Hepatocellular carcinoma (HCC) is a leading cause of
cancer deaths worldwide, for which hepatitis B virus (HBV)
infection accounts for the majority. Putative mechanisms
for the development of HCC in patients with chronic hep-
atitis B (CHB) may include: (1) inflammation and injury of
infected hepatocytes prompting liver regeneration and
hepatic fibrosis, (2) prolonged expression of HBV proteins
(e.g., HBx), and (3) HBV genome integration.1 Currently
available antiviral agents are nucleoside and nucleotide
analogues (NUCs; most commonly entecavir [ETV] and
tenofovir disoproxil fumarate [TDF], respectively), which
potently inhibit reverse transcription of pregenomic RNA
but have little effect on other parts of the viral life cycle.
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The risk for HCC development in a given patient with
CHB varies widely depending on a number of demographic
(i.e., age, sex, race, family history, exposure to aflatoxin),
viral (i.e., HBV DNA, genotype, core/precore mutation,
quantitative hepatitis B surface antigen [HBsAg]), and
clinical (i.e., alanine aminotransferase [ALT], liver fibrosis/
cirrhosis, concomitant liver disease, tobacco, diabetes) fac-
tors. Some of these factors are reversible with antiviral ther-
apy (e.g., HBV DNA, ALT, and potentially liver fibrosis with
long-term therapy), whereas others (e.g., age, sex, viral
genotype) are not affected. The extent to which NUC ther-
apy may reduce the risk for HCC has been debated. In this
work, we synthesize clinical and epidemiological evidence

Abbreviations: ALT, alanine aminotransferase; cccDNA, covalently closed circular DNA; CHB, chronic hepatitis B; ETV, entecavir;

HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HR,

hazard ratio; LSM, liver stiffness measurement; NUC, nucleoside or nucleotide analogues; TDF, tenofovir disoproxil fumarate;

ULN, upper limit of normal.

From the *Department of Medicine, University of Minnesota, Minneapolis, MN; and "Division of Gastroenterology and

Hepatology, Stanford University School of Medicine, Stanford, CA.

Potential conflict of interest: W.R.K. has received consulting and advisory fees from Gilead and Genentech. PU. has no conflicts

of interest.
Received July 8, 2019; accepted November 18, 2019.

View this article online at wileyonlinelibrary.com

© 2020 by the American Association for the Study of Liver Diseases

85 CLINICAL LIVER DISEASE, VOL 15, NO 2, FEBRUARY 2020

An Official Learning Resource of AASLD


https://orcid.org/0000-0003-1022-7615
mailto:﻿

Development of Hepatocellular Carcinoma Udompap and Kim

to correlate the impact of NUC therapy on modifiable risk
factors of HCC and estimate risk reduction over time.

IMPACT OF NUC THERAPY ON
SHORT-TERM (<5 YEARS) RISK FOR HCC

HBV DNA Suppression

In subjects with untreated HBV infection, the inci-
dence of HCC increases with serum HBV DNA in a dose-
dependent fashion. In a representative study by Chen
et al.,2 who followed 3,653 patients over 11 years,
the multivariable Cox regression analysis showed that
serum HBV DNA >1 million copies/mL (approximately
200,000 IU/mL) was associated with a hazard ratio of
6.1 compared with those with undetectable HBV DNA
(<300 copies/mL, or 60 IU/mL).

The study that provides the highest quality evidence
that viral suppression by NUC therapy may lower the HCC
risk was by Liaw et al.? in the lamivudine era. That study
randomized viremic patients with HBV with advanced fi-
brosis/cirrhosis between lamivudine and placebo, and fol-
lowed them for a mean of 2.7 years (Fig. 1). Figure 1 is
illustrative in that: (1) there was a significantly lower inci-
dence of HCC in the lamivudine arm, a 51% HCC risk re-
duction (P = 0.047) when compared with placebo; (2) the
incidence curves started to diverge after 18 to 24 months
of therapy; (3) this effect was seen despite frequent oc-
currences of NUC-resistant viral mutations, suggesting
that more modern NUC may have an even larger impact;
and (4) the study duration was too short for substantial
changes in liver fibrosis to have driven the difference.
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FIG 1 Kaplan-Meier estimates of time to HCC diagnosis.
Reprinted with permission from New England Journal of
Medicine > Copyright 2004, Massachusetts Medical Society.
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An analysis that incorporated data from the long-term
follow-up extension study of TDF registration trials com-
pared incidence of HCC observed among patients with-
out cirrhosis with that estimated by a prediction model.*
During the 7 years of follow-up, 8 HCC cases were ob-
served in the study, compared with 20 predicted by the
model, which corresponded to a 60% reduction in the
incidence of HCC (standardized mortality ratio = 0.4), an
estimate not too dissimilar from that by Liaw.

The notion that viral suppression is associated with lower
risk for HCC is further supported by data that indicate a
dose-response relation even among patients receiving NUC
therapy. Cho et al.” followed 1,378 treatment-naive patients
starting NUC therapy, and compared their HCC incidence
with that in 1,014 inactive carriers. Although the risk for de-
velopment of HCC was the lowest in inactive carriers, patients
treated with NUC who were incompletely suppressed had a
higher risk than complete responders (Fig. 2). This relation-
ship held regardless of baseline cirrhosis status. Similarly, Kim
et al.® retrospectively studied 875 treatment-naive patients
starting ETV therapy and discovered that the HCC risk among
those with low-level viremia (HBV DNA < 2,000 copies/mL)
during therapy was approximately 2-fold higher than that
of carriers without viremia (HBV DNA < 12 copies/mL)
(P =10.002). When stratified by cirrhosis status, patients with
cirrhosis with incomplete suppression of viremia had a 2.2-
fold increase in the risk for HCC compared with patients
with cirrhosis who were not viremic on therapy (P = 0.002).
However, the association between persistence of low-level
viremia and a higher risk for HCC was not observed in pa-
tients without cirrhosis (P = 0.29).°

Serum ALT Response

In untreated patients with CHB, serum ALT is by and
large correlated with viral replicative activities, namely,
serum HBV DNA. However, the association between
serum ALT and future incidence of HCC is not as mono-
morphic as with HBV DNA. In a longitudinal study in
Hong Kong, baseline serum ALT level between one and
two times the upper limit of normal (ULN) was associated
with a higher risk for liver-related complications, includ-
ing HCC, compared with patients with ALT >2x ULN.’
Some, but not all, of the several multivariable HCC risk
prediction models include serum ALT as an independent
variable.

Successful viral suppression by a NUC is usually asso-
ciated with lowering of serum ALT. However, the impact
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FIG2 Comparison of the cumulative HCC incidence after 5 years of observation between patients with inactive CHB versus patients with

complete and incomplete viral suppression from NUC therapy.”
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FIG 3 Comparison of the HCC risk between those with and without ALT normalizations stratified by cirrhosis status.® *Adjusted for

creatinine, platelets, bilirubin, albumin, age, sex, HBeAg, and diabetes.

of ALT reduction or normalization on the future occur-
rences of HCC independent of HBV DNA suppression is
not as thoroughly studied. In a study from Hong Kong,
patients with CHB with ALT normalization within the first
12 months of NUC therapy have a lower HCC risk when
compared with those who do not achieve normalization of
ALT. The latter group was more likely to have incomplete
viral suppression, cirrhosis, or a concomitant liver disease
(Fig. 3).8

IMPACT OF LONG-TERM (>5 YEARS) NUC
THERAPY ON HCC RISK

Regression of Liver Fibrosis

Liver cirrhosis is a strong risk factor for HCC consist-
ently demonstrated in patients with CHB (Figs. 2 and 3).
Recently, noninvasive methods to determine liver fibrosis,
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particularly liver stiffness measurement (LSM), have pro-
vided additional insight that cirrhosis is not to be construed
as a binary variable, but rather fibrosis is a continuum over
a spectrum of severity. For example, in a meta-analysis
performed in patients with viral hepatitis, each unit (kPa)
increase in LSM measured by transient elastography was
associated with an 11% increase in HCC risk. Even among
patients with cirrhosis, each unit increase in LSM increased
HCC risk by 4%.°

Liver fibrosis can regress with NUC therapy. In two
landmark studies, fibrosis regression may be measurable
as early as in the first year of therapy, and with follow-up
of 5 years or longer, reversal of cirrhosis may be demon-
strated.'®!" However, fibrosis regression among patients
with end-stage liver disease or those who have concomi-
tant liver diseases besides hepatitis B is unlikely.
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A recent multicenter European study in patients receiv-
ing ETV or TDF suggested an important contribution of
fibrosis regression to HCC risk reduction. This study in-
cluded 1,951 patients who received antiviral therapy for at
least 5 years. Of those, 1,205 (62%) continued to receive
therapy for up to 10 years (median, 6.8 years). When the
study period was divided into first and second five years,
the annual incidence rate of HCC decreased from 1.22%
to 0.73%. This reduction turned out to be observed only
in patients who had cirrhosis at the outset. Whereas in
patients without cirrhosis, the annual incidence did not
change in the first and second five years, patients with
cirrhosis at baseline initially had a higher incidence of HCC,
which decreased by more than 50% in the second five
years (Fig. 4). Predictors of HCC in the latter 5 years in-
cluded platelets and liver stiffness at 5 years, suggesting
that patients with cirrhosis who are undergoing antiviral
therapy experience lower risk for HCC over time as their
fibrosis regresses.'?

Impact of HBsAg Loss on HCC Risk

Even though serum HBsAg is a universal biomarker indi-
cating HBV infection, the reverse is not always true: sero-
clearance of the antigen does not necessarily establish that
HBV has been eliminated from the host. Clearance of HBsAg
from the serum may occur either spontaneously or follow-
ing antiviral therapy. Interestingly, HBsAg seroclearance
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rates were not significantly different between treated
(0.82%) and untreated (1.31%) patients (P = 0.195)."3

Patients with HBsAg seroclearance tend to have sub-
stantially more favorable clinical outcomes, including lower
incidence of HCC. In a Korean study of 5,409 patients with
CHB receiving NUC therapy with a median of 6.8 years of
follow-up, HBsAg seroclearance was associated with a
lower incidence of HCC with 94% HCC risk reduction from
the time of treatment initiation (P < 0.01) and 87 % risk re-
duction from the time of HBsAg seroclearance (P = 0.04).
All patients with HCC despite HBsAg seroclearance had cir-
rhosis at baseline.™ Similar results were seen from a study
from Hong Kong, which included 4,568 patients who lost
HBsAg. Overall, the incidence rate of HCC was quite low
after HBsAg loss (1.5% at 5 years), with the highest inci-
dence seen in men >50 years old. In contrast, no women
<50 years old experienced development of HCC."®

It is important to remember that patients who experi-
ence HBsAg clearance either spontaneously or after NUC
or interferon treatment are likely to be biologically different
from the majority of patients who remain HBsAg-positive.
Thus, the apparent benefits of HBsAg loss seen today
do not necessarily translate to settings in which HBsAg-
targeted therapy leads to “functional cure” in the future.
Finally, at the current time, there are not sufficient data to
guide withdrawal from HCC surveillance in patients who
clear HBsAg.
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FIG4 Changes in HCC incidence in patients treated long term with NUC. Reduction in HCC incidence beyond 5 years was limited to

patients with cirrhosis at baseline.'?
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FIG5 We postulate that there are three modifiable components to the risk for HCC in patients with HBV. Antiviral therapy may affect
the components on a different time scale. The first to be affected is injury and inflammation as viral replication comes under control. Over
time, regression of fibrosis (and cirrhosis) may substantially alter the risk. Finally, in patients in whom viral genetic templates are cleared,
the risk may decrease further. Emerging data indicate the risk in some of these patients may fall below the criteria for HCC surveillance.

SUMMARY

We estimate that in the first few years after the ini-
tiation of antiviral therapy, there is a substantial (=50%)
reduction in the risk for HCC, which may be attributed
to the control of viral replication, which in turn down-
regulates inflammatory signals in the liver and reduces
cellular proliferation and DNA damage. Biomarkers, in-
cluding HBV DNA and ALT, while receiving therapy have
been shown to correlate with the risk for HCC. As the
treatment continues long term, regression of fibrosis, es-
pecially in patients with cirrhosis, may further reduce the
risk for HCC. In the small number of patients who are able
to clear HBsAg, the risk may decrease further. Ultimately,
the risk for HCC may decrease to a level that does not
meet the threshold for surveillance testing (e.g., HBsAg-
negative women without cirrhosis who are <50 years)
(Fig. 5). However, while further data are awaited, soci-
ety guidelines endorse continued surveillance in patients
who meet the eligibility criteria, irrespective of subse-
quent HBsAg status.
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