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Abstract
BACKGROUND 
Liver resection is the mainstay for a curative treatment for patients with resectable hepatocellular carcinoma 
(HCC), also in elderly population. Despite this, the evaluation of patient condition, liver function and extent of 
disease remains a demanding process with the aim to reduce postoperative morbidity and mortality.

AIM 
To identify new perioperative risk factors that could be associated with higher 90- and 180-d mortality in elderly 
patients eligible for liver resection for HCC considering traditional perioperative risk scores and to develop a risk 
score.

METHODS 
A multicentric, retrospective study was performed by reviewing the medical records of patients aged 70 years or 
older who electively underwent liver resection for HCC; several independent variables correlated with death from 
all causes at 90 and 180 d were studied. The coefficients of Cox regression proportional-hazards model for six-
month mortality were rounded to the nearest integer to assign risk factors' weights and derive the scoring 
algorithm.

RESULTS 
Multivariate analysis found variables (American Society of Anesthesiology score, high rate of comorbidities, Mayo 
end stage liver disease score and size of biggest lesion) that had independent correlations with increased 90- and 
180-d mortality. A clinical risk score was developed with survival profiles.

CONCLUSION 
This score can aid in stratifying this population in order to assess who can benefit from surgical treatment in terms 
of postoperative mortality.

Key Words: Hepatocellular carcinoma; Score; Laparoscopy; Surgical resection; Elderly patients; Multivariate analysis
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Core Tip: To support the decision-making process in elderly patient with resectable hepatocellular carcinoma (HCC) and 
understand who can benefit from surgical treatment in terms of postoperative mortality, we analyzed data from 11 hepato-
biliary centers during a 10-years period. A multivariate analysis was performed to find variables (American Society of 
Anesthesiology score, high rate of comorbidities, Mayo end stage liver disease score and size of biggest lesion) that had 
independent correlations with increased 90‐ and 180‐d mortality. The evaluation of elderly patients who underwent liver 
resection for HCC need to be supported by any form of possible analysis of risk.
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INTRODUCTION
The life expectancy of the population has increased in recent years, and this led to an increased rate of malignant disease 
in elderly population[1,2]. Hepatocellular carcinoma (HCC) became even more frequent in elderly population[3,4].
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According to current guidelines liver resection, ablation and liver transplant are still the mainstay treatments for HCC.
Liver resection presented better overall and disease-free survival than other curative treatments[5]. Despite this, liver 

resection presented a significant risk postoperative morbidity and mortality.
The approach of liver disease in elderly population needed of an accurate stratification of patients at risk, with the 

involvement of multidisciplinary preoperative assessment.
The aim of our study was to analyze a population of elderly patients who underwent liver resection for HCC, to 

investigate the possible presence of risk predictors of postoperative mortality at 90 and 180 d.

MATERIALS AND METHODS
Study Design
A multicentric, retrospective cohort study was carried out by reviewing the medical records of patients aged > 70 years or 
over undergoing liver resection for HCC from January 2009 to January 2019. We evaluated all preoperative independent 
variables linked with patients (demographics data), with lesion (number and size, calculated on the preoperative 
imaging) and preoperative clinical assessment in eligible patients. The primary endpoint was to define 90 d and 180 d 
mortality rate. The second one was to explore the association among variables and post operative mortality rate.

Statistical Analysis
All analyses were conducted using STATA software, version 16 (Stata-Corp LP, College Station, Tex). Data are reported 
as means (standard deviations) for continuous variables or numbers (percentages) of patients for categorical variables. 
Six-month follow-up was chosen to analyze at least 20 fatal events after the surgery. Associations between baseline pre-
operative variables with six-month mortality were evaluated using a univariate Cox proportional-hazards model. A score 
point system was derived from the multivariable Cox proportional-hazards model including univariate predictors with P 
< 0.05. For a dichotomous risk factor, the estimated regression coefficient was rounded to the nearest integer. For a non-
dichotomous risk factor, continuous or discrete, the estimated regression coefficient was multiplied by observed values, 
rounded to the nearest integer and rescaled to assign zero points to the lowest risk-category. Hazard ratios (HRs) with 
their 95%CI were reported. The discriminative ability of the models was assessed using the Harrell’s concordance index 
(C-index). Patients were stratified into three groups of risk by the estimated six-month mortality probability (low-risk < 
5%, mid-risk 5%-10%, and high-risk > 10%). The cumulative mortality was displayed using Kaplan-Meier estimates with 
comparison between curves based on the Log-Rank statistic. The score was internally validated by resampling 1000 
bootstrap replications. The bias was calculated as the difference between estimation and the mean of the bootstrap 
sample. Theoretical profiles were constructed by combining variables of the final model as well as a risk score for death in 
the period. The cut off of 6 mo as final follow up has been chosen to obtain an appropriate number of events, but its 
significance was validated at 3 mo. A P value < 0.05 was considered statistically significant.

RESULTS
A total of 429 patients, who underwent liver resection for HCC were included (Table 1). The majority of patients were 
male (n = 319, 74.3%, and 110 females, 25.7%), aged ≥ 70 years (mean of 75.3 ± 4.1 years); 20 deaths (4.7%) occurred up to 
180 d after surgery, as shown in Table 1.

Two hundred fifty-seven patients, 60% presented an American Society of Anesthesiology (ASA) score III-IV, and the 
median range of Mayo end stage liver disease (MELD) score was 7 (7.4 ± 2.1). Roughly one third of patients was affected 
by more of 2 comorbidities (n = 142, 33.1%). Most patients presented a single, unilobar lesion (n = 421, 98%). Most of 
patients underwent to a minor hepatectomy, while only 54 patients (13.1%) underwent to a major hepatectomy, according 
to Brisbane classification.

The overall survival curve calculated by the Kaplan–Meier estimator is shown in Figure 1. The ASA score, MELD score, 
the presence of Comorbidities > 2 and the size of the biggest lesion presented in the univariate analysis an HR greater 
than 1, as shown in Table 1. They are used as predictor factors in the multivariate analysis (Table 2). Table 3 showed a 
score system which provides a balanced weight for each variable. Combining the four variables we obtained different 
profiles of patients with a different preoperative risk, based on personal score, groupable in a low-risk (< 5% at 6 mo), 
mid-risk (5%-10% at 6 mo) and high-risk class (> 10% at 6 mo) (Table 4 and Figure 2).

Figure 2 showed the curves of six-month mortality probability, according to the different profile created on various 
score. The rate of mortality probability significantly increased from patients with score 2 to patients with score 6: Patients 
with a score ≥ 2 presented a 5.7% of mortality, patients with a score ≥ 3 presented a 7%, patients with a score ≥ 4 showed a 
9.3% of mortality, patients with a score ≥ 5 showed a 13.6%, patients with a score ≥ 6 presented 22.9% of mortality.

We performed an Internal validation using a bootstrapping technique with 1000 resamples, the derived score point 
system had good discrimination as 0.803 of the Harrell C-Index (bootstrap 95%CI 0.741-0.875). The bias of the estimated 
risk assigned to 1 point of the score, as the difference between coefficient estimation in the derivation model (0.875) and 
the mean of the bootstrap sample (0.888), it was negligible (-0.013).
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Table 1 Characteristics of samples used to study the variables and deaths 180 d after surgery, n (%)

All Alive at 180 d Death at 180 d

N n = 429 N n = 409 N n = 20
HR P value

Age, yr 429 75.3 ± 4.1 409 75.3 ± 4.1 20 76.9 ± 4.9 1.52 (0.94-2.47) 0.086

Male 429 319 (74.4) 409 306 (74.8) 20 13 (65.0) 0.61 (0.24-1.54) 0.296

BMI 429 26.9 ± 3.5 409 26.9 ± 3.6 20 26.9 ± 0.9 0.97 (0.52-1.82) 0.921

ASA score 429 2.60 ± 0.50 409 2.59 ± 0.50 20 2.90 ± 0.31 4.49 (1.47-13.74) 0.008

Comorbidity > 2 429 142 (33.1) 409 129 (31.5) 20 13 (65.0) 3.92 (1.56-9.82) 0.004

HBV 429 80 (18.6) 409 80 (19.6) 20 0 (0.0) - -

HCV 429 217 (50.6) 409 210 (51.3) 20 7 (35.0) 0.51 (0.2-1.28) 0.151

ALD 429 60 (14.0) 409 56 (13.7) 20 4 (20.0) 1.58 (0.53-4.72) 0.415

Others 429 72 (16.8) 409 63 (15.4) 20 9 (45.0) 4.3 (1.78-10.37) 0.001

F4 cirrhosis 429 178 (41.5) 409 173 (42.3) 20 5 (25.0) 0.46 (0.17-1.27) 0.134

CHILD A 429 370 (86.2) 409 353 (86.3) 20 17 (85.0) 0.92 (0.27-3.13) 0.891

MELD score 429 7.4 ± 2.1 409 7.4 ± 2.0 20 8.9 ± 2.7 1.25 (1.09-1.44) 0.001

Albumin 382 3.80 ± 0.60 367 3.80 ± 0.60 15 3.71 ± 0.77 0.75 (0.33-1.73) 0.504

Bilirubin 424 1.05 ± 0.64 404 1.05 ± 0.64 20 0.99 ± 0.54 0.81 (0.37-1.76) 0.587

Creatinin 425 1.03 ± 0.36 405 1.02 ± 0.36 20 1.17 ± 0.42 2.55 (0.9-7.2) 0.077

INR 422 1.20 ± 0.23 402 1.20 ± 0.23 20 1.17 ± 0.28 0.51 (0.07-3.8) 0.508

AST 424 68 ± 61 405 69 ± 61 19 48 ± 41 0.92 (0.85-1) 0.045

ALT 201 51 ± 80 182 52 ± 82 19 41 ± 48 0.98 (0.91-1.05) 0.540

GGT 192 145 ± 218 174 145 ± 218 18 146 ± 228 1 (0.98-1.02) 0.958

Platelets 425 191 ± 92 406 191 ± 92 19 177 ± 85 0.98 (0.93-1.04) 0.509

Number of lesions 429 1.09 ± 0.30 409 1.09 ± 0.31 20 1.05 ± 0.22 0.54 (0.08-3.77) 0.531

Size of biggest lesion 
(mm)

429 33 ± 10 409 32 ± 10 20 37 ± 13 1.26 (1.01-1.58) 0.043

Bilobar lesion 429 8 (1.9) 409 8 (2.0) 20 0 (0.0) - -

Preop treatment 429 53 (12.4) 409 50 (12.2) 20 3 (15.0) 1.24 (0.36-4.23) 0.732

Major HTC 429 56 (13.1) 409 55 (13.4) 20 1 (5.0) 0.34 (0.05-2.56) 0.297

BMI: Body mass index; ASA: American Society of Anesthesiology; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-
glutamyl transferase; Major HTC: Hepatectomy; ALD: Alcoholic liver disease; HBV: Hepatitis B virus; HCV: Hepatitis C virus; MELD: Mayo end liver 
disease score; INR: International normalized ratio; HR: Hazard ratio.

Table 2 Multivariate analysis

Beta HR P value

ASA score 1.189 3.28 (1.04-10.34) 0.042

Comorbidity 2 1.071 2.92 (1.14-7.45) 0.025

MELD 0.202 1.22 (1.06-1.41) 0.005

Size of largest lesion 0.046 1.05 (1.01-1.09) 0.034

C-index = 0.807 - - -

ASA: American Society of Anesthesiology; MELD: Mayo end liver disease; HR: Hazard ratio.
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Table 3 Score point system

Values Points

ASA score 1 0

2 0

3 2

4 3

Comorbidity > 2 Yes 1

MELD < 8 0

8-12 1

> 12 2

Size of largest lesion (mm) ≤ 10 0

10-32 1

> 32 2

Max score 8

ASA: American Society of Anesthesiology; MELD: Mayo end liver disease.

Table 4 Stratification of mortality risk on preoperative score

Score Number and prevalence, n (%) Three-month mortality, % Six-month mortality, %

≥ 2 vs ≤ 1 366 (85.3) vs 63 (14.7) 3.3 vs 0.0 5.7 vs 0.0

≥ 3 vs ≤ 2 296 (69.0) vs 133 (31.0) 4.1 vs 0.0 7.0 vs 0.0

≥ 4 vs ≤ 3 213 (49.7) vs 216 (50.3) 5.3 vs 0.5 9.3 vs 0.5

≥ 5 vs ≤ 4 102 (23.8) vs 327 (76.2) 5.0 vs 2.2 13.6 vs 2.2

≥ 6 vs ≤ 5 28 (6.5) vs 401 (93.5) 11.3 vs 2.3 22.9 vs 3.6

Figure 1  Overall mortality.

DISCUSSION
The present study observed a population of elderly patients (≥ 70 years) who underwent liver resection for HCC, and it 
showed that a simple preoperative score, resulting from the evaluation of presence and degree of ASA score, MELD 
score, the presence of more than 2 comorbidities and the size of the biggest lesion, can predict 90 d and 180 d mortality 
rate.



Conticchio M et al. Clinical risk score

WJH https://www.wjgnet.com 1312 December 27, 2023 Volume 15 Issue 12

Figure 2  Profile risk of six-month mortality probability.

The process of ‘aging society’ resulted in an increasing rate of surgical oncological elderly patients and it made 
necessary to provide an accurate preoperative assessment to optimize the choice of the best possible treatment. Liver 
resection represented the treatment of choice for resectable HCC, even in elderly population[6-9]. Age itself should not be 
a contraindication to liver resection in treatment of HCC, but this population needed a more accurate selection and 
preoperative evaluation of benefits and drawback.

The assessment of liver function needed to be linked with the identification of modifiable and not modifiable risk 
factors to improve surgical outcomes. There were several predictive of 30 d mortality after liver resection for HCC[10-13]. 
MELD score was often considered a significant parameter, as well in our study where this score was ranged in 3 degrees 
with a different impact on final sum. Conversely Lee et al[14] in a nationwide cohort study recognized the Platelet-
Albumin-Bilirubin score had an higher sensitivity and specificity than MELD or Albumin-Bilirubin score[15].

With the aim to better explore the concept of ‘frailty’ in this population also the ASA score gained more relevance. In 
our results an ASA score of 1-2 or 3-4 can weight in a different significantly way on the final score and so have impact on 
the post operative mortality probability. Not only the evaluation of the degree of pathological physical state, but also the 
presence of more of 2 comorbidities resulted significant as risk predictor in our score. The limit was represented by not 
knowing the type of comorbidity which made impossible to optimize the stratification. Preoperative evaluation of the 
physiological age could be more useful in predicting risk of postoperative morbidity and mortality than chronological age
[16,17], but several external validation of comprehensive score are needed.

As previously reported the size of largest tumor was a useful factor to predict prognostic outcomes after liver resection 
for HCC[13,18,19]. Also our results showed in univariate and multivariate analysis how an increasing size could be a risk 
factor on postoperative mortality. In the setting of liver disease almost completely represented by a single nodule of HCC, 
a size > 32 mm could impact on postoperative mortality risk as a MELD score > 12. The idea of the importance of 
morphological tumor data was yet explored by Mazzaferro[18] with ‘Metroticket paradigm’ before, and ‘Up to7 criteria’ 
after, more useful in the context of liver transplantation, but it had represented the substrate for comprehensive measures 
as reported by Tokumitsu et al[12] with its NxS score which provide a cut off value of tumor burden to predict the 
prognosis following hepatectomies for HCC[12]. Despite this, prognosis of HCC was more complex than other solid 
tumors because it depended not only from tumor burden but also from liver function reserve.

ASA score, MELD score, the presence of more than 2 comorbidities and the size of the lesion were all non-modifiable 
factor. Our work underlined how the process of decision making could be delicate in elderly patients with HCC. The 
association of evaluation of liver (functional and oncological) disease and the physiological age of patients needed to be 
assessed before surgery[19-20] to better stratifying patients at risk and to implement preoperative and postoperative 
programs of rehabilitation which could bridge the gap of physiopathological state[21].

However, this study had some limitations. First of all, because of its retrospective nature, there was a possibility of an 
unavoidable selection bias. Secondly, the surgical procedures included were laparoscopic and open approach without 
considering their different impact on the postoperative outcomes. In addition, our aim was to evaluate 90 and 180 d 
mortality but another key point was represented by postoperative complications and their correlations with preoperative 
and intraoperative data. This could be the focus for future works.

CONCLUSION
In conclusion, our score resulted from granular evaluation of possible risk factors for the postoperative mortality at 90 d 
and 180 d in elderly patients resected for HCC.

It would be a simple and useful tool to provide a better cognition of patients who could benefit of liver resection and to 
improve 180 d mortality.
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ARTICLE HIGHLIGHTS
Research background
Liver resection represented one of the mainstay treatment for hepatocellular carcinoma (HCC). The approach of liver 
disease in elderly population needed of an accurate stratification of patients at risk, with the involvement of multidiscip-
linary preoperative assessment.

Research motivation
Liver resection is burdened by a variable rate of postoperative morbidity and mortality. Elderly patients represented 
more often the major rate of patients who underwent liver resection for HCC. This aspect makes mandatory an accurate 
preoperative assessment and a specific evaluation of potential postoperative risk.

Research objectives
The aim of our study was to analyze a population of elderly patients who underwent liver resection for HCC, to 
investigate the possible presence of risk predictors of postoperative mortality at 90 and 180 d.

Research methods
Associations between baseline pre-operative variables with six-month mortality were evaluated using a unit-variate Cox 
proportional-hazards model. A score point system was derived from the multi-variable Cox proportional-hazards model.

Research results
The American Society of Anesthesiology (ASA) score, Mayo end stage liver disease score, the presence of comorbidities > 
2 and the size of the biggest lesion are included in the stratification of the score. Combining the four variables we 
obtained different profiles of patients with a different preoperative risk at 6 mo: Low-risk < 5%, mid-risk 5%-10% and 
high-risk class > 10%.

Research conclusions
This score can aid in stratifying this population in order to assess who can benefit from surgical treatment in terms of 
postoperative mortality.

Research perspectives
Randomized controlled studies are needed to better explore these results.
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