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Personalized treatment of hepatitis B

Anna S. Lok
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There are seven approved drugs for treatment of hepatitis B. Professional guidelines provide a framework for managing
patients but these guidelines should be interpreted in the context of the individual patient’s clinical and social
circumstances. Personalized management of hepatitis B can be applied based on prediction of the individual patient’s
risk of cirrhosis and hepatocellular carcinoma to guide the frequency and intensity of monitoring and urgency of
treatment. It can also be applied to decisions regarding when to start treatment, which drug to use, and when to stop
based on the individual patient’s disease characteristics, preference, comorbidities and other mitigating circumstances.

(Clin Mol Hepatol 2015;21:1-6)
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INTRODUCTION

Personalized medicine has gained a lot of attention in recent
years with improved understanding of the contribution of genetic
factors to benign and malignant diseases and responses to phar-
macological interventions, and the availability of a wide spectrum
of genetic tests at low costs. Although the term “personalized
medicine” is often used to refer to individualizing care according
to the genetic make-up of the patient, this term can be interpreted
more broadly to mean “tailoring care to the individual patient
characteristics”. In other words, personalized medicine can be in-
terpreted as an approach to classify individuals into subpopula-
tions that differ in their susceptibility to a particular disease, rate
of disease progression, and response to specific treatments such
that preventative or therapeutic interventions can be concentrated
on those who will benefit, sparing expense and side effects for
those who will not. Simply put, the goal of personalized medicine
is to provide optimal care according to the individual patient’s dis-

ease characteristics, personal preference, comorbidities, and social
circumstances such that maximum benefit can be derived while
minimizing costs and adverse reactions.

Substantial progress has been made in the treatment of hepati-
tis B in the last 15 years. There are currently seven approved drugs
for the treatment of hepatitis B: two formulations of interferon
(IFN) — conventional and pegylated IFN (PEG-IFN), and five
nucleos(t)ide analogues — lamivudine, telbivudine, adefovir, ente-
cavir, and tenofovir. These drugs can suppress hepatitis B virus
(HBV) replication, decrease hepatic inflammation and fibrosis and
even reverse cirrhosis, prevent complications of cirrhosis, and re-
duce the incidence of hepatocellular carcinoma (HCQ).” However,
currently approved drugs do not eradicate HBV and have low rates
of clearance of hepatitis B e antigen (HBeAg) and hepatitis B sur-
face antigen (HBsAg) and HCC continues to occur albeit at a lower
rate. Because currently available treatment has little or no effect
on covalently closed circular DNA, the template for transcription of
HBV pregenomic RNA and messenger RNA and translation of viral
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proteins or on restoration of host immune response to HBY, viral
relapse occurs in most patients when treatment is stopped. Thus,
most patients require many years and often lifelong treatment to
derive continued benefit. Long durations of treatment are associ-
ated with increasing risks of adverse reactions, antiviral drug re-
sistance, costs, and nonadherence to medications. Thus, a major
dilemma in hepatitis B treatment is when to initiate therapy. While
all patients with chronic HBV infection are at risk of cirrhosis, liver
failure and HCC, not all patients will experience these outcomes.
Immune control of HBV with spontaneous loss of HBeAg and HB-
sAg can occur and patients can remain in remission for many
years.

Professional society guidelines provide frameworks for manag-
ing patients with hepatitis B but these guidelines have to be inter-
preted in the context of the individual patient’s clinical and social
circumstances. Personalized management of hepatitis B can be
applied based on prediction of the individual patient's risk of cir-
rhosis and HCC to guide the frequency and intensity of monitoring
including HCC surveillance and urgency of treatment. It can also
be applied to decisions on when to start treatment, which drug to
use, and when to stop based on the individual patient’s disease
characteristics, preference, comorbidities and other mitigating cir-
cumstances.

Table 1. Factors associated with risks of hepatocellular carcinoma

Prediction of risk of cirrhosis and HCC

Host, viral and environmental factors contribute to an HBsAg-
positive person’s risk of cirrhosis and HCC (Table 1). Although sev-
eral studies have identified genetic markers associated with in-
creased risk of HBV-related HCC, these markers have not been
validated in broad patient populations of diverse racial/ethnic ori-
gins infected with all HBV genotypes. Therefore, genetic markers
have not yet been incorporated into prediction models for cirrhosis
or HCC.

During the past decade, many models have been developed to
predict the risk of cirrhosis or HCC in persons with chronic HBV in-
fection. Some models incorporate many variables including blood
test results such as HBV genotype, precore and core promoter
variants that are not routinely available or clinical information such
as alcohol and tobacco use that are unreliable unless the informa-
tion is collected using standardized questionnaire. Table 2 summa-
rizes three prediction models for HCC based on routinely available
clinical and laboratory information: REACH-B, CU-HCC, and GAG-
HCC."® These models can be used to predict 5- and 10- year risk
of HCC to guide the frequency of monitoring, the need for HCC
surveillance, and the urgency of antiviral treatment. However,
there are limitations to these models. These models were derived
from cohorts of patients with chronic hepatitis B in Asia, who

1. Virus: HBV DNA level, HBV genotype, molecular variants (pre-S, basal core promoter, precore)

2. Host: sex, age, race/ethnicity, genetics, diabetes, cirrhosis

3. Environment: alcohal, cigarettes, coinfection with hepatitis C or D virus, aflatoxins

Table 2. Risk scores for predicting hepatocellular carcinoma

REVEAL REVEAL N::X)E?:m
GAG-HCC? CUHK-HCC® Nomogram Nomogram 9
Original® Updated* REACH-B:
9 P abbreviated’
Derivation Cohort
Geographical area  Hong Kong Hong Kong Taiwan Taiwan Taiwan

Origin of subjects  Hospital based Hospital based

Community based

Community based

Community based

No. of subjects 820 1005 2435 2435 3584
Risk predictors Gender Age Gender Gender Gender
Age Albumin Age Age Age
HBV DNA level Bilirubin HBeAg status HBeAg status HBeAg status
Core promoter HBV DNA level HBV DNA level HBV DNA level HBV DNA level
mutations Cirrhosis ALT level ALT level ALT level
Cirrhosis HBV genotype HBV genotype
Alcohol consumption  HBsAg level
Family history of HCC ~ Family history of HCC
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were predominantly infected with HBV genotypes B and C and
who did not receive antiviral treatment. Thus, these models may
not be applicable in other parts of the world where the prevalent
HBV genotypes are different and where HBV infection is mostly
acquired in adult life and not early childhood or in patients receiv-
ing antiviral treatment. Indeed, two studies of patients receiving
antiviral treatment in Europe found that performance of these
scores, particularly the REACH-B score was poor.”" By contrast,
one study in Hong Kong showed that all three models accurately
predicted which patients with chronic hepatitis B treated with en-
tecavir will develop HCC."

When to initiate antiviral treatment?

The American, Asian-Pacific and European Liver Association
(AASLD, APASL and EASL) Guidelines recommend that treatment
decision should be made based on clinical status, serum HBV DNA
and alanine aminotransferase (ALT) levels, HBeAg status, and liver
histology if available.”"* All guidelines recommend starting treat-
ment as soon as possible in patients with life-threatening liver dis-
ease: acute liver failure, decompensated cirrhosis or severe acute
exacerbation of chronic hepatitis B regardless of HBV DNA and
ALT levels. These guidelines also recommend antiviral treatment
for patients with compensated cirrhosis regardless of ALT levels
but there are minor differences in threshold HBV DNA levels for
initiating treatment. All guidelines agree that treatment should be
initiated in noncirrhotic patients with serum HBY DNA levels
greater than 20,000 IU/mL and persistently elevated ALT levels
and/or histologic evidence of moderate or severe inflammation or
fibrosis. However, cutoff values of HBV DNA and ALT and the
need for liver biopsy or non-invasive assessment of liver fibrosis in
determining treatment indications vary slightly among the guide-
lines. Because HBV DNA and ALT levels fluctuate during the
course of chronic HBV infection, all guidelines agree that serial
HBV DNA and ALT levels are more important than values at a sin-
gle time point in making treatment decisions. Furthermore, all
guidelines recommend that patients who are not started on treat-
ment should be monitored such that treatment may be initiated at
a later time when HBV replication or liver disease becomes more
active.

The AASLD, APASL and EASL guidelines are based on a combi-
nation of scientific evidence and expert opinion and experience.
These guidelines have not incorporated prediction models for cir-
rhosis or HCC into recommendations when or which patient
should start treatment but incorporation of risk scores for HCC
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may be appropriate for Asian patients particularly those in the
gray zone. The guidelines emphasize that patient age, family his-
tory of HCC, occupational requirements, plans to start a family (for
women), and patient preference should also be considered in mak-
ing treatment decisions. There are many settings when a patient’s
medical or social circumstances warrant a personalized approach
that may be “at odds” with the guidelines but appropriate for that
patient. For example, a 48 year old man who is HBeAg-positive
with serial ALT 19-28 U/L and HBV DNA 3,000,000-400,000,000
IU/mL with no evidence of cirrhosis would be considered to be in
the immune tolerant phase and “not meet” criteria for treatment
but starting this patient on treatment is appropriate because there
is ample data showing that patients who remain HBeAg-positive
after age 40 and those who have serum HBV DNA levels higher
than 2,000 1U/mL after more than four decades of infection are at
increased risk of cirrhosis and HCC."™"® Treatment would also be
appropriate in a 32 year old surgeon who has the same disease
characteristics if suppression of viremia is a prerequisite for per-
mission to continue his profession as a surgeon and to perform
surgical operations (exposure-prone procedures). Treatment might
also be appropriate in a 45 year old man who is HBeAg negative
with ALT 25-35 U/L and HBV DNA 1,800-9,500 IU/mL if he has
several family members with HCC. Other examples of personalized
approach being “at odds” with guidelines may involve a decision
to defer treatment when guidelines would recommend treatment.
For example, a 35 year old woman who is HBeAg-negative with
ALT 55-65 U/L and HBV DNA 28,000-75,000 IU/mL with no evi-
dence of cirrhosis may choose to defer treatment if she wishes to
start a family and is concerned about the safety of anti-HBV medi-
cations on fetal development. Another patient with the same dis-
ease characteristics may choose to defer treatment if she does not
have insurance coverage for medications, or has contraindications
to using interferon and is unwilling to commit to many years of
nucleos(t)ide analogue therapy. Guidelines do cite these examples
as situations where individualized decisions are appropriate.

Which anti-HBV drug to use?

Selection of the first-line anti-HBV drug should be based on the
safety and efficacy of the drug, risk of drug resistance, cost of the
drug, and patient preference. The main advantages of IFN include
a finite duration of treatment and a higher rate of HBeAg and HB-
sAg loss but IFN has to be administered parenterally and is associ-
ated with a wide range of adverse reactions some of which can be
serious. Nucleos(t)ide analogues are well tolerated but most pa-
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tients require many years or lifelong treatment. Entecavir, telbivu-
dine and tenofovir have more potent antiviral activity, and enteca-
vir and tenofovir have higher barriers to antiviral drug resistance.

All guidelines recommend initial treatment with PEG-IFN, ente-
cavir or tenofovir as monotherapy.'”™ Because of cost concerns
and the lack of access to tenofovir in some Asian countries when
the most recent version of the APASL guidelines were released, la-
mivudine, adefovir or telbivudine were also recommended as first-
line drugs in treatment-naive patients.” IFN is not recommended
in patients with acute liver failure, decompensated cirrhosis or se-
vere exacerbations of chronic hepatitis B but it may be used with
caution in patients with compensated cirrhosis.

While guidelines consider PEG-IFN, entecavir and tenofovir as
equivalent first-line anti-HBV drugs, in clinical practice, entecavir
and tenofovir are used much more often than PEG-IFN even in pa-
tients with no contraindications to the use of IFN. The decision to
choose a nucleos(t)ide analogue over PEG-IFN may be based on
the patient’s preference for an oral drug with minimal adverse re-
actions over an injectable drug with many potential side effects
but it may also be based on the physician’s beliefs and bias. Drug
cost is certainly an important factor in medical decisions in any so-
ciety. Although cost-effectiveness studies have been performed,
these analyses rely on many assumptions and decision on PEG-IFN
versus nucleos(t)ide analogues is complicated because the effica-
cy, tolerability, and duration of these two classes of drugs are very
different and the costs of these medications vary widely from one
country to another.

The first step in deciding which drug to use for treating hepatitis
B is to choose between PEG-IFN versus nucleos(t)ide analogue.
Patients’ preference for route of administration (injection versus
oral), duration of treatment (1 year versus many years), and pres-
ence of medical/psychiatric comorbidities that contraindicate use
of or decrease tolerance to IFN are the most important deciding
factors. A personalized decision on anti-HBV drug should also
consider the likelihood of response. In this regard, the predictors
of response to PEG-IFN and nucleos(t)ide analogues are similar:
high ALT and low HBV DNA levels are the most reliable predictors
of response to both PEG-IFN and nucleos(t)ide analogues. Thus,
patients who are more likely to respond to PEG-IFN are also more
likely to respond to nucleos(t)ide analogues. One predictor of re-
sponse that is unique to PEG-IFN is HBV genotype although this
applies mainly to HBeAg-positive patients. HBeAg-positive pa-
tients with genotype A HBV have significantly higher rates of
HBeAg and HBsAg loss compared to patients with genotypes B, C
or D." Thus, HBeAg-positive patients with genotype A HBV and

4 http://dx.doi.org/10.3350/cmh.2015.21.1.1

no contraindications to use of IFN should be encouraged to re-
ceive PEG-IFN. Interleukin-28B (IL28B) polymorphism was shown
to be a strong predictor of response to IFN-based therapy for hep-
atitis C but the association between IL28B polymorphism and
PEG-IFN treatment of hepatitis B is inconsistent.

Other factors may play a role in personalized decisions regarding
choice of anti-HBV drugs. For example, young patients may prefer
a finite course of PEG-IFN versus many years of nucleos(t)ide ana-
logue treatment. This is particularly true for young women con-
templating to start a family in the next few years. Once a decision
is made to treat with nucleos(t)ide analogues, the main consider-
ations are cost and risk of antiviral drug resistance. If cost is not a
concern, tenofovir and entecavir are preferred as these drugs have
markedly lower rates of drug resistance (0-1% after 5-6 years of
continuous therapy)'®"® compared to lamivudine, adefovir or telbi-
vudine. Tenofovir and entecavir have similary potency and barrier
to antiviral resistance, and either drug may be used as first-line
treatment in nucleoside-naive patients. Because of a low risk of
nephrotoxicity, entecavir is preferred in older patients, patients
with baseline impaired renal function and those with other medi-
cal conditions such as hypertension or diabetes that would in-
crease the risk of renal insufficiency. Although telbivudine had
been reported to improve renal function,” the high risk of antiviral
drug resistance and the potential for other adverse reactions such
as myopathy and polyneuropathy make this a poor choice as first-
line treatment.”’ Tenofovir is effective in suppressing not only wild
type HBV but also lamivudine, telbivudine or entecavir resistant
HBV and to a slightly lesser extent adefovir resistant HBV; there-
fore, it is a better choice for patients who had been previously
treated with other nucleos(t)ide analogues. Tenofovir is also a pre-
ferred choice for women of reproductive age because of its safety
record in pregnancy.”

When to stop treatment?

AASLD, APASL and EASL guidelines recommend administration
of PEG-IFN for 48-52 weeks in both HBeAg-positive and HBeAg-
negative patients.'”™ There is some variation in recommendations
when nucleos(t)ide analogues can be stopped. All guidelines rec-
ommend that in HBeAg-positive patients, nucleos(t)ide analogues
can be stopped when the patient has completed 6-12 months
consolidation therapy after HBeAg seroconversion. The EASL
guidelines recommend continuing treatment until HBsAg loss in
patients with advanced fibrosis or cirrhosis to avoid flares associ-
ated with viral relapse. The AASLD and EASL guidelines recom-
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mend that in HBeAg-negative patients, nucleos(t)ide analogues
should be continued until HBsAg loss but the APASL guidelines
stated that treatment may be withdrawn after completing at least
two years treatment with undetectable HBV DNA documented on
three occasions six months apart. All three guidelines recommend
lifelong nucleos(t)ide analogue treatment in patients with cirrhosis
before treatment unless they had compensated cirrhosis and had
cleared HBsAg.

Not all patients respond to PEG-IFN. In addition to pre-treat-
ment factors, several studies have found decrease in HBsAg level
after 12 or 24 weeks of PEG-IFN treatment to be better predictors
of response. Specifically, a lack of or a small decline in HBsAg level
after week 12 or 24 of PEG-IFN is associated with 85-95% nega-
tive predictive value of a response.” These data suggest that a re-
sponse-guided stop-rule may be used making PEG-IFN therapy
more attractive because patients who are unlikely to benefit can
be spared from further side effects and costs. A recent cost-effec-
tive study showed that response-guided PEG-IFN therapy is the
most cost-effective approach for HBeAg-positive but not HBeAg-
negative patients.”* Thus, HBeAg-positive patients with no contra-
indications, particularly those with genotype A HBV, high ALT and
low HBV DNA levels before treatment who are already predicted
to have a high likelihood of response to PEG-IFN may be further
encouraged to have a trial of PEG-IFN, treatment can be stopped
after 12 weeks if decline in HBsAg is inadequate. A caveat to this
approach is that it has not been validated prospectively and differ-
ent stop rules have been proposed by different authors and for

Table 3. Personalized treatment of hepatitis B
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different HBV genotypes.

For patients receiving nucleos(t)ide analogue therapy, the likeli-
hood of achieving HBeAg seroconversion is 40-50% and the likeli-
hood of achieving HBsAg loss is 0-10% after 5 years of continuous
treatment.” Thus, more than half of the HBeAg-positive patients
and >95% of HBeAg-negative patients will require more than 5
years of treatment. A few studies found that while viral relapse
(redetection of HBV DNA in serum) occurs in all HBeAg-negative
patients who completed 2-5 years treatment and who stopped
treatment before HBsAg loss, clinical relapse with elevated ALT
and HBV DNA levels >2,000 IU/mL occurred in only 50% of pa-
tients.””® These data suggest that HBeAg-negative patients who
have completed >2 years treatment may consider stopping treat-
ment if they are unwilling to continue or unable to afford contin-
ued treatment. However, this personalized approach must be ac-
companied by a plan for close monitoring for at least 6 months
after discontinuation of treatment such that treatment can be
promptly resumed if necessary.

CONCLUSIONS

Personalized approach to treatment of hepatitis B should adapt
practice guidelines to individual patient’s disease characteristics,
personal preferences, medical comorbidities and social circum-
stances to determine when treatment should be started, which
drug to use, and when to stop treatment, such that maximum

¢ When to start treatment

o Predicted risk of disease progression, cirrhosis and HCC

o Assessment of HBV replication status and activity / stage of liver disease

o Other considerations: age, medical comorbidities, plans to start a family (for women), occupational requirements (for health care workers
engaged in exposure prone procedures), health insurance coverage, willingness to commit to injection therapy or long durations of oral
therapy, perception of seriousness of liver disease and benefits/risks of treatment

¢ Which drug to use

o Liver disease: any cirrhosis, portal hypertension, severe hepatitis flare or liver failure

o Medical or psychiatric contraindications to use of IFN

o Likelihood of response: ALT and HBV DNA level, HBV genotype (for IFN)

o Patient preference: acceptance of injection versus oral therapy, adverse reactions, duration of treatment

* When to stop treatment

o |FN: finite duration or response-guided therapy for HBeAg-positive patients

o Nucleos(t)ide analogues: indefinite treatment vs. trial of stopping treatment

— HBeAg-positive: after HBeAg seroconversion and 12 months consolidation therapy

— HBeAg-negative: after 3-5 years treatment with persistently undetectable HBY DNA

http://www.e-cmh.org
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benefit can be derived while minimizing costs and adverse reac-
tions (Table 3).
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