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An international group of experienced hepatologists and
virologists conducted a single-day workshop to review the
management of patients with chronic hepatitis B receiving
treatment with oral nucleosides or nucleotides. Guidelines
regarding on-treatment management and available pub-
lished data on the importance of serum hepatitis B virus
(HBV) DNA as a marker of outcomes were reviewed. On-
treatment monitoring strategies to define early virologic
responses that might be predictive of better outcomes and
a reduced risk of viral resistance were proposed for further
study. This treatment plan, labeled the roadmap concept,
recommends monitoring of serum HBV DNA levels to iden-
tify outcomes of therapy. Primary treatment failure was
defined as a reduction of serum HBV DNA levels by less
than 1 log;o IU/mL from baseline at week 12. Measurement
of the HBV DNA level at week 24 was considered essential
to characterize virologic responses as complete, partial, or
inadequate. Complete virologic response was defined as
negative HBV DNA by a sensitive assay (<60 IU/mL or
<300 copies/mL); partial virologic response was defined as
HBV DNA levels less than 2000 IU/mL (4 log,, copies/mL),
and inadequate virologic response was defined as HBV
DNA levels of 2000 IU/mL or greater (4 log;, copies/mL).
Strategies are proposed for managing patients in each of
these categories, depending in part on the rapidity with
which HBV DNA suppression is achieved and the emer-
gence of genotypic mutations that reduce the effectiveness
of a specific drug. Future studies of the use of the roadmap
concept in improving outcomes of chronic hepatitis B are
warranted.

D espite the availability of highly effective and safe vaccines
for a quarter of a century, hepatitis B virus (HBV) infec-
tion remains the most common worldwide cause of death from
liver disease. It accounts for an estimated 500,000-900,000
deaths per year owing to cirrhosis, hepatic decompensation,
and hepatocellular carcinoma (HCC). Natural history studies of
chronically infected individuals have linked the risk of progres-
sion to cirrhosis and HCC to continuing HBV replication.!3 A
number of therapies for chronic hepatitis B have been devel-
oped and are directed at reducing or interrupting replication of

the virus and thereby reducing liver and serum levels of HBV
DNA and/or enhancing host immune control of infection.
Reducing serum HBV DNA levels to undetectable levels or
possibly to levels less than 20,000 IU/mL (S log;o copies/mL) is
associated with improved outcomes.* However, with increasing
assay sensitivity and additional experience, it is clear that dis-
ease progression may occur in patients with serum HBV DNA
levels as low as 2000 IU/mL (4 log;o copies/mL).>¢

Thus, the degree of viral suppression achieved during treatment
appears to be the most important determinant of therapeutic
outcomes.* The overall goal of therapy in chronic hepatitis B is to
reduce progression to cirrhosis, hepatic decompensation with liver
failure, development of HCC, and need for liver transplantation.
However, achievement of these treatment goals has been ham-
pered by the limited efficacy of current therapy and by the
development of viral resistance during therapy with oral agents.
Patients may be infected with drug-resistant variants, or resis-
tance may arise as a result of exposure to drug therapy. The
currently available oral drugs may be classified as having either
high or low resistance to the virus as reflected in the term genetic
barrier. The general definition of genetic barrier is the threshold
probability that the virus will mutate and escape from the
selective action of the drug, thereby making the virus resistant
to that specific drug. In this terminology, drugs with a high
genetic barrier have a low risk for the emergence of viral resis-
tance, whereas those with a low genetic barrier have a higher
risk of viral resistance. The development of resistance, when
associated with viral rebound, has been linked with an increase
of serum alanine aminotransferase (ALT) levels, hepatitis flares,
and an increased risk of hepatic decompensation and death
from liver failure.®-® Because HBV exists as quasispecies that
include both the wild-type and mutant viruses that may confer
drug resistance, persistent HBV replication in the presence of an

Abbreviations used in this paper: ALT, alanine aminotransferase;
anti-HBe, antibody to hepatitis B e antigen; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma.

© 2007 by the AGA Institute
1542-3565/07/$32.00
doi:10.1016/j.cgh.2007.05.004



August 2007

antiviral drug may lead to resistance and to virologic break-
through, defined as an increase in serum HBV DNA level of 1
log;o or more greater than the nadir. In turn, this increase in
viral load may be followed by increased ALT levels and disease
progression.” Thus, the emergence of drug resistance depends
on the rate of viral replication, the frequency of viral mutations,
the mutability of the antiviral target site, and other viral and
host factors.10

Limitations of Current Guidelines on
Management of Chronic Hepatitis B

Major nongovernmental organizations devoted to the
study of liver disease as well as other expert groups have developed
and refined guidelines designed to aid in the management of
patients with chronic hepatitis B.!'-1 These guidelines address the
criteria for patient selection, the objectives and timing of therapy,
and the advantages and disadvantages of the available therapies.
Available guidelines are either evidence-based or supplemented by
expert opinion, and show the presence of a relationship between
certain baseline parameters and therapeutic outcomes. However,
the guidelines provide very little information on the use of on-
treatment responses (other than management of resistance) to
predict outcomes. Important questions regarding management
during therapy remain largely unanswered: how and when should
patients be monitored, what tests are most useful, and how may
such information be used in decision making to optimize treat-
ment outcomes?

A panel of international hepatologists and virologists with
extensive experience in the management of patients with
chronic hepatitis B met on September 2, 2006, in London,
England, to review available data on the value of monitoring
patients during treatment. The panel proposed a roadmap (e, a
schedule for monitoring) and defined clinically meaningful
on-treatment responses with the goal of enhancing patient
management. The panel also recommended future research
studies designed to assess the value of these proposals.

What is the Relationship Between
Serum HBV DNA and Outcomes?

Natural History Studies

The association of chronic HBV infection, as deter-
mined by the prolonged presence of hepatitis B surface antigen
(HBsAg), with cirrhosis and HCC has been recognized for de-
cades since the landmark studies of Beasley et al'® in Taiwan.
Among HBsAg-positive people, risk factors for HCC included
male sex, older age, hepatitis B e antigen (HBeAg)-positivity,
increased ALT levels, presence of cirrhosis, cigarette smoking,
and alcohol consumption. The linkage of HBV replication and
ongoing liver disease with HCC was described in some early
studies of HBV-infected individuals, but was dependent on
relatively insensitive assays.'®!” Among HBsAg-positive individ-
uals, there is a relationship between the detection of HBeAg and
the development of HCC.!8 Hence, a relationship between se-
rum HBV DNA levels and progressive liver disease had been
suspected, but large natural history studies of untreated pa-
tients were not available until recently.!-31

A large prospective cohort study of HBsAg-positive individuals
negative for antibody to hepatitis C virus, between 30 and 65 years
of age, participating in a 7-Taiwanese-township cancer screening
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Table 1. Multivariate Adjusted Relative Risk of Cirrhosis
and HCC by Serum HBV DNA on Entry Into a
Prospective Cohort Study of HBV-Infected Patients

in Taiwan
Baseline HBV Relative risk Relative risk
DNA of cirrhosis of HCC
(copies/mL) (n = 3582) (n = 3653)
<300 1.0 1.0
300-9.9 X 103 1.4 (0.9-2.2) 1.1(0.5-2.3)
1.0-9.9 x 104 2.5(1.6-3.8) 2.3(1.1-4.9)
1.0-9.9 X 10° 5.6 (3.7-8.5) 6.6 (3.3-13.1)
=1.0 X 108 6.5 (4.1-10.2) 6.1(2.9-12.7)

NOTE. 95% confidence interval shown in parentheses.
Adapted from Chen et al! and llogje et al.?

program, was undertaken to assess the natural history of chronic
HBV infection.’? The study began in 1991-1992 and ended in
2004, and enrolled approximately 3600 HBsAg-positive individu-
als. More than 90% of the cohort had serum ALT levels less than
45 U/L, 85% were HBeAg negative, and 98% had no sonographic
evidence of cirrhosis. At study entry, HBV DNA, HBeAg, ALT, and
alpha-fetoprotein levels also were measured. Changes in serum
HBV DNA levels on follow-up evaluation were analyzed and cor-
related with outcomes. Incident cases of HCC were identified by
follow-up health examinations with linkage to a national cancer
registry. Criteria for the diagnosis of HCC included histology,
lesions seen on 2 different imaging techniques, or on one imaging
technique with an a-fetoprotein level greater than 400 ng/mL.
Among the 3600 participants, 385 developed cirrhosis and 164
developed HCC. The cumulative incidence of cirrhosis and HCC
increased progressively based on HBV DNA levels at study entry.
The multivariable-adjusted relative risk of HCC appeared to reach
a peak with levels greater than 5 log;, copies/mL (Table 1). How-
ever, HBV DNA levels of 4 log;y copies/mL or greater also were
associated with a significant risk for both cirrhosis and HCC, and
patients with increasing levels of HBV DNA levels over time or
with persistently increased levels during follow-up evaluation had
the highest risk of HCC. In contrast, lowering of HBV DNA levels
from the highest levels was linked with a reduction in risk of HCC
only when the HBV DNA level decreased to less than 4 logi,
copies/mL. The authors of these studies recommend monitoring
HBV DNA levels in the management of chronic HBV infection.!?

In a concurrent prospective cohort study undertaken in
Haimen City, China, with a similar 11-year follow-up period,
nearly 2800 HBsAg-positive subjects were included in an anal-
ysis of liver disease-related mortality and morbidity.> The viral
load at entry was categorized as less than 1.5 X 103 copies/mL,
less than 10° copies/mL, and 10° copies/mL or greater. As in the
Taiwan study, mortality rates for chronic liver disease and HCC
were highest in the group with the highest viral load at entry,
and a linear trend in the risk of liver disease mortality and HBV
viral load from lowest to highest was suggested with a threshold
effect for a viral load of 10* copies/mL or greater. About 20% of
those in the highest viral load group died from chronic liver
disease or HCC. Among the surviving participants, there was a
positive association of entry viral level and disease severity 11
years later, with nearly 30% of those with a high viral load
having severe liver disease or HCC. In 2 small studies of Asian
patients with chronic hepatitis B, a minor proportion of pa-
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tients with HBV DNA levels less than 10* copies/mL also
developed evidence of disease progression,>® suggesting that
10* copies/mL may be an imperfect threshold.

Thus, a serum HBV DNA level of 10* copies/mL or greater is
a strong risk factor for disease progression and HCC, indepen-
dent of HBeAg status and serum ALT level. Although these
observations were made in individuals likely to have acquired
HBV infection early in life, there is little a priori reason to
believe that the natural history of adult infection persisting over
several decades is importantly different.

Impact of Treatment-Induced Viral
Suppression on Outcomes

Patients with chronic hepatitis B treated with paren-
teral interferon or oral antiviral drugs provide compelling evi-
dence that reduction of HBV DNA levels improves clinical
outcomes.»?0-25 In lamivudine-resistant decompensated cir-
rhotic patients, treatment with adefovir improved Child-Tur-
cotte-Pugh scores.?® Long-term treatment with lamivudine in
patients with either advanced hepatic fibrosis or cirrhosis delays
clinical progression, with a lower frequency of hepatic decom-
pensation, a reduced rate of HCC, fewer episodes of spontane-
ous bacterial peritonitis and bleeding esophagogastric varices,
and fewer liver disease-related deaths.?” A similar but less dra-
matic benefit in asymptomatic, noncirrhotic chronic hepatitis B
patients has been described.?8

Current Guidelines for On-Treatment
Management

A number of guidelines have been published and gen-
erally are followed in practice. The updated 2007 American
Association for the Study of Liver Diseases practice guideline!?
provides limited discussion of on-treatment management. For
HBeAg-positive chronic hepatitis B patients treated with lami-
vudine, it is suggested that HBV DNA levels should be mea-
sured every 3-6 months and HBeAg and antibody to HBeAg
(anti-HBe) levels should be measured after 1 year and then every
3-6 months. No specific HBV DNA level is cited as a criterion
for changing therapy for this group of patients or for those with
HBeAg-negative disease. Similarly, the use of HBV DNA re-
sponses in patients on treatment with adefovir, entecavir, or
telbivudine is not mentioned in the guideline. The guideline
recommends that patients who have less than a 2-log;o IU/mL
decrease from baseline of HBV DNA after at least 6 months of
treatment should be switched to an alternative Food and Drug
Administration-approved therapy.

Other guidelines, including the 2002 European Association
for the Study of the Liver consensus conference on hepatitis B,
the 2005 Asia Pacific Association for the Study of Liver Diseases
consensus statement on the management of chronic hepatitis
B, and the updated 2006 treatment algorithm specifically
focused on management of chronic hepatitis B in the United
States,!! all address the importance of monitoring patients on
antiviral treatment. However, none describe in detail how mea-
surement of HBV DNA levels should be used. Similarly, pub-
lished recommendations for monitoring for the development of
resistance!® describe primary treatment failure based on
changes in HBV DNA levels measured at week 12.
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On-Treatment Management: Evidence
Supporting the Key Role of HBV DNA
Monitoring

The conventional on-treatment measurements most of-
ten recommended in current guidelines are ALT, HBeAg and
anti-HBe, and HBV DNA levels.

Normalization of Serum ALT Levels

The normalization of serum ALT levels in patients with
increased levels before initiating therapy usually is considered
predictive of improvement in necroinflammatory disease. Mon-
itoring ALT levels also is useful in documenting treatment-
associated flares or viral breakthrough as a result of noncom-
pliance or viral resistance. In patients with normal levels at
baseline, including patients with cirrhosis, ALT levels may not
be helpful in assessing the response to therapy. Lowering of the
upper limit of normal (to 30 U/L in men, and to 19 U/L in
women) has been proposed?” to help guide therapy, but this
recommendation is not accepted universally.!!

HBeAg Serostatus

Loss of HBeAg and, perhaps more importantly, HBeAg
seroconversion to anti-HBe during treatment generally has been
accepted as indicative of a therapeutic response. Some suggest
that sequential monitoring of quantitative HBeAg levels during
treatment with interferon or lamivudine may be helpful in
predicting outcomes.?%3! However, quantitation of HBeAg has
not been used widely, is not approved in the United States by
the Food and Drug Administration, is expensive, and available
data about the predictive value of HBeAg serostatus remain
limited. Serum HBV DNA levels of greater than 10* copies/mL
typically are associated with a lack of HBeAg seroconversion
(loss of HBeAg and appearance of anti-HBe), whereas about one
third of those with lower levels of serum HBV DNA will sero-
convert,*? suggesting a close relationship of the degree of HBV
DNA suppression to the likelihood of seroconversion. In
HBeAg-negative patients at the outset of treatment, serum HBV
DNA and ALT monitoring are the only useful markers of
response to therapy.

Serum HBV DNA Levels

Suppression of serum HBV DNA while on treatment
appears to be the best predictor of improved long-term out-
comes. The evidence supporting this approach to monitoring
and predicting response to treatment is available from a num-
ber of sources summarized later.

Clearance of HBV DNA by the less-sensitive hybridization
methodology and closely linked HBeAg seroconversion on in-
terferon therapy was associated with an improved survival,
reduced need for liver transplantation, and fewer severe com-
plications as a result of cirrhosis.*

In a review of 26 prospective clinical trials involving more
than 3400 patients, there were statistically significant correla-
tions between changes in the serum HBV DNA level on-treat-
ment and histologic, biochemical, and serologic responses.®?
These data suggest that treatment-associated suppression of
HBV replication can be used to assess the efficacy of therapy.

Discontinuation of adefovir therapy in HBeAg-negative pa-
tients was associated with an increase in HBV DNA levels, lower
frequency of ALT normalization, and reversal of improvement
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in inflammatory activity and reduction in fibrosis scores on
biopsy examination.3*

Among patients receiving lamivudine therapy for more than
1 year and developing the YMDD mutation, about two-thirds
had increases in serum HBV DNA and ALT levels and reduced
histologic benefit in necroinflammatory activity.”

Clinical progression in patients with advanced disease was
reduced in patients treated with lamivudine with lowering of
serum HBV DNA levels, but this beneficial effect was attenuated
in those who developed lamivudine resistance.?” HBV DNA
breakthrough with reappearance of detectable HBV DNA by a
branched-chain hybridization assay occurred in more than 60%
of those with the YMDD mutant but in only 5% of those
without the mutation.

In HBeAg-positive patients without advanced disease receiv-
ing long-term lamivudine therapy, reductions of HBV DNA
levels were greatest in those without YMDD mutations and the
risk of developing cirrhosis and HCC was decreased compared
with those with the mutations or in a control group.?8

In HBeAg-negative Greek patients treated with long-term
nucleos(t)ides, those who achieved viral remission, defined as
serum HBV DNA levels less than 103 copies/mL at any point
while on treatment, had significantly fewer complications and
better event-free survival than patients unresponsive to lamivu-
dine or those who experienced virologic breakthroughs.?

All of the previous data support the concept that suppres-
sion of serum HBV DNA to very low or undetectable levels
should be the critical goal in the on-treatment management of
chronic hepatitis B. Moreover, it seems likely that maintenance
of viral suppression is a requisite for long-term clinical benefit.

Time-Course of HBV DNA Suppression
During Treatment

The emergence of viral resistance and viral break-
through while receiving oral antiviral therapy is related in large
part to the level of ongoing viral replication. This is a reflection
of the antiviral potency as well as the drug’s genetic barrier to
resistance, which is the ability of the drug to retain efficacy in
the face of mutations in the virus. Thus, it seems reasonable
that the longer viral replication continues unabated in the
presence of the antiviral drug, the greater the risk of break-
through and attenuation of the benefits of therapy. The key
issue that is the focus of this proposed roadmap concept is the
time point that one can predict the outcomes of therapy by the
serum HBV DNA level.

The following is a summary of data providing insights on
the optimal timing for monitoring serum HBV DNA levels
during treatment with different agents.

Peginterferon Alfa-2a

Rates of HBV DNA reductions to less than 20,000
copies/mL or normalization of serum ALT levels at 24 weeks
after ending therapy were significantly higher in those with
HBV DNA levels less than 400 copies/mL at week 12.35 The
positive predictive value to achieve a week 72 response for
patients with an HBV DNA level less than 2.5 log;o copies/mL
at week 12 was 64%, but the negative predictive value was just
70%. Thus, HBV DNA levels at weeks 12, 18, or 24 were not
sufficiently predictive to develop a stopping rule similar to that
developed in the treatment of chronic hepatitis C.3¢
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Peginterferon Alfa-2b With or Without
Lamivudine

A 1 logyo copies/mL decrease in serum HBV DNA levels
at week 32 predicted loss of HBeAg in genotype A patients
only.>”

Lamivudine

In contrast to the limited use of the on-treatment
measurement of serum HBV DNA levels in predicting out-
comes, emerging data suggest that early and profound reduc-
tions in HBV DNA levels during therapy with nucleos(t)ides
predict the likelihood of viral resistance and outcomes. In a
study of 159 Asian HBeAg-positive patients treated with lami-
vudine and followed up for a median period of almost 30
months, those with HBV DNA levels greater than 10° cop-
ies/mL at week 24 had a 63% chance of developing the YMDD
mutant vs 21% of those with HBV DNA levels less than 103
copies/mL.38 In a smaller study of largely non-Asian patients,
those with HBV DNA levels above the limit of detection by
polymerase chain reaction (10? copies/mL) continuously during
lamivudine therapy had an increased risk of developing resis-
tance.® Loss of HBeAg occurred only in patients whose serum
HBV DNA was undetectable at week 24.

Telbivudine Versus Lamivudine

In a phase 2b trial involving 104 patients treated with
telbivudine, lamivudine, or the combination of both drugs, the
degree of viral suppression at week 24 was associated strongly
with clinical and virologic efficacy outcomes at week 52 of
treatment.*? All patients with undetectable HBV DNA levels
(<200 copies/mL) at week 24 remained below that level at week
52. In the phase 3 GLOBE trial, 921 HBeAg-positive patients
were randomized to treatment for 2 years with telbivudine vs
lamivudine. In multivariate analysis, a lower HBV DNA level at
week 24 was the best predictor of clinical and virologic efficacy
responses at 52 weeks, irrespective of HBeAg serostatus.*!
Among patients who were HBV DNA negative by polymerase
chain reaction at week 24, 90% were HBV DNA negative (<300
copies/mL) at week 52, and less than 1% developed resistance.*?
Furthermore, week 24 HBV DNA levels also were highly pre-
dictive of efficacy outcomes after 2 years of treatment.*3

Telbivudine or Adefovir

In a study of HBeAg-positive patients treated with ei-
ther telbivudine or adefovir for 52 weeks, significantly more
patients treated with telbivudine achieved HBV DNA negativity
(<300 copies/mL) at week 24 (38.6%) than those treated with
adefovir (12.4%), and the degree of HBV DNA reduction ob-
served at week 24 of treatment was predictive of efficacy out-
comes at week 52.** In addition, patients with the highest HBV
DNA levels at week 52 were likely to have high viral loads at
week 24 of treatment.

Adefovir

Adefovir, the only nucleotide analog that is approved by
the Food and Drug Administration for the treatment of hepa-
titis B, appears to induce a slower rate of HBV DNA decrease as
compared with lamivudine and telbivudine. Changes in HBV
DNA levels at weeks 4 and 12 did not predict resistance to
adefovir at week 144 in HBeAg-negative patients.*> However,
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HBV DNA levels at week 48 were predictive of the development
of resistance on multivariate analysis. In patients with HBV
DNA levels less than 3 log;y copies/mL at week 48, only 4%
developed resistance at week 144, vs 26% of those with levels of
3-6log;o copies/mL and 67% of those with greater than 6 log;o
copies/mL. As a consequence, proposals for use of earlier (eg, 24
week on-treatment virologic levels [see later]|) may not hold for
adefovir. The emergence of genotypic resistance to adefovir is
reported to be 29% after 5 years of treatment in HBeAg-negative
patients,*® with a corresponding rate of viral breakthrough of
16%, and a genotypic resistance rate as high as 42% after S years
in HBeAg-positive patients.*’

Entecavir

With entecavir, a nucleoside analogue with a high ge-
netic barrier to resistance, the 24-week on-treatment HBV DNA
level achieved in patients with lamivudine resistance also may
be predictive of long-term outcomes and the eventual emer-
gence of resistance to this drug.*®

Proposed Roadmap Concept for
On-Treatment Monitoring and
Management of Chronic Hepatitis B

The purposes of monitoring patients during treatment
are to assess drug safety, compliance, and the treatment re-
sponses. Early virologic response in particular is of value in
detecting primary treatment failure (defined later) and in pre-
dicting likely outcomes of continued therapy—improved histol-
ogy, reduced likelihood of clinical disease progression, and/or

HBV Roadmap Concept
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the development of drug resistance with viral breakthrough,
which in turn may lead to continuing disease progression. After
reviewing the available data, there was agreement that quanti-
tative, residual HBV DNA level is the most useful indicator of
on-treatment response to therapy, in both HBeAg-positive and
HBeAg-negative patients. Although reductions in HBV DNA
levels from baseline often are used in clinical trials to report the
antiviral potency of drugs for chronic hepatitis B, the panel
agreed that residual HBV DNA level was a better marker of
therapeutic outcome and the emergence of resistance. Hence,
baseline HBV DNA levels were not considered further, although
they may be predictive of outcomes before onset of therapy.
Figure 1 depicts the roadmap concept. The panel accepted the
previously described definition of primary treatment failure,
namely failure to reduce HBV DNA by 1 log;o IU/mL or more
at week 12 as useful in on-treatment management.!® It was
considered that primary treatment failure is a rare event.!° For
patients in whom compliance is not the likely cause of primary
treatment failure, a change in therapy is indicated.

The next time point proposed for monitoring the serum
HBV DNA level should be at week 24 of therapy. This
measurement was considered essential in the management of
both HBeAg-positive and HBeAg-negative patients. Re-
sponses at week 24 were categorized as complete, partial, or
inadequate virologic responses.

Complete virologic response was defined as HBV DNA levels
less than 60 IU/mL (<300 copies/mL) (ie, the lower limit of
detection of standard polymerase chain reaction assays). Be-
cause most of the available data have used levels of less than
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300 copies/mL as the threshold for undetectable HBV DNA,
the panel favored the use of this level in this classification.
For patients with a complete virologic response, continued
therapy with the same drug, with repeat testing lengthened
to 6-month intervals at the physician’s discretion, was rec-
ommended (Figure 1).

Partial virologic response was defined as residual HBV DNA
levels less than 2000 IU/mL (<4 logo copies/mL) at week 24. In
patients with such a partial response who are treated with a
drug with a low genetic barrier to resistance (eg, lamivudine),
adding an appropriate non- cross-resistant second drug should
be considered to prevent the emergence of resistance and viral
breakthrough (Figure 1). Patients with a partial response who
are being treated with a potent drug with a high genetic barrier
(eg, entecavir), should have repeated monitoring at 3-month
intervals and continued beyond 48 weeks. In patients with a
partial virologic response who have been treated with a drug
with a delayed antiviral effect and a relatively high barrier to
resistance (eg, adefovir), monitoring should be repeated at
3-month intervals, and if the response remains partial or be-
comes inadequate at week 48, a change in therapy should be
undertaken unless HBV DNA has been decreasing steadily and
is nearly undetectable. If the response becomes complete at
week 48, therapy can be continued.

Inadequate virologic responses were defined as residual HBV DNA
levels of 2000 IU/mL or higher (=4 log;, copies/mL) at week 24.
This threshold for a suboptimal response was accepted because of
the reviewed evidence that disease progression is likely with such
levels and that viral resistance and breakthrough are much more
common in treated patients in whom these levels persist. Patients
with an inadequate virologic response require a change in therapy
either to a more efficacious drug, if such a drug is available, or
the addition of a second drug, preferably one without cross-
resistance to the continued drug (Figure 1). Once that change has
been made, continued monitoring at 3-month intervals seems
appropriate. The intervals between monitoring beyond week 48
should be based on results of testing and may be lengthened from
3 to 6 months, at the physician’s discretion, if serum HBV DNA
levels decrease to undetectable levels. Patients with advanced dis-
ease should be monitored at 3-month intervals independent of
virologic response.

Caveats Regarding the Roadmap
Concept

The international panel identified a number of poten-
tial limitations to this roadmap concept.

1. The applicability of this roadmap concept to treatment
with pegylated or conventional interferon was not con-
sidered; management of on-treatment early viral kinetic
responses to nucleos(t)ides was the focus of the panel’s
deliberations.

2. Whether the roadmap is applicable to treatment with
nucleos(t)ides after failure of treatment with interferon
also is uncertain because there are very little available
data.

3. Strategies for monitoring patients in whom initial ther-
apy comprises 2 or more drugs were not addressed.

4. The panel speculated that the roadmap concept might
apply differently depending on the stage of disease (ie,

mild vs advanced).
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5. The panel was uncertain whether inclusion of other base-
line factors with HBV DNA testing might improve the
predictability of the testing strategy.

6. The panel did not consider the role of HBV genotyping,
which may become important in guiding changes in therapy
in the future. Because the assays for HBV DNA are becom-
ing increasingly sensitive, with very low limits of detection,
the precise levels used for definition of virologic response
may change over time, and are being recorded in IU/mL
rather than copies/mL (1 IU = 5.6 copies).

7. The panel did not consider strategies for monitoring
patients on long term, continuous suppressive therapy.

8. The panel did not consider the use of monitoring pa-
tients to shorten therapy.

The panel recommended that the value of on-treatment
monitoring should be assessed in future prospective trials of
both approved and new drugs. Until such data are available,
on-treatment monitoring at 3- to 6-month intervals should be
encouraged in clinical practice. As new information evolves
through studies of the use of the current proposals, modifica-
tion and refinements of the roadmap concept is anticipated.

Conclusions

The expert panel agreed that the natural history of
chronic hepatitis B is determined in large part by the level of
HBV replication, as reflected in circulating levels of HBV DNA.
Profound and sustained inhibition of viral replication is there-
fore the most important goal of treatment and if achieved will
reduce the likelihood of subsequent disease progression and
emergence of viral resistance.

In summary, early monitoring of the virologic response to
therapy in chronic hepatitis B treated with oral nucleos(t)ides is
essential to identify primary treatment failure at week 12 and
suboptimal responses at week 24 to modify management ac-
cordingly. Prospective testing of this strategy is necessary. If its
use can be confirmed, this roadmap should be increasingly
helpful as further potent antiviral therapies with superior viral
suppressive abilities and high genetic barriers to resistance are
developed. The use of this roadmap should permit improved
individualized on-treatment management designed to enhance
long-term patient outcomes.
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