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Abstract

The fibrosis of liver cirrhosis was considered to be
irreversible before the anti-viral drugs showed that it
is reversible when they lead to continuous suppression
of viral replication and inflammation. However, several
reports previously showed that fibrosis of type B
liver cirrhosis was almost completely absorbed after
the natural remission of chronic inflammation. This
phenomenon might not be limited to exceptional
patients, but rather occur commonly, considering
the dynamic clinical features of chronic hepatitis B
(CHB), where inactive carrier stage normally follows
aggravation of hepatitis and progression of fibrosis at
the time of HBeAg seroconversion. Thus, fibrosis levels
of CHB as a hepatocellular carcinoma (HCC)-surveillance
marker, particularly those of the inactive stage, could
be underestimated, because some of them might have
been (pre)cirrhotic in the past and recovered with the
natural regression of fibrosis. We argue that cirrhosis-
induced HCC mechanisms, rather than direct action of
viral genome, may be more common than generally
considered in CHB patients. This may have some
impact on reconsidering the surveillance rationale for
HCC in CHB, from where advanced HCCs tended to be
missed. In addition, a molecular marker to assess the
cancer-prone characteristics of the liver will definitely
be needed to resolve the issue.

Key words: Chronic hepatitis B; Cirrhosis; Spontaneous
remission; Regression of fibrosis; Occult hepatitis B
infection; Hepatocellular carcinoma surveillance of
hepatitis B virus
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Core tip: The fibrosis of liver cirrhosis may be
reversible. Regression of fibrosis in hepatitis B virus
(HBV) patients with (pre)cirrhosis might be a more
common phenomenon than generally considered. This
might cause the underestimation of fibrosis levels in
chronic hepatitis B, suggesting a difficulty with the
surveillance system of HBV-hepatocellular carcinoma
(HCC). That is, some HCC patients with non-cirrhotic
liver might have been cirrhotic in the past, after which
spontaneous regression of fibrosis occurred. Cirrhosis-
HCC mechanisms, compared to the direct action of the
viral genome, might be more prevalent than generally
considered in HBV patients.
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INTRODUCTION

Continuous inflammation of the liver induces deposition
of extracellular matrix (ECM) and results in liver
cirrhosis. Although several reports showed regression
of fibrosis in animal models with liver cirrhosis™?,
and in human case reports®®!, established fibrosis of
cirrhosis was generally considered to be irreversible®®”.,
However, reversibility of fibrosis in the liver became
commonly-known recently because elimination of
viruses with anti-hepatitis B virus (HBV) or hepatitis C
virus (HCV) drugs caused regression of fibrosis even in
cirrhotic cases®”.

The natural history of chronic HBV infection
pursues a dynamic process caused by the conflict
between virus and immune system, which results in
the seroconversion of HBeAg to anti-HBe, followed
by that of HBsAg to anti-HBs™. Long-standing liver
injury in the process of HBeAg-seroconversion induces
particularly rapid progression of fibrosis that frequently
results in cirrhosis. However, due to the dynamic
course of the disease, stable clinical remission with
low HBV DNA and transaminase levels follows, and the
majority of patients become inactive carriers. Natural
regression of fibrosis induced by this clinical remission
has been reported®™',

In general, hepatocellular carcinoma (HCC) with
HBV arises more frequently in non-cirrhotic liver than
in HCV infection™*", This is considered mainly due
to the direct mutagenesis effect of the HBV genome
that integrates into the host genome or the direct
hepatocarcinogenic action of viral genes such as
hepatitis B virus X (HBx)!"*. However, if HCCs have
arisen in the liver in which fibrosis naturally regressed
from advanced liver fibrosis, they might be misinter-
preted as having arisen from a non-cirrhotic liver.
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Consequently, it should always be kept in mind
that fibrosis levels of chronic hepatitis B (CHB) always
have the possibility of being underestimated in terms
of HCC-risk, because they might have regressed from
a more advanced stage of fibrosis!**. We attempt to
spotlight the natural regression of fibrosis in chronic
HBV infection and re-evaluate the clinical background
of HBV-induced HCC in this review.

CHRONIC HBV DISEASE AND
PROGRESSION OF FIBROSIS

About 350 million people in the world have chronic
HBV infection™®. Chronic HBV infection is a significant
cause of liver cirrhosis, which bears a high risk of
HCC. The annual rate of development of HCC has
been reported to be 10% to 17% in HBV-induced liver
cirrhosis!”?, In general, fibrosis levels correlate well
with the risk of HCC, as in the case with HCV infection.
The immunological attack against hepatocytes
infected with HBV induces a dynamic clinical course
which is represented by seroconversion of HBeAg to
anti-HBe. Almost no or very mild liver injury is observed
in the HBeAg-positive immunotolerant phase!®. The
severity of liver injury and the progression of fibrosis
depend on how long and severe the immunological
attacks continue in the phase of HBeAg seroconversion.
A rapid transition to anti-HBe normally results in a
silent clinical course, referred to as the inactive carrier
state, while a difficult transition that is accompanied by
aggravation of chronic hepatitis result in liver cirrhosis
or HBeAb-positive chronic active hepatitis, which
frequently bears core-promoter mutations. Importantly,
the majority of patients become inactive carriers
afterwards, irrespective of their clinical course!*®*?,

MECHANISM OF HBV-INDUCED
HCC AND CLINICAL BACKGROUND
CHARACTERISTICS

Chronic inflammation induces a progression of fibrosis
resulting in liver cirrhosis in which HCC frequently
develops. This cirrhosis-HCC mechanism is common
to both HBV and HCV infections and is considered
to play the main role in hepatocarcinogenesis, to
which a process of accumulation of genetic mutations
and epigenetic events contributes. In addition to
this common carcinogenetic mechanism, each virus
infection has its own carcinogenic mechanism.

On the other hand, HBV, which is related to
retroviruses, integrates into the host genome during
the process of replication and acts as a mutagen.
In addition, the HBx gene, which is a pleiotropic
transactivator of many genes, has been known to
be directly involved in hepatocarcinogenesis™.
Because “cirrhosis to HCC” (indirect) and these
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Table 1 A comparison of clinic-pathological data between type-B and type-C hepatocellular carcinoma

Type B (n = 97) Type C (7 = 81) P value

Age (yr) 56.1+11.9 66.7 £9.8 <0.0001
Sex (M:F) 71.1%:28.9% 60.5%:39.5% 0.18
AST (IU/L) 82.2+£98.6 81.8+44.1 0.18
ALT (IU/L) 67.7 £70.9 83.2 £56.9 0.11
T.Bil (mg/dL) 12411 1.0+0.6 036
Alb (g/dL) 4.0+0.6 39+0.5 0.22
Plt (/mm’) 139+8.1 108455 <0.005
Histology

F1:2:3:4 2:20:3:32 1:6:8:21 <0.005

A1:2:3 17:25:12 1:14:17 <0.005

Clinical stage (I : II:1[:IV) 12:29:25:31 15:32:29:5 <0.0005

direct mechanisms are not mutually exclusive, it is
unknown how much a role each mechanism plays in
real hepatocarcinogenesis, especially in individual HCC
patients with variable clinical backgrounds.

DIFFICULTY OF HCC SURVEILLANCE IN
CHRONIC HBV PATIENTS

Because the carcinogenic processes of HBV and
HCV are different, the rationale to perform effective
cancer surveillance should be confirmed based on
the difference in the specific clinical courses of these
infections. Age, sex, fibrosis levels, the presence of
HBeAg, HBV viral load, HBsAg levels accounts for
the risks of HBV-HCC™Y, In reports from Japan, HCC
patients with HBV tended to be younger and have
advanced tumor when diagnosed, as well as lower
fibrosis levels with good liver function when compared
to those with HCV®***!, Our result also showed that
patients with HBV were younger, with lower fibrosis
levels and higher platelet counts than those with HCV
(Table 1). Notably, the clinical stages of HBV-HCC
were more advanced. These clinical features suggest
that cancer surveillance of HBV is much more difficult
than that of HCV infection, where continuous elevation
of transaminase values induces gradually increasing
fibrosis levels, and a low platelet count may be
associated with advanced fibrosis levels®". In general,
a direct hepatocarcinogenic mechanism of HBV, such
as the integration of the genome or a direct role of
an HBV gene such as HBx, may be considered to be
involved in the occurrence of HCC in these “unexpected”
patients. However, our question is “Is this the full
explanation?”

It seems very paradoxical that HBeAg-positive
carriers in the immunotolerant phase with high viral
loads and little inflammation, who are supposed have
abundant viral gene expression and integration event,
seldom suffer from HCC™®. On the other hand, most
HCC patients who were younger than 20 years old
were already seroconverted to anti-HBe, and the
majority of them were cirrhotic® %", Thus, the cirrhosis
to HCC mechanism might play a central role even in

Baishidenge ~ WJG | www.wjgnet.com

these young HCC patients. These facts render the HCC
surveillance system for HBV more complex.

REVERSIBILITY OF FIBROSIS WITH LIVER
CIRRHOSIS WITH ANTI-HBV TREATMENT
AND NATURAL COURSE

The generally accepted idea was that the fibrosis
of liver cirrhosis is an irreversible process, and
established fibrosis could not regress. However, the
development of innovative anti-viral drugs for HBV and
HCV changed this long-lasting concept™. Fibrosis is
reversed when inflammation is suppressed by effective
anti-viral agents, and even cirrhosis can be cured.
Dienstag et al’®® reported that the fibrosis of cirrhosis
was reversed during 3.5 years lamivudine treatment.
Several reports also confirmed the improvement of
fibrosis levels with anti-HBV drugs?®*>.

However, the regression of fibrosis occurs even
in the natural course of CHB, where remission of
inflammation usually follows the aggravation of
hepatitis and progression of fibrosis that occurred
during the HBeAg-positive stage!®. In the past,
several reports showed the improvement of fibrosis
during the natural course of CHB. Fong et al showed
the improvement of histology comparing before
and after the seroclearance of HBsAg. Waneless
et al®¥ reported that most cirrhotic livers showed
some findings indicating the regression of fibrosis,
irrespective of etiology. Natural regression of fibrosis
consists of three steps, that is, thinning of fibrous
septa, regeneration of hepatocytes and recovery of
acinal structure. The regression of fibrosis occurs at a
particularly early stage of improvement™®.

Recently, Jang et a/®* reported improvement
of the long-term prognosis with anti-HBV drugs for
patients with HBV-cirrhosis. However, suppression of
HCC development was not observed in these cirrhotic
patients, while it has been confirmed in patients with
chronic hepatitis®. These results strongly suggest
that liver cirrhosis still provides a strong risk for HCC,
even after the eradication of virus and suppression of
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Figure 1 Liver histology of a patient obtained in 1983 (58 year old, needle biopsy) and 2000 (surgical resection of hepatocellular carcinoma). Slides stained
with hematoxylin-eosin are shown on the left and those stained with silver are on the right. Marked reduction of fibrosis with improvement of inflammation is observed

(This patient was patient 1 in our previous report).

inflammation.

THE LESSONS FROM THE HCC CASES
THAT OCCURRED AFTER HBSAG
SEROCLEARANCE

We previously reported several cases with HCC
that developed after seroconvesion from HBsAg to
anti-HBs™*%. They progressed to liver cirrhosis or
precirrhosis when they had HBeAg-positive chronic
hepatitis several decades earlier and became inactive
carriers with low viral load and long-standing normal
transaminase levels after the seroconversion to anti-
HBe. HCC developed further after the seroconversion
to anti-HBs. Hepatic fibrosis was dramatically reversed
and found to become only thin septa. Changes in
liver histology of one patient™ are shown in Figure 1.
Similarly, Bortolotti et al** reported 2 pediatric patients
with HBV-induced liver cirrhosis, whose fibrosis was
almost completely resolved after normalization of
transaminase levels. Similar to our cases, these
results suggested that fibrosis of cirrhosis could be
dramatically resolved when viral replication and
inflammation were suppressed®*, These cases,
considering the dynamic natural course of HBV
infection, give us some important suggestions about
the clinical background characteristics of HBV-induced
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hepatocarcinogenesis.

First, as with anti-HBV treatment, these cases are
typical examples showing that advanced fibrosis could
be absorbed even in the natural course of CHB. After
HBeAg-positive chronic hepatitis progresses to liver
cirrhosis, the majority of patients follow the clinical
course of long-standing remission with a low viral load.
Considering this typical clinical course of CHB, natural
regression of fibrosis might not be an exceptional
phenomenon limited to these case reports, but it
might occur commonly. This also suggests that some
population of HBV-HCC patients with non-cirrhotic liver
might have regressed fibrosis that was once cirrhotic
or pre-cirrhotic. Consequently, our hypothesis is that
the incidence and role of cirrhosis-derived HCC might
be underestimated in HBV-HCC, and the roles of direct
carcinogenesis due to HBV integration or viral gene
function with a slight involvement of necroinflammation
in non-cirrhotic HCC are overestimated.

HBV-cirrhosis is “macronodular” and has thinner
septa than HCV™, Micronodular cirrhosis changes to
macronodular with the suppression of inflammation®®,
This morphological observation might reflect the clinical
course of these viruses, where HCV takes a continuous
progressive course, and HBV is characterized by the
alternating increases and normalization of transa-
minase levels.

Another important suggestion relates to the assess-
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ment of fibrosis in CHB patients for the establishment
of an effective HCC surveillance system. Recently,
not only liver biopsy which is a gold standard for
the evaluation of fibrosis, but a handful of methods
to assess fibrosis levels have been used clinically.
However, these methods may not discriminate these
cases of “regressed fibrosis from cirrhosis”, which
might have more risk of HCC than “ongoing fibrosis”.
Thus, it might be possible to underestimate the risk
of HCC in these patients with regressed fibrosis levels
using these current methods. Indeed, needle biopsy
might give the diagnosis of an almost normal liver with
completely regressed fibrosis™.,

Cirrhosis-HCC mechanisms can be glimpsed in
studies that examined the incidence of HCC after the
seroclearance of HBsAg, which normally has a good
prognosist'®*"?, Yuen et al®” reported that the risk
factors of HCC at this stage were the presence of
liver cirrhosis and old age. Liver cirrhosis was also
counted as a significant factor for the seroclearance
of HBsAg™". This indicates that the strong immune
reaction that caused liver cirrhosis eventually
contributed to the seroclearance of HBsAg, providing
some risk of HCC.

Similar suggestions could be applied to HCC cases
with occult HBV infection (OHB). Some patients might
have overt chronic HBV infection before entering the
stage of OHB!, These patients might have “regressed
fibrosis from advanced fibrosis” during the process
of becoming seronegative for HBsAg. They can easily
be missed during clinical surveillance of HCC, unless
they were recognized as HBV carriers, possibly in early
life™™!. Integration of HBV DNA or the direct action
of an HBV gene such as HBx from long-standing
viral replication is considered to play a role in the
occurrence of HCC with OHB™. However, cirrhosis-
HCC mechanism might play a central role in more
number of patients with OHB-HCC than generally
considered.

Liver biopsy has been a gold standard of evaluation
for liver fibrosis™*, Non-invasive methods for evaluation
of fibrosis are widely used in clinical settings. They have
been primarily used for the assessment of HCV-related
fibrosis, and their application to HBV-induced fibrosis
has always been under constant debate!*¥. Transient
elastography (TE) is one of the most reliable recent
modalities to assess the fibrosis level without biopsy™®.
Several reports evaluated the efficacy of TE in both
CHB and CHC patients and reported that diagnostic
accuracy was almost equal between them! "],
However, a lower liver stiffness (LS) cut-off in CHB than
in CHC in the advanced fibrosis stage was reported™*®.
The interpretation of this was that fibrous septa were
thinner in CHB than in CHC. Moreover, because CHB
tended to have macronodular cirrhosis, TE waves go
through liver parenchyma and produce a low stiffness
value®!, Likewise, Castéra et al®® reported that the
cut off values of TE in cirrhosis were higher in HCV-
LC than that of HBV-LC and this difference came from
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the high prevalence of macronodular LC in HBV. Thus,
although fibrosis markers are considered to be useful
in the evaluation of fibrosis levels of CHB in general™*”,
there have been no studies attempting to assess the
fibrosis levels following CHB patients from aggravation

of hepatitis to the inactive stage.

APPLICATION OF MOLECULAR
ANALYSIS TO THE “HCC FROM
REGRESSED FIBROSIS”

Innovative advances of molecular analysis recently
allow comprehensive cancer genome analysis in
a short time, resulting in the accumulation of an
overwhelming body of information about the cancer
genome®Y. Schulze et al** analyzed the whole exon of
243 HCC tissues and reported that genomic pathways
centered on three signaling abnormalities, p-catenin
(CTNNB1), TP53, and AXIN1l-related. They also
suggested that they can distinguish HCC that arose
from cirrhosis from those derived from non-cirrhosis
using the difference in incidence of CTNNB1 TP53, a
mutation of telomerase reverse transcriptase (TERT).
In addition, mutations of TERT promoter have been
noted as a characteristic genomic change of HBV-HCC,
in which integration of the HBV genome frequently
occurs®™>*¥, It is interesting to know whether HCC that
arose from “liver with regressed fibrosis from cirrhosis”
is close to a cirrhotic or a non-cirrhotic pattern.

Telomere shortening is a general genetic marker
of liver cirrhosis causing senescence of hepatocytes
that is associated with the development of HCCP>>7,
Recently, TERT promotor mutations were observed
already in premalignant nodules in cirrhotic liver®. In
addition, Hartmann et al®® reported that TERT gene
mutations were frequently detected in liver cirrhosis
irrespective of etiology, suggesting that they may be
used to evaluate cancer-prone characteristics of liver.
This result might be applicable in the evaluation of
whether the liver with regressed fibrosis has oncogenic
potential close to that of real cirrhosis, helping the
understandings of the carcinogenic potential of that
state. Such molecular markers that can assess cancer-
prone characteristics of cirrhotic or non-cirrhotic
liver are much needed to prove that a cirrhosis-HCC
mechanism might be involved in the development of
HCC than currently considered, even in low-fibrosis
cases.

CONCLUSION

The dlinical course of chronic HBV infection is dynamic
and complex, with changes of serological markers,
which is distinct from HCV infection that takes a more
continuous clinical course. Because of this clinical profile,
long-standing remission after established cirrhosis,
result in the regression of fibrosis, where only thin septa
are recognized. On the other hand, the integration of
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the HBV genome or a direct gene function, such as
HBx, may play an important role in so-called direct
hepatocarcinogenesis. HCCs from regressed fibrosis
and those via direct hepatocarcinogenesis might be
categorized together into “"HCC from non-cirrhotic liver”.
Thus, these mechanisms render the assessment of
fibrosis as a risk factor for HCC very complex. Therefore,
there is an urgent need to establish effective cancer
surveillance system that addresses these complex
issues. In addition, molecular markers to evaluate the
risk of HCC in non-cirrhotic as well as cirrhotic liver
should be clarified in a future analysis.
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