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Review Article

Risk Predictive Models for Hepatitis B
Virus-Related Hepatocellular Carcinoma
in Patients Receiving Entecavir or
Tenofovir: A Narrative Review

Tzu-Haw Chen"*’, Yao-Chun Hsu">**’, Cheng-Hao Tseng"**"

Hepatocellular carcinoma (HCC) is a major complication of chronic hepatitis B (CHB). In the era
of antiviral therapy, host factors such as age, sex, and liver cirrhosis status remain key risk factors
for HCC occurrence, whereas baseline virological factors such as hepatitis B e antigen (HBeAg)
status and level of viremia, which were major determinants of HCC risk in untreated patients, are
found to be non-predictive when long-term virus control has been achieved. To date, there have
been at least eight risk scoring models proposed to predict HCC for CHB patients receiving long-
term entecavir (ETV) and tenofovir disoproxil fumarate (TDF), which are the current first-line
regimens for CHB patients. Most models consist of similar component variables with slightly
different weights for each variable. Among these models, three were derived from the same
Caucasian cohort whereas the others were derived from Asian populations. Furthermore, three of
the existing scores have been externally validated and compared in subsequent extraneous studies
with independent patient populations. In order to attain a more accurate risk prediction, further
research may investigate to include presumably critical factors not covered in current models,
such as genetic compositions, environmental exposures, and lifestyle factors; exploration of
novel biomarkers is also warranted. Finally, efforts are required to prove that the validated risk
models can inform clinical practice toward the goal of personalized medicine.
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imately 240 million people and causes over

Introduction 686,000 deaths a year,! and hepatocellular
carcinoma (HCC) is a major complication of

epatitis B virus (HBV) infection is a chronic hepatitis B (CHB) virus infection.?
Hglobal health problem that affects approx- Natural history studies have demonstrated that
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a high HBV viral load is associated with an
increased HCC risk.> Furthermore, viral mark-
ers (e.g., viral load and hepatitis B e-antigen
[HBeAg] status) have been shown to be major
determinants in risk formulas to predict HCC
occurrence among CHB patients without treat-
ment.**

In the era of antiviral therapy, long-term
viral suppression with a nucleos(t)ide analog
(NA) has been demonstrated to reduce but not
eliminate the risk of HBV-related HCC.”"*
Baseline virological factors that were identi-
fied as risk determinants in untreated patients
were not predictive in patients who received
NA treatment. Host factors, such as age, sex,
cirrhosis, platelet count, and diabetes, remain
residual key factors, which have thus been in-
corporated into new models to predict HCC
risk in CHB patients undergoing antiviral
therapy.'”* Nowadays, entecavir (ETV), teno-
fovir disoproxil fumarate (TDF), and tenofovir
alafenamide (TAF) were first recommended an-
tivirals for CHB patients according to interna-
tional guidelines."”***” Because of the lack of
long-term clinical outcome for TAF, which is
the latest approved, we will discuss these HCC
risk models and summarize their performance
and generalizability in CHB patients under
long-term ETV or TDF.

Current risk models of HBV-related
HCC for patients undergoing ETV or
TDF

The key risk factors for HBV-related
HCC could be classified as viral factors includ-
ing viral load, e-antigen status, and genotype,
or host factors including age, sex, liver condi-
tion (fibrosis status and hepatitis activity), and
metabolic factors. These factors are included
in traditional risk formulas for untreated

: 28,2
patients. 52

In the era of antiviral therapy when
long-term viral suppression has been achieved,
host factors remain the key determinants,
which are collaborated to predictive models of

HBYV related HCC in patients who received an-

tiviral therapy.'”

Currently, 8 risk formulas have been
derived from patients with CHB undergo-
ing long-term ETV or TDF (Table 1)."7**
The SAGE-B and CAGE-B models, proposed
in one article, were derived from the same
European cohort as PAGE-B, with longer
follow-up durations (> 5 years). The PAGE-B
cohort comprised only Caucasian patients, and
the other models were derived from Asian coun-
tries.'”” CAMD was derived from population-
based setting while other scores were devel-
oped from hospital-based cohorts.”> CAGE-B
and SAGE-B estimate HCC occurrence after
5 years of antiviral therapy whereas the other
models evaluate the risk of HCC from the be-
ginning of ETV or TDF." These risk models
consist of similar variables including age, sex,
cirrhosis status, and fibrosis-related markers
(platelet count, albumin, and liver stiffness
measurement) with different weights for each
variable. Diabetes was incorporated in CAMD
as prediction formula.”

Validation cohorts have indicated that
the discriminative ability levels of current risk
models are acceptable, with discrimination of
0.81 — 0.83 for 3 — 10-year HCC incidence.
Notably, cirrhosis is a significant risk factor
for HCC in the PAGE-B score. However, it
was not included in the formula because its
inclusion did not considerably improve dis-
crimination (c-indices of the formulas with and
without cirrhosis are 0.84 and 0.82, respec-
tively, in the development group).” Further-
more, CAMD score includes an assessment of
diabetes, a gradually valued risk factor, into
their formulas.”” CAMD and HCC-RESCUE
are the only two models that use clinical data
(age, sex, cirrhosis, and diabetes) without a
blood test.”

External validation results for HCC risk
models

Although the discriminative ability of
current risk scores is acceptable in their valida-
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tion cohorts, only PAGE-B, mPAGE-B, and
CAMD scores have been externally validated
using independent studies, which demon-
strated various but acceptable discrimination
(c-index for PAGE-B: 0.70 — 0.97, 820212323307
mPAGE-B: 0.73 — 0.80,>***>* CAMD: 0.79).”’
PAGE-B” is the only formula that has been ex-
ternally validated in Caucasian populations,30

18,20,21,23-25,31-33,35-37
and

Asian populations,
population with mixed ethnicities;** the other
formulas, which are all derived from Asian
populations, have not been validated in Cau-
casian patients. The 3 risk scores derived from
CHB populations receiving antiviral therapy
within 5 years (PAGE-B and mPAGE-B: 5
years; CAMD: 3 years) and the predictivity
models for population over a 5-year follow-up
have also been demonstrated to be acceptable
in external validation studies on patients with
CHB with a follow-up of over 5 years (c-index
for PAGE-B: 0.71-0.83,°*%%*" mPAGE-B:
0.73 — 0.77,°**>7 CAMD: 0.79).”

External comparison results for HCC
risk models

Numerous risk models have been devel-
oped. However, the optimal models overall
and under specific conditions have not been
identified. Furthermore, the “time point of
prediction” should be considered. Most of
the formulas predict HCC probability within
5 years and were derived from cohorts with
a 5-year follow-up, except for CAGE-B and
SAGE-B (after 5 years of antiviral therapy),”
Furthermore, the ease of clinical application is
a crucial consideration. For example, CAGE-B
and SAGE-B include a measure of liver stiff-
ness, which cannot be obtained in every in-
stitution."”” CAMD and HCC-RESCUE only
use clinical information, including age, sex,
cirrhosis status, and diabetes (for CAMD) and
thus do not require laboratory tests, which may
facilitate clinical application.'”** Currently, 4
external independent studies have compared
PAGE-B, mPAGE-B, and CAMD in Asia

(Table 2). These studies have reported accept-
able predictability in all 3 models. However,
the comparative results revealed differences
in the risk scores.”****7 Yip and colleagues
concluded that mPAGE-B predicts the 5-year
HCC incidence more accurately than PAGE-B
(c-index: 0.80 vs. 0.77).” Lee and colleagues
reported similar predictions of HCC incidence
by using mPAGE-B and PAGE-B within 108
months of follow-up (c-index: 0.77 vs. 0.74).”
Kirino and colleagues reported that PAGE-B
provided slightly more accurate predictions
than mPAGE-B for the 3-year and 7-year
HCC incidence (c-index: 3-year: 0.79 vs. 0.77;
7-year: 0.74 vs. 0.73).”> Kim and colleagues
suggested that the CAMD results are similar
to the mPAGE results, and are superior to the
PAGE-B predictions within 100 months of
follow-up (c-index: 0.79 vs. 0.77 vs. 0.76).”

How to link risk formulas to clinical
practice

An accurate risk score may inform
clinical practice. First, it can be used to de-
termine the intensity of surveillance required.
For example, the low-risk population (HCC
annual incidence < 0.2%) could be exempted
from HCC surveillance; the follow-up duration
could be reduced or ultrasonography could be
replaced with more sensitive modalities, such
as computed tomography (CT) or magnetic
resonance imaging, as screening tools for
high-risk populations. Furthermore, high-risk
patients may require additional strategies for
HCC risk reduction.

Current evidence for adjusting surveil-
lance intensity based on different risks remain
limited. International guidelines have sug-
gested that the threshold for surveillance is
0.2% of HCC annual incidence.””® Thus far,
only European guidelines have suggested that
non-cirrhotic CHB patients who have PAGE-B
scores of over 10 should receive HCC screen-
ing, with low evidence level and weak rec-
ommendation.” Yip and colleagues validated
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Table 2. Independent studies comparing different risk scores of HCC under long-term TDF/ETV.

Validation cohort

Comparison - — Discrimination Remark
Number Age  Male Cirrhosis
mPAGE-B vs 2086 4625 > year: PAGE-B is better than
Yip* 2020 32150 53 . ; 0.80 vs. 0.77 i
mAGE-B (64.9%) (14.4%) (p < 0.001) mPAGE-B
3 years:
.. % mPAGE-B vs. « 282 82 0.77 vs. 0.79  PAGE-B is similar with
Kirino™ 20205\ GE.B S 30 (18.5%) 5 years: mPAGE-B
0.73 vs. 0.74
CAMD is similar with
mPAGE-B
CAMD vs. .
.3 « 2053 1061 0.79 vs. 0.77 vs.  CAMD is better than
Kim™ 2019 mPli;C(ijl'EE-{BBVS. 3227 48.7 (62.6%)  (32.4%) 0.76' PAGE-B
mPAGE-B ins similar
with PABE-B
35 mPAGE-B vs. x 821 611 0.77 vs 0.74 mPAGE-B is similar
Lee” 2019 PAGE-B P30 AL 617 (459%)  (p>0.05) with PAGE-B

"mean. "during the study period.

ETV: Entecavir; HCC: Hepatocellular carcinoma; TDF: Tenofovir Disoproxil Fumarate.

PAGE-B and mPAGE-B by using a large
database from the Hong Kong population,
which revealed that 29.7% population would be
classified as a low-risk group with 5-year HCC
accumulative incidence of approximately 0.6%
(95% CI, 0.4% — 0.8%), achieving a negative
predictive value of 99.5% (95% CI, 99.4%
— 99.7%). These patients may be exempted
from HCC surveillance.” This approach could
reduce the health care burden. However,
further evidence is needed to validate the feasi-
bility and cost effectiveness. In their retrospec-
tive study, Kim and colleagues reported that
alternating ultrasonography with CT every 6
months detected more very-early-stage HCCs
than regular 6-month ultrasonography among
high-risk patients (PAGE-B > 18) but not
among intermediate-risk patients (PAGE-B =
10 — 17).” Furthermore, this approach was as-
sociated with higher overall survival in patients
with cirrhosis.”’ However, prospective studies
are required to clarify whether a more in-
tensive surveillance strategy would improve
patients’ outcome rather than just enabling
early detection and to determine how differ-
ent strategies can be applied based on the risk

stratification.

Providing different risk reduction strate-
gies according to risk stratification is a crucial
purpose of the risk model; for example, sug-
gesting statin usage or more aggressive control
for metabolic risk factors, such as obesity,
for high-risk patients to reduce the HCC oc-
currence.’"* However, additional studies are

required to prove or refute these hypotheses.

Limitations of HCC risk models and
future directions

Although the risk formulas of HCC pre-
diction have been developed for CHB patients
receiving long-term NA treatment, several
aspects warrant further study. First, most of
the risk models use single-point data to predict
HCC occurrence, which does not account for
dynamic changes during antiviral therapy. For
example, the degree of liver fibrosis changes
under long-term virus suppression is reason-
ably correlated with HCC risk. This concept
was somewhat applied to the CAGE-B model.
Second, most formulas, which were derived
from CHB populations receiving 3 — 5 years
of ETV or TDF treatment, predict HCC prob-
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ability within 5 years. The exceptions were
CAGE-B and SAGE-B (5 — 10 years after
NA). Further data are needed to validate the
accuracy of risk scores for patients undergo-
ing longer-term virus suppression (longer than
5 — 10 years of treatment). Third, except for
alcohol consumption and alpha-fetal protein,
which were incorporated in some models,
current formulas focus on host factors, such
as age, sex, diabetes, and markers related to
liver fibrosis (e.g., albumin, platelet, and cir-
rhosis). Certain well-documented risk factors,
such as smoking, obesity, and nonalcoholic ste-
atohepatitis, which could potentially improve
the predictability, were not incorporated into
current formulas.* Notably, patient education
in daily practices could be used to reduce these
factors. Furthermore, novel predictors, includ-
ing genetic, circulatory, or imaging biomarkers,
and algorithmic approaches based on machine
learning could be used to produce more
accurate models.”* For example, hepatitis B
core-related antigen and Mac-2 binding protein
glycan isomer have displayed promising initial
results for the prediction of HCC occurrence.
Further investigation is warranted to facilitate
personalized risk stratification.**’ Fourth, the
fundamental question for current risk formulas
is when and how they can be applied in daily
practice to improve outcomes on a balance
of cost and effectiveness. Additional studies
are warranted to clarify whether these scores
can guide the surveillance intensity or provide
recommendations based on risk stratification.
Ideally, risk reduction strategies would be
based on different HCC risks.

Conclusions

In the era of antiviral therapy, baseline
virological factors no longer play a critical role
in the prediction of HCC occurrence, whereas
host factors remain key predictors. To date,
there have been at least 8 models (5 from Asia
and 3 from Europe with the same cohort) de-

veloped to determine HCC risk among CHB
patients undergoing long-term viral control.
These formulas share similar variables and
have displayed acceptable predictability. Future
studies may consider to investigate new risk
factors, biomarkers, and algorithmic approach-
es based on machine learning to improve
accuracy of the risk prediction. Finally, efforts
are warranted to validate risk models into
clinical practice toward the goal of personal-
ized medicine.
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