80 (1.32,2.45) <0.001* NA 0.285
Poor tumour differentiation Yes versus no 1.41 (1.11,1.78) 0.004* NA 0.156
Tumour encapsulation Incomplete versus complete 1.26 (0.98,1.64) 0.074* NA 0.263
Operative approach Open versus laparoscopic 1.19 (0.94,1.52) 0.150
Intraoperative blood loss >400 ml versus ≤400 ml 1.21 (0.96,1.57) 0.144
Intraoperative blood transfusion Yes versus no 1.84 (1.39,2.45) <0.001* 1.51 (2.13,2.03) 0.006*
Extent of hepatectomy Major versus minor 1.30 (0.98,1.71) 0.071* NA 0.547
Type of resection Non-anatomical versus anatomical 0.87 (0.69,1.10) 0.241
Resection margin <1 cm versus ≥1 cm 0.87 (0.69,1.09) 0.234
Adjuvant TACE No versus yes 1.14 (0.95,1.35) 0.154

*Statistically significant. ASA, American Society of Anesthesiologists; HBV, hepatitis B virus; HCV, hepatitis C virus; NA, not available; AFP, α-fetoprotein; TACE, 
transcatheter arterial chemoembolization.
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