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Need For HBV Cure: Persistent Risk
For Subsequent New And Recurrent HCC
Even After A Decade Of Successful Anti-HBV
Therapy And Initial Tumor Ablation
Abstract
Since 1998 with the highly effective nucleos(t)ide analogues for Hepatitis B
virus (HBV), we have witnessed successful viral suppression that has led to the
delay or prevention of the development of hepatocellular carcinoma (HCC).
Reduced incidence of HCC with anti-HBV treatment has been documented with
lamivudine, entecavir and tenofovir. A number of investigators have observed
that after the initial tumor was ablated, anti-HBV treatment could prevent or
reduce the recurrent or subsequent new HCC. Nonetheless, as reported earlier,
we are observing the persistent risk for HCC in patients in spite of successful viral
suppression for over a decade with anti-HBV therapy. In this report, we present
three cases who underwent initial tumor ablation and maintained negative HBV
DNA with anti-HBV therapy and yet developed subsequent new or recurrent
HCC at the intervals of 5,10,11 and 15 years. These persistent risks for new
and recurrent HCC are attributed to the incomplete control of HBV due to the
presence of cccDNA in the host’s hepatocytes. Current antiviral treatment can
achieve a functional cure (suppression of HBV replication) while a complete cure
of eliminating the cccDNA has not been possible. Therefore, even though HBV is
not actively replicating, cccDNA remains in the nucleus of the hepatocytes and
continues hepatocarcinogenic processes including HBV and host DNA integration.
There is a need for HBV cure drugs.
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Introduction
Chronic hepatitis B virus (HBV) places patients at an increased
risk for the development of hepatocellular carcinoma (HCC)
[1,2]. The available antiviral drugs (nucleos(t)ide analogues)
are highly effective in suppressing the replication of the virus.
Therefore, reduction of incidence of HBV-related HCC has been
observed with antiviral drugs including lamivudine, entecavir
and tenofovir [3-6]. However, despite the use of antiviral
therapies, development of HCC in patients with chronic HBV has
been reported. Most data regarding this persistent risk for HCC
is seen in studies with short-term follow up of 4-5 years [7-10].
Much longer follow up studies of 20 years were reported lately
[11,12]. The development of subsequent new or recurrent HCC
after initial tumor ablation and viral suppression has not been
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reported. Here we present three cases which demonstrate the
persistent risk for HCC after initial tumor ablation and decades of
successful antiviral therapy.

Case 1
A 40-year-old Asian man was noted to be HBsAg (+) in 1987. At
that time he had minimal symptoms including fatigue and he
continued to drink alcohol socially. Additional labs at that time
included ALT 400 IU/L, HBeAg (+)/anti-HBe (-), HBV DNA (+)
(qualitative value only) and AFP 5.3 ng/ml. After discontinuing
alcohol, the patient’s ALT became normal a few months later.
No anti-HBV medication was available at that time and he was
conservatively followed with routine labs until 1991, after which
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he continued to follow up with his primary care physician only.
In 2004, 17 years later, at age 57, the patient came back referred
by his physician when a 4.0 cm liver mass concerning for HCC
was detected in segment 8 on abdominal ultrasound (Figure 1).
Imaging was also consistent with early cirrhotic changes with
medial segment atrophy. At that time, laboratory results showed
HBV DNA (+) (qualitative value only), ALT 59 IU/L, platelets
213B/L, AFP 44.6 ng/ml and HBeAg (-)/anti-HBe (+). During the
17 year interval, he had spontaneously converted to anti-HBe.
He underwent transarterial chemoembolization (TACE) followed
by radiofrequency ablation (RFA) the next day following an
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Case 1 Timeline of the first and a new HCC (highlighted).

established protocol at the time. He was also started lamivudine
150 mg daily. HBV DNA became undetectable in a month and
continued to remain undetectable throughout the follow up
period. Tenofovir 300 mg daily was added six years later as the
combination therapy was preferred. In 2014, 10 years after the
first tumor ablation, at age 67, on MRI a new 1.0 cm arterially
enhancing lesion with washout appeared in segment 7 of the
liver. It was compatible with HCC. He underwent successful TACE
one month later. Since then, he has been on dual anti HBV therapy
with lamivudine and tenofovir with sustained undetectable HBV
DNA and close follow-up (Case 1).

Case 2

Figure 1 Case 1 (10/20/2004) (A) Longitudinal ultrasound image
through the right hepatic lobe shows a 4 cm hypoechoic
solid mass (calipers) with echogenic foci corresponding
to hepatocellular carcinoma. Case 1 (3/31/2014) (B) 10
years later, following transarterial chemoembolization
and the initiation of anti-HBV therapy, the post-contrast
T1-weighted arterial-phase image reveals a 1 cm
hyperenhancing lesion in hepatic segment 7 (arrow) and
the residuum of the previously noted lesion following
transarterial chemoembolization (thick arrow). (C) The
T1-weighted portal venous-phase image shows that
the hyperenhancing lesion demonstrates washout and
capsule appearance, features that are diagnostic of
hepatocellular carcinoma. (D) The diffusion-weighted
image shows lesion hyperintensity (arrow) indicating
diffusion restriction.

2

A 52-year-old Asian woman was first noted to be HBsAg (+) in
1987 during a routine examination. Her three children, all in their
20s at the time, were also HBsAg (+), suggesting she had HBV
infection for over 20 years by then. After 3 years of follow up
at our institution her family moved in 1990 and she was lost to
follow-up. In 2000, at age 65, she returned for a follow up. She
had not received antiviral treatment in the meantime. Abdominal
MRI showed a 2.5 cm mass in the anterior segment of the right
lobe with arterial hyper enhancement and washout appearance,
consistent for HCC (Figure 2). AFP was 6.7 ng/ml and HBV DNA
was 1.75 pg/ml. She was HBeAg (-)/anti-HBe(+) with albumin
4.0, ALT 29 IU/L, total bilirubin 0.4 and platelets 122 period Liver
was mildly nodular. After undergoing tumor ablation with RFA
followed by TACE, the patient was started on antiviral therapy
with lamivudine 150 mg daily. HBV DNA became undetectable
(<0.002 pg/ml) in 3 months. Four years later, HBV DNA was 44.65
pg/ml and she was suspected to have developed lamivudine
resistance and antiviral treatment was changed to tenofovir 300
mg daily. HBV DNA became undetectable six months later. In
2005, five years after the first tumor ablation, while continued on
anti-HBV therapy with undetectable HBV DNA, a 1.1 cm × 0.8 cm
arterially enhancing lesion with washout appearance was noted
near the treated site on abdominal MRI. The patient underwent
TACE and continued anti-HBV therapy. In 2015, 10 years later
at age 80 (15 years after the first tumor and with undetectable
HBV DNA), an abdominal MRI again showed an 8.0 mm recurrent
HCC near the previously treated site. The tumor was treated with
microwave (MW) ablation. The patient, now age 83 years old,
continues to have close follow-up with an undetectable HBV viral
load.
This article is available in: www.acanceresearch.com
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decreased to 3.7 ng/ml. and a recent follow up MRI eight months
later showed no new concerning lesions (Case 3).

Case 2 Timeline of the first and recurrent HCC (highlighted).

Figure 2 Case 2 (3/17/2000) (A)The arterial-phase postcontrast T1-weighted image reveals cirrhosis with
nodularity and a hyper-enhancing lesion in hepatic
segment 5 (arrows) with portal-phase washout (not
shown) consistent with hepatocellular carcinoma,
which was treated with radiofrequency ablation and
transarterial chemoembolization. (B) The arterialphase post-contrast T1-weighted image from a
study obtained 5 years later shows a new 1.1 cm
hyperenhancing lesion (arrow) lateral to the ablated
lesion (thick arrow) indicating recurrent tumor. (C)
10 years later following a second bout of transarterial
chemoembolization treating the second lesion, the
arterial-phase post-contrast T1-weighted image shows
a third subcentimeter hyperenhancing lesion (arrow)
with washout on the portal phase image (D) Arrow
suggesting hepatocellular carcinoma, which was
treated with microwave ablation.

Case 3
A 57-year-old Asian man was noted to be HBsAg (+) in 1996. He
denied family history of HBV. He had never received antiviral
therapy. In 2006, at age 67, he developed bronchitis and had lab
work performed which demonstrated elevated ALT of 98 IU/L.
A subsequent abdominal MRI showed a cirrhotic liver with 1.0
cm mildly hypervascular fat-containing lesion suspicious for
HCC (Figure 3). Further work up showed HBV DNA 10.3 × 106
copies/ml, HBeAg (+), ALT 57 IU/ml, and AFP 12.5 ng/ml. He
then came to our institution for further evaluation. The patient
underwent RFA and was started on combination anti-HBV
therapy with lamivudine 150 mg and tenofovir 300 mg daily, the
preferred regimen for HCC at that time. Within six months of
anti-HBV treatment, HBV DNA became undetectable. He was
then followed by his family physician and had imaging studies
every six to twelve months. In 2017, 11 years after the first tumor
ablation, now at age 78, he presented with an abnormal MRI
which showed two liver lesions with imaging features diagnostic
of HCC: a 3.0 cm × 2.8 cm lesion near the gallbladder and another
2.0 cm × 1.7 cm lesion in the posterior segment of the right lobe.
Laboratory results showed AFP 24.4 ng/ml, undetectable HBV
DNA, ALT 19 IU/L, platelets 125 B/L and HBeAg (-)/anti-HBe (+).
He underwent MW tumor ablation. One month later, his AFP
© Under License of Creative Commons Attribution 3.0 License

Figure 3 5 Case 3 (1/30/2006) (A)The in-phase image shows a
mildly hypointense lesion at the junction of segments 5
and 8 (arrow), which is more conspicuously hypointense
on the out-of-phase image (B, arrow), indicating the
presence of lipid content characteristic of hepatocellular
carcinoma with liver nodularity indicating cirrhosis.
(C) There is faint hyperenhancement on the arterialphase post-contrast T1-weighted image (arrow). Case
3 (4/3/2017) (D) 11 years following radiofrequency
ablation and the initiation of anti-HBV therapy, a
subsequent arterial-phase post-contrast T1-weighted
image reveals a new hyperenhancing mass in segment
7 (arrow). (E) The portal phase image demonstrates
washout and a capsule appearance (arrow) indicating
recurrent hepatocellular carcinoma. The punctate
hypointensity at the junction of hepatic segments 5 and 8
(thick arrow) corresponds to the lesion ablated 11 years
earlier. (F) A second larger lesion is seen in segment 5
(arrow) exhibiting hyperenhancement on the arterialphase post-contrast T1-weighted image, washout and
capsule appearance on the portal-phase image (G) and
hypointensity on the hepatobiliary-phase post-contrast
T1-weighted image (H)—all features consistent with
hepatocellular carcinoma.
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Case 3 Timeline of the first and new HCC (highlighted).

Discussion
Since the advent of anti-HBV therapy (nucleos(t)ide analogues),
a reduced incidence of HCC has been well documented with
lamivudine, entecavir and tenofovir. [3-6] On the other hand,
despite HBV DNA at undetectable levels, some patients,
especially those with cirrhosis were found to develop HCC. Most
observations were derived from a relatively short follow-up
period of four to five years [7-10]. The longest follow up study
was presented by Dargan et al. and Yoo et al. [11,12]. In their
study they followed patients on anti-HBV treatment for more
than 20 years and found that the risk for HCC persisted even with
successful clearance of HBV viremia. Several patients had been
on anti-HBV therapy for greater than 18 years and yet developed
HCC. These patients have had undetectable HBV DNA in serum
over 10 years and maintained normal liver function. Furthermore,
several studies have shown that patients following initial tumor
ablation and on anti-HBV therapy have had no recurrent tumors
[13-18]. Now we presented three cases that illustrate the
persistent risk for subsequent new or recurrent HCC in spite of
initial successful tumor ablation, continued anti-HBV therapy and
sustained clearance of HBV DNA viremia for over ten years. The
first patient we presented developed recurrent HCC ten years
after the initial HCC diagnosis. The first tumor was successfully
ablated and the patient was continued on anti-HBV therapy. The
patient had an undetectable HBV DNA level for the ten years
prior to the diagnosis of the second tumor. The second patient
we presented had a recurrence of HCC five years after treatment
for initial HCC. At the time of recurrent HCC, the patient had been
on anti-HBV therapy and had an undetectable HBV DNA level.
Another ten years after the first recurrence, the patient developed
a second HCC recurrence while still on anti-HBV therapy with an
undetectable HBV DNA level. The third patient we presented had
a recurrent HCC eleven years after initial HCC diagnosis while
maintained on anti-HBV therapy with successful viral suppression.
The persistence of the risk for HCC in these cases is shown (Figure
4). To understand the persistent risk of HCC development despite
clearance of HBV DNA, it is imperative to understand the HBV life
cycle and the steps leading to hepatocarcinogenesis [19-24]. HBV
is an enveloped partially double-stranded DNA virus. When the
virus enters the hepatocytes, most of the viral DNA is converted
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Figure 4 Three patient cases demonstrating the long duration
time between different HCC diagnoses.

into a covalently closed circular DNA (cccDNA) in the host cell
nucleus. However, ten percent of the virions contain doublestranded linear DNA that becomes integrated into the host DNA.
Although integration into the host DNA is not required for HBV
replication, it is likely a key step in hepatocarcinogenesis [20-22].
Anti-HBV therapies such as lamivudine, tenofovir and entecavir
inhibit HBV-DNA polymerase which suppresses viral replication
[3-6]. However, these medications do not inhibit integration and
therefore do not impact subsequent HCC development. This
key step in hepatocarcinogenesis may represent an innovative
pathway to target in future drug development. In addition to
viral DNA integration, there are several other steps in the HBV life
cycle that can potentially serve as targets for drug development
and curative therapies in the future [18-24]. Currently there
are several steps in the HBV life cycle that are not completely
understood such as mechanism of entry, cccDNA formation
and regulation, intracellular trafficking and morphogenesis and
interaction with the host immune system. Further information
specifically regarding HBV cccDNA is needed as its persistence in
the hepatocytes and integration into the host genome prevents
its eradication. In addition to information about cccDNA, more
understanding is needed regarding viral entry into newly formed
hepatocytes and interactions between the virus and host
immune system as these could serve as targets for future curative
therapies. Another target for future therapy is inhibition of
maturation of the pregenomic mRNA in the hepatocyte nucleus
and subsequent blockage of export to hepatocyte cytoplasm.
Inhibiting this process would reduce the generation of HBV core
particle in the cytoplasm and significantly reduce the production
of cccDNA [19-24]. While we wait for such medications, it is
important to understand that patients on anti-HBV therapy
with undetectable levels of HBV are still at increased risk for
HCC development. Given the complexity of HBV replication,
developing a curative therapy is not easy. Multiple steps exist
that can and should be targeted such as the following: entry of
the virus by blocking the receptors on hepatocytes, replication of
new HBV DNA from the pregenomic RNA (has been successful in
this aspect with currently available nucleos(t)ide analogues) and
enhanced host innate immunity (such as small molecule agonists
of toll-like receptors). In addition, development of a therapeutic
vaccine engineered to activate an HBV-specific T cell immune
This article is available in: www.acanceresearch.com
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response to directly target cccDNA in addition to several others
could also have the potential to be a successful curative therapy.
While the anti-HBV therapies do not provide a cure for HBV nor
prevent HCC development, there is no question regarding the
improved survival and quality of life they provide in patients
with chronic HBV. Even in patients with recurrent HCC, improved
liver function and reversal of fibrosis have been seen and are
attributed to the use of antiviral medications. [1-10] While these
cases demonstrate the persistent risk for HCC, it is important to
remember the strides that have been made in medication and
vaccine development and the impact antiviral medications have
had on patients with chronic HBV. It is also important to support
research aimed at finding a cure for chronic HBV in an effort
to eradicate the persistent risk for HCC seen in these patients.
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Conclusion
The risk of HCC persists in patients who maintain successful HBV
suppression for years with antiviral therapy. Current antiviral
therapy (nucleos(t)ide analogues) can suppress viral replication
but is unable to eliminate the cccDNA in the nucleus of the
hepatocytes. There is a need for HBV cure drugs.
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