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associated with the risk of
hepatocellular carcinoma in
patients with cirrhosis and
nonalcoholic steatohepatitis
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2Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore,
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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.

KEYWORDS
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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,
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.
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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.
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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
Frontiers in Oncology 03
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.
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).
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.
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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,
Frontiers in Oncology 04
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 1 Baseline characteristics of study population (overall and by FIB-4 index category).

Overall
(N = 1,338)

FIB-4 <=1.45
(N = 282)

FIB-4 1.45-3.25
(N = 352)

FIB-4 >3.25 (N = 556)

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) 31.2 (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 (2.4) 8 (2.8) 10 (2.8) 14 (2.5)

CHF 126 (9.4) 39 (14) 34 (9.7) 47 (8.5)

Smoking (n (%)) *

Never 417 (31.2) 99 (35) 105 (30) 171 (31)

Current 132 (9.9) 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) 4.3 (7.4) 6.03 (6.6) 11.3 (8.9)

Hemoglobin (g/dL) ** 10.6 (2.7) 11.3 (3.0) 10.6 (2.5) 9.99 (2.5)

Platelet Count (x109/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) ** 164.9 (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)

(Continued)
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(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).
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
Frontiers in Oncology 05
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
TABLE 1 Continued

Overall
(N = 1,338)

FIB-4 <=1.45
(N = 282)

FIB-4 1.45-3.25
(N = 352)

FIB-4 >3.25 (N = 556)

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) 1.1 (2.1) 2.9 (5.1)

INR ** 1.3 (0.47) 1.1 (0.3) 1.2 (0.3) 1.4 (0.6)

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

Hemoglobin A1c (%) ** 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
AST ≥ 30

876 (72.3)
1,014 (83.5)

200 (70.9)
169 (59.9)

247 (70.1)
306 (86.9)

412 (74.1)
519 (93.3)

Total cholesterol (mg/dL)
≥ 200 89 (30.8) 24 (28) 30 (30) 34 (35)

LDL cholesterol (mg/dL)
100-130
≥ 130

144 (40.9)
59 (16.8)

43 (15)
17 (18)

48 (14)
17 (15)

50 (9)
24 (18)

MELD score
20-29
30-39
≥ 40

73 (6.6)
25 (2.3)
6 (0.54)

12 (4.3)
1 (0.4)
0 (0)

15 (4.3)
2 (0.6)
0 (0)

45 (8.1)
21 (3.8)
6 (0)

FIB-4 score
¾1.45
1.45-3.25
>3.25

282 (21.1)
352 (29.6)
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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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
Frontiers in Oncology 06
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
TABLE 2 Factors Associated with HCC in NASH Cirrhosis Among Patients Evaluated in a Single U.S. Center Between 2005-2015.

Univariate Multivariable

Factors Unadjusted HR
(95% CI)

p-value Adjusted HR
(95% CI)

p-value Adjusted HR
(95% CI)

p-value Adjusted HR
(95% CI)

p-value

Model 1+ Model 2 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

¾49 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 2.20 (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 2.25 (1.59-3.19) 0.000 2.49 (1.74-3.57) 0.000 2.29 (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 3.44 (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 2.61 (1.21-5.61) 0.014 2.49 (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

≥40 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

¾20 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

(Continued)
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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
Frontiers in Oncology 07
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.
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Univariate Multivariable

Factors Unadjusted HR
(95% CI)

p-value Adjusted HR
(95% CI)

p-value Adjusted HR
(95% CI)

p-value Adjusted HR
(95% CI)

p-value

Model 1+ Model 2 Model 3

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, x109/L 0.996 (0.994-0.998) 0.000 1.00 (0.998-1.00) 0.924
fron
+Main final model.
*Other category included Asian, American Indian-Alaskan or other.
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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, 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, 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, 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, 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
frontiersin.org

https://doi.org/10.1136/bmjgast-2017-000192
https://doi.org/10.1002/hep.31309
https://doi.org/10.1097/MCG.0000000000000708
https://doi.org/10.1097/MCG.0000000000000708
https://doi.org/10.1007/s11606-011-1952-x
https://doi.org/10.3748/wjg.v26.i24.3326
https://doi.org/10.1016/j.jhep.2017.11.013
https://doi.org/10.1053/j.gastro.2018.12.036
https://doi.org/10.1016/j.cgh.2009.05.033
https://doi.org/10.1136/gut.2010.216077
https://doi.org/10.1016/j.cgh.2018.11.030
https://doi.org/10.1080/00365521.2019.1583366
https://doi.org/10.1053/j.gastro.2013.06.057
https://doi.org/10.1002/hep.26156
https://research.vcu.edu/human-research/hrppirb/activities-requiring-irb-review/
https://research.vcu.edu/human-research/hrppirb/activities-requiring-irb-review/
https://doi.org/10.1002/hep.21178
https://doi.org/10.1002/hep.21178
https://doi.org/10.1002/hep.21334
https://doi.org/10.1002/hep.21669
https://doi.org/10.3390/cancers13102301
https://doi.org/10.1002/hep4.1841
https://doi.org/10.1016/j.jhep.2017.09.012
https://doi.org/10.1371/journal.pone.0202393
https://doi.org/10.1371/journal.pone.0202393
https://doi.org/10.1186/s12916-019-1321-x
https://doi.org/10.1016/j.jhep.2021.05.025
https://doi.org/10.1002/cld.1045
https://doi.org/10.1136/gut.2005.065904
https://doi.org/10.1053/jhep.2002.36800
https://doi.org/10.1002/hep.20935
https://doi.org/10.1053/j.gastro.2004.09.014
https://doi.org/10.1053/j.gastro.2004.09.014
https://doi.org/10.1016/j.jhep.2017.09.016
https://doi.org/10.1053/j.gastro.2018.08.024
https://doi.org/10.1172/JCI21625
https://doi.org/10.1016/j.jhep.2007.03.020
https://doi.org/10.1016/j.jhep.2007.03.020
https://doi.org/10.1016/j.cgh.2009.05.033
https://doi.org/10.1016/j.cgh.2009.05.033
https://doi.org/10.1053/j.gastro.2019.09.008
https://doi.org/10.1016/j.jhep.2020.06.007
https://doi.org/10.1016/j.cgh.2011.01.023
https://doi.org/10.1016/j.cgh.2011.01.023
https://doi.org/10.3389/fonc.2023.1198871
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


