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Abstract
Background—Chronic inflammation caused by hepatitis B virus infection, hepatitis C virus
infection, and/or heavy alcohol use can lead to fibrosis, cirrhosis, and eventually hepatocellular
carcinoma (HCC). FIB-4 is an index score calculated from platelet count, alanine transaminase,
aspartate transaminase, and age that predicts fibrosis and cirrhosis. We hypothesized that high
FIB-4 would be associated with development of HCC in HIV-infected persons, who are at high
risk due to high prevalence of viral hepatitis and alcohol consumption, and possibly due to HIV
infection itself.

Methods—Using proportional hazards models, we tested this hypothesis among 22,980 HIV-
infected men from the Veterans Aging Cohort Study. We identified incident HCC cases from the
VA Central Cancer Registry.
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Results—During follow-up, there were 112 incident HCC diagnoses. The age-and race/ethnic
group-adjusted HR was 4.2 (95% CI: 2.4, 7.4)for intermediate FIB-4 and 13.0 (95% CI: 7.2, 23.4)
for high FIB-4, compared to low FIB-4. After further adjustment for enrollment year, CD4 count,
HIV-1 RNA level, antiretroviral therapy use, hepatitis B and C virus infection, alcohol abuse/
dependency, and diabetes, FIB-4 remained a strong, significant, independent risk factor for HCC.
The multivariate-adjusted HR was 3.6 (95% CI: 2.1, 6.4) for intermediate FIB-4 and 9.6 (95% CI:
5.2, 17.4) for high FIB-4.

Conclusions—Calculated from routine, non-invasive laboratory tests, FIB-4 is a strong,
independent HCC risk factor in HIV-infected patients.

Impact—FIB-4 might prove valuable as an easily measured index to identify those at highest risk
for HCC, even prior to development of clinical cirrhosis.
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Introduction
Primary liver cancer, mainly hepatocellular carcinoma (HCC), is the third leading cancer
cause of death worldwide(1)and the fifth among men in the United States(2), where HCC
incidence and mortality rates continue to increase(3). Chronic inflammation associated with
hepatitis B virus (HBV) infection, hepatitis C virus (HCV)infection, and/or heavy alcohol
use can lead to fibrosis, cirrhosis and eventually to HCC (4, 5). FIB-4 is an index score
calculated from platelet count, alanine transaminase (ALT), aspartate transaminase (AST),
and age that is predictive of advanced hepatic fibrosis and cirrhosis (6). We hypothesized
that high FIB-4 would be associated with subsequent development of HCC among HIV-
infected persons, who are at high risk due to high prevalence of viral hepatitis (7)and alcohol
consumption (8), and possibly due to HIV infection itself (9).

Materials and Methods
The study sample included all HIV-infected men who enrolled in the Veterans Aging Cohort
Study (VACS) Virtual Cohort (VC) between January 1, 1996 and December 31, 2007 with
available FIB-4 index score within the year prior to or one month after the cohort enrollment
date and with greater than one year of follow-up (N=22,980). The number of otherwise
eligible VACS VC subjects who did not have an available FIB-4 at baseline was 11,499.
The cohort, which was 98% male, included no female subjects diagnosed with HCC;
therefore females were excluded from the analysis. The VACS VC is based on national
Veterans Affairs (VA) medical databases, with no contact with patients, and is described in
detail elsewhere (10). It is an open cohort that enrolls veterans when they begin HIV care in
the VA medical system. The cohort was approved by the Institutional Review Boards of the
VA Connecticut Healthcare System and Yale University and has been granted a waiver of
informed consent.

We defined baseline as date of enrollment into the cohort. Follow-up time extended from
one year post-baseline to the earliest of date of HCC diagnosis, death, loss to follow-up, or
December 31, 2008. Incident HCC cases were identified by linkage with the VA Central
Cancer Registry (VACCR), which aggregates data provided by local cancer registries at VA
medical centers nationwide. We defined HCC as International Classification of Diseases for
Oncology, third edition [ICD-O-3] topography code C22.0 (liver)in combination with
behavior code 3 (malignant) and ICD-O-3 morphology codes 8170–8180 (hepatocellular
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carcinoma) (11). To reduce the possibility of reverse causality, we excluded cases and
person-years at risk in the first year of follow-up.

Baseline FIB-4 ( ) was calculated from laboratory results closest
to baseline within the prior year, or during the month after baseline for persons with no prior
year results. We defined low (<1.45), intermediate (1.45–3.25), and high FIB-4 (>3.25) as
previously established (6). To rule out the possibility that age, a component of FIB-4, was
the main driver of our findings, we removed age to create a “modified FIB-4”

( ) and classified subjects into quartiles of modified FIB-4. We
also examined the relationship between HCC risk and the other two components of FIB-4,
platelet count (<100,000/μL versus ≥100,000/μL) and AST/ALT ratio (≥1 versus <1), which
are known in themselves to be associated with cirrhosis (12, 13).

We included as covariates the following demographic variables, HIV-related variables, and
known and suspected risk factors for HCC: age, race/ethnic group, year of enrollment,
baseline CD4 count, baseline HIV-1 RNA level, baseline antiretroviral therapy (ART)use,
history of active HBV infection, history of HCV infection(not necessarily chronic), alcohol
abuse and dependency, and diabetes status, which was included because it is an emerging
suspected HCC risk factor (5). History of active HBV infection was defined by positive
HBV surface antigen, e antigen, or DNA test result up to one year post-baseline. Since
>90% of anti-HCV-positive HIV-infected persons have HCV viremia(14), history of HCV
infection (not necessarily chronic) was defined by positive anti-HCV antibody test,
recombinant immunoblot assay, and/or HCV RNA up to one year post-baseline. Subjects
with two outpatient or one inpatient alcohol abuse/dependence-related ICD-9 diagnostic
code (ICD-9 code 291: alcohol-induced mental disorders, 303: alcohol dependence
syndrome, 305.0: nondependent alcohol 4 abuse) between five years before and one year
post-baseline were classified as positive for alcohol abuse/dependence. Baseline diabetes,
diagnosed at any time before baseline, was defined as described previously (15).

Statistical analyses were performed using SAS 9.2. We created Kaplan-Meier cumulative
incidence plots (PROC LIFE TEST)and used the log-rank test to compare plots. Cox
proportional hazards regression models (PROC PHREG) estimated hazard ratios (HR) and
two-sided 95% confidence intervals (CI). We tested the proportional hazards assumption
using martingale residuals (ASSESS statement in PROC PHREG) and found no meaningful
violations. To calculate a p-value for trend, FIB-4 was included as a continuous variable,
with an upper limit to address outliers, in a Cox model. Missing values were classified as
“unknown” in primary analyses. Results were similar when we used multiple imputation
(PROC MI)for missing values; we therefore only report the primary results.

Results
After excluding diagnoses prior to enrollment into the cohort and diagnoses during the first
year of follow-up, there were 112 incident HCC cases(66% microscopically confirmed)with
an average of 6.7 years (range 1.1–12.4)from baseline to HCC diagnosis. All of the HCC
diagnoses had the ICD-O-3 histology code 8170. Of the 112 incident HCC cases, 17 had low
FIB-4, 54 had intermediate FIB-4, and 41 had high FIB-4 at baseline (Table 1). The Kaplan-
Meier plots (Figure 1) showed cumulative incidence of HCC to be lowest among those with
low baseline FIB-4 and highest among those with high FIB-4. The 10-year cumulative
incidence was 0.27%, 1.6%, and 5.1% for low, intermediate, and high FIB-4, respectively (p
< 0.001).
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About half of the subjects were non-Hispanic black and more than one-third were non-
Hispanic white (Table 1). Among the subjects who developed HCC, 65(58%) had a history
of HCV infection, and 30 (27%) had a history of HBV infection. Of subjects who did not
develop HCC, only 30% and 6% had a history of HCV and HBV infection, respectively.

After adjustment for age and race/ethnic group(Table 1), the HR was 4.2 (95% CI: 2.4,
7.4)for intermediate FIB-4 and 13.0 (95% CI: 7.2, 23.4) for high FIB-4, compared to low
FIB-4(p-value for trend < 0.0001). After further adjustment for enrollment year, CD4 count,
HIV-1 RNA level, ART use, HBV and HCV infection, alcohol abuse/dependency, and
diabetes, FIB-4 remained a strong, significant independent HCC risk factor (Table 1). The
multivariate-adjusted HR was 3.6(95% CI: 2.1, 6.4)for intermediate FIB-4 and 9.6(95% CI:
5.2, 17.4)for high FIB-4 (p-value for trend < 0.0001). When we restricted the analysis to the
74 microscopically-confirmed cases, the multivariate-adjusted HR was 2.9 (95% CI: 1.5,
5.5) for intermediate FIB-4 and 7.0 (95% CI: 3.5, 14.2) for high FIB-4 (p-value for trend <
0.0001).

To determine if high FIB-4 was associated with long-term risk, we calculated HRs
excluding the first five years of follow-up. With 78 incident HCC cases, the multivariate-
adjusted HR was 3.1 for intermediate FIB-4 (95% CI: 1.7, 5.8) and 7.4 for high FIB-4 (95%
CI: 3.7, 14.8) (p-value for trend <0.0001). When we evaluated the association between the
“modified FIB-4” score and HCC, we found a significantly elevated risk of HCC in the third
and fourth “modified FIB-4” quartiles compared to the first quartile (p-value for trend
<0.0001). The multivariate-adjusted HR was 3.1 (95% CI: 1.3, 7.7) for the third quartile and
8.6 (95% CI: 3.7, 20.3)for the fourth quartile, similar to HRs for FIB-4 itself, even after
removing age from the index. With respect to the other two individual components of FIB-4,
in a multivariate model that included all covariates and platelet count, the multivariate-
adjusted HR for low platelet count (<100,000/μL) was 2.4 (95% CI: 1.3, 4.3). In a separate
multivariate model that included all covariates and the AST/ALT ratio, the multivariate-
adjusted HR for AST/ALT ratio ≥1 was 1.2 (95% CI: 0.8, 1.8).

We performed multivariate analyses stratified by HCV infection status at baseline (negative,
positive, or unknown). Among HCV-negative subjects, the multivariate-adjusted HR was
5.7 (95% CI: 2.0, 15.9) for intermediate FIB-4 and 9.8 (95% CI: 3.0, 31.9) for high FIB-4
(p-value for trend= 0.0020). Among HCV-positive subjects, the multivariate-adjusted HR
was 2.5 (95% CI: 1.2, 5.2) for intermediate FIB-4 and 7.0 (95% CI: 3.3, 15.1) for high FIB-4
(p-value for trend <0.0001). Finally, among subjects with unknown HCV status, the
multivariate-adjusted HR was 8.6 (95% CI: 1.0, 76.9) for intermediate FIB-4 and 27.9 (95%
CI: 2.7, 290.4) for high FIB-4 (p-value for trend= 0.045).

Interestingly, high FIB-4 was associated with subsequent development of HCC among the
subjects who were HBV-negative, HCV-negative, and with no diagnosis of alcohol abuse/
dependence at baseline. The multivariate-adjusted HR was 7.5 (95% CI: 1.5, 38.8) for
intermediate FIB-4 and 9.6 (95% CI: 1.2, 77.1) for high FIB-4 (p-value for trend =0.065).

Finally, to assess the possibility that our results were influenced by selection bias stemming
from differences between the VACS-VC cohort members with baseline FIB-4 values
(N=22,980), who were included in our analyses, and those without baseline FIB-4 values
(N=11,499), who were excluded from our analyses, we included all 34,479 subjects in a
multivariate model to calculate a multivariate-adjusted HR for those with a FIB-4 value at
baseline compared with those without a FIB-4 value at baseline. The multivariate-adjusted
HR was 1.0 (95% CI: 0.7, 1.4).
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Discussion
FIB-4, a marker of advanced fibrosis and cirrhosis, was a strong risk factor for HCC in our
HIV-infected cohort. After adjustment for demographic variables, HIV-related variables,
and known and suspected HCC risk factors, persons with high FIB-4 had a 10-fold greater
risk of developing HCC than did persons with low FIB-4. Even FIB-4 scores in the
intermediate range were associated with almost fourfold risk. FIB-4 was a strong risk factor
for HCC in all subgroups examined, including HCV-infected and HCV uninfected subjects
and subjects with none of the three main known HCC risk factors (HCV infection, HBV
infection, and alcohol abuse/dependence, although the latter was not a significant risk factor
in our data). Furthermore, high FIB-4 was associated with both short and long-term HCC
risk, and the risk persisted when age was removed from the FIB-4 index.

Although the efficacy of HCC screening is still being explored (16), there is much interest in
developing algorithms that identify high-risk populations for screening. For example,
investigators in Taiwan recently validated a risk score including sex, age, ALT, hepatitis B e
antigen status, and serum HBV DNA level for predicting risk of HCC for Asian patients
with chronic HBV infection (17). Although platelet count and the AST/ALT ratio, two
components of the FIB-4 index, have been shown to be associated with cirrhosis in HCV
infected patients (12, 13), we found FIB-4, which combines these two markers, to be better
at identifying persons at high risk for HCC than were either of these two markers alone. The
ultimate cost-effectiveness of screening for HCC will depend upon several factors, including
the ability to identify a high-risk population and the ability to accurately diagnose patients at
a point where early intervention can be beneficial. We are proposing that FIB-4, or further
refinements of FIB-4, may help to identify a high-risk population. This is evinced by the 19-
fold higher 10-year cumulative incidence for subjects with high FIB-4 (5.1%) compared to
subjects with low FIB-4, who were very unlikely to develop HCC (0.27%).

This study had the strengths of a large sample size, laboratory test results to determine
hepatitis co-infections, and cancer registry-confirmed cancer diagnoses. Although only two-
thirds of the otherwise eligible cohort members had an available FIB-4 value at baseline,
selection bias would distort the results only if the relationship between FIB-4 and HCC was
different between those with and without a FIB-4 value, which is unlikely. Furthermore, the
similar HCC risk among subjects with and without FIB-4 values at baseline suggests the
absence of selection bias.

It was not surprising that only two-thirds of the HCC diagnoses were microscopically
confirmed because diagnosis of HCC can be established with high positive predictive value
by diagnostic imaging in combination with serum alpha-fetoprotein determination, without
biopsy, if certain criteria are met (18). Although our measurement of HCV infection may
have yielded false positives, which may result in incomplete control of confounding by
HCV infection, other cohort studies have used similar methods to classify HCV infection
(19, 20). Another limitation, faced by most epidemiologic studies, was our inability to assess
duration of HIV, HCV, and HBV infection. However, it is possible that that FIB-4 acts in
part as a surrogate for duration of infection. Obesity has been emerging as a potential risk
factor for HCC (21, 22); however, due to a large proportion of missing data on body mass
index (BMI), we did not include BMI as a covariate in the analysis.

In conclusion, advanced fibrosis places patients at elevated risk for HCC. We have shown
that FIB-4, a marker of advanced fibrosis that is easily calculated from routine, non-invasive
laboratory tests, is a useful tool for HCC risk stratification among HIV-infected persons.
Future studies should investigate the relationship between FIB-4 trajectory and HCC, as well
as FIB-4 as a risk factor for HCC among persons not infected with HIV.
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Figure 1.
Kaplan-Meier cumulative incidence function: time to incident hepatocellular carcinoma
(HCC) by FIB-4 category. Kaplan-Meier cumulative incidence curves display time to
incident HCC diagnoses, stratified by FIB-4 category (low, intermediate, and high). To
reduce the possibility of reverse causality, follow-up time began one year after baseline.
Therefore, time 0 on the x-axis is equivalent to one year post-baseline.
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