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ABSTRACT

Background & Aims: Genetic factors and steatosis predispose to hepatocellular carcinoma 

(HCC) in chronic hepatitis C virus (HCV) patients, however their impact in cirrhotics cured by 

direct-acting antivirals (DAA) is still undefined. We assessed the association between a genetic 

risk score of hepatic fat accumulation (GRS), combining variants in PNPLA3, MBOAT7, TM6SF2, 

GCKR and HCC in DAA-treated patients. Approach & Results: We considered 509 consecutive 

patients with HCV cirrhosis (defined histologically or when liver stiffness ≥12 kPa) treated with 

DAA. HCC was diagnosed according to international recommendations. GRS was calculated from 

the weighted impact of single variants on hepatic fat content quantified by H1-spectrometry in the 

general population (Dallas Heart Study). During a median follow-up of 43 (3-57) months after A
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DAA start, 36/452 (8%) patients developed de novo HCC, 4-year cumulative probability being 9% 

(95% CI 7-12%). Male sex (HR 2.54, p=0.02), diabetes (HR 2.39, p=0.01), albumin (HR 0.35, 

p=0.001) and GRS score >0.597 (HR 2.30, p=0.04) were independent predictors of de novo HCC. 

In contrast, single genetic risk variants were not useful in stratifying HCC risk. The proportion of 

patients who developed HCC according to the combination of the independent risk factors ranged 

from 11% to 67%. HCC recurred in 28/57 (49%) patients with previous history; diabetes and 

ethnicity were the only independent predictors of HCC recurrence. Conclusions: In a large cohort 

of HCV cirrhotic DAA-treated patients, GRS was associated with de novo HCC independently of 

classical risk factors including liver disease severity. These data suggest that hepatic fat – 

lipotoxicity promotes HCC in this setting and may represent a target for chemoprevention. 

Combination of clinical and genetic predictors may improve HCC risk stratification. 

INTRODUCTION

Direct-acting antivirals (DAA) have revolutionized treatment of chronic hepatitis C virus (HCV) 

infection, by providing excellent effectiveness with sustained virological response rates above 

95% in almost all patients [1]. In addition, the excellent safety profile has allowed extending 

treatment for patients with previous contraindications to Interferon (IFN)-based antiviral treatment. 

Despite HCV eradication results in reduced liver-related complications, patients who developed 

cirrhosis before HCV cure remain at risk of hepatocellular carcinoma (HCC) onset [2]. 

Consequently, current HCC international guidelines recommend long-life surveillance [3]. As the 

universal surveillance strategy in HCV-cured cirrhotic patients can result in elevated health cost 

burden, many efforts are currently aimed at identifying HCC predictors, in order to improve 

individual risk stratification and eventually develop personalized surveillance policies. Besides 

clinical predictors such as age, sex, metabolic co-factors (diabetes), more advanced liver stage, in 

recent years the expanding knowledge about the role of genetics in HCC predisposition prompted 

studies aimed at identifying the specific genetic determinants of HCC development. Many studies 

conducted in this field have showed robust association between single nucleotide polymorphisms 

(SNPs) and HCC risk especially in the setting of viremic HCV patients, but also in liver disease 

etiologies. In particular, common variants influencing hepatic fat accumulation and the risk of 

fatty liver disease have been associated with HCC development in several settings [4]. Concerning A
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the specific variants identified, patatin like phospholipase domain containing 3 (PNPLA3) 

rs738409, membrane bound O-acyltransferase domain containing 7 (MBOAT7) rs641738, 

transmembrane 6 superfamily member 2 (TM6SF2) rs5842926 have provided the strongest 

evidence of increasing HCC risk [5-11]. The identification of these variants carries also a 

biological plausibility, as gene products are involved in regulation of fatty liver content, and 

metabolic co-factors have demonstrated strong association with risk of HCC development [12,13]. 

However, most studies have been conducted in the setting of HCV viremic or IFN-cured patients, 

so data about DAA-cured patients are still lacking. Moreover, an important limitation of currently 

available genetic studies relies in the low statistical power of a model based on a single-gene 

variant to predict HCC. We recently showed that a genetic risk score estimating the inherited 

predisposition to accumulate liver fat (GRS) resulting from combination of four major risk 

variants (in the PNPLA3, TM6SF2, MBOAT7, and Glucokinase Regulator [GCKR] genes) is 

associated with the severity of liver fibrosis in patients with non-alcoholic fatty liver disease 

(NAFLD) [14], suggesting that hepatic fat accumulation has a causal role in determining liver 

disease progression. However, little is known about the impact of hepatic fat in other liver disease 

etiologies or its potential association with liver-related events, such as development of HCC. With 

this in mind, we decided to evaluate the impact of the genetic predisposition to accumulate liver 

fat (estimated by the hepatic fat GRS) on HCC risk in a cohort of HCV cirrhotic patients cured by 

DAA.

MATERIAL AND METHODS 

Patient Population

This single-center, retrospective study consecutively included HCV cirrhotic patients starting 

antiviral treatment with DAA between December 2014 and December 2016 and consenting to 

genetic testing. Patients were managed in the Gastroenterology and Hepatology Unit, Foundation 

IRCCS Ca’ Granda Ospedale Maggiore Policlinico in Milan, Italy, which is a tertiary center for 

liver diseases. Main exclusion criteria were human immunodeficiency virus (HIV) co-infection, 

active HCC or atypical/uncharacterized liver nodules at baseline (DAA start) and Child-Pugh-

Turcotte (CPT) C score, whose treatment was not reimbursed by Italian National Health System 

outside the liver transplant waiting list, as previously described [12]. Cirrhosis was defined 

histologically (METAVIR F4) or non-invasively, by transient elastography (TE), with a liver 

stiffness measurement (LSM) cut-off >11.9 kPa. Patients consented to make available their A
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medical records for the study, which was approved by the local institutional review board and 

conformed to the 1975 Declaration of Helsinki ethical guidelines.

Treatment efficacy and HCC surveillance

Sustained virological response (SVR) was defined as undetectable HCV-RNA 12 weeks after the 

end of treatment, according to Abbott-Real Time PCR (lower limit of detection 12 IU/mL). 

HCC surveillance was performed by a 6-month abdominal ultrasound in patients with no HCC 

history; in patients with a previous HCC history, surveillance was performed by 6-month 

abdominal ultrasound (US) scan if they had achieved a complete response (CR) to a prior HCC 

treatment from >2 years, while a computed tomography every 3 months was performed in patients 

achieving a CR ≤2 years. HCC was diagnosed, staged and managed according to International 

recommendations [3].

 

Genetic analysis

DNA was purified from whole blood samples using the QIAmp blood Mini Kit (Qiagen, Mainz, 

Germany). Genotyping of the rs738409 C>G (PNPLA3 I148M), rs58542926 C>T (TM6SF2 

E167K), rs641738 C>T at the MBOAT7 locus, and rs1260326 C>T (GCKR P446L) was carried 

out with the commercial assays using the TaqMan single-nucleotide polymorphism genotyping 

allelic discrimination method (ABI prism StepOne Plus Real-Time PCR system, Applied 

Biosystems, Foster City, CA). Genotypes were determined by the SDS software (v.2.2, StepOne 

Plus; Applied Biosystems). 

The hepatic fat GRS score was calculated by summing the number of at-risk alleles, weighted by 

their effect size on the hepatic fat content in a sample representative of the general population 

(Dallas Heart Study), as previously described [14].

Statistical analysis

Categorical variables were reported as frequencies (percentages) and continuous variables as 

median (range). Categorical variables were compared using the χ2 or the Fisher’s exact tests; 

continuous variables were compared using the Student t-test, the Mann-Whitney U-test or the 

Kruskall-Wallis test, when appropriate. All tests were two-sided and used a significance level of 

0.05. Logistic regression analysis was used to analyse the association between binary outcomes 

and multiple exposure variables. A
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The optimal GRS cut-off values to predict HCC risk were identified using receiver operating 

characteristic (ROC) curves analysis. The area under the ROC curve (AUROC) as well as 95% 

confidence interval (CI) were calculated under non-parametric (distribution free) assumption. The 

diagnostic performance of GRS to predict HCC was expressed as sensitivity (Sn), specificity (Sp), 

corresponding positive and negative likelihood ratios (LR+ and LR-), positive and negative 

predictive values (PPV and NPV), and AUROC. 

The impact of risk factors on HCC development was evaluated by Kaplan-Meier estimates of the 

cumulative incidence rates; survival distributions were compared by univariate and multivariate 

Cox proportional-hazards models. All clinical variables included in the model were assessed at 

baseline (DAA start). Multivariate analysis included all significant (p<0.05) variables at univariate 

analysis. Patients were censored at last follow-up visit or HCC onset. Data handling and analysis 

were performed with StataView package (SAS Institute Inc., Cary, NC).

RESULTS

Patient population

Between December 2014 and December 2016, 565 HCV cirrhotic patients consecutively treated 

with DAA were enrolled; 56 did not consent to genetic testing, therefore, the final analysis 

included 509 patients. Patients characteristics are shown in Table 1. They were mostly (58%) 

males, 471 (93%) of Italian ethnicity, median age was 64 (28-87) years, body mass index (BMI) 

was 25 (16-40) Kg/m2, 99 (20%) patients had type 2 diabetes. HCV genotype was 1b in 254 (50%), 

median alanine aminotransferase ALT 71 (8-770), baseline LSM was 19.4 kPa (12.0-75.0); CPT 

score was A in 442 (87%) of the patients, 57 (11%) patients had a previous HCC history. 

Unfavourable risk alleles for PNPLA3, MBOAT7, TM6SF2 and GCKR were carried by 275 (54%), 

363 (71%), 46 (9%) and 380 (75%) of patients, respectively (Hardy Weinberg equilibrium p>0.05). 

Patients’ main baseline clinical and biochemical variables did not significantly differ across the 

genotypes of the four variants, except from higher alpha-fetoprotein (AFP) level and international 

standardized ratio (INR) in patients with PNPLA3 CC vs. CT/TT genotype and more HCV-1b 

patients in GCKR CC vs. CT/TT (Supplementary Table 1). Median GRS applied to patient 

population was 0.329 (Interquartile Range [IQR] 0.128-0.457). 

Antiviral treatment effectivenessA
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Overall, 491 (96%) patients achieved the SVR, 10 (2%) had a viral relapse and 8 (1.6%) were lost 

to follow-up before SVR timepoint (7 were retreated and achieved SVR). Treatment efficacy was 

not influenced by the genetic variants under study: indeed, GRS did not significantly differ 

according to the SVR status, being respectively 0.329 (IQR 0.128-0.457) in SVR vs. 0.361 (IQR 

0.128-0.394) in non-SVR patients (p=0.74). 

HCC development 

During 43 (3-57) months follow-up after antiviral treatment start, 64 (13%) out of 509 patients 

developed HCC, with a 4-year cumulative incidence of 13% (95% CI 11-17%); de novo HCC 

occurred in 36 patients without HCC history, while HCC recurred in 28 patients. The 

corresponding 4-year cumulative incidences of HCC were 9% (95% CI 7-12%) for de novo HCC 

and 51% (95% CI 27-63%) for HCC recurrence (Figure 1). Complete description of HCC features 

is provided in the Supplementary Materials (Supplementary Text and Supplementary Table 

2)

De novo HCC: clinical and genetic predictors

At univariate Cox regression analysis, carriage of the single genetic risk variants for hepatic fat 

accumulation was not significantly associated with HCC incidence, as well as GRS score when 

analyzed as a continuous variable (Supplementary Table 3). Since we hypothesized that the 

relationship between predisposition to hepatic fat accumulation – lipotoxicity and HCC was not 

linear, we examined whether we could identify a GRS score threshold that may be able to identify 

at risk patients with a high specificity. At AUROC curve analysis, the best GRS cut-offs for de 

novo HCC resulted GRS >0.597 [Sensitivity (Sn) 25%, Specificity (Sp) 88%, Positive Likelihood 

Ratio (LR+) 2.2, Negative Likelihood Ratio (LR-) 0.8, AUROC 0.52 (95% CI 0.47-0.56)]. Of the 

whole cohort, 57 individuals (12.6%) had a GRS>0.597. When considering in the univariate 

analysis GRS score (as a dichotomous variable) and clinical features, male gender, diabetes, 

baseline (DAA start) INR values, albumin, LSM, Fibrosis-4 (FIB-4) score and GRS >0.597 were 

associated with the incidence of de novo HCC (Table 2). 

At multivariate Cox regression analysis that included all significant (p<0.05) variables at 

univariate analysis with the only exclusion of LSM values (due to limited data availability), male 

sex (Hazard Ratio [HR] 2.54, 95% CI 1.1.5-5.63; p=0.02), diabetes (HR 2.39, 95% CI 1.20-4.74; 

p=0.01), albumin concentration (HR 0.35, 95% CI 0.19-0.64; p=0.001) and GRS >0.597 (HR 2.30, A
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95% CI 1.03-5.11; p=0.04) were independent predictors of de novo HCC (Table 2). Indeed, 4-year 

cumulative incidences of de novo HCC were 6% (95% CI 1-10%) vs. 12% (95% CI 8-16%) in 

males vs. females (p=0.01); 17% (95% CI 9-24%) vs. 7% (95% CI 5-10%) in diabetic vs. non-

diabetic patients (p=0.001); 21% (95% 10-34%) vs. 7% (95% CI 4-11%) in patients with albumin 

< or ≥3.5 g/dl (lab normal albumin value was used as a cut-off) (p<0.001), respectively. 

Concerning GRS score, cumulative incidence of HCC resulted 16% (95% CI 8-28%) in patients 

with GRS >0.597 vs. 7% (95% CI 5-11%) in patients with GRS ≤0.597 (p=0.01) (Figure 2A-D). 

By combining independent risk factors for HCC, 4-year cumulative incidence of HCC resulted 

20% (95% CI 12-28%) in patients with two risk factors (26.5% of the whole cohort) vs. 5% (95% 

CI 3-7%) in patients with less than two risk factors (p<0.0001). When evaluating presence of three 

contemporary risk factors (1.3% of the whole cohort), the corresponding figures were 80% (95% 

CI 43-100%) vs. 8% (95% 6-11%) (p<0.0001), while the small number of patients with four risk 

factors (n=2) did not allow a further sub-analysis (Figure 3A-B). Finally, considering the 

proportion of patients with HCC development according to the multiple combinations of risk 

factors, HCC rates ranged between 11% and 67% (Figure 4).

Recurrent HCC: clinical and genetic predictors

At univariate Cox regression analysis, the presence of diabetes, BMI and Egyptian ethnicity were 

associated with HCC recurrence; on the other hand, the other single genetic variants and GRS 

score were not significant (Table 3). GRS was analyzed both as a continuous variable and by 

identifying a cut-off value at ROC curve analysis: GRS<0.191 [Sn 64%, Sp 72%, LR+ 2.3, LR- 

0.5, AUROC 0.67 (95% CI 0.53-0.78)].

At Cox regression multivariate analysis, diabetes (HR 2.78, 95% CI 1.03-7.44, p=0.04) and 

ethnicity (Italian vs. Egyptian, HR 0.22, 95% CI 0.05-0.91, p=0.03) were the only independent 

predictors of HCC (Table 3). The 4-year cumulative incidence of HCC was 88% (95% CI 64-

100%) in diabetic patients vs. 45% (95% CI 25-55%) in non-diabetic patients (p=0.002) (Figure 

5) and 100% vs. 48% (95% CI 35-65%) in Egyptian vs. Italian patients, respectively (p=0.0003). 

 

DISCUSSION

This single-center, retrospective-prospective study examined whether a GRS estimating the 

individual predisposition to accumulate fat in the liver predicted HCC onset in a cohort of 509 

HCV cirrhotic patients, consecutively treated with antiviral therapy and followed-up for a median A
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of 43 months. We confirmed that the GRS was associated with the incidence de novo HCC, 

independently of clinical predictors (diabetes, male sex, low pre-treatment albumin values). On 

the contrary, the genetic profile was not associated with HCC recurrence in patients with a 

previous history of HCC before antiviral treatment, the only independent predictors of HCC 

recurrence being the presence of diabetes and ethnicity. 

To our knowledge, this is the first study investigating the role of genetic predisposition towards 

hepatic fat accumulation to predict HCC after HCV eradication, either as single risk variants or 

combined in a genetic risk score, in order to improve tumor risk stratification in HCV cirrhotic 

patients cured by DAA. As patients with de novo or recurrent HCC represent two distinct patient 

populations with regard to tumor history and risk, they have been analyzed separately.

Concerning the incidence of de novo HCC, the identified classical independent predictors, that is 

diabetes, male sex and albumin values, are in line with main literature results. Male sex has 

promptly been recognized as a risk factor for the development and progression of HCV-related 

liver disease to clinical complications [15]. Reduced circulating albumin concentration has been 

associated with de novo HCC in a recent multicentre Italian study enrolling 2,249 HCV cirrhotic 

patients treated with DAA. Low albumin values, together with reduced platelet count, which was 

identified by the same study as another independent predictor of HCC, represent a surrogate 

marker of more advanced liver diseases, meaning that de novo HCC risk is increased in patients 

treated for HCV infection at a more advanced disease stage [16]. The presence of advanced liver 

disease at baseline, as indicated by low platelet count, increased liver stiffness and/or portal 

hypertension, was found by all studies conducted in the DAA era as a key factor affecting HCC 

risk after viral cure [17-19]. Finally, diabetes had already been identified as HCC predictor in 

previous studies conducted in the IFN treatment era [2,13]; these data were confirmed also the 

patient populations treated with DAA [12]. Considering more broadly the role of metabolic co-

factors, a French study conducted in 1,270 HCV cirrhotic patients treated with DAA found that 

gamma-glutamyl-transferase (GGT) values were independently associated with HCC. Indeed, 

GGT is a marker of metabolic syndrome, although a potential role of alcohol intake and exposure 

to environmental toxins cannot be excluded [18]. BMI as marker of metabolic co-factor has been 

also included in a recent model to estimate HCC risk after SVR, developed in Veteran American 

patient population [20]. 

In this study, we focused on the impact of the genetic predisposition to hepatic fat accumulation, 

as a possible mediator of the effect of metabolic risk factors in determining the increased risk of A
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HCC in a cohort of patients with cirrhosis, who mostly cleared the viral infection after DAA 

therapy. The four variants considered were identified in genome wide association studies as key 

determinants of hepatic steatosis and the risk of fatty liver disease. Although through different 

mechanism, their carriage results in increased predisposition to accumulation of fat within 

intracellular lipid droplets in hepatocytes [21-38]. The weighted hepatic fat GRS in which we 

combined these four variants was developed in a sample representative of the general population, 

where hepatic fat content was measured by the gold standard, that H1-spectrometry by nuclear 

magnetic resonance, and validated in multiple cohorts of at-risk individuals [14]. Importantly, it 

was demonstrated GRS correlated with liver fibrosis development in individuals with metabolic 

risk factors, suggesting hepatic fat accumulation has a causal role in liver disease pathogenesis and 

may represent a therapeutic target [4,14]. Variants in PNPLA3, TM6SF2 and MBOAT7 have been 

also identified as HCC predictors both in patients with steatohepatitis and HCV-related liver 

disease [5-11], but their role has never been evaluated in cirrhotic patients after HCV eradication. 

The main result of the present study was that, while the impact of single variants was not 

significant, the GRS was associated with the incidence of de novo HCC after DAA treatments, 

independently of classical risk factors and of the severity of liver disease. By combining the 

genetic risk score together with clinical predictors of HCC, in patients carrying at least two risk 

factors the cumulative incidence of de novo HCC was four-fold higher compared to patients 

carrying <2 risk factors (20% vs. 5% at 4 years). This figure corresponds to a de novo HCC 

incidence of 5% per year in high-risk patients, that almost doubles the average 2-3% reported in 

literature for cirrhotic patients after SVR [11,15,17,38-39]. As a consequence, combination of 

genetic and clinical risk factors could lead to identify a subset of cirrhotic patients (about one in 

four of the present cohort) carrying a high-risk of de novo HCC, who could benefit from a 

personalized HCC surveillance program. 

On the contrary, when analysing patients with a previous HCC history, we were not able to find 

any influence of genetic predisposition to accumulate liver fat on the risk of HCC recurrence, 

although we defined a specific cut-off of GRS for this patient subset. This could be due to the 

limited sample size of patients with previous HCC history (n=57); in addition, tumor risk in these 

patients, who developed HCC during chronic viral replication, significantly differs from patients 

without any previous HCC and, consequently, predisposition of hepatic fat accumulation and 

altered hepatocellular lipid handling could not have a clinically meaningful impact on disease 

recurrence after curative treatments.A
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Strengths of our work are the large patient population, consecutively enrolled with a consistent 

and systematic protocol of evaluation of demographic and clinical data and the long follow-up 

(median 43 months). Limitations include the lack of systematic assessment of the prevalence of 

fatty liver in the study cohort to confirm that the impact of GRS on HCC risk was mediated by 

altered hepatic lipid metabolism. However, the relationship between the GRS and hepatic fat was 

previously evaluated in multiple cohorts [14] as the amount of liver fat, but not the detrimental 

impact of altered lipid metabolism and lipotoxicity, tend to decrease with liver fibrosis severity.  

Furthermore, patients were mostly affected by compensated liver disease stage (CPT score A); 

this fact could have prevented us from observing an adequate number of HCC events, as 

decompensated patients (CPT B-C) carry an increased HCC risk compared to CPT A patients. 

However, according to the drug reimbursement policy in Italy, patients with decompensated 

cirrhosis CPT score C could not be treated if not waitlisted for liver transplant. Small numbers of 

patients with a previous history of HCC could also prevent us from the possibility to observe any 

association with genetic factors. As the cut-off of the hepatic fat content GRS for detection of 

HCC was derived from the ROC curve analysis in our patient population, it still requires external 

validation. In addition, results may not apply to populations characterized by a different risk 

profile or to other ethnicities; as we directly genotyped the four genetic variants of interest in the 

study cohort, unfortunately we were not able to perform more extensive genotyping allowing for a 

genetic estimation of ethnicity.

In conclusion, in a large cohort of HCV cirrhotic patients treated with DAA, we showed that a 

high value of a validated GRS estimating the inherited predisposition to accumulate fat in the liver 

was an independent risk factor for incidence of de novo HCC after DAA treatment. These data 

suggest that hepatic fat accumulation and lipotoxicity favour HCC development in this clinical 

setting. Therefore, the combination of clinical and genetic predictors could allow for a better HCC 

risk stratification in patients with HCV-related cirrhosis treated with DAA, in order to develop 

individualized HCC surveillance strategies. On the other hand, drugs and lifestyle approaches 

targeting hepatic fat accumulation may reduce HCC incidence in individuals at higher risk.
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FIGURE LEGEND

Figure 1. Cumulative incidence of de novo and recurrent HCC in the overall (n=509) population

Figure 2. Cumulative incidence of de novo HCC in patients stratified by sex (2A), presence of 

diabetes (2B), pre-treatment albumin values (2C), and GRS values (high vs. low) (2D)

Figure 3. Cumulative incidence of de novo HCC according to presence of two (3A) or three risk 

factors (3B) among the independent HCC predictors (male sex, diabetes, albumin and 

GRS score)

Figure 4. Cumulative incidence of recurrent HCC according to the presence of diabetes (4A) 

Figure 5. Proportion of patients with de novo HCC according to combination of independent risk 

factors (male gender, diabetes, albumin≤3.5 and GRS>0.597) 
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Table 1. Demographic and clinical characteristics of the 509 patients included in the study 

 

  

Overall 

population 

(n=509) 

No HCC  

History 

(n=452) 

Previous HCC  

History 

(n=57) 

Age, years 64 (28-87) 63 (28-87) 72 (51-86) 

Males 297 (58%) 261 (58%) 36 (63%) 

Ethnicity: 

Italian 

Egyptian 

 

471 (93%) 

38 (7%) 

 

418 (92%) 

34 (8%) 

 

53 (93%) 

4 (7%) 

BMI, Kg/m
2
 25 (16-40) 25 (16-40) 25 (18-36) 

Diabetes 99 (20%) 90 (20%) 9 (16%) 

HCV genotype 1b 254 (50%) 214 (47%) 40 (70%) 

HCV-RNA, IU/mL 589,557 

(138-13,333,872) 

610,666 

(138-13,333,872) 

407,821  

(2,337-5,416,303) 

ALT, U/L 71 (8-770) 74 (8-770) 59 (15-209) 

GGT, U/L 70 (11-890) 71 (11-890) 67 (12-643) 

Bilirubin, mg/dL 0.9 (0.2-6.3) 0.9 (0.2-6.3) 0.9 (0.3-2.7) 

INR 1.1 (0.8-2.9) 1.1 (0.8-2.9) 1.1 (0.9-2.2) 

Albumin, g/dL 4.1 (2.4-5.5) 4.1 (2.4-5.5) 4.1 (2.7-5.0) 

Creatinine, mg/dL 0.8 (0.4-10.1) 0.8 (0.4-10.1) 0.8 (0.5-1.5) 

Platelets, x10
3
/mL 115 (26-753) 115 (26-753) 115 (32-471) 

AFP, ng/mL 10 (1-537) 9 (1-537) 10 (2-192) 

CPT score A 442 (87%) 393 (87%) 49 (86%) 

Esophageal varices 182 (36%) 133 (29%) 25 (44%) 

LSM, kPa 19.4 (12.0-75.0) 17.4 (12.0-75.0) 21.0 (12.0-36.3) 

FIB-4 4.9 (0.3-46.3) 4.9 (0.3-46.3) 6.0 (1.1-22.4) 

PNPLA3, CG/GG 275 (54%) 250 (55%) 25 (44%) 

MBOAT7, CT/TT 363 (71%) 325 (72%) 38 (67%) 

TM6SF2, CT/TT 46 (9%) 43 (10%) 3 (5%) 

GCKR, CT/TT 380 (75%) 341 (75%) 39 (68%) 

GRS score (IQR) 0.329 (0.128-0.457) 0.329 (0.130-0.459) 0.193 (0.111-0.394) 
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For single genetic variants, we considered carriage of the risk allele. 

 

 

BMI: body mass index; ALT: alanine aminotransferase; GGT: gamma-glutamyl 

transpeptidase; INR: international standardized ratio; AFP: alpha-fetoprotein; CPT: Child-

Pugh-Turcotte score; LSM: liver stiffness measurement; GRS: genetic risk score; IQR: 

Interquartile Range. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Baseline predictors of de novo HCC at univariate and multivariate Cox regression 

analysis in 452 cirrhotic patients treated with DAA 

 

Variables Patients 

number 

Category Univariate Analysis Multivariate Analysis 

HR (95% CI) p value HR (95% CI) p value 

Male gender 452 yes vs no 2.62 (1.19-5.76) 0.01 2.54 (1.15-5.63) 0.02 

Diabetes 452 yes vs no 2.83 (1.43-5.56) 0.003 2.39 (1.20-4.74) 0.01 

INR, ratio 451 continuous 2.64 (1.27-5.48) 0.009 - - 

Albumin, g/dL 451 continuous 0.37 (0.20-0.68) 0.001 0.35 (0.19-0.64) 0.001 A
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LSM, kPa 379 continuous 1.04 (1.02-1.06) <0.001 - - 

FIB-4 446 continuous 1.06 (1.01-1.10) 0.004 - - 

GRS >0.597 452 yes vs no 2.44 (1.15-5.20) 0.02 2.30 (1.03-5.11) 0.04 

 

All variables were analyzed at baseline (DAA start). Variables not statistically significant at 

univariate analysis: Age (continuous), Ethnicity (Italian vs Egyptian), BMI (continuous), 

HCV genotype (HCV-1 vs others), HCV-RNA (continuous), ALT (continuous), GGT 

(continuous), Bilirubin (continuous), platelet count (continuous), creatinine (continuous), 

esophageal varices (yes vs. no), AFP (continuous), PNPLA3 (CG vs GG), MBOAT7 (CT vs 

TT), TM6SF2 (CT vs TT), GCKR (CT vs TT)    
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Table 3. Baseline predictors of recurrent HCC at univariate and multivariate Cox regression 

analysis in 57 cirrhotic patients treated with DAA 

 

Variable Patients 

number 

Category Univariate Analysis Multivariate Analysis 

HR (95% CI) p value HR (95% CI) p value 

Ethnicity 57 Italian vs. Egyptian 0.12 (0.34-0.48) 0.002 0.22 (0.05-0.91) 0.03 

BMI, Kg/m
2
 57 continuous 1.10 (1.00-1.22) 0.04 - - 

Diabetes 57 yes vs.no 3.57 (1.46-8.75) 0.005 2.78 (1.03-7.44) 0.04 

 

All variables were analyzed at baseline (DAA start). Variables not statistically significant at 

univariate analysis: Age (continuous), male gender (yes vs. no), HCV genotype (HCV-1 vs 

others), HCV-RNA (continuous), ALT (continuous), GGT (continuous), Bilirubin 

(continuous), INR (continuous), albumin (continuous), platelet count (continuous), creatinine 

(continuous), esophageal varices (yes vs. no), AFP (continuous), LSM (continuous), FIB-4 

(continuous), PNPLA3 (CG vs GG), MBOAT7 (CT vs TT), TM6SF2 (CT vs TT), GCKR (CT 

vs TT), GRS score (continuous), GRS score<0.191 (yes vs. no)    
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