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Abstract
Purpose of the Review Poorly controlled hepatitis B increases the risk for liver-related morbidity. Although there are now six
approved nucleos(t)ide analogues (NA) for the treatment of chronic hepatitis B (CHB), drug resistance and thus virologic
breakthrough still exist. This review outlines a systematic approach to the management of virologic failure in patients with
CHB treated with NAs.
Recent Findings Current NAs can be divided into older generation and newer generation agents, with newer generation agents
associated with lower rates of virologic breakthrough. Both tenofovir dipovoxil fumarate (TDF) and tenofovir alafenamide (TAF)
are equally as effective in addressing virologic breakthrough while on all other NAs. Entecavir is an effective treatment option for
NA naïve patients only, with high rates of resistance to entecavir in those exposed to older NAs.
Summary The management of virologic breakthroughs should focus on identifying risk factors for future drug resistance and
escalation to appropriate newer generation drug options to avoid long-term liver-related morbidity.
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Introduction

Hepatitis B virus (HBV) infection is a global health concern
that has persisted despite decades of progress in vaccination
and antiviral therapy. Although a highly effective HBV vac-
cine was introduced in 1982, there remain nearly 257 million
people infected with the virus worldwide. [1] The estimated
prevalence of HBV infection within the USA has varied based
on the population of interest. A 7-year population survey from
1999 to 2006 found that 0.27% of individuals were Hepatitis
B surface antigen (HBsAg) positive, which suggested that
around 750,000 people were chronically infected with the
virus during that time period. [2] This number increases con-
siderably to 2.2 million individuals when foreign-born resi-
dents of the USA are taken into consideration [3],

emphasizing the national impact of HBV and the importance
of offering effective treatment when clinically appropriate.

While the majority of adults who develop acute HBV will
recover with supportive care, develop immunity, and not re-
quire long-term therapy, those who do develop chronic hepa-
titis B (CHB) infection are at risk for long-term complications
including cirrhosis and hepatocellular carcinoma (HCC). [4]
Consequently, the decision to treat CHB has focused primarily
on identifying signs of disease activity and progression, in-
cluding serum levels of alanine aminotransferase (ALT) and
HBV DNA, while taking into consideration any evidence of
advanced fibrosis. [4–6] This approach has permitted the
timely introduction of antiviral drugs before the risk of liver
disease progression related to CHB begins to increase.

Prior to the introduction of nucleos(t)ide analogues (NA),
pegylated and standard interferon-α was the most commonly
used drug for adult patients infected with HBV with indica-
tions for treatment. However, its variable level of effectiveness
and significant side-effect profile has limited its role to those
who desire a finite treatment course, especially in the era of
more effective and tolerable oral antiviral therapy options. [5]
Currently, there are six approved NAs for the treatment of
HBV infection. They can be further divided into preferred
and non-preferred first-line agents based primarily on the
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barrier to resistance of each particular agent. The preferred
NAs are the newer generation options and include entecavir,
tenofovir dipovoxil fumarate (TDF), and tenofovir
alafenamide (TAF), while the non-preferred options include
lamivudine, adefovir, and telbivudine. [4, 7] Ideally, all pa-
tients would be started on one of the three preferred options,
which share both high potency and a high barrier to resistance.
However, factors including cost and accessibility (especially
in resource-poor countries) may limit access to newer gener-
ation NAs. Under these circumstances, virologic failure is
more likely and requires a swift modification in therapy to
address the uncontrolled HBV infection. Moreover, despite
the low likelihood of ongoing viremia on entecavir, TDF, or
TAF, it remains a possibility [8] and introduces an even more
challenging problem, as alternative drugs do not yet exist and
combination therapy increases cost.

This review outlines a systematic approach to the manage-
ment of virologic failure in patients with CHB treated with
NAs. The definition of treatment failure in CHB is delineated
and the approach to inadequate HBV control while on each of
the six approved nucleos(t)ide analogues is outlined. An ad-
ditional commentary on how to address low-level viremia
while on appropriate therapy is also presented.

Treatment Duration, Goals, and Defining
Failure

The thresholds to initiate antiviral therapy in individuals who
are HBsAg positive differ depending on the e-antigen status at
the time of assessment. [4, 5, 7] This approach stems from
identifying immune-active phases of CHB that represent
higher levels of disease of activity not controlled by effective
immune surveillance. High-level viremia alone without evi-
dence of elevated liver enzymes or advanced fibrosis
(immune-tolerant HBV) does not currently establish an imme-
diate need for therapy. However, once the agreed upon thresh-
olds are met, one of the approved NAs for the treatment of
HBV can be initiated.

The overall goal of therapy is to decrease morbidity and
mortality by reducing inflammation and the risk of fibrosis.
Biochemically, providers should aim towards durable HBV
DNA suppression, Hepatitis B e-antigen (HBeAg) loss and
seroconversion (if positive at the start of treatment), and
HBsAg loss and seroconversion. These three goals are each
respectively more difficult to achieve, with HBV DNA sup-
pression with normalization of ALT the most commonly en-
countered scenario. [6] Fortunately, virologic suppression
with NAs has consistently been shown to improve long-term
outcomes by reducing the risk of hepatocellular carcinoma
and complications of cirrhosis. [9, 10] Therefore, precisely
defining virologic response, persistent viremia, and virologic

breakthrough is an important first step to tackling overall vi-
rologic failure in patients with CHB on treatment.

Virologic Response

The American Association for the Study of Liver Disease
(AASLD) defines virologic response as achieving an unde-
tectable HBV DNA at 96 weeks of treatment. [6] The
European Association for the Study of Liver Disease
(EASL) goes further to define partial virologic response when
HBV DNA remains detectable but has decreased by 1 log10
IU/ml [5], an important group to distinguish from those who
are deemed non-responders to therapy. The move from con-
sidering failure to achieve virologic response from 48 weeks
to 96 weeks of treatment has mostly been driven by newer
generation NAs with incremental efficacy even after 48 weeks
of antiviral therapy in patients who are HBeAg positive and <
1% rates of antiviral resistance with long-term (3 or more
years) use. [11]

Persistent Viremia

To remain consistent with the definition of virologic response,
persistent viremia can be viewed as detectable HBV DNA
after 96 weeks of treatment and/or a plateau in the decline of
HBVDNA. Low-level viremia on the other hand is defined as
< 2000 IU/mL of HBV DNA but detectable on serum PCR.
[6, 12]

Virologic Breakthrough

Virologic breakthrough can occur in one of two circum-
stances, either when there is partial response to initial NA
therapy or a complete response with undetectable levels of
HBV DNA. In the former scenario, a breakthrough event is
defined by an increase in HBV DNA by > 1 log compared
with the lowest previously measured level, while in the latter
situation, a detectable HBV DNA greater than or equal to
100 IU/mL is the commonly used cutoff value. [5, 6]. In both
circumstances, this should be confirmed with a second mea-
surement prior to changes in management.

Management of Virologic Failure on Nucleos
(t)ide Analogues

As previously mentioned, it is preferable that individuals who
require HBV treatment be started on newer generation NAs,
given the high barrier to resistance. However, all approved
NAs have shown effectiveness over placebo in individuals with
HBV infection, and therefore remain potential options for initial
treatment. [7] When considering the best approach to virologic
failure while on any of the selected NAs, providers must first
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assess for adherence to therapy (Fig. 1). Non-adherence may
provide a plausible explanation for persistent viremia or even
virologic breakthrough [13], and can be easily missed if a patient
does not openly offer this information. In fact, a recently pub-
lished 10-year longitudinal observational study evaluating the
consequences of poor adherence to entecavir in patients with
CHB revealed that those with less than 90% adherence had in-
creased liver-related and overall mortality, as well as a higher
incidence of liver-related complications and HCC. [14] Hence,
confirming adherence is an important step in improving long-
term outcomes. Once adherence is confirmed, countering viro-
logic failure depends on a host of factors, which includes the
current choice of NA therapy. Virologic breakthrough establishes
a need to rethink an individual’s management plan. Conversely,
the approach taken towards addressing persistent viremia on
NAs is somewhat more nuanced. This is mainly related to the
fact that persistent viremia, unlike virologic breakthrough, is less
likely to be associated with HBV resistance. [15]

When to Consider Resistance Testing

NA resistance testing is based on molecular identification of
drug-resistant HBV. The available diagnostic methods include
hybridization, restriction fragment polymorphism analysis, and
sequencing. [16] The development of drug resistance while on
NAs for CHB is almost exclusively associated with virologic
breakthrough. [4–6, 15]. Current diagnostic techniques to detect
drug-resistant HBV strains are limited to circulating HBV DNA

of at least 1000 IU/mL, [4] making it unfeasible to determine
whether NA resistance is responsible for ongoing low-level vi-
remia. Luckily, drug resistance to the preferred initial NA thera-
pies is uncommon even in slow virologic responders, and current
guidelines do not recommend routine drug-resistance testing in
this patient population, as it is unlikely to change management.
Alternatively, if available, determining the specific mutation as-
sociated with a virologic breakthrough event can be helpful in
future treatment planning, especially if there is ongoing viremia
with entecavir therapy and the patient had any prior lamivudine
exposure. In most cases, however, persistent viremia as detected
byHBVDNA testing does not necessarily reflect viral resistance,
especially when non-compliance to therapy is suspected. As de-
tailed later, delineating the resistance mutations that a provider is
facing when managing a virologic breakthrough event is helpful
in determining what future therapy options are unlikely to be
effective. Currently, sequencing-based methods using polymer-
ase chain reaction (PCR) are limited by their ability to detect a
particular mutation only if it is present in over 20% of the tested
sample, limiting its sensitivity. Alternatively, if pyrosequencing is
available, it is a much faster and more sensitive method to detect
HBV resistance, and is the preferred test of choice. [17]

Virologic Breakthrough on Older Generation
Nucleos(t)ide Analogues

Positive drug-resistance testing is most common in patients
receiving lamivudine and telbivudine as compared with other

Fig. 1 Algorithm for
management of virologic
breakthrough on nucleos(t)ide
analogues
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NAs. [15] The most common HBV mutation variants
resulting in lamivudine resistance include M204V, M204I,
and L180M+M204V. [5, 6] Unfortunately, lamivudine use
has demonstrated an incremental increase in HBV resistance
overtime, with around a quarter of patients at 1 year harboring
a lamivudine-resistant strain of HBV. This number dramati-
cally increases at 5 years with some data suggesting drug-
resistance rates as high as 65–70%. [18, 19] The majority of
virologic breakthroughs on lamivudine ultimately will result
in a biochemical breakthrough with a rise in ALT levels, and
therefore necessitates early alteration in the treatment ap-
proach. [20]

Fortunately, there have been a number of trials analyzing
several different rescue therapies for lamivudine-resistant HBV,
including combination therapy with older generation NAs and
monotherapy with newer generation options. Entecavir is a poor
salvage therapy option when treatment with lamivudine fails to
achieve an adequate result. This is primarily related to the fact
that at a molecular level, entecavir resistance relies on the pres-
ence of substitutions including M204I/V ± L180M that confer
resistance to lamivudine. These substitutions predispose to the
development of T184, S202, or M250 reverse transcriptase sub-
stitutions [21], which allow circulating HBV to evade the effects
of entecavir, in stark contrast to NA naïve patients. These find-
ings have been substantiated in a number of clinical and obser-
vational studies. Kim et al. presented data on one hundred and
four Korean patients with CHB with documented lamivudine
resistance that were treated either with the addition of adefovir,
a switch to adefovir monotherapy, or a switch to entecavir mono-
therapy. Adding adefovir to lamivudine was superior in HBV
DNA suppression and resulted in the least number of virologic
breakthroughs while on rescue therapy, arguably themost impor-
tant indicator of success. [22] A largemeta-analysis that included
over 600 patients with lamivudine-resistant HBV reinforced that
the major difference in meaningful clinical outcomes between
individuals switched to entecavir as compared with the addition
of adefovir was the higher rate of virologic breakthrough in the
entecavir group [23], with some studies reporting no virologic
breakthroughs on adefovir-lamivudine combination therapy. [24]
However, at 5 years, adefovir-lamivudine combination treatment
showed only modest rates of HBV DNA undetectability (74%)
with a 5-year resistance rate to adefovir of 10.2%. [25] Given
these long-term results, tenofovir-based rescue treatment regi-
mens are the preferred option in the setting of lamivudine resis-
tance resulting in virologic breakthrough. Under these circum-
stances, tenofovir monotherapy has been compared with both
tenofovir-lamivudine and tenofovir-emtricitabine combination
treatment, and has consistently shown to be effective at achieving
virologic response alone both in individuals who were first tried
on lamivudine-adefovir rescue treatment and in general in the
setting of lamivudine resistance. [18, 26] Moreover, tenofovir
resistance is rare, and therefore makes it the ideal drug of choice
when facedwith virologic failure while on lamivudine. [4] At the

5-year treatmentmark, tenofovir alonewas equally as effective as
tenofovir-emtricitabine in successfully achieving a virologic re-
sponse after failing lamivudine. [27]

Management of virologic failure/breakthrough while re-
ceiving telbivudine should be approached in a similar fashion
to lamivudine resistance. Tenofovir-based monotherapy is
preferred over combination therapy with tenofovir, and
entecavir again should be avoided given the high rate of sub-
sequent entecavir resistance and virologic failure. [4–6]

Similar to lamivudine, virologic breakthrough on adefovir
is more likely to occur when drug resistance develops.
Though less common than in patients on lamivudine, adefovir
resistance at 4–5 years on treatment occurred in roughly one-
fifth of patients, regardless of HBeAg status. [28, 29]
However, unlike lamivudine, pure resistance to adefovir is
not as predictive of future entecavir failure. Consequently,
both the AASLD and EASL recommend a switch to entecavir
monotherapy as one option for the treatment of virologic fail-
ure on adefovir, but only when there is no concern for poten-
tial lamivudine-associated mutations. [4–6] However, a large
portion of patients are started on adefovir after a period of
lamivudine exposure, either as salvage therapy (alone or in
combination with another NA) or as an alternative new option
after FDA approval. When rates of drug resistance were com-
pared between lamivudine-resistant and treatment-naïve pa-
tients, the incidence of rtA1818V/T and rtN236T adefovir-
associated mutations were more common in the former group.
[30] Cumulative virologic breakthrough rates on entecavir in
the presence of both adefovir and lamivudine resistance is as
high as 75% at 36 months, even more prominent than in pa-
tients with resistance to lamivudine alone. [31, 32] Therefore,
providers need to take special caution to rule out any potential
lamivudine resistance either by direct molecular testing or
history suggesting exposure to lamivudine. If lamivudine re-
sistance is confirmed or suspected, then a tenofovir-based sal-
vage regimen is the preferred route. TDF alone is effective in
suppressing HBV DNA in the setting of a previous history of
adefovir monotherapy or in combination with lamivudine,
with the majority of patients achieving HBV DNA suppres-
sion at a mean treatment duration of 23 months. [33] Studies
in patients with confirmed HBV resistance to adefovir rein-
forced the usefulness of tenofovir monotherapy in manage-
ment of virologic breakthrough in this patient population, with
long-term viral suppression rates above 80% at 168 weeks
regardless of whether an additional antiviral agent was used.
[26, 34, 35]

Virologic Breakthrough on Entecavir
and Tenofovir-Based (TDF, TAF) Therapies

Entecavir is a highly effective NA for the treatment of CHB.
Suppression of HBV DNA is durable on entecavir when pa-
tients are NA naïve. The cumulative probability of entecavir

366 Curr Hepatology Rep (2019) 18:363–369



resistance over 5 years in NA naïve individuals is 1.2%, with
0.8% suffering from virologic breakthrough. These numbers
are substantially higher in patients that failed lamivudine, with
a virologic breakthrough rate of 43%. [21] Unfortunately,
many HBV-infected individuals receiving entecavir have seen
multiple older generation NAs, contributing to the develop-
ment of multidrug-resistant (MDR) strains of HBV. [36] This
ultimately increases the probability of yet another treatment
failure and need for escalation of therapy. Fortunately,
tenofovir-based regimens provide a reliable solution to viro-
logic failure on entecavir. While the AASLD advocates for
either a switch to tenofovir monotherapy (TDF or TAF) or
combination entecavir-tenofovir when faced with this scenar-
io, the European guidelines take amore conservative approach
and recommend an immediate switch to tenofovir alone. [4–6]
In patients exposed to various lines of NAs and harboring both
MDR and entecavir resistance profiles, combination therapy
with entecavir and tenofovir was both effective and safe in
inducing complete HBV DNA suppression at 4.5–6 months
on average. [36, 37] In a randomized control trial comparing
TDF monotherapy with TDF + entecavir as rescue therapy in
the setting of documented entecavir resistance with elevated
HBV DNA levels, TDF monotherapy was able to mount a
favorable virologic response similar to combination treatment.
Only one case of virologic breakthrough on TDF monothera-
py was reported in a non-adherent individual. [38]
Consequently, tenofovir-based monotherapy has strong evi-
dence to support its use in the setting of virologic failure on
entecavir. This includes monotherapy with TAF, which has
shown susceptibility to drug-resistant HBV isolates in vitro,
[39] has a non-inferior efficacy profile to TDF at 48 weeks,
and carries a more favorable safety profile in terms of bone
and renal outcomes. [40]

In contrast to other NAs used for the treatment of CHB, true
resistance to TDF and TAF in HBV-monoinfected individuals is
rare. Both drugs are highly effective and rarely result in virologic
breakthrough, with 8-year and 2-year follow-up data available
for TDF andTAF, respectively. [4, 11, 38–41] There have been at
least two reports of potential TDF resistance in the literature, both
confirming by molecular testing, the high genetic barrier to resis-
tance on this NA. [42, 43] When this scenario is encountered in
practice, if HBV DNA levels remain detectable but low, then
continuing TDF and TAFwith closemonitoring is an appropriate
first step. However, if HBVDNA levels continue to rise or a true
virologic breakthrough event occurs, then options include stop-
ping tenofovir and switching to entecavir in individuals previous-
ly NA naïve, or continuing tenofovir with the addition of
entecavir in everyone else. [4, 44]

Persistent Viremia

The clinical significance of persistent viremia outside of meet-
ing criteria for virologic breakthrough remains controversial.

In general, in the setting of low-level viremia, resistance test-
ing is difficult and therefore further complicates a provider’s
ability to determine whether this finding is meaningful. An
earlier study by Kim et al. compared the effect of virological
response with entecavir on the development of HCC after
1 year of treatment in patients with compensated and decom-
pensated cirrhosis. No virologic response (defined as HBV
DNA < 20 IU/mL) at 1 year was an independent risk factor
for developing HCC (HR 2.10), although in a subgroup anal-
ysis, this effect was only seen in patients with decompensated
cirrhosis. [45] In a more recent analysis of 875 HBV-
monoinfected patients receiving entecavir, an increased risk
of HCC was observed in all patients with cirrhosis (compen-
sated and decompensated) with low-level viremia (detectable
HBV DNA but < 2000 IU/mL). [46] In a recent Korean study
looking at individuals with only decompensated HBV cirrho-
sis, early viral response at 6 months to entecavir or lamivudine
was not associated with any short-term mortality benefit.
However, a maintained virologic response (undetectable
HBV DNA while on therapy) did result in higher long-term
transplant-free survival, although rates of HCC did not differ
between those who did and did not achieve persistent unde-
tectable HBV DNA. [47] Taken together, the results of these
different studies suggests that addressing persistent viremia
while onNAs should be tailored to each patient’s specific risks
for developing complications of advanced liver disease in-
cluding decompensated cirrhosis and HCC. If further HBV
DNA suppression is desired based on a patient’s risk profile,
then individuals on older generation NAs or entecavir should
be switched to a tenofovir-based treatment regimen.

Conclusion

It is undeniable that the introduction of NAs has transformed
the landscape of CHB management. When indicated, treat-
ment of CHB primarily targets patients at the highest risk of
developing complications of active HBV infection and conse-
quently, meeting the appropriate treatment goals carries con-
siderable value. While newer generations of NAs, including
entecavir, TDF, and TAF, are highly effective with low rates of
resistance; many individuals harboring the infection began
treatment in the era of older generation NAs or come from
resource-poor countries that do not offer preferred NAs as a
first-line option. As a result, virologic breakthrough events
continue to occur in these individuals and should be managed
in a systematic fashion. The mainstay of addressing NA fail-
ure is to identify risk factors for non-adherence and subse-
quent NA resistance. Prior NA exposures and HBV resistance
testing can best predict future therapy failures and provide
valuable guidance in terms of the most appropriate next drug
of choice. Ultimately, tenofovir-based regimens (TDF or TAF)
are the most convenient salvage therapy options when faced
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with virologic breakthrough on older NAs. However, cost and
side-effect profiles are important considerations, and there-
fore, our approach has the benefit of allowing the provider
to choose among different management strategies, when clin-
ically appropriate. Ultimately, although NAs have redefined
our ability to control CHB infection, a curative therapy is the
hope for the future.
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