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Clinical Infectious Diseases T

Change in Fibrosis 4 Index as Predictor of High Risk of
Incident Hepatocellular Carcinoma After Eradication of
Hepatitis C Virus
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Background. It is unclear whether the fibrosis 4 index (FIB-4), a marker of liver fibrosis, at baseline and change in FIB-4 after
sustained virological response (SVR) is associated with incident hepatocellular carcinoma (HCC) risk. In this study, we examined
the association of incident HCC risk with baseline FIB-4 and sustained high FIB-4 (>3.25) at any time point after SVR.

Methods. A total of 3823 patients who received direct-acting antiviral treatment and achieved SVR were enrolled. The FIB-4 was
measured 24 weeks after the end of direct-acting antiviral treatment and achievement of SVR (SVR24), and 1, 2, and 3 years after
SVR24, after which subsequent HCC development was investigated.

Results. In patients with an FIB-4 >3.25 at SVR24 and 1, 2, and 3 years after SVR24, subsequent HCC development was sig-
nificantly higher than in those with an FIB-4 <3.25 at each point. The rates of HCC development 1, 2, 3, and 4 years after SVR24
were significantly higher in patients with sustained FIB-4 >3.25 than in those whose FIB-4 decreased to <3.25 (5.4%, 9.2%, 11.7%,
and 16.0%, respectively, vs 2.2%, 3.1%, 3.7%, and 4.4%; P < .001). The adjusted hazard ratios (95% confidence intervals) for an
FIB-4 >3.25 at SVR24 and 1, 2, and 3 years later were 3.38 (2.4-4.8), 2.95 (1.9-4.7), 2.62 (1.3-5.1), and 3.37 (1.4-9.8), respectively.

Conclusions.

The FIB-4 could be used to assess HCC development risk at any time after SVR, and changes in FIB-4 were associ-

ated with changes in the HCC development risk. Repeated assessments of FIB-4 could serve as a prognostic indicator of a high-risk
HCC cohort that may require more intensive HCC surveillance strategy.

Keywords.  FIB-4; hepatocellular carcinoma; SVR; DAA.

In chronic hepatitis C, almost all patients achieve sustained vi-
rological response (SVR) through treatment with direct-acting
antiviral agents (DAAs) [1-8]. However, in some patients
hepatocellular carcinoma (HCC) develops even after SVR, and
strict follow-up is necessary for those with a high risk of such
development [9, 10]. Liver fibrosis occurring 12-24 weeks after
SVR is generally associated with HCC risk, and it is possible
to identify the high-risk group by means of elastography and
measurement of serum fibrosis markers [11-14]. However,
long-term follow-up of all high-risk patients is difficult. In
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clinical practice, it is effective to narrow down high-risk groups
by repeated measurement of the risk markers. Although there
are reports that assess the risk of DAA treatment at the time of
SVR and identify high-risk groups, few studies have examined
changes in HCC risk by repeatedly measuring fibrosis markers
in the long term [15, 16]. It is also unclear whether fibrosis
marker levels measured at any point after the achievement of
SVR are associated with the risk of carcinogenesis.

The fibrosis 4 index (FIB-4), a simple serum liver fibrosis
marker calculated from age, platelet counts, and aspartate
aminotransferase (AST), and alanine aminotransferase (ALT)
levels, has been reported to be associated with liver fibrosis and
HCC risk [17-19]. Even after SVR is achieved, the FIB-4 can
identify patients at high risk of carcinogenesis [15, 20]. It can
be used as an index for long-term follow-up because it can be
easily and repeatedly measured. Therefore, in the current study,
we assessed whether it is possible to identify patient with a high
risk of carcinogenesis by measuring FIB-4 at any point in time
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after the achievement of SVR. We also determined whether

changes in FIB-4 are associated with changes in HCC risk.

METHODS

Study Design

We conducted a retrospective cohort study. Fourteen insti-
tutes from the Japanese Red Cross Hospital Liver Study Group
were enrolled in the study. Patients who received DAA treat-
ment in our network of hospitals from September 2014 to July
2019 were investigated. The following categories of patients
were excluded: (1) those who did not achieve SVR, (2) those
who had coinfection with hepatitis B virus or human immu-
nodeficiency virus, and (3) those with a history of HCC devel-
opment. Finally, 3823 patients were enrolled in the study. The
flowchart of patient selection is shown in Figure 1. The starting
point for observation was set at 24 weeks after the achievement
of SVR 24 weeks after the end of DAA treatment (SVR24), and
any subsequent HCC development was examined. Written in-
formed consent was obtained from each patient. The study pro-
tocol conformed to the ethical guidelines of the Declaration of
Helsinki, and the study was approved by the institutional ethics

review committee.

Clinical and Laboratory Data

The age and sex of each patient was recorded at SVR24. Serum
samples were collected at SVR24 and 1, 2, and 3 years after
SVR24. The FIB-4 was calculated according to the following for-
mula: FIB-4 = Age [years] X AST [IU/L]/(platelets [10°/L] x ALT
[TU/L]™). The cutoff value for FIB-4 was set at 3.25, according to
the previously established threshold for the prediction of advanced
fibrosis [17]. Patients with FIB-4 <3.25 or >3.25 were defined as
low-risk and high-risk groups. Of all patients with FIB-4 >3.25 at
SVR24, those with FIB-4 <3.25 at last follow-up or at the time of

‘ 4400 Patients were registered ‘

—— Did not achieve SVR (n=58) |

| 4342 Patients achieved SVR |

History of HCC (n=511)
Coinfection of HBV or HIV (n=8)

3823 Patients were enrolled in the study|

Median follow-up: 36.4 mo

148 Patients developed HCC || 3675 Patients did not develop HCC
during follow-up

Figure 1. Flowchart of patient selection. Abbreviations: HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; HIV, human immunodeficiency virus; SVR, sustained
virological response.

HCC development were classified in the improvement group, and
those with FIB-4 >3.25 at last follow-up or at HCC development
were classified into the nonimprovement group.

HCC Surveillance and Diagnosis

Ultrasonography and blood tests, including tests for tumor
markers, were performed at the start of DAA treatment and
every 3-6 months for HCC surveillance. When tumor marker
levels rose abnormally and/or abdominal ultrasonography re-
vealed any lesion suggestive of HCC, computed tomography
with contrast material enhancement, magnetic resonance im-
aging, or angiography was performed. HCC was diagnosed
for tumors displaying vascular enhancement at the early phase
and washout at the later phase, according to guidelines by the
American Association for the Study of Liver Diseases, and the
Japan Society of Hepatology. Tumor biopsy was used to diag-
nose tumors with nontypical imaging findings [21, 22].

Statistical Analyses

Categorical data were compared using x” and Fisher exact tests,
and distributions of continuous variables were analyzed with
the Mann-Whitney U test. The change in the percentage of
high-risk patients was compared using the McNemar test. The
cumulative incidence of HCC was evaluated using the Kaplan-
Meier method and the differences between groups were ana-
lyzed by means of log-rank tests. Adjusted hazard ratios (HRs)
of HCC development were determined with the Cox propor-
tional hazard model. Statistical significance was defined as P
values <.05. All statistical analyses were performed with EZR
(Saitama Medical Center, Jichi Medical University, Shimotsuke,
Japan) [23], a graphic user interface for R software, version 3.2.2
(R Foundation for Statistical Computing).

RESULTS

Patients

Patient characteristics are shown in Table 1. The median age
(interquartile range) was 67 (58-75) years; 42.3% of patients
were men, and 57.7% were women. The median (interquar-
tile range) AST, ALT, and a-fetoprotein (AFP) levels were 23.0
(19-28) TU/L, 16.0 (12-22) IU/L, and 3.2 (2.2-5.0) ng/mL, all
in the normal range. A total of 1000 patients (26.2%) were in
the high-risk group (FIB-4 >3.25 at SVR24), and 2823 (73.8%)
in the low-risk group (FIB-4 <3.25). Age, AST, ALT, bilirubin,
y-glutamyltransferase, and AFP levels were significantly higher
in the high-risk group, while albumin levels and platelet counts
were significantly lower in the high-risk than in the low-risk
group. The median follow-up period was 36.4 months, and
HCC developed in 148 patients during this period.

Time Course Change in FIB-4
The time-course change in the percentage of patients in the
high-risk group was examined. At SVR24, 26.2% of patients
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Table 1. Patient Characteristics

Value, Median (IQR)

High-risk Low-risk
Patients Patients
All Patients (FIB-4 >3.25) (FIB-4 <3.25) P
Characteristic (n =3823) (n =1000) (n =2823) Value
Sex, male/fe- 1620/2203 382/618 1238/1585 .002
male, no.
Age, y 67 (58-75) 74 (67-79) 65 (565-72) <.001
AST, IU/L 23.0 (19-28) 27.0 (23-35) 21.0 (18-26) < .001
ALT, IU/L 16.0 (12-22) 17.0 (12-24) 15.0 (12-21) <.001
Albumin, g/dL 4.3 (4.0-4.5) 4.2 (3.9-4.4) 4.3 (4.1-4.5) < .001
Bilirubin, mg/ 0.7 (0.5-0.8) 0.8 (0.6-1.0) 0.7 (0.5-0.9) <.001
dL
GGT, IU/L 19.0 (14-28) 21.0 (16-31) 18.0 (14-26) <.001
Platelet count, 169 (132-211) 112 (87-134) 188 (1568-227) < .001
10%L
AFE ng/mL 3.2 (2.2-5.0) 4.0 (2.7-6.0) 3.0(2.1-4.4) < .001
FIB-4 2.31(1.569-3.32) 4.28 (3.6-5.5) 1.89(1.4-2.6) < .001
Follow-up, mo 36.4 (14-42) 370 (15-44) 36.2 (14-42) 0.03

Abbreviations: AFE a-fetoprotein: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; FIB-4, fibrosis 4 index; GGT, y-glutamyltransferase; IQR, interquartile
range.

were in the high-risk group (Figure 2). This proportion changed
t0 25.2%, 24.7%, and 23.0% of patients, respectively, at 1, 2, and
3 years after SVR24. The percentage of high-risk patients de-
creased significantly over time.

Cumulative Incidence of HCC Development

We examined the cumulative incidence of HCC develop-
ment at SVR24 and 1, 2, and 3 years after SVR24. The 1-, 2-,
3-, 4-, and 5-year rates of HCC development were 4.5%, 7.6%,
9.4%, 12.4%, and 16.9%, respectively, in patients at high risk
(FIB-4 >3.25 at SVR24) and 0.7%, 1.4%, 2.2%, 3.3%, and 6.7%
in those at low risk (FIB-4 <3.25 at SVR24). The incidence of

HCC development was significantly higher in patients at high
risk than in those at low risk (P < .001; Figure 3A). Similarly, the
rates of HCC development 1, 2, and 3 years after SVR24 were
determined using FIB-4 measured at these time points. The 1-,
2-, 3-, and 4-year rates of HCC development beginning 1 year
after SVR24 in patients at high risk (FIB-4 >3.25 at 1 year after
SVR24) were 3.2%, 5.5%, 9.0%, and 15.1%, respectively, signif-
icantly higher than in patients at low risk (P < .001; Figure 3B).
The 1-, 2-, and 3-year rates of HCC development beginning
2 years after SVR24 in patients at high risk (FIB-4 >3.25 at
2 years after SVR24) were 2.0%, 6.0%, 12.2%, respectively, and
the 1- and 2-year rates beginning 3 years after SVR24 in patients
at high risk (FIB-4 >3.25 at 3 years after SVR24) were 4.0% and
11.2% (Figures 3C and D). The rates were significantly higher
than in patients at low risk (both P < .001).

Patients with FIB-4 >3.25 at SVR24 were categorized into
2 groups according to the change of FIB-4. Patients with
FIB-4 <3.25 at the last follow-up or the time of HCC develop-
ment were classified in the improvement group, and those with
FIB-4 >3.25 at last follow-up or the time of HCC development
were classified in the nonimprovement group. Up to 28.3% of
patients were in the improvement group, and 71.7% were in the
nonimprovement group. HCC development rates were exam-
ined in the 2 groups. The rates of HCC development 1, 2, 3, and
4 years after SVR24 were 5.4%, 9.2%, 11.7%, and 16.0%, respec-
tively, in the nonimprovement group and 2.2%, 3.1%, 3.7%, and
4.4% in the improvement group. The rate of HCC development
was significantly higher for patients in the nonimprovement
group than for those in the improvement group (P <.001;
Figure 4).

FIB-4 at Each Time Point and Subsequent HCC Development Risk
We investigated FIB-4 at each time point and subse-
quent HCC development risk. Sex, albumin, bilirubin,

p=.01

p=.006 p<.001

I I
27
26.2%

26
25
24
23
22
21
20

SVR24

Patients in High-Risk Group, %

25.2%

SVR24+1y SVR24+2y SVR24+2y

24.7%

23.0%

Figure 2.  Change in proportion of high-risk patients (fibrosis 4 index [FIB-4] >3.25) over time. Abbreviation: SVR24, 24 weeks after achievement of sustained virological

response.
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Figure 3. Cumulative rates of hepatocellular carcinoma development after sustained virological response (SVR) stratified by fibrosis 4 index (FIB-4). Patients were classified
into 2 groups according to FIB-4 at 24 weeks after achievement of SVR (SVR24) (4) and 1 (B), 2 (C), and 3 (D) years after SVR24.

y-glutamyltransferase, and AFP levels, and FIB-4 were used
for the analysis. The serum markers examined at the same time
with FIB-4 were each used for analysis. The adjusted HRs (95%
confidence intervals) for an FIB-4 >3.25 at SVR24 and 1, 2, and
3 years after SVR24 were 3.38 (2.4-4.8; P < .001), 2.95 (1.9-4.7;
P <.001), 2.62 (1.3-5.1; P = .004), and 3.37 (1.4-9.8; P = .009),
respectively (Table 2).

DISCUSSION

The current study showed that the risk of HCC development
can be evaluated by measuring FIB-4 at any time after SVR.
The number of patients at high risk decreased over time, and
if FIB-4 decreased after SVR, the risk of HCC development
also decreased. By repeatedly measuring FIB-4, it is possible
to continuously evaluate the cancer risk and efficiently identify
high-risk patients. Because FIB-4 can be easily and repeatedly
measured, they can be used as a real-time monitor of HCC risk
after SVR.

There have been numerous reports assessing cancer risk and
identifying high-risk groups at SVR [24-27]. It has been re-
ported that liver fibrosis at SVR is associated with HCC devel-
opment, and FIB-4, evaluating liver fibrosis, is also associated
with HCC risk [15, 20]. However, the changes in liver fibrosis
after SVR vary from patient to patient [28, 29], and the risk of
HCC also changes over time [30]. We therefore conducted the
current study, because it is necessary to reevaluate carcinogenic
risk repeatedly, not only at the time of SVR but also at later
follow-up points.

One new finding of this study was that the FIB-4 can be
used to evaluate carcinogenic risk at any point in time. We also
examined the risk of subsequent HCC development by meas-
uring FIB-4 at SVR24 and at 1, 2, and 3 years after SVR24. The
incidence of HCC development was significantly higher in the
high-risk group (FIB-4 >3.25) at any given point. The adjusted
HR for FIB-4 from SVR24 to 3 years after SVR24 ranged from
2.62 to 3.38, and these values were used to assess HCC risk at
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Figure 4. Cumulative incidence of hepatocellular carcinoma (HCC) development
after sustained virological response (SVR) stratified by change in fibrosis 4 index
(FIB-4). In patients with FIB-4 >3.25 at 24 weeks after achievement of SVR (SVR24),
patients were categorized into 2 groups according to changes in FIB-4. Patients with
FIB-4 <3.25 at last follow-up or at the time of HCC development were classified in
the improvement group, and those with FIB-4 >3.25 at last follow-up or at the time
of HCC development were classified in the nonimprovement group.

any point in time. The carcinogenic risk not only at SVR24 but
at any given point in time can be evaluated by measuring FIB-4
repeatedly after SVR. FIB-4 can be easily and repeatedly meas-
ured, and the carcinogenic risk after SVR can be evaluated at
any time. Therefore, FIB-4 can be used as a real-time monitor
of carcinogenic risk.

Another finding of the current study was that the proportion
of high-risk patients decreased over time after SVR. Previously,
our group found that changes in FIB-4 were correlated with
changes in histological fibrosis [18]. Therefore, it can be con-
sidered that the improvement in FIB-4 reflects improvement in
liver fibrosis due to SVR. Similarly, in a study examining changes
in FIB-4 after SVR achieved through interferon therapy, FIB-4
decreased over a 10-year period after SVR [16]. Our study
also revealed that the HCC development risk decreases in pa-
tients whose FIB-4 improved from high risk (>3.25) to low risk
(<3.25). Similar results supporting our findings have been re-
ported from a cohort of >18 000 veterans [15]. Therefore, it is

Table 2. Hepatocellular Carcinoma Development Risk Relative to
Fibrosis 4 Index >3.25 by Time Point

Adjusted HR
FIB-4 by Time Point (95% ClI)® PValue
FIB-4 >3.25 at SVR24 3.38 (2.4-4.8) <.001
FIB-4 >3.25 at 1y after SVR24 2.95(1.9-4.7) <.001
FIB-4 >3.25 at 2 y after SVR24 2.62 (1.3-5.1) .004
FIB-4 >3.25 at 3 y after SVR24 3.37 (1.4-9.8) .009

Abbreviations: Cl, confidence interval; FIB-4, fibrosis 4 index; HR, hazard risk; SVR24, 24
weeks after achievement of sustained virological response.

“Adjusted for sex, albumin, bilirubin, y-glutamyltransferase, and o-fetoprotein levels, and
FIB-4.

useful to reevaluate the carcinogenic risk by repeatedly meas-
uring FIB-4 and examining changes in these levels.

The major problem is that the lack of adequate HCC surveil-
lance after SVR leads to HCC development and poor prognosis
[31, 32]. High FIB-4 at the time of the achievement of SVR rep-
resents a risk of carcinogenesis, and it has been reported that
the HCC risk remains even after several years [15]. Therefore,
such high-risk patients require regular surveillance. However,
long-term surveillance of all high-risk patients is difficult.
Furthermore, regular screening of patients without cirrhosis is
not cost-effective [33]. In this study, we found that the number
of high-risk patients decreased over time, and the risk of car-
cinogenesis in patients with improvement in FIB-4 also de-
creased. About 30% of patients experienced a decrease in FIB-4
over 3 years, and such patients may reduce the regular HCC
screening. However, about 70% of high-risk patients at SVR24
still had a high risk of HCC development after the follow-up
period. The carcinogenic risk persisted in these patients, and
this result supports the report that the carcinogenic risk per-
sists for up to 4 years after SVR is achieved [15, 20]. These pa-
tients continue to require strict follow-up. Therefore, repeated
assessments of FIB-4 to narrow down high-risk patients over
time is an effective HCC screening strategy after the achieve-
ment of SVR.

The current study has some limitations. The observation pe-
riod of 36 months was short. Further follow-up is needed to
examine the usefulness of FIB-4 in long-term follow-up. HCC
development was observed in patients in whom FIB-4 im-
proved from >3.25 to <3.25. Furthermore, HCC also developed
in patients at low risk at all time points. One important clinical
issue is to identify patients who have no risk of HCC and need
no further surveillance. In our study, these patients with no risk
of HCC could not be identified; this was an important limita-
tion, and further investigation of this issue is needed. In addi-
tion, some patients with low FIB-4 were lost to follow-up, and
the HCC development rate may have been underestimated. All
patients underwent HCC surveillance at the start of DAA treat-
ment and every 3-6 months. Because contrast material-en-
hanced computed tomography or magnetic resonance imaging
surveillance was not performed in all patients, patients with
HCC at SVR24 might not be identified. Finally, because this was
a study of a Japanese cohort with many elderly people at high
risk of HCC, a validation study in other cohorts is necessary.

In conclusion, FIB-4 could be used to assess HCC develop-
ment risk at any time point after SVR, and changes in FIB-4
were directly associated with changes in HCC risk. Repeated
assessments of FIB-4 can be used as a real-time monitor of HCC
development risk.
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