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Background and aims

Identification of high-risk patients for hepatocellular carcinoma (HCC) is essential for long term monitoring of nonalcoholic steatohepatitis (NASH) cirrhosis progression. We sought to evaluate the association between Fibrosis-4 (FIB-4) index and incidence of HCC risk among patients with NASH cirrhosis.





Methods

We conducted a retrospective cohort study of adult patients with NASH cirrhosis (n= 1,338) who were evaluated in a single medical center between 2005 and 2015. Those who developed HCC were identified through electronic medical records using International Classification of Diseases (ICD) 9 and 10 codes until the end of September 2021.





Results

During a median follow-up time of 3.7 years, 157 (11.7%) patients with NASH cirrhosis developed HCC. At index visit, the study population had a median age 57 years, 43% males, 78.8% White, and mean FIB-4 index 4.2. The final multivariable Cox regression model revealed that male sex, BMI 25-29.9 kg/m2, and hypertension were independent factors associated with development of HCC in patients with NASH cirrhosis. Compared to patients with FIB-4 ¾ 1.45, patients with FIB-4 between 1.45-3.25 had a similar hazard of HCC (Hazard Ratio [HR] 1.12, 95% CI: 0.67-1.86, p=0.670), whereas patients with FIB-4 >3.25 had a 1.93 (95% CI: 1.22-3.05, p=0.005) increased hazard of HCC.





Conclusion

FIB-4 > 3.25 was an independent factor associated with increased HCC risk among NASH cirrhosis patients. FIB-4 index is a promising tool for determining high-risk patients and may be used in routine clinical practice to monitor risk of HCC in patients with NASH cirrhosis.
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Introduction

Cirrhosis, end-stage liver disease, hepatocellular carcinoma (HCC), and liver transplantation are all common outcomes of nonalcoholic fatty liver disease (NAFLD), which has emerged as a major global health issue (1). Nonalcoholic steatohepatitis (NASH), its progressive form, is the most common reason for liver transplantation in the United States, the fastest-growing cause of HCC in liver transplant candidates (2) and the most rapidly increasing indication for liver transplantation in young adults in the United States (3). Fibrosis stage is a strong predictor for disease progression and mortality in patients with NAFLD (4–6). Thus, early diagnosis of fibrosis is crucial to identify high-risk patients to improve outcomes. Liver biopsy is the gold standard to evaluate liver fibrosis but is not feasible for screening and disease monitoring in clinical practice due to its invasive nature, cost, risks, susceptibility to sampling errors, variable reliability and relatively low disease prevalence (7). Therefore, non-invasive methods or tests are essential for identifying patients with liver fibrosis and for long-term monitoring. One of the most studied non-invasive methods for estimating fibrosis stage and assessing liver stiffness is transient elastography. However, it is not widely available in all clinical settings, its use may be limited by increased body habitus, and it might not be a practical first-line strategy in primary care clinic settings or low-resource settings (8). Despite the fact that Liver Societies have the same screening recommendations (abdominal ultrasonography every six months with or without serum alpha-fetoprotein) in patients with cirrhosis irrespective of HCC risk (9–11), HCC surveillance is still underutilized in clinical practice, especially in patients with cirrhosis caused by NASH as many studies have reported poor compliance with these screening recommendations (12–15). Therefore, there remains a critical unmet need to develop and validate non-invasive biomarkers or tests that can be used for long-term monitoring of HCC in patients with cirrhosis during the everyday clinical practice, especially in low-resource settings (16). Numerous studies have been conducted to validate the diagnostic accuracy of non-invasive scoring systems based on clinical and biochemical markers for the diagnosis of liver fibrosis in NAFLD (8, 17, 18). The Fibrosis-4 index (FIB-4) is a non-invasive tool of readily available clinical parameters (age, aspartate aminotransferase [AST], alanine aminotransferase [ALT], and platelet count) that, when compared to other non-invasive fibrosis markers, has shown to be highly effective in identifying advanced fibrosis in patients with NAFLD (19, 20). The FIB-4 index has been demonstrated to have a prognostic value for predicting adverse liver-related outcomes in NAFLD patients (20). In general, a value of FIB-4 < 1.45 was the cut-off to rule-out cirrhosis, while a value of FIB-4 > 3.25 showed a high specificity for ruling in cirrhosis. Recent evidence suggests that FIB-4 index can predict adverse outcomes in NAFLD patients (21–24) but more studies in different populations and settings are needed to confirm its prognostic value. Therefore, the aim of this study was to assess the value of FIB-4 index in predicting the risk of HCC in a population with NASH cirrhosis.





Patients and methods




Study design

In this retrospective cohort study, we identified all adult patients (age ≥ 18 years) with NASH-cirrhosis who received inpatient and outpatient care in Virginia Commonwealth University Health System (VCUHS) between January 2005 and December 2015 (n =1,338). We used baseline characteristics in the initial visit to identify factors that may predict the risk of HCC in NASH cirrhosis. Study researchers made the determination that this study does not constitute human subject research given that the study uses secondary de-identified data (25).





Patient population and data source

We derived data on all patients with NASH cirrhosis from electronic medical records (CERNER). Patients with NASH cirrhosis were identified using International Classification of Diseases (ICD) 9 and 10 diagnosis codes and billing data. Data extracted from patients’ records included demographic data (age, sex, race, ethnicity), smoking status, lab tests (complete blood count (white blood cell, hemoglobin, platelet counts), hepatic panel (ALT, AST, total bilirubin, direct bilirubin, albumin, and international normalized ratio (INR)), kidney function (creatinine, glomerular filtration rate (GFR)), lipid panel (total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides), hemoglobin A1C (HbA1C)), comorbidities (type 2 diabetes mellitus (T2DM), hypertension, coronary artery disease, heart failure, sleep apnea, other cancers), and vital signs. We excluded patients with an HCC diagnosis documented prior to index date for NASH cirrhosis diagnosis, or had other etiologies of chronic liver disease including viral, alcoholic, cholestatic, autoimmune or genetic (Supplementary Table 1), or who received a liver transplant prior to the start of the study. In the absence of alcohol use disorders and ICD diagnostic codes for other cirrhosis etiologies (Supplementary Figure 1), the diagnosis of NASH cirrhosis was based on the presence of the ICD 9 and 10 codes for cirrhosis due to NAFLD or NASH (571.5, 571.8, 571.9, K75.81, K76.0), recorded at least once in any inpatient or outpatient encounter. We identified 1,338 individuals with a NASH cirrhosis diagnosis that was initially reported at or before 1/1/2005 and who underwent medical treatment at VCUHS between 2005 and 2015, determined by having at least one inpatient or outpatient visit for any indication during the study period.





Clinical characteristics and outcomes of interest

Comorbidities were identified using ICD-9 and 10 codes. The patients’ baseline characteristics were ascertained at the index visit (first encounter) when a diagnosis of NASH cirrhosis was first recorded. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Patients were categorized based on their BMI as follows: underweight (BMI < 18.5 kg/m2), normal weight (BMI 18.5-24.9 kg/m2), overweight (BMI 25-29.9 kg/m2), and obese (BMI ≥ 30 kg/m2). We obtained results closest to index date for patients who had multiple lab tests or measurements. The diagnosis of HCC was based on the presence of ICD-9 codes (155, 155.0, 155.1) and ICD-10 (C22.0, C22.1) codes recorded at least once during the study follow up. FIB-4 index was calculated using standard formula which includes age, AST (U/L), ALT (U/L), and platelet count (109/L) (26). Based on FIB-4 values, patients were categorized as (1) low risk, FIB-4 < 1.45; (2) intermediate risk, FIB4 1.45-3.25; and (3) high risk, FIB-4 > 3.25 (26–28). The primary outcome was HCC which was evaluated utilizing ICD codes that occurred during follow-up and were at least 90 days past index date.





Statistical analysis

Descriptive statistics were calculated to investigate sample characteristics. Continuous variables were summarized as median (interquartile range [IQR]) and mean (± standard deviation [SD]) and categorical variables as frequency (percentage). Follow-up time was defined as the number of years from the first diagnosis of cirrhosis (index date) to the diagnosis of HCC or to death, or until censoring due to no events at end of study. Follow up started at index date which could be as early as 2005 and continued until 9/30/2021, and it was used to calculate person-time at risk for HCC. Patients who did not develop HCC by 9/30/2021 were censored at the time of death or administratively censored at the end of study. Time to HCC analysis was performed using univariate and multivariable Cox proportional models, adjusting for factors of interest. In the final analyses and for the purposes of this study, we estimated the risk of HCC development within 5 years of follow up. Kaplan-Meier curves were used to illustrate time from baseline (index date) to HCC by FIB-4 index category (Figure 1). Univariate and multivariate Cox proportional hazard regression analyses were used to evaluate associations between patient characteristics and outcome, and to examine the associations between HCC and factors of interest, respectively. Cox regression results were reported as hazard ratio (HR) and 95% confidence interval (95% CI). Both Wald and likelihood ratio methods were used to test for the statistical significance of covariates in the final multiple proportional hazards model. Models were adjusted for sex, race/ethnicity, number of comorbidities, and laboratory values. We evaluated multiple multivariable models. The 3 final models were (a) Model 1 (main model): adjusted for sex, race/ethnicity, BMI, FIB-4 index, T2DM and hypertension; (b) Model 2: adjusted for age, liver-related lab tests in addition to other variables from model 1 but without FIB-4 index; (c) Model 3: adjusted for all aforementioned variables except age and platelet count since they are accounted for in the FIB-4 index. Model 1 was not adjusted for age or liver-related lab tests (platelet count, INR, albumin, total bilirubin) to avoid overadjustment since age and platelet count are included in the FIB-4 index calculation, and strongly correlated with liver-related labs and FIB-4 index. Model 2 evaluates the liver-related labs in absence of FIB-4 index. Model 3 assesses the possible correlation between FIB-4 index and liver-related labs (INR, albumin, total bilirubin). A sensitivity analysis following single imputation of mean for missing BMI values was performed due to a large number of missing values in BMI measurement. A two-tailed P value < 0.05 was considered significant. STATA version 17 software (StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC) was used for all analyses.




Figure 1 | Kaplan-Meier estimates of hazard of developing HCC in patients with NASH cirrhosis by categories of FIB-4 index within 5 years of follow up. *Log-rank test statistic p-value <0.001.








Results




Baseline characteristics of study population

A flowchart for selection of study population is shown in Supplementary Figure 1. Baseline characteristics are summarized in Table 1. Overall, 43% of patients were males and 78.8% were non-Hispanic White. The entire population had a median age 57 (IQR 16) years. 26.2% had T2DM, 33.3% had hypertension, 2.4% had prior myocardial infarction, 9.4% heart failure, and 13.8% other cancers. 9.4% of patients had model for end-stage liver disease (MELD) score > 20. The proportion of patients with FIB-4 >3.25 was 46.7%. Patients with FIB4 >3.25 were more likely to be older (median age 60 years), males (50%), non-Hispanic White (82%), and have higher cholesterol ≥200 mg/dl (35%) (Table 1).


Table 1 | Baseline characteristics of study population (overall and by FIB-4 index category).







Univariate and multivariable associations with HCC

The median follow-up time was 3.7 years (IQR: 0.7-7.9 years). Among 1,338 patients with NASH cirrhosis, 157 (11.7%) developed HCC. The crude incidence rates for HCC, stratified by FIB-4 category, were 0.020, 0.024, and 0.052 per person-year, respectively, in patients with FIB-4 ¾1.45, 1.45-3.25, and >3.25. In the univariate analysis, factors that were identified to be significant predictors of the risk of HCC in NASH cirrhosis were older age (> 69 years), male sex, overweight/obesity, T2DM, hypertension, FIB-4 >3.25, albumin, INR, total bilirubin, and platelet count (Table 2). We tested multiple models to evaluate for possible confounding between FIB-4 index and liver-related laboratory values. In multivariable analyses, with adjustment for factors of interest based on univariate analysis, factors that maintained a significant association with HCC in NASH cirrhosis included (a) male sex, BMI 25-29.9 kg/m2, hypertension, and FIB-4 >3.25 in model 1.; (b) age >69 years, male sex, BMI 25-29.9 kg/m2, BMI 30-34.9 kg/m2, BMI 35-39.9 kg/m2, hypertension, and albumin in model 2; (c) male sex, BMI 25-29.9 kg/m2, BMI 30-34.9 kg/m2, BMI 35-39.9 kg/m2, hypertension, and albumin in model 3 (Table 2). Due to a large number of missing BMI values, we performed single value imputation and sensitivity analysis for the BMI variable and results were consistent between the original model and the sensitivity analysis model (Supplementary Table 2). FIB-4 >3.25 was significantly associated with HCC in the univariate analysis (HR 2.65, 95% CI: 1.71-4.13, p=0.000). In multivariate analysis of the main final model (model 1), compared to patients with FIB-4 ¾ 1.45, patients with FIB-4 between 1.45-3.25 had a similar risk of HCC (HR 1.12, 95% CI: 0.67-1.86, p=0.670), whereas patients with FIB-4 >3.25 had a 1.93 (95% CI: 1.22-3.05, p=0.005) increased hazard of HCC (Table 2).


Table 2 | Factors Associated with HCC in NASH Cirrhosis Among Patients Evaluated in a Single U.S. Center Between 2005-2015.








Discussion

In a cohort of high risk NASH cirrhosis patients, we observed that FIB-4 index above 3.25 is an independent risk factor for HCC within a 5-year follow-up period. Taking into account the challenges of performing liver biopsies in all NAFLD patients as well as the risks associated with the procedure, the FIB-4 index can be a good clinical tool that is simple and easy to use for care of NAFLD patients (29). Our observations are in line with previous studies (22, 23, 30, 31) which reported that high FIB-4 is linked to a higher risk of adverse liver-related outcomes including HCC. Studies that evaluated predictors of HCC in patients with NAFLD, similar to our study, also showed that high risk FIB-4 scores were linked to an elevated risk of HCC and may be useful in predicting the development of hepatic and extra-hepatic malignancies (32, 33). Therefore, FIB-4 can be used as a non-invasive tool to identify patients at risk of developing HCC and to stratify those at high risk who could benefit from intensive treatment, closer monitoring and inclusion in clinical trials (30). This is particularly important in low-resource settings and where resources for HCC surveillance and routine screening are limited. Since several studies have suggested that FIB-4 score could predict HCC in the general population and among people with NAFLD/NASH, our study is adding a much needed validation of this association to the literature in order to translate this to clinical practice and to improve quality of care. Health care settings that do not have resources for liver services or lack access to Hepatology providers would benefit from studies like ours such that any health care provider can use FIB-4 index for long term monitoring of disease progression and potentially screening of high-risk groups to improve clinical outcomes. In addition, non-Hepatologists can use the FIB-4 index as a guide to implement the HCC screening recommendations by following established guidelines, or refer patients with high FIB-4 scores to Hepatologists.

Our data provide additional proof for the use of the FIB-4 index as a follow-up approach to monitor for the risk of development of HCC, firmly supporting the European practice guidelines on non-invasive testing for evaluation of liver disease severity and prognosis (34, 35). The FIB-4 index is comparable to other liver-related measurements (e.g. albumin, INR) given that it is based on the results of AST level, ALT level, and platelet count. Furthermore, age, AST, ALT, and platelet count are known to be associated with liver fibrosis (36–38). The strong correlation between the FIB-4 index and other liver-related measurements likely explains why the FIB-4 index was not a significant factor in the multivariable models that accounted for other liver-related measurements and therefore FIB-4 is not independent of these metrics.

The explanation for the association between HCC and FIB-4 index observed in our study can be found in previous literature. Liver fibrosis and cirrhosis are well-known risk factors for the development of HCC (29, 39, 40) and given that the FIB-4 index has been validated for the evaluation of liver fibrosis, we hypothesized that the FIB-4 index can predict the risk of developing HCC in patients with NASH cirrhosis. A low FIB-4 index was shown to have a considerably reduced risk of HCC than a high FIB-4 index, even in NAFLD patients without cirrhosis (cutoff value = 2.67) (41). Proposed mechanisms for development of HCC in NAFLD include insulin resistance, oxidative stress, lipotoxicity, and altered gut microbiome (42–44). Interestingly, a considerable proportion of patients in our study population had low risk FIB-4 scores ¾1.45. This could be related to the modest predictive ability of non-invasive scoring systems like FIB-4 in evaluating fibrosis (19, 45, 46).

In our cohort, most patients with NASH cirrhosis who developed HCC were older (age >69 years), men, and had BMI ≥25 kg/m2. These findings are consistent with previous studies (47). Surprisingly, T2DM was not significantly associated with risk of HCC and patients who had hypertension were at lower risk for development of HCC contrary to what has been reported in previous studies. This could be related to many factors and therefore still requires further investigation. For the purpose of this study, we considered T2DM and hypertension confounding factors for this association.

Our study has several strengths, including a relatively large patient population, combining data from all health care settings (inpatient, outpatient), and reliable baseline data. On the other hand, there are several limitations. It is a single center study, which may limit the generalizability of the findings. Diagnoses were made using ICD coding, which could result in underestimation of NAFLD due to misclassification bias. The other major limitation is the outcome HCC definition. Since this is a single center study, patients may have entered the study as NASH diagnosis but were then diagnosed with HCC in another medical center or a different setting so these cases were not captured in our data. ICD codes for NAFLD/NASH lack accuracy, and depend on the quality of data collection which can lead to coding errors. Given that we do not know whether the NASH diagnosis was actually made based on histology data, the associations should be carefully evaluated. We were unable to confirm fibrosis using imaging or liver biopsy to more accurately characterize the severity of liver disease across patients. In addition, we did not have information about NAFLD treatment modalities the patients may have received, which could affect their risk for HCC. Although we excluded alcohol related cirrhosis, patients might still consume alcohol. Given the nature of electronic health records’ database, certain measurements like waist circumference and laboratory values including fasting blood glucose are not available in the study population. Due to the significant number of missing BMI values in the statistical analysis, we applied imputation techniques for the missing BMI data. The results were consistent, which is considered a positive indicator for robustness of the data. Given the potential confounding effects of obesity, we controlled for BMI in our final model. Our findings show that the independent association between the FIB-4 index and HCC was not confounded by the BMI, which makes it unlikely that the relationship between the two variables can be explained solely by the BMI.





Conclusion

In conclusion, a high FIB-4 score (>3.25) was strongly associated with risk of HCC in patients with NASH cirrhosis, independent of traditional clinical factors. These findings indicate that advanced fibrosis stages are strong predictors of HCC. FIB-4 index is a non-invasive, inexpensive, readily available in most clinical settings, and sensitive marker that can identify patients at risk of HCC and should be used for long-term monitoring, and potentially screening, of high-risk groups to improve clinical outcomes. Providers should focus on aggressive treatments for patients with severe liver fibrosis and pay close attention to FIB-4 index for long-term monitoring of the risk of developing HCC. Individuals with high FIB-4 index should have ultrasound monitoring in accordance with guidelines recommendations.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.





Author contributions

Conceptualization, SA, JS and AS. Methodology, SA, JS and AS. Software, SA and JS. Validation, SA, JS and AS. Formal Analysis, SA and JS. Investigation, SA, JS and AS. Resources, SA and AS. Data Curation, SA and AS. Writing – Original Draft Preparation, SA. Writing – Review & Editing, SA, JS and AS. Visualization, SA, JS and AS. Supervision, JS and AS. Project Administration, SA. Funding Acquisition, JS and AS. All authors contributed to the article and approved the submitted version.





Funding

Services and products in support of the research project were generated by the VCU Massey Cancer Center Bioinformatics Shared Resource, supported, in part, with funding from NIH-NCI Cancer Center Support Grant P30 CA016059. JS is supported by NIAID K01AI162247.




Acknowledgments

We thank Nevena Skoro, MPH, Director of analytics at VCU Massey Cancer Center, for extracting the data and creating the database.





Conflict of interest

Author AS is President of Sanyal Biotechnology and has stock options in Genfit, Akarna, Tiziana, Indalo, Durect, Exhalenz and Hemoshear. He has served as a consultant to Astra Zeneca, Nitto Denko, Ardelyx, Conatus, Nimbus, Amarin, Salix, Tobira, Takeda, Fibrogen, Jannsen, Gilead, Lilly, Poxel, Artham, Cymabay, Boehringer Ingelhiem, Novo Nordisk, Birdrock, Novartis, Pfizer, Jannsen and Genfit. He has been an unpaid consultant to Intercept, Echosens, Immuron, Galectin, Fractyl, Syntlogic, Affimune, Chemomab, Nordic Bioscience and Bristol Myers Squibb. His institution has received grant support from Gilead, Salix, Tobira, Bristol Myers, Shire, Intercept, Merck, Astra Zeneca, Malinckrodt, Cumberland and Novartis. He receives royalties from Elsevier and UptoDate. Author JS is supported by NIAID K01AI162247.

The remaining author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1198871/full#supplementary-material





Abbreviations

ALT, alanine transaminase; ALP, alkaline phosphatase; AST, aspartate transaminase; BMI, body mass index; CHF, congestive heart failure; CI, confidence interval; GFR, glomerular filtration rate; FIB-4, Fibrosis-4 Index; HCC, hepatocellular carcinoma; HDL, high-density lipoprotein; HbA1C, hemoglobin A1C; HR, hazard ratio; ICD, International Classification of Diseases; INR, international normalized ratio; IQR, interquartile range; LDL, low-density lipoprotein; MELD, model for end-stage liver disease; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; SD, standard deviation; T2DM, type 2 diabetes mellitus.




References

1. Chalasani, N, Younossi, Z, Lavine, JE, Charlton, M, Cusi, K, Rinella, M, et al. The diagnosis and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver Diseases. Hepatol Baltim. Md. (2018) 67:328–57. doi: 10.1002/hep.29367

2. Younossi, ZM, Stepanova, M, Ong, J, Trimble, G, AlQahtani, S, Younossi, I, et al. Nonalcoholic steatohepatitis is the most rapidly increasing indication for liver transplantation in the United States. Clin Gastroenterol Hepatol Off Clin Pract J Am Gastroenterol Assoc (2021) 19:580–589.e5. doi: 10.1016/j.cgh.2020.05.064

3. Doycheva, I, Issa, D, Watt, KD, Lopez, R, Rifai, G, and Alkhouri, N. Nonalcoholic steatohepatitis is the most rapidly increasing indication for liver transplantation in young adults in the United States. J Clin Gastroenterol (2018) 52:339–46. doi: 10.1097/MCG.0000000000000925

4. Ekstedt, M, Hagström, H, Nasr, P, Fredrikson, M, Stål, P, Kechagias, S, et al. Fibrosis stage is the strongest predictor for disease-specific mortality in NAFLD after up to 33 years of follow-up. Hepatol Baltim. Md. (2015) 61:1547–54. doi: 10.1002/hep.27368

5. Taylor, RS, Taylor, RJ, Bayliss, S, Hagström, H, Nasr, P, Schattenberg, JM, et al. Association between fibrosis stage and outcomes of patients with nonalcoholic fatty liver disease: A systematic review and meta-analysis. Gastroenterology (2020) 158:1611–1625.e12. doi: 10.1053/j.gastro.2020.01.043

6. Angulo, P, Kleiner, DE, Dam-Larsen, S, Adams, LA, Bjornsson, ES, Charatcharoenwitthaya, P, et al. Liver Fibrosis, but no Other Histologic Features, Associates with Long-term Outcomes of Patients With Nonalcoholic Fatty Liver Disease. Gastroenterology (2015) 149:389–397.e10. doi: 10.1053/j.gastro.2015.04.043

7. Harris, R, Harman, DJ, Card, TR, Aithal, GP, and Guha, IN. Prevalence of clinically significant liver disease within the general population, as defined by non-invasive markers of liver fibrosis: a systematic review. Lancet Gastroenterol Hepatol (2017) 2:288–97. doi: 10.1016/S2468-1253(16)30205-9

8. Albhaisi, S, and Sanyal, AJ. Applying non-invasive fibrosis measurements in NAFLD/NASH: progress to date. Pharm Med (2019) 33:451–63. doi: 10.1007/s40290-019-00305-z

9. Heimbach, J. K., Kulik, L. M., Finn, R. S., Sirlin, C. B., Abecassis, M. M, et al. AASLD guidelines for the treatment of hepatocellular carcinoma Hepatology (2018) 67(1), 358–380. doi: 10.1002/hep.29086

10.EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma - Journal of Hepatology . Available at: https://www.journal-of-hepatology.eu/article/S0168-8278(18)30215-0/fulltext.

11. Omata, M., Cheng, A.-L., Kokudo, N., Kudo, M., Lee, J. M., Jia, J, M., Cheng, A.-L., Kokudo, N., Kudo, M., Lee, J. M, Jia, J., et al. Asia-Pacific clinical practice guidelines on the management of hepatocellular carcinoma: A 2017 update. Hepatology International (2017) 11(4), 317–370. doi: 10.1007/s12072-017-9799-9

12. Tran, SA, Le, A, Zhao, C, Hoang, J, Yasukawa, LA, Weber, S, et al. Rate of hepatocellular carcinoma surveillance remains low for a large, real-life cohort of patients with hepatitis C cirrhosis. BMJ Open Gastroenterol (2018) 5:e000192. doi: 10.1136/bmjgast-2017-000192

13. Wolf, E, Rich, NE, Marrero, JA, Parikh, N, and Singal, AG. Utilization of hepatocellular carcinoma surveillance in patients with cirrhosis: A systematic review and meta-analysis. Hepatol Baltim. Md. (2021) 73:713. doi: 10.1002/hep.31309

14. Singal, AG, Tiro, J, Li, X, Adams-Huet, B, and Chubak, J. Hepatocellular carcinoma surveillance among patients with cirrhosis in a population-based integrated health care delivery system. J Clin Gastroenterol (2017) 51(7), 650–655. doi: 10.1097/MCG.0000000000000708

15. Singal, AG, Yopp, A, Skinner, CS, Packer, M, Lee, WM, and Tiro, JA. Utilization of hepatocellular carcinoma surveillance among American patients: A systematic review. J Gen Intern Med (2012) 27:861. doi: 10.1007/s11606-011-1952-x

16. Marasco, G, Colecchia, A, Silva, G, Rossini, B, Eusebi, LH, Ravaioli, F, et al. Non-invasive tests for the prediction of primary hepatocellular carcinoma. World J Gastroenterol (2020) 26:3326–43. doi: 10.3748/wjg.v26.i24.3326

17. Vilar-Gomez, E, and Chalasani, N. Non-invasive assessment of non-alcoholic fatty liver disease: Clinical prediction rules and blood-based biomarkers. J Hepatol (2018) 68:305–15. doi: 10.1016/j.jhep.2017.11.013

18. Castera, L, Friedrich-Rust, M, and Loomba, R. Noninvasive assessment of liver disease in patients with nonalcoholic fatty liver disease. Gastroenterology (2019) 156:1264–1281.e4. doi: 10.1053/j.gastro.2018.12.036

19. Shah, AG, Lydecker, A, Murray, K, Tetri, BN, Contos, MJ, and Sanyal, AJ. Use of the fib4 index for non-invasive evaluation of fibrosis in nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol Off Clin Pract J Am Gastroenterol Assoc (2009) 7:1104–12. doi: 10.1016/j.cgh.2009.05.033

20. McPherson, S, Stewart, SF, Henderson, E, Burt, AD, and Day, CP. Simple non-invasive fibrosis scoring systems can reliably exclude advanced fibrosis in patients with non-alcoholic fatty liver disease. Gut (2010) 59:1265–9. doi: 10.1136/gut.2010.216077

21. Hagström, H, Nasr, P, Ekstedt, M, Stål, P, Hultcrantz, R, and Kechagias, S. Accuracy of noninvasive scoring systems in assessing risk of death and liver-related endpoints in patients with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol Off Clin Pract J Am Gastroenterol Assoc (2019) 17:1148–1156.e4. doi: 10.1016/j.cgh.2018.11.030

22. Önnerhag, K, Hartman, H, Nilsson, PM, and Lindgren, S. Non-invasive fibrosis scoring systems can predict future metabolic complications and overall mortality in non-alcoholic fatty liver disease (NAFLD). Scand J Gastroenterol (2019) 54:328–34. doi: 10.1080/00365521.2019.1583366

23. Angulo, P, Bugianesi, E, Bjornsson, ES, Charatcharoenwitthaya, P, Mills, PR, Barrera, F, et al. Simple noninvasive systems predict long-term outcomes of patients with nonalcoholic fatty liver disease. Gastroenterology (2013) 145:782–789.e4. doi: 10.1053/j.gastro.2013.06.057

24. Kim, D, Kim, WR, Kim, HJ, and Therneau, TM. Association between noninvasive fibrosis markers and mortality among adults with nonalcoholic fatty liver disease in the United States. Hepatol Baltim. Md. (2013) 57:1357–65. doi: 10.1002/hep.26156

25.Activities requiring IRB review. Virginia Commonwealth University (n.d.). Retrieved August 15, 2023. Available at: https://research.vcu.edu/human-research/hrppirb/activities-requiring-irb-review/.

26. Sterling, RK, Lissen, E, Clumeck, N, Sola, R, Correa, MC, Montaner, J, et al. Development of a simple noninvasive index to predict significant fibrosis in patients with HIV/HCV coinfection. Hepatol Baltim. Md. (2006) 43:1317–25. doi: 10.1002/hep.21178

27. Vallet-Pichard, A, Mallet, V, and Pol, S. FIB-4: A simple, inexpensive and accurate marker of fibrosis in HCV-infected patients. Hepatology (2006) 44:769–9. doi: 10.1002/hep.21334

28. Vallet-Pichard, A, Mallet, V, Nalpas, B, Verkarre, V, Nalpas, A, Dhalluin-Venier, V, et al. FIB-4: an inexpensive and accurate marker of fibrosis in HCV infection. comparison with liver biopsy and fibrotest. Hepatol Baltim. Md. (2007) 46:32–6. doi: 10.1002/hep.21669

29. Kim, M, Lee, Y, Yoon, JS, Lee, M, Kye, SS, Kim, SW, et al. The FIB-4 index is a useful predictor for the development of hepatocellular carcinoma in patients with coexisting nonalcoholic fatty liver disease and chronic hepatitis B. Cancers (2021) 13:2301. doi: 10.3390/cancers13102301

30. Vieira Barbosa, J, Milligan, S, Frick, A, Broestl, J, Younossi, Z, Afdhal, NH, et al. Fibrosis-4 index as an independent predictor of mortality and liver-related outcomes in NAFLD. Hepatol Commun (2022) 6:765–79. doi: 10.1002/hep4.1841

31. Kim, G-A, Lee, HC, Choe, J, Kim, M-J, Lee, MJ, Chang, H-S, et al. Association between non-alcoholic fatty liver disease and cancer incidence rate. J Hepatol (2017) S0168-8278(17):32294–8. doi: 10.1016/j.jhep.2017.09.012

32. Peleg, N, Sneh Arbib, O, Issachar, A, Cohen-Naftaly, M, Braun, M, and Shlomai, A. Noninvasive scoring systems predict hepatic and extra-hepatic cancers in patients with nonalcoholic fatty liver disease. PloS One (2018) 13:e0202393. doi: 10.1371/journal.pone.0202393

33. Alexander, M, Loomis, AK, van der Lei, J, Duarte-Salles, T, Prieto-Alhambra, D, Ansell, D, et al. Risks and clinical predictors of cirrhosis and hepatocellular carcinoma diagnoses in adults with diagnosed NAFLD: real-world study of 18 million patients in four European cohorts. BMC Med (2019) 17:95. doi: 10.1186/s12916-019-1321-x

34. European Association for the Study of the Liver. Electronic address: easloffice@easloffice.eu, Clinical Practice Guideline Panel, Chair: EASL Governing Board representative: Panel members: EASL Clinical Practice Guidelines on non-invasive tests for evaluation of liver disease severity and prognosis - 2021 update. J Hepatol (2021) 75:659–89. doi: 10.1016/j.jhep.2021.05.025

35. Ando, Y, and Jou, JH. Nonalcoholic fatty liver disease and recent guideline updates. Clin Liver Dis (2021) 17:23–8. doi: 10.1002/cld.1045

36. Macías, J, Girón-González, JA, González-Serrano, M, Merino, D, Cano, P, Mira, JA, et al. Prediction of liver fibrosis in human immunodeficiency virus/hepatitis C virus coinfected patients by simple non-invasive indexes. Gut (2006) 55:409–14. doi: 10.1136/gut.2005.065904

37. Fontana, RJ, and Lok, ASF. Noninvasive monitoring of patients with chronic hepatitis C. Hepatol Baltim. Md. (2002) 36:S57–64. doi: 10.1053/jhep.2002.36800

38. Calès, P, Oberti, F, Michalak, S, Hubert-Fouchard, I, Rousselet, M-C, Konaté, A, et al. A novel panel of blood markers to assess the degree of liver fibrosis. Hepatol Baltim. Md. (2005) 42:1373–81. doi: 10.1002/hep.20935

39. Fattovich, G, Stroffolini, T, Zagni, I, and Donato, F. Hepatocellular carcinoma in cirrhosis: incidence and risk factors. Gastroenterology (2004) 127:S35–50. doi: 10.1053/j.gastro.2004.09.014

40. Fujiwara, N, Friedman, SL, Goossens, N, and Hoshida, Y. Risk factors and prevention of hepatocellular carcinoma in the era of precision medicine. J Hepatol (2018) 68:526–49. doi: 10.1016/j.jhep.2017.09.016

41. Kanwal, F, Kramer, JR, Mapakshi, S, Natarajan, Y, Chayanupatkul, M, Richardson, PA, et al. Risk of hepatocellular cancer in patients with non-alcoholic fatty liver disease. Gastroenterology (2018) 155:1828–1837.e2. doi: 10.1053/j.gastro.2018.08.024

42. Furukawa, S, Fujita, T, Shimabukuro, M, Iwaki, M, Yamada, Y, Nakajima, Y, et al. Increased oxidative stress in obesity and its impact on metabolic syndrome. J Clin Invest. (2004) 114:1752–61. doi: 10.1172/JCI21625

43. Kamada, Y, Matsumoto, H, Tamura, S, Fukushima, J, Kiso, S, Fukui, K, et al. Hypoadiponectinemia accelerates hepatic tumor formation in a nonalcoholic steatohepatitis mouse model. J Hepatol (2007) 47:556–64. doi: 10.1016/j.jhep.2007.03.020

44. Ponziani, FR, Bhoori, S, Castelli, C, Putignani, L, Rivoltini, L, Del Chierico, F, et al. Hepatocellular carcinoma is associated with gut microbiota profile and inflammation in nonalcoholic fatty liver disease. Hepatol Baltim. Md. (2019) 69:107–20. doi: 10.1016/j.cgh.2009.05.033

45. Hagström, H, Talbäck, M, Andreasson, A, Walldius, G, and Hammar, N. Ability of noninvasive scoring systems to identify individuals in the population at risk for severe liver disease. Gastroenterology (2020) 158:200–14. doi: 10.1053/j.gastro.2019.09.008

46. Hagström, H, Talbäck, M, Andreasson, A, Walldius, G, and Hammar, N. Repeated FIB-4 measurements can help identify individuals at risk of severe liver disease. J Hepatol (2020) 73:1023–9. doi: 10.1016/j.jhep.2020.06.007

47. Yasui, K, Hashimoto, E, Komorizono, Y, Koike, K, Arii, S, Imai, Y, et al. Characteristics of patients with nonalcoholic steatohepatitis who develop hepatocellular carcinoma. Clin Gastroenterol Hepatol (2011) 9:428–33. doi: 10.1016/j.cgh.2011.01.023




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Albhaisi, Sun and Sanyal. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Fibrosis-4 index is associated with the risk of hepatocellular carcinoma in patients with cirrhosis and nonalcoholic steatohepatitis

      

        		

          Background and aims

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Patients and methods

        

          		

            Study design

          



          		

            Patient population and data source

          



          		

            Clinical characteristics and outcomes of interest

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Baseline characteristics of study population

          



          		

            Univariate and multivariable associations with HCC

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2023.1198871_cover.jpg
& frontiers | Frontiers in Oncology

Fibrosis-4 index is associated with the risk
of hepatocellular carcinoma in patients with
cirrhosis and nonalcoholic steatohepatitis





OEBPS/Images/fonc-13-1198871-g001.jpg
Kaplan—Meier survival estimates

—%

1.00

0.00 0.25 0.50 0.75

0 500 1000 1500 2000
Follow up time (days)

Number at risk

fib4_cat = <=1.45 267 218 202 181 0
fib4_cat = 1.45-3.25 335 246 215 184 0
fib4_cat = >3.25 545 337 260 204 0

fib4 cat = <=1.45 fib4_cat = 1.45-3.25

fib4 cat =>3.25





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
FIB-4 <=1.45 FIB-4 1.45-3.25 FIB-4 >3.25 (N = 556)

(N = 282) (N = 352)
Age, median (IQR), y 57 (48-64) 48 (39-57) 58 (48-64) 60 (54-66.5)
Male (n (%)) 574 (42.9) 105 (37) 139 (39) 277 (50)

Race/Ethnicity (n (%))

‘White, non-Hispanic 1,045 (78.8) 199 (71) 279 (79) 445 (82)
Black, non-Hispanic 217 (16.4) 67 (24) 62 (18) 72 (13)
Hispanic 36 (2.7) 8(3) 5(1) 16 (3)
Other 29 (2.2) 8(3) 5(1) 13(2)
BMI, median (IQR), Kg/m2 * 31.9 (26.9-37.6) 32.9 (26.2-38.9) 312 (27.1-36.3) 31.1 (26.6-37.1)
Diabetes mellitus (n (%)) 351 (26.2) 87 (31) 97 (28) 129 (23)
Insulin use 129 (9.6) 32(11.3) 30 (8.5) 64 (11.5)
Hypertension (n (%)) 445 (33.3) 126 (45) 130 (37) 141 (25)

Cardiac disease (n (%))

Prior MI 32(24) 8(2.8) 10 (2.8) 14 (2.5)
CHF 126 (9.4) 39 (14) 34(9.7) 47 (85)

Smoking (n (%)) *

Never 417 (312) 99 (35) 105 (30) 171 (31)

Current 132 (99) 40 (14) 35 (10) 44 (8)

Former smoker 205 (15.3) 36 (13) 58 (16) 85 (15)
Other cancers (n (%)) 184 (13.8) 46 (16) 60 (17) 63 (11)

Laboratory Results, (mean + SD)

MELD score ** 8.2 (8.5) 43 (74) 6.03 (6.6) 11.3 (8.9)

Hemoglobin (g/dL) ** 10.6 (2.7) 113 (3.0) 10.6 (2.5) 9.99 (2.5)

Platelet Count (x10°/L) ** 179.1 (101.0) 291.2 (98.1) 196.6 (63.0) 109.8 (51.9)

Creatinine (mg/dL) ** 1.2 (1.3) 1.3 (1.7) 1.1 (1.3) 1.2 (0.97)

Total cholesterol (mg/dl) ** 1649 (59.7) 173.1 (51.9) 170.5 (58.7) 154.7 (65.3)

LDL (mg/dl) ** 94.6 (43.3) 96.3 (39.3) 98.9 (45.9) 90.2 (44.2)

Triglycerides (mg/dl) ** 160.9 (140.3) 181.8 (133.6) 158.9 (96.6) 150.9 (172.8)

ALT (U/L) ** 70.3 (239.0) 57.8 (52.1) 63.4 (84.8) 81.7 (344.1) ‘
AST (U/L) ** 73.8 (160.7) 42.7 (28.6) 60.0 (54.2) 99.1 (230.0) ‘
ALP (U/L) ** 167.4 (172.7) | 161.8 (174.9) 163.2 (177.5) 173.8 (170.4) ‘
Bilirubin, total (mg/dL) ** 1.9 (4.0) 1.0 (2.8) 11(21) 2.9 (5.1)

INR ** 1.3 (0.47) 1.1 (0.3) 12 (0.3) 1.4 (0.6)

Albumin (g/dL) ** 3.7 (0.73) 4.1(07) 3.8(0.7) 3.4 (0.6)

Hemoglobin Alc (%) ** 6.7 (1.7) 6.8 (1.7) 6.7 (1.8) 6.5 (1.6)

Proportions with abnormal lab results (n (%))

Liver enzymes (U/L)

ALT > 30 876 (72.3) 200 (70.9) 247 (70.1) 412 (74.1)
AST 2 30 1,014 (83.5) 169 (59.9) 306 (86.9) 519 (93.3)
Total cholesterol (mg/dL)

2200 89 (30.8) 24 (28) 30 (30) 34 (35)
LDL cholesterol (mg/dL)

100-130 144 (40.9) 43 (15) 48 (14) 50 (9)

> 130 59 (16.8) 17 (18) 17 (15) 24 (18)
MELD score

20-29 73 (6.6) 12 (4.3) 15 (4.3) 45 (8.1)
30-39 25(2.3) 1(0.4) 2(0.6) 21 (3.8)
240 6 (0.54) 0(0) 0(0) 6(0)
FIB-4 score

%145 282 (21.1)

145-3.25 352 (29.6)

>3.25 556 (46.7)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; BMI, body mass index; CHF; congestive heart failure; FIB-4, fibrosis-4; HCC; hepatocellular
carcinoma; INR, international normalized ratio; IQR, interquartile range; LDL, low density lipoprotein; MELD, model for end-stage liver disease; MI, myocardial infarction; SD, standard
deviation.

+Missing values in 432 patients.

*Missing data in 584 patients.

**Missing values in 221, 1,142, 121, 150, 958, 986, 966, 126, 123, 124, 128, 156, 126, 887, 148 patients, respectively.
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Factors

Univariate

Unadjusted HR
(95% Cl)

Multivariable

Adjusted HR
(95% Cl)

Model 1"

Adjusted HR
(95% Cl)

Model 2

p-value  Adjusted HR

(95% ClI)

p-value

p-value

Model 3

FIB-4 score
<1.45 1 [reference] 1 [reference] 1 [reference]
1.45-3.25 1.31 (0.79-2.18) 0.296 1.12 (0.67-1.86) 0.670 1.02 (0.61-1.72) 0.936
>3.25 2.65 (1.71-4.13) 0.000 1.93 (1.22-3.05) 0.005 1.47 (0.89-2.45) 0.135
Age group, yrs
%49 1 [reference] 1 [reference]
>49-59 1.21 (0.79-1.85) 0.374 1.09 (0.69-1.71) 0.719
>59-69 1.46 (0.96-2.24) 0.078 1.32 (0.84-2.07) 0.230
>69 2.23 (1.26-3.97) 0.006 220 (1.15-4.19) 0.017
Sex
Female 1 [reference] 1 [reference] 1 [reference] 1 [reference]
Male 2.35 (1.70-3.24) 0.000 225 (1.59-3.19) 0.000 2.49 (1.74-3.57) 0.000 229 (1.60-3.26) 0.000
Race and ethnicity
Hispanic 0.93 (0.34-2.50) 0.878 1.04 (0.33-3.32) 0.940 1.12 (0.35-3.62) 0.851 1.16 (0.36-3.72) 0.799
Non-Hispanic
White 1 [reference] 1 [reference] 1 [reference] 1 [reference]
Black 0.78 (0.50-1.20) 0.254 1.02 (0.64-1.62) 0.935 0.92 (0.57-1.50) 0.748 0.89 (0.55-1.43) 0.628
Other* 0.28 (0.04-2.02) 0.208 0.21 (0.03-1.49) 0.118 0.19 (0.03-1.34) 0.095 0.19 (0.03-1.40) 0.103
BMI, Kg/m2 0.976 (0.95-1.00) 0.063
BMI category, Kg/m2
<18.5 1.27 (0.16-10.15) 0.822 1.77 (0.22-14.44) 0.595 2.03 (0.25-16.67) 0.511 1.79 (0.22-14.63) 0.587
18.5-24.9 1 [reference] 1 [reference] 1 [reference] 1 [reference]
25.0-29.9 2.90 (1.36-6.19) 0.006 3.12 (1.44-6.76) 0.004 344 (1.57-7.55) 0.002 3.51 (1.60-7.70) 0.002
30.0-34.9 2.18 (1.05-4.51) 0.036 2.07 (0.98-4.37) 0.057 261 (1.21-5.61) 0.014 249 (1.16-5.35) 0.019
35.0-39.9 1.70 (0.74-3.88) 0.208 1.98 (0.84-4.64) 0.117 2.89 (1.21-6.92) 0.017 2.57 (1.07-6.17) 0.034
240 0.90 (0.36-2.28) 0.827 1.00 (0.35-2.85) 0.998 1.24 (0.43-3.56) 0.689 1.15 (0.40-3.31) 0.794
Diabetes 0.60 (0.40-0.90) 0.014 1.09 (0.66-1.80) 0.745 1.03 (0.6301.70) 0.893 1.05 (0.63-1.74) 0.852
Hypertension 0.49 (0.34-0.72) 0.000 0.54 (0.34-0.87) 0.011 0.53 (0.33-0.85) 0.009 0.59 (0.37-0.94) 0.028
MELD score
%20 1 [reference]
>20 1.10 (0.54-2.24) 0.794
Albumin, g/dL 0.602 (0.48-0.75) [ 0.000 0.59 (0.45-0.78) 0.000 0.65 (0.48-0.88) 0.005
INR 1.40 (1.02-1.92) 0.038 1.05 (0.62-1.76) 0.864 0.97 (0.56-1.67) 0.907
Creatinine, mg/dL 0.84 (0.66-1.08) 0.170
Total Bilirubin, mg/dL 1.03 (1.00-1.07) 0.031 0.99 (0.95-1.04) 0.804 0.99 (0.95-1.03) 0.620
Platelet count, x10°/L 0.996 (0.994-0.998) 0.000 1.00 (0.998-1.00) 0.924

+Main final model.

*Other category included Asian, American Indian-Alaskan or other.





