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Purpose: Abnormalities in lipid metabolism play a vital role in the development of cancer. This retrospective study aimed to evaluate 
the survival prognosis of patients with hepatocellular carcinoma (HCC) in terms of (free fatty acid: high-density lipoproteins) ratio 
(FF-HL) and to compare it with conditional probability and annual death hazard.
Patients and Methods: Patients (n=300) were enrolled. Time-dependent receiver operating characteristic (ROC) analysis was used 
to determine the predictive ability of survival. Survival probabilities were estimated using the Kaplan–Meier method and Log rank 
tests were performed for statistical significance.
Results: The area under the ROC curve for FF-HL, which predicts overall survival (OS), was superior to other markers. Patients in the 
high FF-HL (>840.3) showed poorer OS and progress-free survival (PFS). In multivariable analysis, FF-HL was an independent 
marker in predicting OS. Younger people and those with intrahepatic metastasis in higher FF-HL groups, as well as older men without 
vascular invasion in higher AHLR groups showed shorter OS and PFS. 3-year conditional disease-free survival (CDFS3) was slightly 
higher than those with actuarial survival. The death risk for 3-year conditional OS (COS3) was stable in the group with low FF-HL and 
(albumin: high-density lipoproteins) ratio (AHLR) and more pronounced in high subgroups. However, risk stratification using the 
Barcelona Clinic Liver Cancer approach and Child-Pugh score might not accurately predict COS3.
Conclusion: FF-HL and AHLR are not only promising biomarkers in terms of predictive ability of OS and PFS but also provide time- 
dependent prognostic information for HCC patients.
Keywords: hepatocellular carcinoma, survival, biomarkers, conditional survival probability

Introduction
Despite the decrease in chronic viral infections, there has been an unexpected change in the increase in the incidence of 
HCC statistically.1 The explanation for this negative correlation could be due to some major changes in the epidemio-
logical cascades. In fact, an increasing number of HCCs depend on abnormal lipid metabolism, which can be involved in 
microbiota, insulin resistance, inflammation and important cellular processes, including cell growth, proliferation, 
differentiation, and movement, and has emerged as a new etiology and causality.1,2

Indeed, the division, expansion, differentiation and movement of cancer cells are driven by metabolism, where 
abnormal lipid metabolism is a sufficient condition for signaling, membrane and energy sources.3 Various abnormal 
metabolic pathways4 meet the energy needs of fatty acid and cholesterol metabolism in cancer patients.5 More 
specifically, the high cholesterol demand is essential for tumor proliferation and OS in endocrine cancers, including 
HCC.6 Therefore, lipid-associated components are becoming an emerging risk factor for the development and progress 
of HCC.

Among circulating lipids, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), 
apolipoprotein A-I and apolipoprotein B are recognized participants in metabolic diseases. Growing evidence for an inverse 
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correlation of HDL-C in promoting tumor progression implied that HDL-C was used as a survival predictive parameter for 
some specific types of cancer, including breast cancer, HCC, colorectal cancer.7–10 An epidemiological study showed that 
free fatty acids (FFA) levels can complement the predictive ability of CEA and CA19-9 and differentiate them from TNM 
staging.11 These are associated with cancer by numerous metabolic pathways4 and often by the growth and proliferation of 
FFA and HDL-C that meet energy requirements.5 More particularly, high cholesterol demand is essential for tumor 
proliferation and OS in different types of endocrine cancers, including HCC.6 Furthermore, previous study demonstrated 
a positive correlation between apolipoproteins B and overall cancer incidence in common cancers, such as breast cancer, 
lung cancer, colorectal cancer and prostate cancer.12 In addition, albumin is a critical acute-phase protein in systemic 
inflammation response and represents a potential indicator of liver function.13 These individual lipid-related factors are 
known as independent markers of cancer prognosis. However, it is unknown whether the combination of these factors could 
be a more significant marker of HCC survival or bring a new predictive ability.

To our knowledge, risk-stratified factors are typically grouped by clinicopathological predictors, including the 
Barcelona Clinic Liver Cancer (BCLC) approach,14 vascular invasion,15 cirrhosis16 and alpha fetoprotein (AFP) 
levels.17 Generally, accurate survival analyses based on different characteristics of oncologic prognosis are important 
to establish effective follow-up monitoring and to develop individual treatment. However, there is little evidence that 
they are valuable for the probability of DFS or OS in patients who have survived for some time after diagnosis. 
Therefore, conditional OS (COS) and conditional DFS (CDFS) have been proposed as more accurate information on 
survival outcome, and applied to HCC and intrahepatic cholangiocarcinoma18,19 after resection20,21 or transplantation,22 

without stratification factors.
This retrospective study aimed to explain the prognostic significance of albumin– high-density lipoproteins ratio 

(AHLR) index and FF-HL index and to estimate the COS, CDFS, and annual hazards of death in patients.

Materials and Methods
Ethical approval was provided by the Peking University International Hospital and informed consent was obtained from 
all patients. This study was conducted in accordance with the Declaration of Helsinki.

Patient Selection and Data Collection
A total of 300 patients with newly diagnosed or follow-up surveillance HCCs who met the eligibility criteria were 
recruited at Peking University International Hospital from Dec.5 2015 to Nov.31 2021 in the retrospective study. 
Inclusion criteria: 1. Pathologically definite diagnosis of HCC; 2. Blood routine, biochemistry, coagulation, hepatitis 
B Virus (HBV)-DNA, and AFP tests before diagnosis or 1–2 weeks before initial treatment. Exclusion criteria: 1 
Unclear pathological diagnosis; 2. Patients on antiviral therapy; 3. Patients with previous liver transplantation, type 2 
diabetes, hypertension, hyperlipidemia, family history of obesity, fatty liver or atherosclerosis, BMI>27 or other 
malignancies; 4. Lack of one or more of blood hematological tests. The detailed selection steps were shown in 
Figure S1. Risk stratification factors included the BCLC approach, Child-Pugh (CP) score23 and the use of 
a threshold of 800 ng/mL to define high and low AFP.24 Tumor assessment examinations included visceral computed 
tomography (CT) or liver magnetic resonance imaging (MRI). DFS was presented as the time from random a diagnosed 
until the first recurrence or death. OS was calculated from the date of diagnosis to the date of death from any cause. PFS 
was defined as the time interval between the date of diagnosis and the date of last follow-up or new metastasis, 
whichever came first.

Lipid-Associated Markers
All serum results on lipid-associated factors, including albumin levels, HDL-C, FFA, and apolipoprotein B, were 
obtained within 1 weeks before diagnosis. These parameters were administered and recorded. We calculated some 
factors using the following formula.

AABR = (albumin: apolipoprotein B) ratio; AHLR = (albumin: high-density lipoproteins concentrations) ratio; FF- 
HL = (free fatty acid: high-density lipoproteins concentrations); AB-HL = (apolipoprotein B: high-density lipoproteins 
concentrations); FF-AB = (free fatty acid: apolipoprotein B); FFAR = (free fatty acid: albumin) ratio.
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Statistical Analysis
X-tile25 analysis was conducted to identify the 20-year OS as the optimal cutoff for lipid-associated factors, including 
AABR, AHLR, FF-HL, AB-HL, FF-AB, and FFAR. Continuous variables were presented by the median (interquartile 
range [IQR]) two-sided Mann–Whitney U-test, and categorical variables were expressed by the two-sided chi-square test 
or Fisher’s exact test. OS and DFS were calculated using the Kaplan–Meier approach and Log rank test between different 
groups were performed using IBM SPSS (version 21.0; SPSS Inc, Chicago, IL, USA). Univariable and multivariable Cox 
regression analyses were conducted to determine independent predictors of OS or PFS. Time-dependent ROC curve 
analyses were performed using the “timeROC” package (http://www.r-project.org/), version R 3.6.1, to evaluate the 
ability of different lipid-associated factors to predict OS, PFS, and DFS. COS3 and CDFS3 estimates were calculated as 
the probability that patients who had already survived for Y-year would survive for another 3-year (surviving to the 
accurate 3+Y years since diagnosis). For example, the 3-year COS3 probability was calculated as:26

3-year COS3= Probability (accurate 6-year)/Probability (already survived 3-year). Conditional survival was computed 
based on actuarial life table survival data. Changes in COS3 or CDFS3 over time were estimated using linear regression, 
and standardized differences were used to assess the differences between subgroups.21 Annual hazard of death used 
smoothed hazard estimates based on the Kernel-Epanechnikov smoothing procedure.27 Such flexible and parsimonious 
piecewise exponential model provides a descriptive tool for understanding patient survival for arbitrary survival data 
based on an exact likelihood ratio test, a backward elimination procedure, and an optional presumed order restriction on 
the hazard rate.27

Results
Baseline Characteristics
Among the 300 patients enrolled, the median age was 60 years (IQR: 53–66 years) and the male-to-female ratio was 
4.3:1. The median levels of AABR, AHLR, FF-HL, AB-HL, FF-AB and FFAR were 0.42 (IQR 0.34–0.55), 42.35 (IQR 
34.79–53.16), 429.63 (IQR 267.91.7–706.62), 100.00 (75.00–135.80), 4.34 (2.51–6.98), and 9.58 (6.45–15.38), respec-
tively. Other characteristics of the patients are summarized in Table 1.

X-Tile Analysis to Identify the Optimal Cut-off Values
X-tile analysis explained the optimal cutoff values of 0.3, 77.0 and 840.3 for AABR, AHLR, and FF-HL (Figure S2A–C) 
at 20 years OS to differentiate between high and low groups, respectively (Figure S2A–C). Figure S3 showed the optimal 
cutoff values of 194.0, 10.1, 19.1 and 1.2 for AB-HL, FF-AB, FFAR, and HDL-C, respectively (Figure S3A–D), but 
there was no statistical difference.

The Ability of Lipid-Associated Factors in Predicting OS, PFS and DFS
The area under the curve (AUC) of FF-HL predicted OS was optimal compared to the other factors because the AUC of 
FF-HL predicted OS was superior to the other factors at any time point (Figure 1A). The AUCs of FF-HL, FF-AR and 
FF-AB were close to 0.5 between 1 and 2 years of DFS, but the AUCs of them increased subsequently (Figure 1B). 
Additionally, the AUCs of the FF-HL and FF-AB predicting PFS were greater than the others at 3, 4, and 5 years, 
respectively (Figure 1C). The AUCs of FF-HL predicting 5-year OS, DFS and PFS were 0.671, 0.616 and 0.652, 
respectively.

OS, PFS and DFS in the High and Low Groups
After a median follow-up of 34.8 months (IQR 13.3–51.6), there were 63 deaths. The 1-, 5-, and 10-year OS were similar 
in the high and low AABR groups (87.4%, 67.0%, and 45.5%; 81.9%, 68.0%, and 32.6%) (Figure 2A). However, high 
levels of AHLR and FF-HL (AHLR: 72.4%, 43.7%, and 0, p < 0.001; FF-HL: 67.8%, 48.9%, and 0, p < 0.001) 
compared with low levels of AHLR and FFHL (AHLR: 89.3%, 74.9%, and 51.7%; FF-HL: 91.2%, 75.0%, and 62.2%) 
with lower 1-year, 5-year, and 10-year OS (Figure 2B and C). HDL-C, a significant participant in AHLR and FF-HL, did 
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Table 1 Baseline Patient Characteristics

Variables Total (n=300) Low 

AABR 

(n=42)

High AABR 

(n=258)

p Low AHLR 

(n=269)

High 

AHLR 

(n=31)

p Low FF-HL 

(n=248)

High FF- 

HL (n=52)

p

Sex 0.392a 0.850a 0.883a

Male 243 (81%) 32 (76.2%) 211 (81.8%) 216 (80.7%) 27 (83.9%) 200 (80.6%) 43 (81.7%)

Female 57 (19.0%) 10 (23.8%) 47 (18.2%) 52 (19.3%) 5 (16.1%) 48 (19.4%) 9 (18.3%)

Age, years◎ 60 (53–66) 60 (52–65) 61 (55–68) 0.503b 62 (49–68) 61 (54–67) 0.056b 59 (53–67) 60 (51–68) 0.106b

ECOG PS 0.913a 0.006a 0.001a

≤ 2 281 (93.7%) 39 (92.9%) 242 (93.8%) 256 (95.2%) 25 (80.6%) 238 (96.0%) 43 (82.7%)

>2 19 (6.3%) 3 (7.1%) 16 (6.2%) 13 (4.8%) 6 (19.4%) 10 (4.0%) 9 (17.3%)

HBV-DNA♯ 0.919a 0.745a 0.055a

Positive 85 (28.3%) 13 (31.0%) 72 (27.9%) 75 (27.9%) 10 (32.3%) 64 (25.8%) 21 (40.4%)

Negative 207 (71.7%) 29 (69.0%) 178 (69.0%) 187 (69.5%) 20 (64.5%) 177 (71.4%) 30 (57.7%)

Ki-67♯ 0.085b 0.281b 0.855b

0–29% 142 (47.3%) 17 (40.4%) 125 (48.4%) 131 (48.7%) 11 (35.5%) 119 (48.0%) 23 (44.2%)

30–59% 89 (29.7%) 18 (42.9%) 71 (27.5%) 77 (28.6%) 12 (38.7%) 76 (30.6%) 13 (25.0%)

60–100% 32 (10.7%) 2 (4.8%) 30 (11.6%) 30 (11.2%) 2 (6.5%) 26 (10.5%) 6 (11.5%)

Vascular invasion♯ 0.135b <0.001a 0.018b

None 170 (56.7%) 26 (61.9%) 144 (55.8%) 155 (57.6%) 15 (48.4%) 150 (60.5%) 20 (38.5%)

Micro 80 (26.7%) 13 (31.0%) 67 (26.0%) 76 (28.3%) 4 (12.9%) 66 (26.6%) 14 (26.9%)

Macro 45 (15.0%) 2 (4.8%) 43 (16.7%) 33 (12.3%) 12 (38.7%) 32 (12.9%) 13 (25.0%)

Metastases♯ 0.525a 0.533a 0.342a

Portal vein 55 (18.3%) 10 (23.8%) 45 (17.4%) 44 (16.4%) 11 (35.5%) 38 (15.0%) 17 (36.2%)

Inferior vena cava 10 (3.3%) 1 (2.4%) 9 (3.5%) 9 (3.3%) 1 (3.2%) 8 (3.2%) 2 (4.3%)

Liver 185 (61.7%) 25 (59.5%) 160 (62.0%) 161 (59.9%) 24 (77.4%) 150 (59.3%) 35 (74.5%)

Lung 56 (18.7%) 8 (19.0%) 48 (18.6%) 50 (18.6%) 6 (19.4%) 45 (17.8%) 11 (23.4%)

Bone 29 (9.7%) 3 (7.1%) 26 (10.1%) 26 (9.7%) 3 (9.7%) 23 (9.1%) 6 (12.8%)

Celiac lymph node 69 (23.0%) 8 (19.0%) 61 (23.6%) 60 (22.3%) 9 (29.0%) 55 (21.7%) 14 (29.8%)

Peritoneum 31 (10.3%) 4 (9.5%) 27 (10.5%) 26 (9.7%) 5 (16.1%) 23 (9.1%) 8 (17.0%)

Child-Pugh score <0.001b 0.069b 0.001b

Child-Pugh A 101 (33.7%) 2 (4.8%) 99 (38.4%) 95 (35.3%) 6 (19.4%) 91 (36.7%) 10 (20.8%)

Child-Pugh B 156 (52.0%) 34 (81.0%) 122 (47.3%) 138 (51.3%) 18 (58.1%) 130 (52.4%) 23 (47.9%)

Child-Pugh C 43 (14.3%) 6 (14.2%) 37 (14.3%) 35 (13.0%) 8 (25.8%) 27 (10.9%) 15 (31.3%)

BCLC system 0.0.258b 0.008b <0.001b

(Continued)
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not differ significantly in 1-, 5-, and 10-year OS (78.4%, 17.3%, and 5.1%; 73.3%, 22.2%, and 4.4%, p=0.059) 
(Figure 2D).

Two hundred and seven patients (69.0%) underwent tumor recurrence or metastasis. The 6-, 12-, and 18-month PFS 
were higher for low-level AHLR (55.0%, 22.8%, and 12.2%) than for high-level AHLR (Figure 2F). 6-, 12-, and 18- 
month PFS were also higher for low-level FF-HL (56.8%, 23.5%, and 12.3%) (Figure 2G). 6-, 12-, and 18-month PFS 
were not statistically different in the AABR and HDL-C cohorts (40.0% vs 51.1%, 28.0% vs 20.3%, 12.0% vs 11.0%. 
p=0.977; 48.9% vs 57.1%, 19.4% vs 33.3%, and 9.7% vs 19.0%, p=0.600) (Figure 2E and H). Unfortunately, DFS rates 
did not obtain statistical significance in all three subgroups (Figure 3A, E and I).

Subgroup Analyses of OS and PFS Based on Risk Stratifications
We assessed OS and PFS according to risk stratification of patients by AFP levels (Figure S4), CP scores (Figure S5) and 
BCLC systems (Figure S6) at high and low levels of AHLR and FF-HL. At low levels of AHLR, OS was significant for 
all three risk factors (AFP: p=0.01; CP score: p<0.001; BCLC: p<0.001) (Figures S4A, S5A and S6A). However, PFS 
was not uniform for the three risk factors (AFP-low level AHLR: p=0.035; CP score-high level FF-HL: p=0.009) 
(Figures S4B and S5H), where the BCLC approach assessed PFS differently except for low level AHLR (Figure S6B) 
(Figure S6C–H). Risk stratification did not differ in other subgroups (Figures S4C–H and 5B–D, F, G).

Univariable and Multivariable Analyses for OS and PFS
In univariable analyses, factors significantly associated with OS and PFS included AFP levels, ECOG score, metastatic 
sites, vascular invasion (micro vs macro), treatment modality (medication vs medication+ local surgery), cirrhosis (Child- 
Pugh A vs.C), AHLR, and FF-HL (Table 2). In multivariable analysis, FF-HL (≤ 840.3 vs >840.3: HR 0.285, 95% CI 

Table 1 (Continued). 

Variables Total (n=300) Low 

AABR 

(n=42)

High AABR 

(n=258)

p Low AHLR 

(n=269)

High 

AHLR 

(n=31)

p Low FF-HL 

(n=248)

High FF- 

HL (n=52)

p

BCLC A 51 (17.0%) 6 (14.3%) 45 (17.4%) 46 (17.1%) 5 (16.1%) 47 (19.0%) 4 (7.7%)

BCLC B 118 (38.4%) 21 (50.0%) 97 (37.6%) 111 (41.3%) 7 (22.6%) 106 (42.7%) 12 (23.1%)

BCLC C 112 (37.3%) 11 (26.2%) 101 (39.2%) 98 (36.4%) 14 (45.2%) 90 (36.3%) 22 (42.3%)

BCLC D 19 (6.3%) 4 (9.5%) 15 (5.8%) 13 (4.8%) 6 (19.4%) 9 (3.6%) 10 (19.2%)

AFP♯ 0.144b 0.787b 0.016b

≤800 220 (73.3%) 27 (64.3%) 193 (74.8%) 198 (73.6%) 22 (71.0%) 192 (77.4%) 28 (53.9%)

>800 75 (9.4%) 15 (35.7%) 60 (23.3%) 66 (24.5%) 9 (29.0%) 56 (22.6%) 19 (36.5%)

HDL-C◎ 0.89  

(0.68–1.09)

0.72  

(0.63–1.00)

0.89  

(0.73–1.10)

0.026b 0.91  

(0.78–1.13)

0.32  

(0.19–0.36)

<0.001b 0.93  

(0.78–1.15)

0.45  

(0.25–0.77)

<0.001b

Albumin◎ 37.5  

(34.0–41.3)

35.6  

(32.0–36.7)

38.0  

(34.4–42.0)

<0.001b 37.7  

(34.2–41.7)

35.7  

(32.0–39.5)

0.102b 37.8  

(34.5–41.8)

35.4  

(32.0–38.7)

0.012b

FFA◎ 345  

(243–572)

253  

(231–522)

357  

(246–578)

0.065b 345  

(237–560)

390  

(253–653)

0.220b 324  

(235–521)

680  

(395–798)

<0.001b

Apolipoprotein B◎ 89  

(69–110)

129  

(116–134)

84  

(67–100)

<0.001b 89  

(70–110)

89  

(60–110)

0.763b 90  

(70–110)

80  

(60–101)

0.085b

Notes: aComparison of data between the high and low groups using the two-side Chi square test, bComparison of data between the high and low groups using the Mann– 
Whitney U-test, ♯Number of cases were available, ◎median (IQR). 
Abbreviations: AABR, (albumin: apolipoprotein B) ratio; AHLR, (albumin: high-density lipoproteins concentrations) ratio; FF-HL, (free fatty acid: high-density lipoproteins) 
ratio; ECOG PS, Eastern Cooperative Oncology Group performance status; HBV, Hepatitis B Virus; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha fetoprotein; HDL-C, 
high-density lipoprotein cholesterol; FFA, free fatty acids.
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0.172–0.474; p<0.001), metastatic site, ECOG score, and cirrhosis (Child-Pugh A vs.C) were identified as independent 
predictors of OS; AHCR (≤ 77.0 vs: HR 0.595, 95% CI 0.357–0.990; p = 0.045) and ECOG score were independent 
predictors of PFS (Table 2).

Figure 1 Time-dependent ROC curve analysis comparing the ability of AABR, AHLR, FF-HL, AB-HL, FF-AB, FFAR and AFP in predicting (A) overall survival, (B) disease-free 
survival and (C) progress-free survival. The horizontal axis represents time and the vertical axis represents the area under the corresponding ROC curves for survival at 
different time points. 
Abbreviations: ROC, receiver operating characteristic; AABR, (albumin: apolipoprotein B) ratio; AHLR, (albumin: high-density lipoproteins) ratio; FF-HL, (free fatty acid: 
high-density lipoproteins) ratio; AB-HL, (apolipoprotein B) high-density lipoproteins concentrations) ratio; FFAB, (free fatty acid: apolipoprotein B) ratio; FFAR, (free fatty 
acid: albumin) ratio; AFP, alpha fetoprotein.

Figure 2 Differences in overall survival (OS) (A–D; blue color: the low groups, green color: the high groups) and progression-free survival (PFS) (E–H; purple color: the 
low groups, Orange color: the high groups) between these eight subgroups were assessed in patients in the high and low level AABR, AHLR, FF-HL and HDL-C groups. The 
median OS was 10.1 vs 8.4 years in low and high AABR group (A), 15.0 vs 5.1 years in low HDL-C (D). The median PFS was 5.3 vs 6.5 months in low and high AABR group 
(E), 7.3 vs 3.2 months in low and high AHLR group (F), 7.6 vs 3.5 months low and high FF-HL group (G), and 5.9 vs 7.8 months in low and high HDL-C groups (H). P < 0.001 
in red was statistically significant. 
Abbreviations: AABR, (albumin: apolipoprotein B) ratio; AHLR, (albumin: high-density lipoproteins concentrations) ratio; FF-HL, (free fatty acid: high-density lipoproteins) 
ratio; HDL-C, high density lipoprotein cholesterol, no. at risk number at risk.
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Subgroup Analyses to Assess the Clinical Utility and to Predict OS and PFS
Subgroup analyses were conducted on the basis of chronic viral infection (yes or no), sex (male or female), age (≤ 60 
or>60 years), low (0-) or high (3-) PS, vascular invasion, Ki-67, metastatic sites, and therapeutic regimen. High FF-HL or 
high AHLR was associated with poor OS and PFS, except for celiac lymph nodes (Figures 4 and S8), bone and lung 
(Figure S7), and portal vein metastasis (Figure S9). Although it failed to obtain statistical significance in all subgroup 
analyses of OS and PFS, the trends of poor prognosis in patients with high FF-HL and high AHLR were consistent 
(Figures 4, S7–S9).

COS, CDFS, and Annual Hazard by Subtypes and Risk-Stratifications
The 5-year DFS and OS rates were 59.5% and 68.9% for the total cohort, respectively (Figures 5A and 6A). The CDFS3 

rates increased slightly in the following years, while the actuarial DFS decreased over time (Figure 5B); the COS3 rates 
showed a slight downward trend compared to the actuarial OS (Figure 6B). The CDFS probabilities increased obviously 
in the first two years (Figure 5C) but were not presented in the COS probabilities (Figure 6C). The 2-year CDFS3 

increased to 86% (Δ 27% compared to the 5-year DFS); the 2-year COS3 was 83% (Δ 14% compared to the 5-year OS). 
In addition, the annual death hazard was the highest for DFS in the ninth year (30%), decreasing to about 10% in year 5 
(Figure 5D). Moreover, the annual hazard of OS showed a stable trend with an annual death hazard of approximately 
10%, increasing to 20% in year 8 (Figure 6D).

Although there were no statistical differences in the actuarial DFS in each subgroup (Figure 3A, E, I), similar changes 
in CDFS3 and the annual hazard of death were presented at high levels of AABR low levels of AHLR and FF-HL 
(Figure 3B–D, F–H, J–L). Unlike CDFS3 in the subgroups, COS3, actuarial OS and COS probabilities illustrated similar 
decreasing trends in both AHLR and FF-HL groups (Figures S10A, B, D, E and S11A, B, D, E). The hazard of death in 

Figure 3 Comparison of DFS, CDFS, actuarial DFS, and annual rate of death in the high-level AABR, low-level AHLR, and low-level FF-HL groups. (A, E and I) represent the 
DFS of AABR, AHLR, and FF-HL groups in the total population, respectively; (B, F and J) represent the 3-year conditional survival rate and the 3-year actuarial DFS rate, 
respectively; (C, G and K) represent the conditional survival curves of patients who have survived 1–9 years of survival, respectively; (D, H and L) represent smoothed 
hazard plots of annual rate of death for each group, respectively. 
Abbreviations: AABR, (albumin: apolipoprotein B) ratio; FF-HL, (free fatty acid: high-density lipoproteins) ratio; AHLR, (albumin: high-density lipoproteins concentrations) 
ratio; DFS, disease-free survival; CDFS, conditional disease-free survival.
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the low AHLR and FF-HL groups followed the same stable trend as the whole COS3 (Figures S10C and 11C), whereas 
the trend in the high AHLR and FF-HL groups was unstable (Figures S10F and 11F).

The probabilities of survival were irregular based on the BCLC system and CP scores, even though OS was 
significant in these risk-stratifications (Figure 7A, B, D, E). The curves of the annual hazard of death differed from 
the regularity of the full patient population (Figure 7C and F).

Discussion
This study evaluated the prognostic significance of FF-HL and AHLR in patients with confirmed HCC with and the 
altered CDFS possibility increasing dynamically. Further analysis showed that FF-HL and AHLR had greater predictive 
abilities and were independent predictors of OS and PFS, respectively. Furthermore, CDFS3 compared to accurate 3-year 
DFS increased slightly at low levels of AHLR and FF-HL. The annual hazard of death showed a stable trend in the total 
population. These findings represented promising lipid-associated prognostic marker for HCC and provided some time- 
based survival information.

Table 2 Univariable and Multivariable Analyses to Determine Independent Predictors of Overall Survival and Progress-Free Survival

Variables Overall Survival Progress-Free Survival

Univariable Multivariable Univariable Multivariable

HR 95%Cl p HR 95% CI p HR 95%Cl p HR 95%Cl p

Sex (male vs female) 1.433 0.787–2.610 0.240 1.024 0.698–1.502 0.905

Ages (≤60 vs >60) 1.898 1.128–3.194 0.016 1.321 0.970–1.030 0.053 1.140 0.847–1.536 0.387

ECOG (0–2 vs 3–4) 0.004 0.001–0.012 <0.001 0.003 0.001–0.011 <0.001 0.222 0.133–0.371 <0.001 0.213 0.124–0.367 <0.001

HBV-DNA (negative vs positive) 0.492 0.242–0.999 0.050 1.000 0.543–1.842 0.186 1.016 0.741–1.394 0.920

Ki-67

0–29% vs 30–59% 1.367 0.699–2.676 0.361 0.854 0.589–1.238 0.405

30–59% vs 60–100% 1.431 0.694–2.953 0.332 0.844 0.564–1.263 0.410

Vascular invasion

None vs micro 0.525 0.274–1.008 0.053 1.539 0.732–3.232 0.255 0.729 0.695–1.075 0.111 1.069 0.668–1.712 0.781

Micro vs macro 0.435 0.201–0.994 0.035 0.619 0.252–1.520 0.295 0.527 0.336–0.826 0.005 0.654 0.406–1.0653 0.080

Metastatic sites (≤ 2 vs >2) 0.421 0.247–0.718 0.002 0.362 0.204–0.645 0.001 0.756 0.554–1.033 0.079 0.754 0.540–1.052 0.097

AFP (≤800 vs >800) 0.456 0.270–0.773 0.004 1.000 0.918–1.932 0.085 0.658 0.477–0.908 0.011 0.785 0.557–1.106 0.166

Child-Pugh

A vs B 1.376 0.706–2.680 0.348 1.217 0.859–1.725 0.269

A vs C 2.704 1.483–2.902 <0.001 1.649 1.059–2.567 0.027 1.298 1.043–1.616 0.019 1.270 0.993–1.624 0.057

B vs C 3.631 2.047–6.439 <0.001 1.602 1.019–2.519 0.041 1.351 0.918–1.989 0.127

Medication vs Operation+ 

medication

0.512 0.301–0.870 0.013 0.583 0.113–8.821 0.149 0.809 0.602–1.087 0.159

AABR (≤0.3 vs >0.3) 1.069 0.508–2.251 0.860 0.993 0.633–1.559 0.977

AHLR (≤77.0 vs >77.0) 0.343 0.196–0.559 <0.001 0.735 0.372–1.454 0.200 0.477 0.312–0.729 0.001 0.595 0.357–0.990 0.045

FF-HL (≤840.3 vs >840.3) 0.285 0.172–0.474 <0.001 0.332 0.185–0.595 <0.001 0.563 0.369–0.800 0.001 1.555 0.943–2.565 0.084

Abbreviations: ECOG, Eastern Cooperative Oncology Group; Cl, confidence interval; HR, hazard ratio; AFP, alpha fetoprotein; AABR, albumin apolipoprotein B radio; 
AHLR, albumin high density lipoprotein cholesterol radio; FF-HL, free fatty acid - high density lipoprotein cholesterol.
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Study28 has pointed out that LDL-C level higher than 117mg/dL was found to be related to tumor stage, poorer 
prognosis, high proliferation rates, and clinical advancement. LDL-C level above 144 mg/dL was also more likely to 
develop lymph node metastasis28 and were associated with a higher risk of recurrence.29 However, other meta-analyses 
and prospective studies have found no association between LDL-C and cancer risk,12,30–32 and some even found it to be 
negatively associated with tumor risk.33 This suggests that the predictive value of LDL-C in different cancers is 
inconsistent. Apolipoproteins are key to the formation of HDL-C and LDL-C. A meta-analysis involving 8099 subjects 
in 13 studies found34 that apolipoprotein A-I is a major component of HDL and is involved in the prognosis of several 
cancers. Low levels of apolipoprotein A-I produced shorter OS in HCC (HR=0.46, 95% CI: 0.27–0.65, p <0.001), 
suggesting that low levels of apolipoprotein A-I are an important poor prognostic risk factor for OS. A previous study1 

found that apolipoprotein B was positively associated with overall cancer incidence in common cancers such as breast, 
lung, colorectal and prostate cancers. In addition, albumin is one of factors in the liver functional scores, and determines 
some clinical decisions and affects the prognosis of patients. These parameters can predict survival to some extent, but 
AABR, AHLR or FF-HL have rarely been reported in cancer. It is unclear whether AABR, AHLR or FF-HL can predict 
the prognosis of HCC patients.

In this study, time-dependent ROC analysis revealed that FF-HL was a more powerful indicator of OS than other 
factors including AABR, AHLR, AB-HL, FF-AB, and FFAR. High levels of FF-HL (>840.3) were more likely to cause 
poor survival in patients with chronic viral infection, age <60 years, male, vascular invasion or liver metastases, and 
portal vein tumor thrombosis, suggesting that FF-HL could reflect tumor progression. Survival analyses suggested that 
both high levels of FF-HL and AHLR had significantly lower OS and PFS than the low-level groups. Multivariable 
analyses also identified FF-HL to be an independent predictor of OS and AABR to be an independent predictor of PFS.

In this study, although we excluded those patients with type 2 diabetes, atherosclerosis, hyperlipidemia, fatty liver and 
metabolic syndrome, these did not indicate that the enrolled patients had no fatty liver or non-alcoholic fatty liver disease 
(NAFLD) in the past. NAFLD is characterized by the excessive accumulation of lipids in the liver due to increased levels 
of FFA and has been fully recognized in glucose abnormalities and fatty acid metabolism.35 Although hepatic lipid 

Figure 4 Subgroup analysis using univariate Cox regression was performed to assess the ability of FF- HL to discriminate OS in patients with different clinical characteristics. 
Abbreviations: FF-HL, (free fatty acid: high-density lipoproteins) ratio; OS, overall survival; CI, confidence intervals; ECOG, Eastern Oncology Collaborative Group; TKI, 
tyrosine kinase inhibitors; PD-1/PD-L1, programmed cell death protein 1 and its ligand PD-L1.
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overload is closely related to the development of HCC and has been proved to be an independent risk factor for HCC, the 
contribution of fatty acid metabolism is not very clear.36 The process from hepatic lipid accumulation to NAFLD with 
tissue necrosis and inflammation, and from NAFLD to HCC is complex. The current studies cannot fully reveal the 
complete mechanism of lipids in tumorigenesis and progression. Nor can our study fully explain the specificity in 
patients with NAFLD-related HCC. AFP37 is the most widely used marker to predict the progression and prognosis in 
HCC patients, as well as the practical applications of the CP score and BCLC system.38 In this study, AFP was identified 
as a predictor of OS but not as an independent biomarker. Additionally, ROC analysis also showed that FF-HL had more 
potential than AFP to predict OS, DFS and PFS after two years. However, these failed to analyze the prognostic 
significance of OS and PFS for both groups of FF-HL or AHLR for risk stratification including the AFP levels, CP score, 
and BCLC system, which may affect their survival. These indicate that FF-HL may be a superior marker, compared with 
AFP, for predicting the prognosis of HCC patients compared to AFP, in addition to distinguishing the survival 
significance of risk stratifications.

Interestingly, our results further suggest that the survival possibility slightly increased dynamically with elapsed time 
for patients with HCCs. CDFS3 increased in the total cohorts although DFS were not significant in these groups. Further 
analysis showed a factor-dependent pattern: the low levels of AHLR and FF-HL and the high AABR groups had an 
initially higher hazard of death at year 1, 5, and 9, which the ninth year had a maximum increase, whereas other groups 

Figure 5 DFS and CDFS curves for the whole cohort. (A) DFS curves; (B) 3-year CDFS and 3-year actuarial DFS; (C) CDFS curves for 1–9 years of survival, respectively. 
(D) Smoothed hazard plot for annual rate of death. 
Abbreviations: DFS, disease-free survival; CDFS, conditional disease-free survival.
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were not analyzed due to the small samples. These findings represented a marked consistency of prognosis in the 
different groups of lipid-associated factors over time even the actuarial DFS was not significant, providing time- 
dependent survival information, similar as the observations in the previous research.19–22,24 Furthermore, our results of 
a stable annual hazard of death before year 7 or 8 and COS3 about 75–85% for patients who still survived at 3 years when 
diagnosed, and more strikingly in the higher risk groups, demonstrated a good long-term outcome, which was similar to 
this increasing evidence.19–22,24

In our studies, we did not observe consistency in COS3 and the annual hazard of death in each risk category. The 
prior report39 found different risk stratification might have heterogeneous prognosis for specific sub-population of 
certain types of cancers. Thus, the results for COS3 based on the CP score and the BCLC system might not be suitable to 
predict conditional survival or the annual hazard of death. One possible explanation might be that the several prognostic 
factors of the CP score or BCLC system together interfere with their predictive value despite these factors are known to 
predict shorter OS.40 Many patients had shorter survival, especially those with many poor prognostic factors. Those 
predictors that initially have different predictive abilities were most likely to achieve a poor prognosis in the following 
years, but there was no regularity. Therefore, these emphasized the value of improving existing prognostic factors. 
Furthermore, CDFS3 and COS3 could be used as indicators for clinical applications to validate the accuracy of novel 
biomarkers.

Figure 6 OS and COS curves for the whole cohort. (A) OS curves; (B) 3-year COS and 3-year actuarial OS; (C) COS curves for 1–9 years of survival, respectively. (D) 
Smoothed hazard plot for annual rate of death. 
Abbreviations: OS, overall survival; COS, conditional overall survival.
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On the other hand, the clinical implication of these indicators is better than a single lipid-associated parameter for 
predicting OS and PFS and can be used as non-tumor biomarkers to complement tumor-related parameters, including 
ECOG score, AFP levels, and risk stratification, etc. On the other hand, these are helpful in predicting OS and DFS in 
patients who survive for a certain period of time, and facilitate follow-up and monitoring of patients’ survival.

The study was limited by its retrospective design, potential recall bias, and the inability to examine the predictive 
ability of the potential impacts of heterogeneity of treatment patterns over a long time span based on a single-center 
experience. Additionally, because patients with high- AHLR and high-FF-HL had severe disease and shorter survival 
times, the samples with high-AHLR and FF-HL were significantly smaller than the lower groups, which might have an 
impact on the results. Finally, the optimal cut-off value may be identified by a different study population. In summary, 
further prospective studies are desired.

Conclusion
FF-HL is an independent predictor of OS and outperforms other lipid-associated indexes and AFP in patients with HCC. 
Accordingly, FF-HL has survival significance and complements the predictive ability of OS in younger patients. In 
addition, while the traditional DFS method did not yield statistical significance, CDFS, COS, and annual hazard analyses 
might be more accurate for patients who have survived several years. Generally, the results suggest that FF-HL might be 
a potential biomarker for predicting actuarial and conditional survival in clinical decision-making.

Abbreviations
FF-HL, (free fatty acid: high-density lipoproteins) ratio; HCC, hepatocellular carcinoma; ROC, receiver operating 
characteristic; OS, overall survival; PFS, progress-free survival; DFS, disease-free survival; CDFS3, 3-year conditional 
DFS; AHLR, (albumin: high-density lipoproteins) ratio; COS3, 3-year conditional OS; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; FFA, free fatty acids; BCLC, Barcelona Clinic Liver Cancer; 

Figure 7 Analysis of OS and COS based on BCLC method (A–C) and risk stratification of Child-Pugh score (D–F). OS curves (A), 3-year COS for re-survival 1–5 years 
(B), and smoothed hazard plots for annual rate of death (C) based on BCLC system; (D) OS curves (D), 3-year conditional COS for re-survival 1–5 years (E), smoothed 
hazard plots for annual rate of death (F) based on Child-Pugh score. 
Abbreviations: OS, overall survival; BCLC, Barcelona Clinic Liver Cancer.
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AFP, alpha fetoprotein; COS, conditional OS; CDFS, conditional DFS; HBV, Hepatitis B Virus; CP, Child-Pugh; CT, 
computed tomography; MRI, magnetic resonance imaging; AABR, (albumin: apolipoprotein B) ratio; AHLR, (albumin: 
high-density lipoproteins concentrations) ratio; FF-HL, (free fatty acid: high-density lipoproteins concentrations); AB- 
HL, (apolipoprotein B: high-density lipoproteins concentrations); FF-AB, (free fatty acid: apolipoprotein B); FFAR, (free 
fatty acid: albumin) ratio; IQR, interquartile range; AUC, area under the curve; PS, performance status; NAFLD, non- 
alcoholic fatty liver disease.
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