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Introduction
Chronic viral hepatitis continues to be a major public health and medical problem in Canada. There are
an estimated 500,000-600,000 people in Canada infected with either the hepatitis B virus (HBV) or the
hepatitis C virus (HCV). Both viruses cause liver disease that is usually indolent and takes many years to
cause symptoms and to cause the life-threatening conditions of cirrhosis, liver failure and liver cancer.
There are data suggesting that the incidence of these conditions is increasing in Canada (1).
Furthermore, the demographics (age, country of origin, etc) of the infected population in Canada suggest
that the incidence of these dire consequences will continue to increase in frequency over the next 20
years or more unless effective treatment is widely deployed (1). Effective treatment is now available for
both hepatitis B and hepatitis C that should reduce the frequency of adverse outcomes. New drugs have
recently become available, and new information on the use of older drugs should result in more patients
being successfully treated. However, the treatment regimens are complex and are still evolving. This
complexity is a barrier to uptake of treatment, since inexperienced physicians are reluctant to undertake
such complex regimens. In addition there are structural barriers to treatment in Canada that result from
the restrictive regulation of funding of laboratory tests and drug therapy that currently prevent optimal
treatment being provided to many of those who need it.
The Canadian Association for Study of the Liver (CASL) has for more than 10 years spearheaded the
development of guidelines to assist practitioners in the management of viral hepatitis. More recently the
guidelines have been developed in conjunction with partner organizations, both medical and
governmental. Given the substantial changes that have occurred in the management of these diseases
over the last 3-4 years, CASL, in conjunction with the Association of Medical Microbiologists and
Infectious Disease (AMMI) Canada organized another consensus conference on the management of viral
hepatitis. This report is the proceeds of that conference, held in Toronto on Jan 4-5 2007.

Funding
Funding for this meeting was provided through unrestricted grants from the following pharmaceutical
companies, all of which have products that were discussed at the meeting. These were (in no particular
order) Schering Canada, Bristol Myers Squibb, Roche Canada, Gilead, Novartis, and Valeant Canada.
Additional funding was provided by the Hepatitis C Secretariat of the Ministry of Health and Long Term
Care of the Province of Ontario and the Hepatitis C Division of the Public Health Agency of Canada.
Funding from the pharmaceutical industry is not the preferred method of funding consensus conferences,
but in the absence of adequate governmental sources the pharmaceutical industry is the only avenue to
fund these important conferences.

In other Western countries these consensus management

conferences are fully supported by the national governments (e.g., NIH in the USA).
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1. Recommendation: The Federal and/or Provincial Ministries of Health should agree to
support periodic consensus development and treatment guidelines development
conferences that involve diseases of public health importance (III).

Disclosures
This will serve as a general disclosure for all speakers and the members of the writing committee. Many,
but not all of the speakers and writers have or have had relationships with the industry sponsors. These
relationships include having received research grants, honoraria for speaking engagements, or for work
on advisory boards related to all of the products discussed in this document. Some participants have
received consulting fees from the Ontario Ministry of Health and Long Term Care and Health Canada.

Process
The process used to come to consensus was as follows: An Organizing Committee was appointed by the
two sponsoring organizations. This committee invited speakers considered expert to review the current
literature on different topics. After the presentation questions were entertained from the audience. A
Writing Committee, also selected by the Organizing Committee, synthesized the information from the
presentations, and from other sources, and prepared a document that was circulated to the speakers for
comment.

The strength of the recommendations and the strength of the evidence supporting the

recommendations are given (see Table 1 for explanation.) In preparing this document we have been
guided by the principle that the advice provided should represent best medical practice and is meant to
indicate optimal therapy for patients.

Considerations of cost were taken into account.

We clearly

indicated where cost considerations dictated treatment that was less than optimal, as well as providing
recommendations for optimal treatment. For example, lamivudine remains a recommended therapy for
hepatitis B. However, if cost were not a factor lamivudine would no longer be recommended as first line
therapy for hepatitis B.

Structural Barriers to Effective Management of Viral Hepatitis
Over the years, as the cost of treatment of viral hepatitis has increased, provincial drug formularies have
put restrictions on the use of antiviral therapy into place. These vary from province to province so that
there is no uniformity of access across the country. However, as knowledge has advanced many of these
restrictions are out of date and severely restrict the ability of physicians to provide optimal care to
patients, particularly those with less advanced disease. Provincial reimbursement formularies have not
keep up to date with the changes in practice. Liver disease should be considered as a chronic disease
with severe long-term outcomes that can be prevented by timely application of treatment. In this respect
it is no different than treating hypertension or hyperlipidemia. Funding for treatment of other chronic
diseases is available long before the advent of severe complications. So too should funding should be
available for the management of viral hepatitis before advanced disease is diagnosed. Other structural
barriers include the slow approval process for medications (a problem not restricted to viral hepatitis) and
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the multiple layers of bureaucracy that approvals have to pass though, including licensing through Health
Canada, the Patented Medicines Price Review Board, the Common Drug Review, and finally provincial
Drugs and Therapeutics Committees. There are many examples of access to effective therapies for viral
hepatitis being delayed (sometimes for years) or denied through these processes.
2. Recommendation: Liver disease should be considered as a chronic disease with severe
long-term outcomes that can be prevented by timely application of treatment (III).
Another structural barrier is that most virological blood tests are done in public health laboratories that
restrict the type and frequency of tests that they are prepared to do and the frequency of testing. As a
result useful, even vital, tests such as hepatitis B resistance genotyping are not widely available. Finally,
effective management of viral hepatitis requires the services of many disciplines, physicians, nurses,
addiction medicine specialists, social workers, etc. These services can only be effectively delivered in a
clinic setting. There are very few government-funded clinics for the management of viral hepatitis.
Government funding agencies generally rely only on the highest levels of evidence from randomized
controlled trials to fund specific drugs. Short term pharmaceutical company sponsored trials are not
designed to evaluate long term outcomes such as survival. Yet these endpoints are often required by
reimbursement agencies (e.g., Common Drug Review). In many cases evidence of improved survival
from randomized controlled trials is unlikely to ever be available. Lesser levels of evidence are often not
acceptable, no matter how convinced expert physicians may be. Sir Austin Bradford Hill, one of the
fathers of the randomized controlled trial had this to say “All scientific work is incomplete - whether it be
behavioural or experimental. All scientific work is liable to be upset by advancing knowledge. That does
not confer upon us a freedom to ignore the knowledge we already have, or to postpone the action it
appears to demand at a given time”. This suggests that the absence of high levels of evidence is not a
reason not to act on what appears to be appropriate given current knowledge.
There was consensus that was strongly expressed at the meeting that the current limitations on drug use
and laboratory testing were too restrictive, and severely interfered with the delivery of optimal care,
particularly to patients with hepatitis B, and to a lesser extent hepatitis C. In the interests of the best
patient outcomes and in fairness to hepatitis patients compared to patients with other chronic diseases
limitations on drug use and viral testing must be made less restrictive and more responsive to patient
needs.
3. Recommendation: Limitations on drug reimbursement and viral load testing must reflect
current best practices as recommended by experts in the management of hepatitis B and
hepatitis C (III).

Nursing support in the management of chronic viral hepatitis
Specialist hepatitis nursing support is essential in the management of viral hepatitis.

It is not an

exaggeration to say that without nursing support treatment of viral hepatitis, particularly hepatitis C, is not
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possible.

Very few physicians have the time needed to educate patients and monitor them during

treatment. This task has been assumed by specialist hepatitis/hepatology nurses who are now the main
providers of care for and education of patients about their disease and about the treatment. The nurses
teach self-injection and they monitor patients on therapy. However, they also do much more. They
provide support to the patient that busy physicians cannot. They are more accessible than physicians. It
is fair to say that by assuming many of the patient care responsibilities they support both the patient and
the physician. Currently, most hepatitis nurses in Canada are funded by the pharmaceutical industry.
This results in a conflict of interest on the part of the nurse, when his/her income comes from the
company that makes the drug used. That only a minority of nursing positions across the country are
publicly funded is unacceptable to doctors and nurses, and should be unacceptable to government.
4. Recommendation: Publicly funded comprehensive hepatitis nursing programs should be
instituted in all provinces as a matter of urgency (III).

Normal Alanine Amino Transferase (ALT) Concentration and
the Management of Viral Hepatitis
Traditionally the blood test that has been used as a marker of liver injury and as the gate-keeper test for
treatment of viral hepatitis was the ALT. Previous guidelines from professional societies (including CASL)
stressed that the ALT should be elevated (to varying levels in different diseases) before treatment was
undertaken (2,3,4,5). Recent data however, have shed doubt on the use of ALT as a measure of severity
of liver disease, as a predictor of outcome of liver disease, and as a threshold to consider treatment.
There is variation in the methods used in different laboratories to measure ALT, resulting in different
normal ranges being reported. The majority of laboratories do not report differences for males and
females, and give an upper limit of normal of 35-40 IU/mL. However, the normal range, established as 2
standard deviations from the mean, was derived many years ago from populations of subjects in which
occult liver disease must have been present (hepatitis C, non-alcoholic fatty liver disease, and even
alcoholic liver disease) since none of these conditions could be diagnosed serologically. More recent
data, in large populations that excluded patients at risk for these conditions have suggested that the true
upper limit of normal for ALT for men is 30 IU/mL, and for women is 19 IU/mL (assuming an assay with an
upper limit of normal of 35-40 IU/mL)(6).
Studies in very large populations have shown that liver-related and overall mortality in patients and in socalled normal populations starts to rise when the ALT exceeded 0.5x the upper limit of the usual
laboratory normal and increased with increasing ALT.

This has been shown in large unselected

populations (7), and in patients with chronic hepatitis B (8).

In addition, there are many studies in

hepatitis B and hepatitis C that show that a normal ALT may be associated with significant liver injury,
including cirrhosis (9,10). Furthermore, patients with hepatitis C and “normal” baseline ALT who undergo
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anti-HCV therapy and who achieve a sustained virological response experience a significant decline in
ALT, suggesting that their baseline ALT was not truly normal (11). Since there is a wide variation in the
laboratory normal ranges for ALT it is preferable, when calculating the true normal range that results be
expressed as a percentage of the upper limit of that laboratory normal. Finally, ALT does not reflect
fibrosis, but rather reflects inflammation. Yet fibrosis, not inflammation is the histological finding upon
which severity of disease and prediction of outcome is based.
5. Recommendation: Active viral hepatitis should be considered in men in whom the ALT is
more than 0.75 x the standard laboratory upper limit of normal and in women in whom the
ALT is more than 0.5 x the standard laboratory upper limit of normal. All laboratories
should report these new normal ranges (II-2).
6. Recommendation: Normal ALT does not exclude significant liver disease. Normal ALT
does not correlate with ultimate outcome. Patients should not be denied treatment on the
basis of a normal ALT (II-1).

Hepatitis B
Epidemiology of hepatitis B infection in Canada
Chronic hepatitis B prevalence data are not collected by provincial and federal public health authorities.
Although all positive HBsAg tests are reported to local Public Health Units, only test results associated
with an acute infection are tracked. Positive tests that are a result of chronic hepatitis are not collated nor
reported. As a result the prevalence of chronic hepatitis B in Canada is unknown. There have been no
large scale studies representative of the communities at risk to assess overall prevalence. Hepatitis B in
Canada is largely a disease of immigrants, who bring with them the high prevalence of hepatitis B in their
home countries.

Since immigrants tend to choose to live large urban areas of Canada, any

seroprevalence survey would have to take into account that hepatitis B is not uniformly distributed across
the country.
There have been some attempts to estimate the number of infected individuals in Canada. Statistics
Canada attempted to estimate the number of hepatitis B infected individuals by calculating a 6% rate in
immigrants, assuming a 1% rate in Canadian-born individuals and a 4% rate in aboriginals.

This

calculation suggested that there were about 600,000 people in Canada infected with hepatitis B (12).
However, this may be an over-estimate because the rate of 1% in the Canadian-born population seems
high.
It is important to know the prevalence of chronic hepatitis B, because the disease has a high mortality
rate (20-25% untreated), and requires complex algorithms for management. There are major resource
implications. Without knowing the prevalence of hepatitis B no planning for resource allocation can be
undertaken. Second, there is a reservoir of infected individuals in Canada, and as with any infectious
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disease, the risk to the general population, or more specifically, to the populations in which hepatitis B is
endemic, should be known.
Immigration to Canada continues to introduce additional hepatitis B-infected individuals to this country.
The prevalence in recent immigrants is unknown. Recent data from New York suggest that 15% of recent
immigrants from China and Korea are infected with hepatitis B (13). This is likely to be true in Canada as
well. Thus, rather than the pool of infected patients decreasing as a result of vaccination, it is increasing
as a result of immigration.
7. Recommendation: Chronic hepatitis B should be a notifiable disease, with appropriate
records kept and appropriate risk factor information collected (III).
8. Recommendation: The Federal Ministry of Health and/or the provinces should develop
seroprevalence surveys to determine the numbers of hepatitis B infected individuals in the
country and in each province (III).

Hepatitis B Vaccination Policy in Canada
The ideal vaccination policy against hepatitis B is universal neonatal vaccination, with catch-up
vaccination of adolescents who have not been vaccinated to date. Successive Canadian consensus
conferences on the management of chronic viral hepatitis have recommended this policy. The National
Advisory Committee on Immunization (NACI) has not adopted these recommendations. Many provinces
in Canada still rely on maternal screening to identify at-risk babies who should be vaccinated, rather than
universal neonatal vaccination.

This ignores the reality in Canada that hepatitis B is a disease of

immigrants, not all of whom are visible minorities, and ignores the possibility of fathers or other family
members being infected, rather than mothers. The current vaccination strategy has been accompanied
by a decrease in acute hepatitis B in all ages (including adults too old to have been included in
adolescent vaccination strategies). The decline in incidence is therefore not entirely due to vaccination.
Data from Quebec shows that there is still a significant incidence of acute hepatitis B in children under
age 10 (14). Approximately 25% of cases of acute hepatitis B in Quebec could be prevented by universal
neonatal vaccination.
The thirteen health care jurisdictions that administer hepatitis B vaccination in Canada have each
developed their own infant and adolescent vaccination program. No two programs are identical! There is
no scientific rationale to support these differences. This has the consequence that children who move
from province to province run the risk of being excluded from the local vaccination program in both their
home and destination province.
Current vaccination practices for children of carrier mothers, or where a family member is known to be a
carrier are appropriate, and should remain in place.
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9. Recommendation: The ideal hepatitis B vaccination policy for Canada is universal infant
vaccination, and catch-up vaccination for those who have not yet received adolescent
vaccination (I).
10. Recommendation:

The provinces should harmonize their hepatitis B vaccination

programs and must institute universal neonatal or infant vaccination (III).
Hepatitis B vaccination is also recommended for patients who have chronic liver disease other than
hepatitis B (15,16) because patients with liver disease may not be able to sustain a second injury to the
liver. The efficacy of vaccinating this population is not good. Only about 14% of patients with cirrhosis
develop protective antibody levels (17).

Nonetheless this recommendation by NACI should remain.

However, NACI also recommends hepatitis B vaccination for all patients who are to be treated with
hepatotoxic drugs. There is no scientific rationale for this recommendation. Most drugs are potentially
hepatotoxic. Therefore this recommendation will eventually apply to virtually everyone at some stage.
The vast majority of hepatotoxic drug reactions are acute and self-limited in nature.

It is hard to

understand how hepatitis B vaccination might change the outcome of these reactions. The presence of
liver disease is not a contraindication to most potentially hepatotoxic drugs, because the vast majority of
these reactions are idiosyncratic, and are not more likely in patients who have pre-existing liver disease of
any cause. NACI is strongly urged to reconsider this recommendation. The consensus of this meeting
was that this recommendation should actively be opposed.
The meeting did support the NACI recommendations on vaccination of potential organ transplant
recipients.
11. Recommendation: Hepatitis B vaccination is not required for patients who are exposed to
potentially hepatotoxic drugs (III).

Hepatitis B Laboratory testing
HBV DNA Viral Load Testing
HBV DNA assays have undergone significant evolution in the past few years. In the past, assays lacked
sensitivity, were poorly standardized, poorly reproducible, and reported in different units. This made
interpretation and comparison between studies difficult.

Recently, the HBV DNA International Unit

(IU/mL) was adopted (18), leading to improved comparability between commercial assays. Newer assays
are now usually PCR based (19-21), with a wider dynamic range (concentration range over which the
dose response curve is linear) that allow accurate determination of the viral load in most patients (Fig.1).
HBV DNA measurement is now a crucial tool in the evaluation of a patient with HBV. Indeed, it is not
possible to properly manage hepatitis B patients without this assay. Furthermore, since it has become
important to identify patients with undetectable HBV DNA in serum the most sensitive assays available
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should be used. Currently this is the Taqman PCR, which has a lower limit of sensitivity of 6 IU/mL and a
dynamic range that encompasses all clinically significant variations in viral load. Viral load measurements
will usually need to be repeated at 3-6 monthly intervals, and sometimes more frequently to confirm viral
resistance. Therefore there should be no restriction on the frequency of testing.
12. Recommendation: Clinicians caring for hepatitis B patients should have ready access to
HBV DNA testing for all patients. Reporting of results should be timely (within two weeks),
and should include the dynamic range. Results should be reported in IU/mL to allow for
correlation between laboratories, and with published studies. The most sensitive assay
available should be used (II-3).
Throughout this document reference is made to “high” and “low” hepatitis B viral loads. The HBV DNA
concentrations associated with these states are not clearly defined and vary in different circumstances.
Therefore, when these terms are used a range of HBV DNA concentrations are provided that most would
accept are appropriate.

However, these are not discrete separate conditions, and “high” merges

imperceptibly into “low” HBV DNA concentrations.

HBV Genotyping
There are currently 8 recognized genotypes (A through H) based on sequence variations of the HBV
genome.

Genotype A is common in Europe, North America, and Africa.

Genotypes B and C

predominate in the Far East. Genotype D is found worldwide, genotype E occurs in Africa, genotype F in
South America and Alaska, genotype G in North America and genotype H in Central America. (22,23).
Genotype B has been associated with less severe liver disease, lower rates of HBeAg reactivity, and
higher spontaneous HBeAg seroconversion than genotype C (24). Genotype D may be associated with
higher rate of hepatoma and higher rates of post-transplant recurrence and mortality compared with
genotype A (24). Genotypes C and D are associated with a lower response to interferon when compared
to genotypes A and B (25). Various test methods are available for genotype determination with sensitivity
and specificity approaching 95-99%. Although, the clinical utility of genotype determination in individual
patients remain to be defined, knowing genotype may help determine choice of antiviral therapy.
13. Recommendation: Clinicians should have access to HBV genotype testing, which may
help in the selection of antiviral therapy, and prediction of response with interferon based
therapy (II-3).

Natural History of Chronic Hepatitis B Infection
Hepatitis B is an indolent disease that seldom causes symptoms until complications of cirrhosis and liver
cancer occur.

However, hepatitis B infection is associated with an excess mortality, mainly from

hepatocellular carcinoma (HCC) and cirrhosis and its complications, which may reach 458/100,000/year
(26).
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The natural history of HBV infection is thought to evolve through 4 phases (Table 2)(27). Not all patients
go through every phase. In perinatal or childhood infection, the immune tolerant phase may last for less
than 10 years to more than 20 years. Strictly speaking the definition of the immune tolerant phase also
includes a liver biopsy with no or minimal inflammation. In practice biopsies are seldom used to diagnose
this phase, so most rely on the ALT. As patients get older the likelihood of liver injury increases, despite
an apparently normal ALT. This is because inflammation may be mild, and because intermittent ALT
testing may miss short-lived periods of elevated ALT. Complicating the diagnosis of the immune tolerant
phase is that the ALT can be intermittently normal during the immune clearance phase. Thus when a
patient apparently meeting the criteria (Table 2) for the immune tolerant phase is initially seen, close
follow-up is necessary to determine whether the ALT might become elevated, signifying that either the
immune clearance phase is starting, or that the patient was in the immune clearance phase all the time.
The immune clearance phase may last a variable period of time, ranging from less than 5 years to more
than 25 years and is terminated by seroconversion from HBeAg-positive to anti-HBe-positive. Predictors
of seroconversion are high ALT, low HBV DNA, age less than 40 years and absence of cirrhosis (28,29).
These factors also identify patients who are more likely to seroconvert on therapy. Seroconversion,
whether spontaneous or treatment-induced, is almost invariably associated with initial remission of
disease activity and normalization of ALT (30). In some patients this inactivation is permanent and these
patients become inactive carriers. Thus, in the short term seroconversion is associated with improved
outcomes compared to those who do not seroconvert. However, over the longer term there is a risk for
reactivation to the HBeAg-negative chronic hepatitis B state (see below).
The inactive carrier state is characterized by a lack of HBeAg, presence of anti-HBe, persistently normal
ALT and low (<2000 IU/mL) or undetectable levels of HBV DNA (Table 2)(3). The inactive carrier state
does not preclude the presence of significant disease, including cirrhosis. Whether cirrhosis is present or
not depends on the amount of preceding inflammation prior to seroconversion. However, in the inactive
state there is little or no inflammation, and fibrosis does not progress. Patients who seroconvert before
the development of major fibrosis are probably at low risk for HCC. However, patients who develop
cirrhosis prior to seroconversion continue to have a high risk of HCC. It is important to recognize that
cirrhosis can regress over time, so that a biopsy done years after either spontaneous or treatmentinduced inactivation of disease may show minimal fibrosis. Careful histological evaluation might show
evidence of regressed cirrhosis. In these patients the risk of HCC remains. Sero-reversion to HBeAgpositive can occur, and is usually associated with reactivation of hepatitis (29).
Some anti-HBe-positive patients may continue to have HBV DNA concentrations that are in the range that
might be associated with disease. Other patients may have inactive disease for variable periods of time
(up to many years), but eventually develop active disease once more, despite being anti-HBe-positive.
This is HBeAg-negative (or anti-HBe-positive) chronic hepatitis B. Thus, a single finding of normal ALT
and HBV DNA below 2000 IU/mL does not prove the diagnosis of the inactive carrier state.
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Only

prolonged close follow-up and persistence of these markers of inactivity provide a confident diagnosis of
inactive carrier state, rather than a transient remission of HBeAg-negative chronic hepatitis B.
HBeAg-negative chronic hepatitis B is most often seen in patients after a variable duration of inactive
carrier state, but some may progress directly from HBeAg positive chronic hepatitis to HBeAg-negative
chronic hepatitis (31). This means that even patients who have apparently had inactive disease for years
must continue to be followed for the possibility of reactivation.
The risks for cirrhosis and HCC development are multi-factorial, but are correlated with the degree and
severity of chronic inflammation, older age, male gender, concomitant causes of liver injury (i.e., coinfection with HCV or alcohol abuse) and HBV DNA levels (see later)(32-36).
progresses to cirrhosis at an estimated rate of 2-10%/year (37-39).

Chronic hepatitis

Subsequent evolution to

decompensated cirrhosis or HCC occurs at a rate of 5-10%/year, with an annual death rate of 20-50% in
these patients. Spontaneous natural clearance of HBsAg occurs in only 0.5-0.8% of chronic carriers/year
(40,41).

Evaluation of the Hepatitis B Infected Patient
The initial assessment of all HBsAg-positive patients should include a detailed history, including family
history of hepatitis and hepatocellular carcinoma, risk factors for hepatitis B acquisition, and alcohol use.
A physical examination should be performed to detect signs of chronic liver disease, and liver
decompensation.

Laboratory testing should include serum ALT and/or aspartate aminotransferases

(AST), alkaline phosphatase (ALP), bilirubin, albumin, creatinine, INR, and complete blood count.
Specific HBV testing should include HBsAg, HBeAg, anti-HBe, and serum HBV DNA quantitation. This
should be done in all patients at first assessment.

If available the genotype should be obtained.

Resistance genotyping should also be done for patients who have had prior treatment with nucleoside
analogues, and who are currently off treatment (see later). Screens for co-morbid conditions should
include anti-HCV, and anti-HIV. Anti-HDV testing should be performed in those with a history of past or
current intravenous drug use or who have a history of sex with a past or present injection drug user or
who come from geographic regions endemic for HDV. Anti-HDV testing should also be done in patients
with chronic hepatitis B who have elevated ALT and low to undetectable HBV DNA concentration. An
exact cut-off that defines low HBV DNA has not been defined, but in this instance is probably below 2000
IU/mL. A baseline abdominal ultrasound should be done to detect obvious signs of cirrhosis and/or portal
hypertension, and presence of hepatoma.

(Note that ultrasound does not detect mild degrees of

cirrhosis).

Liver biopsy
A liver biopsy is currently the only method to assess the extent of fibrosis to diagnose early cirrhosis and
to identify coexisting liver diseases. In the past, a liver biopsy was usually recommended in patients with
active viral replication and elevated ALT. It is now appreciated that the normal ranges of serum ALT and
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AST provided by most laboratories are too high (see earlier), and significant histologic damage may be
present in 13-43% of patients with “normal” liver enzymes (6-10). Hence, a liver biopsy may aid in the
assessment of the patient for antiviral therapy. The patient selection algorithm provided in Figure 2
indicates that it is acceptable and often necessary to perform a biopsy in patients with a normal ALT.
Indeed, in some patients this may be the only method determining the presence of liver disease. A liver
biopsy may not be needed if there are clinical, laboratory, or radiological findings to suggest cirrhosis.
Recent developments in non-invasive testing for fibrosis such as Fibrotest or Fibroscan may eventually
decrease the need for biopsy, but these tests lack the ability to assess inflammation or coexisting
diagnoses and require additional validation.

HIV testing
Hepatitis B and HIV are acquired by the same transmission routes. Many HBV endemic areas also have
high rates of HIV with heterosexual contact as the major risk factor. There is general move to more
widespread testing for HIV because patients may not disclose risk factors. Many of the nucleoside
analogues used to treat hepatitis B are also active against HIV. The impact of monotherapy on HIV
resistance means that all patients with HBV should be screened for HIV.
14. Recommendation: All patients infected with the hepatitis B virus should be tested for HIV
infection with appropriate pre and post test counseling (II-2).

Selection of patients for treatment
The objective of treatment in chronic hepatitis B is to prevent the development of cirrhosis, and its
consequences, liver failure and hepatocellular carcinoma. However, not all hepatitis B infected patients
are destined to develop these complications. The challenge is to identify those who are at risk for the
development of these adverse consequences, and to offer them treatment. Conversely identifying those
who will not progress may spare some patients unnecessary treatment. Our tools to do this are at
present rudimentary. The factors that have been identified as indicating risk of adverse outcomes include
the HBV DNA concentration, age, fibrosis on histology, and ALT (8,33-36,41,42). Of these, HBV DNA
has been best studied.

There are now several large-scale long-term prospective studies that have

correlated HBV DNA at recruitment with outcome (33-36). These have all come to the same conclusion,
i.e., that the risk of developing cirrhosis and HCC, and the risk of dying from these conditions increases
with higher HBV DNA concentration at recruitment and with persistence of high HBV DNA levels.
However, in considering the role of HBV DNA as a marker of prognosis, it is important to be aware of the
nature of the populations in these studies. The studies did not include patients under age 25, and the
number of patients under age 30 was small. The proportion of anti-HBe-positive patients ranged from
about 50% to about 80%. Thus, in patients over age 30, and in particular in those who are anti-HBepositive, HBV DNA is a good predictor of risk of adverse outcomes. This is likely also true in patients over
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age 30-40 who are HBeAg-positive. However, this is not the case in younger patients. The studies also
showed a correlation between ALT and outcome, but the association was not as strong as for HBV DNA.
In particular, patients with ALT within the laboratory normal range were also at risk for the development of
cirrhosis and HCC as long as the HBV DNA concentration was higher than 104 copies/mL (about 2000
IU/mL). This reinforces the concept that it is no longer defensible to exclude patients with normal ALT
from therapy. However, in order to reduce the likelihood of treating patients who may never develop
significant liver disease, if the HBV DNA is high and the ALT is normal there should be other indicators of
significant liver disease before starting therapy. These may come from ultrasound evidence of cirrhosis,
or biopsy evidence of at least moderate fibrosis and/or inflammation.

Transient ALT elevations,

particularly if mild may not be associated with significant disease. However, prolonged ALT elevation is
more likely to be associated with significant injury. Thus, contrary to previous practice, biopsy of patients
with “normal” ALT may be required to determine the presence of liver disease and to make a treatment
decision.
In summary, the decision to treat requires several factors to be considered: patient age, the level of viral
replication, HBeAg status, and evidence of significant liver disease in the form of prolonged elevation of
ALT, fibrosis or inflammation on biopsy, or ultrasound evidence of cirrhosis.
For HBeAg-positive patients treatment should be considered if the HBV DNA is higher than 20,000 IU/mL.
HBeAg-positive patients with lower concentrations of HBV DNA might be in the process of seroconverting. For HBeAg-negative patients treatment should be considered if the HBV DNA is greater than
2000 IU/mL because studies have suggested that severe outcomes are uncommon if the HBV DNA is
below than that level (34,35). Although liver injury is uncommon if the HBV DNA is below 2000 IU/mL
some patients may have HBV-induced liver disease at lower viral loads. A biopsy is helpful to exclude
alternative diagnoses and to confirm the picture of viral-induced injury. Furthermore, the HBV DNA
concentration may fluctuate, so that repeat measurements are required. An HBV DNA measurement
greater than 2000 IU/mL is diagnostic of HBeAg-negative chronic hepatitis B and suggests that the
patient may need treatment since HBeAg-negative hepatitis B is associated with more advanced and
progressive liver disease, and never completely remits spontaneously. However, in individual patients
the severity of underlying liver disease is unpredictable, so a biopsy may be necessary.
Young adults who are HBeAg-positive usually have very high viral loads (>107 IU/mL), with variable ALT
concentrations (43,44).

Most often these individuals have no or minimal liver disease on biopsy.

Immediate treatment may not be necessary, even with elevated ALT. It is impossible to predict whether
these individuals will undergo seroconversion with remission of disease prior to the development of
significant liver injury. In these patients high viral loads do not carry the same implications for outcome as
in older patients. Treatment can be withheld in the hope of seroconversion. However, these patients
must be closely monitored, because they may develop more severe disease. Thus, not every HBeAg-
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positive patient with elevated ALT needs treatment.

Figure 2 provides an algorithm for identifying

individual patients who might need treatment.
15. Recommendation: HBeAg-positive patients in whom the HBV DNA is >20,000 IU/mL with
an elevated ALT should be considered for treatment.

Patients with significant

inflammation or fibrosis on biopsy should also be treated, even if the HBV DNA is lower
than 20,000 IU/mL, or if the ALT is normal (II-1).
16. Recommendation: HBeAg-negative patients in whom the HBV DNA is >2,000 IU/mL with
an elevated ALT should be considered for treatment.

Patients with significant

inflammation or fibrosis on biopsy should also be treated, even if the HBV DNA is lower
than 2,000 IU/mL, or if the ALT is normal (II-1).

Drugs to treat hepatitis B and their use
The next section provides information on the individual drugs available to treat hepatitis B. A comparison
of the efficacy of the different agents is provided in Figures 3a and 3b and Table 3a.

Interferons
Interferons have both antiviral and immunomodulatory properties which make them effective in inducing
HBeAg seroconversion.

Potential advantages of interferons over nucleoside analogues include the

absence of resistance mutations and a shorter fixed duration of therapy. The major disadvantages,
however, are the numerous adverse effects and the route of administration (subcutaneous injection).
HBeAg-positive chronic hepatitis B:- HBeAg seroconversion occurs in 25-40% of treated patients (4549). Interferon is generally less effective in inducing HBeAg seroconversion in patients with high viral
loads. The studies which defined this were performed using assays of limited sensitivity, and that are
difficult to translate into IU/ml. However, interferon is les effective in patients in whom the HBV DNA is
>2x107 IU/mL. Seroconversion rates are also reduced in those with low ALT (<2 times the upper limit of
laboratory normal) and therefore interferons are not recommended for treatment of patients with high viral
load or low ALT. Other predictors of poor response include age over 40, male gender and cirrhosis.
Interferons are contraindicated in decompensated cirrhosis, but can be used in patients with fully
compensated cirrhosis (normal albumin, INR and bilirubin and no significant portal hypertension).
Response rates in cirrhosis are low. Treatment of decompensated cirrhotics with interferon should be
only be considered in special circumstances (e.g. multi-drug resistance) and in specialized treatment
centers. Standard interferon is given at a dose of 10 million international units (MIU) three times per
week (TIW) or 5 MIU daily subcutaneously for 16 to 24 weeks (45-49) Interferon induced HBeAg
seroconversion is durable in 70-80% with up to 8 years of follow up (50-54). Delayed HBsAg clearance
occurs more frequently in interferon treated patients than in untreated controls, however this is seen in
only a minority (approximately 6-8%)(53).
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Pegylated interferon (PEG IFN) alpha 2a (180 µg subcutaneously once weekly) is approved for the
treatment of hepatitis B. PEG IFN alpha 2b has been submitted for approval for the hepatitis B indication.
There were two studies that evaluated PEG IFN alpha 2a in chronic hepatitis B (55,56).

The first

compared 24 weeks of PEG IFN alpha 2a against standard interferon. The dose of standard interferon
used in this study would be considered inadequate in North America (55). This showed that PEG IFN
induced HBeAg seroconversion in 28% (180ug dose) vs 12% for standard interferon. The second study
looked at the use of PEG IFN with or without lamivudine for 48 weeks (56). In this study the HBeAg
seroconversion rate was similar to that seen in the 24-week study, at 32%. An additional study using a
similar design evaluated PEG IFN alpha 2b with or without lamivudine for 48 weeks and found an HBeAg
seroconversion rate of 29% (25). Thus, it is not certain that 48 weeks of PEG IFN therapy is superior to
24 weeks,. Nor has it been clearly established that 24 or 48 weeks of PEG IFN is superior to 16-24
weeks of standard interferon at adequate doses.
The addition of lamivudine to interferon-based therapies offers no advantage.

The role of other

nucleoside analogues in combination with interferons requires further study.
Interferon-induced HBeAg seroconversion is associated with improved overall survival and complication
free survival (57,58,59). There are conflicting data on the impact of interferon therapy on the incidence of
hepatocellular carcinoma, although most reports conclude that the incidence of HCC is reduced. Similar
evidence for nucleoside analogue treated patients has not yet been obtained.
HBeAg-negative chronic hepatitis B:-

The response rates to standard interferon in HBeAg-negative

patients are inferior to and less durable than those achieved in HBeAg positive patients. The assays
used to define response in studies of standard interferon were insensitive compared to today’s tests.
Therefore it is not clear whether patients defined as having negative HBV DNA by these assays were
truly negative, or would still be considered as having relapsed if today’s assays were used. It is therefore
impossible to compare those results with current results using PEG IFN.
PEG IFN alpha 2a given for 48 weeks is effective therapy in HBeAg-negative patients. Responses are
less durable than those achieved in HBeAg-positive patients. Pegylated interferon alpha 2a given at 180
µg subcutaneously once weekly for 48 weeks results in suppression of HBV-DNA to below 20,000
copies/mL (~4,000 IU/mL) in 43% of patients on therapy (60). However only 19% continue to have
undetectable HBV DNA 24 weeks after stopping therapy. Pegylated and standard interferon have not
been compared directly in HBeAg-negative patients. However, at equivalent cost a weekly injection
seems preferable to daily or thrice weekly injections.

Lamivudine (Heptovir®)
Lamivudine is a pyrimidine nucleoside analogue that inhibits binding of nucleosides to the HBV
polymerase. The standard dose is 100 mg/day (61). It was the first oral agent approved in the treatment
of HBV in Canada and until 2006 was the only such agent available. Thus, a large proportion of treated
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HBV patients are currently on this agent or have received it in past. Generally, lamivudine is effective at
lowering HBV viral load and experience acquired over many years in HBV and HIV diseases has
established its safety (62). The relative potency of lamivudine compared to other antivirals is given in
Figure 3. However, HBV becomes resistant to lamivudine with the prevalence of lamivudine resistance
approaching 70% at 4 years (63). Furthermore, the development of lamivudine resistance also increases
the likelihood of resistance to other antiviral agents, and may compromise the response to e.g., adefovir,
entecavir and telbivudine (64). Therefore, lamivudine is no longer a suitable first line choice for the
treatment of hepatitis B, although there are still some patients and some situations for whom lamivudine
can be used. These are described below. The consensus was that lamivudine should continue to be
recommended as a first line agent for the treatment of hepatitis B only because of its cost advantage.
However, lamivudine should only be used under circumstances that limit the development of resistance
(see below).
Lamivudine has been shown to improve the outcome of hepatitis B infection in cirrhotics (65). There is as
yet no high level evidence that lamivudine (or other nucleoside analogues) improves survival. However,
such data will likely never be available from high quality studies, because it is no longer considered
ethical or practical to randomize patients to no treatment.

Therefore, the evidence of efficacy of

lamivudine comes from studies that are less rigorous. Cirrhotic patients treated with lamivudine have
slower progression of disease than untreated patients (65). This benefit is lost if lamivudine resistance
develops, implying that it is the suppression of viral replication that mediates the response. Cirrhotics
who develop lamivudine resistance have worse survival than those whose infection remains sensitive to
lamivudine (66), again suggesting that the improvement in outcome is mediated through viral
suppression. There are also data suggesting that improvement in histology following antiviral therapy is
correlated with the degree of viral suppression, rather than with any specific agent (67). Although these
improved outcomes have mainly been demonstrated with lamivudine, any agent that induces viral
suppression is expected to have the same effect.
Because the consequences of developing lamivudine resistance can be dire, lamivudine has to be used
under circumstances that will prevent or at least minimize the development of resistance. Factors that
predict the development of antiviral resistance in general and lamivudine resistance specifically include
high baseline viral load (68,69), and incomplete suppression of viral replication after 6 months of
treatment.

Thus lamivudine should not be used in patients with high viral loads (>2x106 IU/mL).

Furthermore, studies have shown that failure to suppress virus adequately, (below 60 IU/mL at 24 weeks)
is associated with high levels of resistance at over time (69).
HBeAg-positive chronic hepatitis B:- HBeAg seroconversion can be expected in about 20% at one year,
rising about 40% after 3 years (Table 3) (70-73). The durability of lamivudine-induced seroconversion is
not as good as for interferon (about 50-70%)(74,75). These results may be improved with a period of
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consolidation therapy of 6-12 months beyond seroconversion (75).

This is probably required for all

nucleoside analogues.
HBeAg-negative chronic hepatitis B:- These patients require long term therapy. Lamivudine is not a
good choice for long-term therapy because of the high risk of resistance (63,76). However, in patients in
whom the baseline viral load is low (in the range of 2x104 to 2x105 IU/mL) lamivudine can be considered
as long as response is assessed at six months and if the HBV DNA is still detectable, treatment should be
changed to a more potent nucleoside analogue (69). Resistance testing should be done to determine
future choice of antiviral therapy. Patients currently on lamivudine who have undetectable levels of virus
and who have been stable for some time do not need to have their therapy changed.
Other indications for lamivudine will be described below.

Adefovir (Hepsera®)
Adefovir dipivoxil is a purine nucleotide analogue. The standard dose is 10 mg/day. Adefovir is not a
highly potent agent and does not achieve complete viral suppression in the majority of patients within the
first year (see Figure 3), but it has a relatively high genetic barrier to resistance. As with lamivudine, the
risk factors for adefovir resistance are high baseline viral load and inadequate suppression of virus on
therapy (77). Therefore adefovir should not be used in patients with high viral loads. In addition, an
inadequate response defined as HBV DNA greater than 200 IU/mL after 48 weeks requires a change in
treatment regimen (77). Failure to achieve this level of control is associated with significant rates of viral
resistance. Resistance testing should be done to determine future choices of therapy. Assuming no
resistance almost any other agent can be substituted for adefovir.
Adefovir is the drug of choice for patients with lamivudine resistance, provided adefovir is added early
after the initial development of resistance (see later).
There is potential drug toxicity from adefovir use. Hypophosphatemia is common, but does not appear to
have any clinical consequences, such as metabolic bone disease. Nephrotoxicity in the form of an
elevated creatinine has been reported (78). Therefore renal function (eGFR) should be monitored at
baseline and at three monthly intervals during therapy. Potentially nephrotoxic drugs (e.g., NSAIDS)
should be avoided where possible, as there is a possibility of potentiation of nephrotoxicity. Fanconi
syndrome has also been reported. All these effects are reversible if detected early, but may not reverse if
drug withdrawal is delayed.
HBeAg-positive chronic hepatitis B:- The HBeAg seroconversion rate in the first year is about 12% (78),
but over time the on-treatment HBeAg seroconversion rate increases to about 40% (Table 3)(79).
Seroconversion is durable in more than 90% of patients (79). Resistance rates in this population, who
generally have a higher viral load than the HBeAg-negative patients, has not been described, but is likely
to be higher than in the HBeAg-negative population.
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HBeAg-negative chronic hepatitis B:- Despite the lack of potency five year follow-up data for HBeAgnegative patients on this drug that show that complete viral suppression and normalization of ALT is
achievable in 50-60% of patients (80). The data indicate that the viral load falls progressively over time
with an improvement in histology. Genotypic adefovir resistance occurs in about 29% after 5 years (80).
Because of its resistance profile adefovir is suitable for long term use, provided that the initial response,
within the first year is adequate (see above).

Entecavir (Baraclude®)
Entecavir is a selective guanosine analogue and is the most potent inhibitor of HBV DNA replication
currently available. It has been shown to more effectively suppress viral replication than lamivudine in
treatment naïve patients in both HBeAg positive (73) and HBeAg-negative subjects (81) and may be
effective therapy for some HBeAg-positive patients with resistance to lamivudine (82). Entecavir was well
tolerated and had a similar side-effect profile to lamivudine. However, the long term safety has not yet
been established.

In treatment naïve subjects only about 1% of subjects developed resistance to

entecavir after three years (83,84). However, this is not the case for patients with prior lamivudine
resistance. Resistance to entecavir requires the presence of the YMDD mutations that confer resistance
to lamivudine, and also requires the presence of one of two or three additional mutations (85). These
additional mutations, if present without the YMDD mutation do not confer resistance to entecavir.
Therefore lamivudine resistance pre-disposes to entecavir resistance, and after three years of therapy
about 32% of lamivudine-resistant entecavir-treated patients have developed resistance to entecavir (86).
entecavir should be used to treat lamivudine-resistant infection only when no other alternative is available
to treat lamivudine resistance,
The standard dose is 0.5 mg/day. The dose in lamivudine-resistant patients is 1 mg/day. However, the 1
mg tablet has not been approved in Canada. Failure to achieve undetectable virus in the first year does
not require a change in therapy, except in he case of primary non-response, because by the end of year 3
more than 80% of patients will be HBV DNA negative and selection of resistant mutants is so uncommon.
There are published cost-efficacy data for entecavir, that suggests that it use is cost-effective, particularly
in cirrhotic subjects (86).
HBeAg-positive chronic hepatitis B:- The expected rates of HBeAg seroconversion at one year are
similar to other nucleoside analogues at 21% after year 1 and 39% after year 3 (Table 3) (73,87). The
HBeAg seroconversion persists in about 80% of patients 24 weeks after withdrawing treatment.
However, persistent off-therapy suppression of virus to undetectable levels occurs in only about 75% of
cases.
HBeAg-negative chronic hepatitis B:-

Entecavir is a good choice for these patients because of the

favourable resistance profile (84). On withdrawal of therapy most patients relapse, again indicating the
need for long term treatment.
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Telbivudine (Sebivo®)
Telbivudine is a pyrimidine nucleoside analogue with potent antiviral efficacy against HBV. Telbivudine
will suppress HBV replication more effectively than lamivudine in the HBeAg positive and HBeAg
negative. chronic hepatitis B. The standard dose is 600 mg daily (88,89). Genotypic resistance rates of
5% and 11% were reported after 1 and 2 years of telbivudine treatment, respectively (89). Telbivudine
was generally well tolerated. An asymptomatic increase in creatine kinase occurred in approximately
12% of patients. Symptomatic myositis has also been described.
Telbivudine is more potent than lamivudine and can be used in patients with high viral loads. However,
as with lamivudine, inadequate suppression of virus is associated with significant rates of development of
resistance. Therefore, if after 6 months of therapy the HBV DNA is still above 60 IU/mL a change in
therapy is needed to reduce the risk of developing resistance (90). Resistance testing should be done to
determine future choices of therapy.
HBeAg-positive chronic hepatitis B:- Seroconversion will occur in about 22% in the first year, rising to
about 33% in the second year of treatment (90,91). However, efficacy needs to be checked at 6 months,
and if the viral load is >60 IU/mL treatment should be changed.
HBeAg-negative chronic hepatitis B:- Telbivudine is suitable for use in these patients because it has a
good resistance profile. However, efficacy needs to be checked at 6 months, and if the viral load is >60
IU/mL treatment should be changed.

Tenofovir (Viread®)
This is a purine analogue that has been licensed for treatment of HIV, but not hepatitis B. However, it has
potent activity against hepatitis B. Its efficacy has been demonstrated in small studies in patients who
were either resistant to adefovir (91,92), or who had an initial inadequate response to lamivudine and in
studies in HIV-co-infected patients (93). These studies showed that viral suppression was rapid and
potent. To date, resistance has only rarely been described, but adequate studies are lacking (94). Since
tenofovir is not licensed for hepatitis B no recommendations can be made about its use as first line
therapy. However, in the setting of patients with an inadequate response to adefovir or resistance to both
adefovir and lamivudine it seems to be an effective antiviral.

Tenofovir is also a drug of choice in

HBV/HIV co-infection as part of highly active antiretroviral therapy.

Emtricitabine Emtriva®
Emtricitabine (FTC) has recently been licensed in Canada for HIV in combination with tenofovir
(Truvada®). It has been used in studies to treat hepatitis B (95,96), but it is not licensed for that purpose.
This is a pyrimidine nucleoside analogue, with a spectrum of activity and resistance spectrum that is very
similar to lamivudine (3TC). It is not available as monotherapy.
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De Novo Combination Therapy,
Although combination therapy for hepatitis B may be appropriate there is little data to support its use. In a
single study a combination of lamivudine and adefovir was compared to lamivudine alone. There was no
difference in HBV DNA suppression, HBeAg-seroconversion, or ALT normalization (97). Resistance to
lamivudine was not completely prevented.

The combination of lamivudine and telbivudine was less

effective that telbivudine alone for all endpoints (98). In cirrhotic patients, particularly those with some
degree of hepatic decompensation the development of resistance to antiviral agents may be associated
with a flare of disease activity that may be fatal. Therefore, in this setting combination therapy can be
considered.

Suggested combinations are lamivudine and adefovir, tenofovir and lamivudine or

emtricitabine, or entecavir plus adefovir or tenofovir. Entecavir monotherapy may also be suitable in
these patients).
Figure 4 provides an algorithm to help select suitable agents to treat hepatitis B.
17. Recommendation: Standard interferon alpha at a dose of 30-35 MU/week (5 MU daily or 10
MU TIW) for 16-24 weeks can be used to treat HBeAg-positive chronic hepatitis B (I).
18. Recommendation: Pegylated interferon alpha 2a 180 µg sc weekly given for 24-48 weeks
can be used to treat HBeAg-positive chronic hepatitis B. Pegylated interferon alpha 2a for
one year is suitable treatment for HBeAg-negative chronic hepatitis B (I).
19. Recommendation: Lamivudine should be reserved for patients with low viral load (not
clearly defined, but probably less than 2X106 IU/mL)(mostly HBeAg-negative). If serum
HBV DNA is > 60 IU/mL at 6 months of therapy the therapeutic regimen should be
changed. Alternatives include switching to entecavir, or adding adefovir. The role of
telbivudine in these circumstances is not clear (I).
20. Recommendation: Adefovir as primary therapy should be reserved for patients with a viral
load less than about 2x106 IU/mL (mostly HBeAg-negative). If the viral load has not fallen
to below 200 IU/mL at the end of the first year of therapy the treatment strategy should be
changed. All pyrimidine analogues and tenofovir are suitable alternatives (I).
21. Recommendation: Entecavir is effective first line therapy for all patients regardless of
viral load because it appears to be the most potent agent available and it is associated
with very low rates of resistance (I).
22. Recommendation: Telbivudine is suitable for first line use in all patients, including those
with high viral load (>200,000 IU/mL).

However, because of the risk of resistance,

treatment efficacy should be assessed at 6 months (I). If HBV DNA is > 60 IU/mL at 6
months the treatment strategy should be changed (II-2).
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23. Recommendation: Following HBeAg seroconversion with nucleoside analogue treatment
a further 6-12 months of therapy is required (consolidation therapy) to maximize the
durability of the response (II-2).

On treatment monitoring
Interferon therapy
Patients treated with interferons need to be monitored closely. Liver tests, and CBC should be performed
at monthly intervals. TSH should be measured every three months. When using PEG IFN for HBeAgpositive disease HBV DNA and HBeAg/anti-HBe can be measured after 6 months and at the end of
treatment to determine response. These tests should also be performed 6 monthly for 12-18 month after
treatment withdrawal. A successful outcome is defined as anti-HBe-positive with normal ALT for more
than 6 months, with the HBV DNA being less than 20,000 IU/mL. Ideally the HBV DNA should be
undetectable since the presence of detectable virus suggests a risk of disease relapse. In HBeAgnegative chronic hepatitis B patients treated with interferon should be monitored as for HBeAg-positive
hepatitis, except that HBeAg and anti-HBe testing does not need to be repeated. Post therapy the HBV
DNA and ALT should be monitored at 3 monthly intervals.

Nucleoside analogues
Patients treated with nucleoside analogues should be monitored with HBV DNA and ALT initially at 3 and
6 months after starting treatment.

This is to confirm an initial fall in viral load, and in the case of

lamivudine and telbivudine, to determine whether treatment with the same drug can be maintained, or
whether another drug should be added or substituted (see above). Patients on all nucleoside analogues
should thereafter be monitored at 3 monthly intervals to determine the lowest HBV DNA concentration
that is achieved (nadir), and subsequently to allow for early detection of the development of viral
breakthrough leading to resistance. Patients on adefovir also require 3 monthly monitoring of serum
phosphate levels and renal function. Patients on telbivudine require monitoring of creatine kinase.
24. Recommendation: The target HBV DNA on antiviral therapy is undetectable virus. This
should be measured using the most sensitive test available, i.e., currently the Taqman
assay. Assays of lower sensitivity are not recommended (III).

Resistance to antiviral therapy
HBV Antiviral Resistance Testing
Mutations that confer resistance to antiviral agents occur spontaneously and are not caused by the
antiviral agents. Most resistant mutants have diminished replication competence and do not survive.
However, in the presence of a selective pressure that inhibits the growth of wild-type virus proliferation of
some mutant virus species occurs, until they come to be the dominant species. Depending on replication
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competence the mutants can replicate at high levels over time. When a patient is on antiviral therapy,
antiviral resistance may be suspected when serial HBV DNA testing shows increases in viral load of more
than 10 fold (1 log10 IU/mL) over nadir.
assessment of HBV DNA concentrations.

Thus, monitoring for antiviral resistance requires regular
When resistance develops, particularly resistance to

lamivudine, mutations in addition to the primary resistance mutation may occur that may lead to reduced
susceptibility to other antivirals (99). Genotypic resistant virus can be detected by various methods, such
as direct genetic sequencing, reverse hybridization, restriction fragment analysis, and other sequencebased detection. Sequencing requires that the mutant virus to comprise at least 20-25% of the viral
mixture. Reverse hybridization (INNO-LIPA) may be able to detect lower frequency mixed infection (100).
Since lamivudine resistance is associated with additional mutations besides the YMDD mutations
knowing the genetic mutations involved in resistance in any individual patient is essential to determine the
most appropriate treatment for patients with lamivudine resistant virus.
25. Recommendation: Clinicians must have access to genetic testing for mutant virus. This
is used to differentiate between non-adherence and emergence of resistant virus. Viral
breakthrough (defined later) should be assessed by resistance testing before any new
agents are introduced (III).
The development of resistance to antiviral therapy is not benign. There is considerable evidence that the
benefits of viral suppression are lost (101,102). Acute flares of hepatitis can occur, which in cirrhotic
patients can be life-threatening.

The development of resistance to antivirals is therefore a strong

indication to change therapy. It is not acceptable for patients with e.g., lamivudine resistance to continue
to be treated with lamivudine monotherapy when effective alternatives exist.

Definitions of Non-Response (see Table 4)
All nucleoside analogues are associated with the development of viral resistance. The rate at which
antiviral resistance to individual nucleoside analogues develops has not been accurately defined because
the long term studies that have been used to determine these rates were not designed to quantify
resistance.

Furthermore, resistance was evaluated in subgroups of patients that were considerably

smaller than the group initially recruited into trials. Nonetheless, the studies have allowed some sense of
the comparative rates at which each agent is subject to the development of resistance (103). These are
given in Figure 5.
Table 5 shows the substitutions in the viral polymerase gene that are associated with resistance to
various agents (104). Table 6 shows the relative potency of the different antiviral agents in the face of
some of the mutations known to confer resistance (104).
Resistance to antiviral therapy increases in frequency with baseline viral load, with failure of adequate
suppression of virus, and with viral genetic factors. Thus the higher the viral load prior to treatment, the
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more likely that resistance will develop. The more slowly that viral load falls on therapy and the higher the
nadir of viral load the more likely that resistance will occur.
It is important to detect resistance early, before viral load rebounds fully and before the ALT rises.
Treatment is more likely to be effective if a new agent is introduced when the viral load is low than when it
is high. To ensure that viral breakthrough is detected early HBV DNA concentration load should be
measured at three monthly intervals. Virologic testing should be done to confirm that viral breakthrough
is due to resistance rather than poor adherence. Treatment should be modified as soon as resistance is
identified, once more, because it is easier to treat while the viral load is low, than when it is high.
26. Recommendation: HBV DNA should be monitored at three-month intervals to allow early
detection of viral resistance, at a stage when the viral load is still low (II-2).
27. Recommendation: Resistance genotyping should be performed in all patients in whom a
viral rebound is detected to determine whether this is due to resistance or to poor
adherence (II-2).

Management of primary non-response
Primary non-response (Table 4) should be investigated by resistance genotyping. If resistance mutations
are not present the most likely explanation for the lack of response is poor adherence. Occasionally there
may be problems with absorption, or other pharmacologic reasons for non-response, but these are poorly
defined, and cannot be tested for.

Management of resistance to specific antivirals
Lamivudine resistance
Recent studies have shown that addition of adefovir after viral breakthrough, but before clinical
breakthrough, i.e., when the viral load is still low is the preferred treatment (105).

Under these

circumstances control of viral replication is almost invariably effective, and the rates of resistance to
adefovir are very low. Switching to adefovir is associated with higher rates of adefovir resistance and is
not recommended (106,107). Entecavir is not a good choice for lamivudine resistance because the
response to entecavir is blunted. Furthermore, resistance to entecavir occurs only in the setting of the
mutations associated with lamivudine resistance and is 32% after 3 years (84). Virus that is resistant to
lamivudine will have a high likelihood of also being resistant to telbivudine. Tenofovir is effective in
suppressing lamivudine-resistant hepatitis B, but whether tenofovir should be added or simply substituted
for lamivudine has not been addressed.
28. Recommendation:

The treatment of choice for lamivudine resistant infection is the

addition of adefovir (I).

Resistance to adefovir monotherapy
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Genotypic resistance to adefovir monotherapy occurs in about 29% of patients after 5 years (80). Clinical
breakthrough occurs in about 11% (80). Lamivudine, tenofovir, telbivudine or entecavir can all be used.
There are no large scale trials confirming the efficacy of these agents, but in vitro data supports these
substitutions.

Resistance (or inadequate response) to combination lamivudine/adefovir in
lamivudine-resistant patients
Evidence suggests that adequate suppression can be obtained with tenofovir (91,108,109). Whether
tenofovir should be added to lamivudine or simply substituted for adefovir has not been addressed.

Entecavir
Entecavir resistance requires the pre-existence of the YMDD mutation.

The presence of YMDD

mutations decreases entecavir potency somewhat, but not enough to produce resistance. Nonetheless,
in the presence of specific YMDD mutations (M204V and L180M) one or more additional mutations
(I169T, T184G, S202I, M250V) do confer resistance (110). However, in the absence of the M204V and
L180M mutations these additional mutations are not associated with any decrease in potency. In the
registration studies of entecavir in lamivudine resistant patients entecavir resistant mutations were
detected in a proportion of patients prior to the introduction of entecavir (82). As a result genotypic
resistance was identified in 7% and viral breakthrough in 1.6% at the end of the first year of therapy (82).
This rose to more than 30% and the end of the third year of therapy (84). In nucleoside naïve subjects, in
contrast the rate of resistance to entecavir after 3 years was less than 1 % (84).
Entecavir resistance can be treated with either adefovir or tenofovir (based on in vitro data only)

Telbivudine
Little is known about treatment of resistance to telbivudine, which occurs in 18% at the end of two years
of therapy (94).

Resistance is mainly mediated by the M204I mutation and uncommonly by other

mutations at the YMDD locus. Therefore cross resistance with lamivudine and emtricitabine can be
expected. However, theoretically adefovir and tenofovir could be used for telbivudine resistance. It is not
clear whether entecavir can be used.

Other agents
Tenofovir is has been shown to be an effective hepatitis B antiviral. Although it is not recommended for
first line use (because it is not yet licensed for this purpose) it is recommended for inadequate response
to adefovir or adefovir resistance in patients with prior lamivudine resistance. Resistance to tenofovir has
been rarely described in hepatitis B, but studies are small, follow-up is short, and so the true resistance
rate is not known.
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Post treatment and long term off treatment monitoring
Patients in whom treatment has not been offered still need continued follow up, regardless of the status of
their disease. Patients who have active viral replication are at risk for exacerbation of their hepatitis at
any time. These flares may be short-lived, although cumulatively over time they may be very damaging.
Since the period of ALT elevation may be brief frequent testing is necessary. Patients who are at risk for
the development of flares should be monitored at least every three months, if not more often. Monitoring
should include HBV DNA, ALT, tests of liver function and CBC. In HBeAg-negative patients who have
low levels of viral replication (<2x103 IU/mL) that are stable over 1-2 years the frequency of monitoring
can be reduced to initially 6 monthly, and eventually yearly. Monitoring should however still include HBV
DNA, ALT and tests of liver function.

Hepatoma Screening
The annual incidence of hepatoma in HBV infected individuals without cirrhosis is 0.4-0.6% in Asians
(26), 0.2% in Alaskan natives (111), and ~0.3% in Caucasians (112). There are insufficient data on the
incidence of HCC in Africans or North American Blacks. In cirrhosis, the incidence is >2% per year, with
a cumulative 5 year incidence between 15-20% (113,114).
Surveillance should be performed every 6 months using abdominal ultrasound in those deemed to be
high risk for hepatoma (115). Alphafetoprotein testing is not an effective screening method (116). Not all
patients with hepatitis B are at equal risk of developing HCC. The categories of patient who should be
screened are given in Table 7.

Management of Hepatitis B Cirrhosis
All patients with well-compensated cirrhosis should be considered for therapy if the HBV DNA level is
above 2000 IU/mL whether they are HBeAg or anti-HBe positive. A suggested algorithm is shown in
Figure 6.

If the HBV DNA is lower than this threshold, patients may be observed closely with

measurements of HBV DNA and ALT every three to six months or they may be considered for therapy.
Standard or pegylated interferon may be used with caution in these patients, but nucleos(t)ide analogues
are preferred. Nucleoside analogue treatment should continue indefinitely in patients with cirrhosis, even
if such patients undergo HBeAg seroconversion.

Hepatic decompensation
All patients with hepatic decompensation due to hepatitis B should be treated with nucleoside analogues
regardless of HBV DNA concentration to either suppress viral replication, or prevent possible flares in
disease activity.

Such patients should be considered for liver transplantation and selection of the

appropriate HBV therapy should be made in consultation with the local liver transplant program.
Lamivudine and adefovir have been shown to improve hepatic function in such patients and may stave off
the need for liver transplantation (117-119). However, as the development of resistant mutants can be
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associated with flares of hepatitis and hepatic decompensation (102), it is preferable to use drugs
(entecavir or tenofovir) with the lowest rates of resistance. Combination of adefovir and lamivudine
remains an option.

Another alternative is the combination of tenofovir and emtricitabine, which is

available as a single tablet for daily use. The renal function must be monitored carefully if tenofovir or
adefovir are used in cirrhotics as these patients are prone to renal dysfunction. Entecavir has not been
fully evaluated for use in this situation, but, barring unexpected toxicity, should also be an effective agent.

Management of Hepatitis B/HIV co-infection
The prevalence of HBV co-infection in HIV-infected patients is approximately 10% (120). HIV co-infection
tends to accelerate the natural history of HBV and co-infected patients tend to have more histologically
advanced disease and higher rates of liver related mortality (121-123). All HIV positive individuals should
be screened for HBsAg and anti-HBs and if negative should be vaccinated (three double doses is
recommend for such immunosuppressed individuals)(126). The treatment of the co-infected individual is
complex and ideally these patients should be managed by a multidisciplinary approach by specialists with
an understanding of both infectious disease and liver disease. An understanding of the activity of various
nucleoside analogues against both viruses, the potential for hepatotoxicity with certain HIV medications
and issues regarding timing of HIV therapy are required.
Interferon, has only weak activity against HIV. Adefovir at the 10 mg dose has limited activity against
HIV.

Adefovir results in effective HBV suppression in lamivudine resistance HBV in co-infected

individuals (124,125). There is in vitro cross resistance between adefovir and tenofovir for the HIV DNA
polymerase. Entecavir is said not to be active against HIV. However, recent data hint that use of
entecavir leads to selection of HIV polymerase mutants resistant to lamivudine and emtricitabine (126).
Twenty-four weeks of entecavir has been shown in a placebo controlled trial to result in a -3.66 log drop
in HBV DNA in co-infected patients (127). Until the role of cross resistance between HIV and hepatitis B
is better defined for these agents their neither adefovir nor entecavir are recommended for use as
monotherapy against hepatitis B in HIV-positive individuals.
Lamivudine (3TC), tenofovir and emtricitabine all have activity against both HIV and HBV. Lamivudine is
associated with higher rates of HBV resistance in co-infected individuals (90% after 4 years) (128), and
should never be used as monotherapy for HBV infection in untreated HIV patients as it may lead to HIV
resistance to future therapies including emtricitabine. Tenofovir is a potent suppressor of HBV DNA
replication in both HBeAg positive and HBeAg negative co-infected patients (129). A small study in HIV
infected subjects with lamivudine resistant HBV, tenofovir was superior to adefovir in achieving HBV DNA
negativity (100% vs. 44% after 48 weeks of therapy)(92). Furthermore, the vast majority of patients with
lamivudine resistant HBV who have incomplete viral suppression on adefovir can achieve HBV DNA
negativity by switching to tenofovir (91).
Highly active antiretroviral therapy (HAART) regimens containing tenofovir with lamivudine or
emtricitabine in combination with the non-nucleoside reverse transcriptase inhibitors or protease inhibitors
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are ideal as these regimens have virologic activity against both HIV and HBV and infrequently cause
hepatotoxicity. Therapy may not be needed for HIV in early stages of the disease. If therapy is required
against both viruses then a combination of tenofovir with lamivudine or emtricitabine is recommended up
front to avoid the development of resistance.

Tenofovir is the preferred drug in patients with HBV

resistance to lamivudine. Immune reconstitution syndrome in advanced HIV therapy may occur after
initiating HAART, and could result in a flare of hepatitis.
29. Recommendation: The need for hepatitis B therapy in HIV-positive patients remains an
indication for the use HAART (III).
30. Recommendation: Lamivudine should not be used as monotherapy for hepatitis B in HIVpositive patients (II-2).
31. Recommendation: Hepatitis B antivirals cannot yet be recommended as monotherapy for
hepatitis B in HIV-infected patients (III).

Management of HBV-HCV Co-infection
In patients infected with both hepatitis B and hepatitis C viruses usually have only one of the two diseases
active (130). Such patients should have both HBV DNA and HCV RNA measurements. Subjects with
high levels of HBV DNA but negative HCV RNA should be treated as any other HBV-infected patient. If
the HBV DNA level is low (<20,000 IU/mL) and the HCV RNA is positive, these patients should be treated
as other patients with chronic HCV infection. Recent studies have suggested that their response to
interferon and ribavirin is similar to patients who are not co-infected (131). In patients treated for hepatitis
C HBV DNA levels should be monitored on therapy. If levels are >2000 IU/mL and do not fall with PEG
IFN and ribavirin therapy consideration should be given to adding a nucleoside analogue such as
entecavir, adefovir or lamivudine.

Management of Hepatitis B before pregnancy
Decisions on antiviral therapy in young women must take into account the woman’s desire for a family.
Women planning a family should be treated with drugs that are safe in pregnancy. Lamivudine, adefovir
and entecavir are Category C drugs (i.e., mutagenic in in vitro assays) and tenofovir and telbivudine are
Category B drugs (no mutagenicity). Although lamivudine is a category C drug it has a record of safety in
pregnancy. Tenofovir is also considered safe in pregnancy, although the experience with this drug is not
as extensive as with lamivudine. As with other young patients not all patients with high viral loads and
elevated ALT need treatment and it may be reasonable to temporarily withhold treatment in these
patients. If withholding treatment is being contemplated a biopsy is advised to confirm that the liver
disease is mild. Close monitoring during pregnancy is necessary if the patient is not treated.
Although telbivudine is a category B drug, there is no experience with its use in pregnancy.
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Management of Hepatitis B during pregnancy
All pregnant mothers should be screened for HBsAg and those who test positive should have an HBV
DNA measurement, as women with high levels of HBV DNA are at greater risk for transmission of virus to
their offspring. Babies born to HBsAg positive mothers must receive passive and active immunization
after birth. In general this strategy is approximately >95% effective (132). In a US study of approximately
800 children born to HBsAg positive pregnant women between 1992 and 1997, 97% had anti-HBs ≥10
mIU/mL and only 2.2% became HBsAg positive (132).
An uncontrolled study from the Netherlands found that pregnant women with high HBV DNA levels (>109
IU/mL) had rates of vertical transmission of 28% despite neonatal vaccination. This was reduced to 13%
in eight pregnant women treated with lamivudine 150 mg daily in the third trimester of pregnancy (133). In
a randomized controlled trial from China of lamivudine 100mg daily or placebo introduced at week 32 ± 2
of gestation and continued post-partum for one month, there was a reduction of failure of neonatal active
and passive vaccination in the lamivudine treated group (18% vs 39% HBsAg positive children at one
year (134). To date there appears to be no increased risk of fetal injuries due to lamivudine (135). The
low risk of mother-to-infant transmission of hepatitis B in the presence of neonatal vaccination does not
support the routine use of nucleoside analogues during the third trimester of pregnancy to reduce the risk
of vertical transmission. However, pregnant women with high levels of HBV DNA should be referred to
specialists for consideration of this treatment.

Hepatitis B and renal failure
HBV infection is associated with an increased risk of renal disease including membranous nephropathy
and glomerulonephritis, as well as other immune-complex associated diseases such as polyarteritis
nodosa (136). Suppression of HBV DNA can result in improved renal function in these patients. There is
evidence that patients with HBV related renal disease may have increased rates of responsiveness to
interferon therapy (137). There are case reports of improvement of renal function with lamivudine in
patients with hepatitis B-induced renal disease (138).

Adefovir should be used with caution in this

population, as the drug itself may be associated with renal dysfunction. There is no experience reported
with entecavir in patients with HBV associated renal failure. All antiviral agents are excreted by the
kidney, and dose adjustments are required in renal failure.

Chemotherapy and Immunosuppression in HBV-infected Patients
All patients undergoing chemotherapy, bone marrow or solid organ transplantation and some forms of
monoclonal antibody therapy (rituximab, infliximab, etc.) should be screened for HBV markers prior to
treatment. Thirty to 50% of HBV-negative individuals can experience reactivation of viral replication
associated with increased ALT upon immunosuppression (139). These changes may occur in 30-50% of
patients (139). The only agent that has been studied during immunosuppression is lamivudine (140).
However, any antiviral is likely to be effective if the viral load is initially low. Patients who start off with
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high viral loads might need more potent antivirals if resistance is to be avoided. Lamivudine (or more
potent agents if required) should be started preemptively in HBsAg positive patients at least a few days
before immunosuppressive or chemotherapy is begun (141). There is no information to guide how long to
treat such patients, but it would be reasonable to treat for an additional 3-6 months after discontinuing
immunosuppressive therapy or chemotherapy. Resistance is less of a concern as treatment is usually
short-term in these patients, therefore lamivudine may be considered the first line therapy (unless the
initial viral load is very high). However, if long-term immunosuppressive therapy is required consideration
should be given to using entecavir or adefovir.
Whether subjects with markers of past HBV infection (HBsAg negative but anti-HBc positive) should also
be treated prophylactically is unclear. Although the risk of reactivation may be low (<5%) in such patients,
re-emergence of HBV may be severe and even fatal in some of these patients. If patients are anti-HBs
negative, attempts should be made to improve immunity with a booster dose of the HBV vaccine. If
nucleoside analogues are not used prophylactically in anti-HBc positive patients, these individuals should
be monitored regularly with ALT and HBsAg testing every 1-3 months and anti-viral therapy should be
initiated as soon as there is evidence of HBV reactivation, without waiting for a rise in ALT.
All patients awaiting solid organ transplantation should be vaccinated against HBV, although the
likelihood of an effective antibody response is low (142). The risk of transmission of HBV is highest for
recipients of livers, and low for other solid organ transplants. Recipients of organs other than liver from
anti-HBc-positive anti-HBs-negative donors should receive lamivudine prophylaxis for at least the first
post-transplant year during which time immunosuppression levels are at their highest. Recipients with
documented seroconversion following HBV vaccination and persistent protective levels of anti-HBs (>10
IU/mL) do not require antiviral prophylaxis (143). Prophylaxis against hepatitis B reactivation in patients
undergoing liver transplantation will not be discussed, as this is a highly specialized field, and is limited to
a small number of practitioners in the country.
32. Recommendation: All patients undergoing chemotherapy (including chemoembolization),
bone marrow or solid organ transplantation, treatment with immunosuppressive
monoclonal antibodies or other immunosuppression should be screened for hepatitis B
markers. Those testing positive for HBsAg should receive antiviral prophylaxis prior to
treatment, and should be monitored during and after therapy (I).

Management of Hepatitis B in children
In highly endemic areas, childhood infection, either vertical or horizontal in early childhood remains the
predominant mode of transmission.

In Canada, immigration and adoption of children from endemic

regions account for most cases of HBV infection in children.
The age at acquisition of the virus influences the natural history of the HBV infection. Neonates and
young children develop chronic disease in about 90% of cases. In children ages 1-5 the chronicity rate is
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about 50%, in older children about 6-10%, and in young adults less than 5%. Cirrhosis and HCC are rare
in children, and when they do occur, usually occur in older children. However, cases in young children
are also well described. The spontaneous HBeAg seroconversion rates in children is high, and therefore
treatment may not be necessary (145-149).
HBeAg-positive adolescents with elevated ALT should be observed for at least 6-12 months to determine
if they will spontaneously undergo HBeAg seroconversion. Those who continue to have high HBV DNA
and fail to spontaneously undergo seroconversion can be considered for therapy, especially if the liver
biopsy shows significant inflammation or fibrosis.
Children who have elevated ALT or evidence of active disease on liver biopsy may be candidates for
therapy (150). There is data however, that suggests that treatment induced seroconversion in children
merely advances spontaneous seroconversion by a few years. This may not be a worthwhile treatment
goal. The long term impact interferon therapy in children remains unknown (151,152). Only standard
interferon and lamivudine have been assessed in children.

Interferon-alpha 6MIU/m2 sc (maximum

10MIU) TIW for 24 weeks has been approved for children with HBeAg-positive disease based on a study
that found greater HBeAg loss and HBV DNA negativity in interferon treated children compared to
controls (26% vs. 11%, p<0.05)(153). In addition to the usual side effects interferon may interfere with
growth of young children, although transiently. Interferon should not be used in children under age 3
because of a risk of neurotoxicity. Lamivudine, 3 mg/kg/day (maximum 100 mg) for one year is also
approved. However, as with adult disease, lamivudine resistance in developed in 19% after one year
(154). A follow-up to this study, showed the durability of virologic response to be 89% two years after
stopping therapy (155). Although an additional two years of lamivudine increased the virologic response
rates, the YMDD mutation rate increased to 64% after 3 years of therapy. Thus lamivudine may not be
suitable for use in young children because this is a group of patients with high viral loads, and in which
many will require many years of therapy, or who may require treatment later after a period of inactive
disease, after which the presence of lamivudine-resistance will severely limit treatment choices.
Regardless of type of therapy, all children should continue to be followed at one to two-year intervals to
monitor for durability of response.

Hepatitis B infected medical professionals
Many jurisdictions have developed guidelines that restrict the practice of physicians, dentists and other
healthcare professional because of hepatitis B infection. We do not intend to revisit those restrictions, nor
the issue of disclosure to patients. However, hepatitis B infected health professionals may choose to take
treatment to reduce viral load and thereby preserve their careers. There is no clear cut level of HBV DNA
below which infection cannot occur, although the lowest viral concentration associated with documented
transmission was 4000 copies/mL (about 800 IU/mL)(156). In Europe the consensus was that if the HBV
DNA was below 2000 IU/mL transmission risk was sufficiently low to permit continued exposure prone
procedures (156). In the U.K. if the HBV DNA is below 200 IU/ surgeons can continue to operate. It is
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recommended that if such a course of action is undertaken the lower the viral load in serum the better,
and undetectable by Taqman PCR should be the goal.

Chronic hepatitis D
Hepatitis D virus (HDV) is a defective RNA virus that requires HBsAg for entry into and exit from the
hepatocyte. HDV therefore may be acquired as a co-infection simultaneously with hepatitis B or as a
super-infection in a patient who already is a carrier of HBV. Infection with hepatitis D usually causes an
aggressive hepatitis and is associated with a higher risk of cirrhosis than HBV mono-infection. Although
there is no seroprevalence data, the prevalence of HDV infection in Canada is thought to be low. Those
at highest risk for HDV infection are HBsAg carriers who acquired their infection through injection drug
use and immigrants from countries where HDV is endemic (such as Italy, Russia, Romania, Spain Turkey
and Egypt). Patients with these risk factors, particularly in the setting of a high ALT with undetectable
HBV-DNA, should be tested for HDV antibody. If the HDV antibody is positive, active infection should
ideally be confirmed with an HDV RNA and treatment considered in those with active infection.
Unfortunately, the HDV RNA assay is not commercially available, and home grown assays are not
standardized. Patients with active hepatitis D should be treated in expert centers.
Unfortunately there are limited data to guide the treatment of HDV. Lamivudine and ribavirin appear to
have no role in the management of HDV. Several small studies suggest that standard interferon and
pegylated interferon result in sustained virological response (SVR) rates between 17% and 43% with the
highest response rates seen in those treated with prolonged pegylated interferon (157-159). If possible
treatment response should be monitored with an HDV RNA at month 6 and in those who fail to achieve at
least a 3 log drop therapy should be discontinued. Alternatively, in the absence of HDV RNA monitoring,
normalization of the ALT suggests suppression of virus.
33. Recommendation: Hepatitis D should be treated with PEG IFN monotherapy at standard
doses for a minimum of 12 months (II-2).
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Table 1. Levels of evidence according to study design (160)

Grade

Definition

I

Randomized controlled trials

II-1

Controlled trials without randomization

II-2

Cohort or case controlled studies

II-3

Multiple time series, dramatic uncontrolled experiments

III

Opinion of respected authorities. Descriptive epidemiology
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Table 2. Phase of hepatitis B infection

Phases

HBsAg

HBeAg

Anti-HBe

ALT pattern

HBV DNA range

Immune tolerant

Positive

Positive

Negative

Normal ALT

~ >2x104 to >2x108 IU/mL

Immune
clearance

Positive

Positive

Negative

Normal or
elevated

~ >2x104 to>2x108 IU/mL

Inactive disease

Positive

Negative

Positive

Normal

< 200 IU/mL

Positive

Negative

Positive

Normal or
elevated

undetectable to >2x108 IU/mL

Negative

Negative

Positive

Normal

undetectable

HBeAg-negative
chronic hepatitis
B
Resolved
hepatitis B
infection

33

Table 3. Seroconversion rates with hepatitis B antiviral therapy. A: HBeAg seroconversion rates. B:
HBsAg seroconversion rates by the end of follow-up. (The duration of follow-up was not the same in all
studies).

A
Duration of treatment

HBe seroconversion rate

Standard interferon

16-24 weeks

33% (HBeAg loss)49

Pegylated interferon

24-48 weeks

29-32%29,55,56

1 year

17-20%70-73

3 years

40%76

1 year

12%78

3 years

43%80

1 year

21%73

3 years

39%87

1 year

22%90

2 year

33%91

Lamivudine

Adefovir

Entecavir

Telbivudine
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Table 4. Definitions of response to hepatitis B nucleoside antiviral agents

Primary treatment failure

Less than 2-log10 IU/mL decrease in viral load measured at 6 months of
treatment. This is not antiviral resistance, and is most commonly related to
lack of adherence with medication.

Genotypic resistance:

Mutation of HBV-DNA polymerase known to decrease the efficacy of the
antiviral agent

Phenotypic resistance

Defined by an in vitro assay demonstrating decreased inhibition of viral
replication in the presence of the specific mutation in the polymerase gene.

Viral breakthrough

Increase in viral load of 1 log10 IU/mL or greater above the nadir, measured
on two consecutive samples one month apart, occurring after the first three
months of therapy. This is commonly due to genotypic resistance, but may
also be due to lack of adherence.

Clinical/biochemical
breakthrough

A rise in ALT from its nadir during treatment associated with a rise in viral
load of 1 log10 IU/mL or greater. This is may also be due to either genotypic
resistance or to lack of adherence.
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Table 5. Mutations conferring resistance to hepatitis B nucleoside antivirals. The number refers to the
amino acid position. The letters before the numbers represents the wild type amino acid. The letters
after the number represents the substituted amino acid.

Agent
Lamivudine
Adefovir
Entecavir*
Telbivudine

Domain A

Domain B

Domain C

L80V/I

V173L, L180M

M204V/I/S

A181V/T
I169T, T184G

Domain D

N236T
S202I

M250V

M204I

* The entecavir mutations only confer resistance in the presence of the M204V, M204I and the L180M
mutations. In the absence of these additional mutations the entecavir mutations do not cause resistance.
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Table 6.

Relative activity of hepatitis B antivirals in the presence of pre-existing mutations in the

polymerase gene.

Resistance mutation

Mutation confers
reduced sensitivity to
listed drugs
Drugs remaining active

LAM-resistant

ADV-resistant

ADV-resistant

L180M + M204V,
M204I

N236T

A181V

Entecavir,
Telbivudine

Tenofovir

Lamivudine

Adefovir,
Tenofovir

Lamivudine,
Entecavir,
Telbivudine

Tenofovir,
Entecavir
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Table 7. Hepatitis B carriers who should undergo regular screening for hepatocellular carcinoma
All patients with cirrhosis
Other hepatitis B infected individuals
•

Africans > 20 years old

•

Asians > 30-35 years old (if infected early in life)

•

Asian men > 40 years old

•

Asian women > 50 years old

•

Patients with family history of hepatoma

•

Patients with active inflammation on liver biopsy

•

Patients awaiting liver transplantation
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Figure 1. Dynamic range of assays for hepatitis B virus DNA.

HBeAg +ve
range

Abbott RealTime PCR
Artus-Biotech
Digene Hybrid Capture I
Digene Hybrid Capture II
Ultra-sensitive Digene Hybrid Capture II
Amplicor HBV Monitor
Cobas Amplicor HBV Monitor
Cobas TaqMan 48 HBV
Versant HBV bDNA 1.0
Versant HBV bDNA 3.0

1

10

3
4
5
102 10 10 10

HBV DNA IU/mL

High concentration samples require dilution and retesting
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106

107

9
108 10 1010

Figure 2a. Algorithm for selecting HBeAg-positive patients for treatment.

HBeAg-positive

HBV DNA <20,000 IU/mL

ALT normal

ALT elevated
for 3-6
months

No treatment.
Monitor every 3
months with ALT
and HBV DNA

Rule out other
causes of liver
disease

HBV DNA >20,000 IU/mL

ALT normal

Monitor every 3
months. Consider
biopsy if age >35–40
yrs, and treat if
significant disease

ALT elevated
for 3-6
months

Treat

Figure 2b. Algorithm for selecting HBeAg-negative patients for treatment

HBeAg-negative

HBV DNA ≥2,000 IU/mL

HBV DNA <2,000 IU/mL

ALT normal

ALT elevated

ALT normal

ALT elevated

No treatment. Monitor
every 3 months for 1-2years with ALT and
HBV DNA

Rule out other
cause of liver
disease

Monitor ALT every 3
months, or consider biopsy,
since ALT often fluctuates.
Treat if significant disease.
Long-term treatment
required (oral agents)

Treat. Longterm treatment
required (oral
agents)
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Figure 3. Relative potencies of different hepatitis B antivirals at 48-52 weeks of therapy. Lamivudine has
been compared to entecavir and to telbivudine in two separate randomized controlled trials. Adefovir has
not been compared directly to the other agents (73,81,98,161,162).

% HBV DNA <80 IU/mL

A
100
90
80
70
60
50
40
30
20
10
0

91

HBeAg-positive
HBeAg-negative

88
73

69

71
60
51

49
38
21

Entecavir

Lamivudine

Telbivudine

Lamivudine

Adefovir

B

Mean log10 decline in HBV DNA

0
-1

Entecavir

Lamivudine

Telbivudine

Lamivudine

Adefovir

-2
-3
-4
-5
-5.2

-6
-7
-8

-3.7

-3.8
-4.4

-4.66

-5.2
-6.5

-6.98
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-5.5
HBeAg-positive
anti-HBe-positive

-5.7

Figure 4. Algorithms for selection of specific agents for hepatitis B. Response to adefovir, lamivudine
and telbivudine should be assessed according to discussion above.

A
HBeAg positive

Low viral load (HBV DNA <20
million IU/mL)

High Viral Load
(HBV DNA >20 million IU/mL)

Standard Interferon
Pegylated interferon
Lamivudine
Adefovir
Entecavir
Telbivudine

Entecavir
Telbivudine

B
HBeAg negative

Low viral load (HBV DNA
<20 million IU/mL)

High Viral Load
(HBV DNA >20 million IU/mL)

Pegylated interferon
Lamivudine
Adefovir
Entecavir
Telbivudine

Entecavir
Telbivudine
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Figure 5. Rates of resistance to antiviral agents by duration of therapy (76,80,84,88,89).
80

71

70

year 1

55

year 2

60

year 3

50

46

year 4
year 5

40

29

30

18

18
20
10

11

9
0

0

23

1

0

3

0
Entecavir

Telbivudine

Adefovir
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Lamivudine

Figure 6. Suggested algorithms for management of patients with hepatitis B viral cirrhosis.

HBV DNA (PCR)

HBV DNA >2,000 IU/mL

HBV DNA < 2000 IU/mL

Treat using entecavir,
telbivudine or adefovir.
Consider combination
therapy

May choose to treat or
observe. Treat with
entecavir, telbivudine
or adefovir. Consider
combination therapy
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