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Abstract
Background: A 2-year roadmap study was conducted to 
evaluate the efficacy and safety of tenofovir intensification at 
Week 24 in patients with chronic hepatitis B (CHB) receiving 
telbivudine.

Scope: A prospective multicenter study was conducted in 
treatment-naive patients with hepatitis B e antigen (HBeAg)-
positive CHB. All patients received telbivudine (600 mg/day) 
until Week 24. Thereafter, patients with detectable hepatitis 
B virus (HBV) DNA (≥300 copies/mL) were administered 
tenofovir (300 mg/day) plus telbivudine, and patients with 
undetectable HBV DNA continued telbivudine monotherapy 
until Week 104. The primary endpoint was the proportion 
of patients with undetectable HBV DNA (<300 copies/mL) 
at Weeks 52 and 104.

Findings: A total of 105 patients were enrolled in the trial, of 
which 100 were eligible for efficacy analysis. Undetectable 
HBV DNA levels were observed at Week 24 in 55 patients who 
continued on with telbivudine monotherapy. The remaining 45 
patients with detectable HBV DNA received tenofovir add-on 
therapy. With monotherapy, 100% (55/55) and 94.5% (52/55) 
of patients achieved HBV DNA <300 copies/mL at Weeks 52 
and 104, respectively; the corresponding values for patients 
with add-on therapy were 84.4% (38/45) and 93.3% (42/45). 
Overall, undetectable HBV DNA (<300 copies/mL) was found 
in 93% (93/100) and 94% (94/100) of patients at Weeks 52 
and 104, respectively. HBeAg seroconversion rate was 44.4% 
(44/99) at Week 104 for the overall patient population. One 
patient in the monotherapy group and six in the intensification 

group demonstrated HBsAg clearance at Week 104. HBsAg 
seroconversion was observed in four patients at Week 104, all 
belonged to the tenofovir intensification group. Eight patients 
sustained HBsAg loss during a posttreatment follow-up period 
of 16 weeks. Alanine aminotransferase (ALT) normalization 
was constant in the telbivudine monotherapy group, whereas 
a progressive improvement was observed in the tenofovir 
intensification group. Two patients in the monotherapy 
and none in the intensification group experienced viral 
breakthrough by Week 104. There were no reports of myopathy 
in either group. The mean changes in estimated glomerular 
filtration rate (eGFR), estimated using the Modification of Diet in 
Renal Disease (MDRD) formula, from baseline to Week 104 were 
+6.145 mL/min/1.73 m2 (p=0.0230) and +7.954 mL/min/1.73 m2  
(p=0.0154) in the telbivudine monotherapy and tenofovir 
intensification groups, respectively. The incidence of serious 
AEs was four in the telbivudine monotherapy and two in the 
tenofovir intensification group. The main limitation of this 
study was limited sample size, which made the power of the 
observation low, and the absence of a comparative subgroup 
to assess the progression of patients with detectable HBV DNA 
without treatment intensification.

Conclusions: Data from this 2-year roadmap study confirmed 
that telbivudine with add-on tenofovir was effective and well 
tolerated in patients with CHB. Telbivudine was associated with 
an improvement in eGFR from baseline in both the groups.
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Introduction
Chronic hepatitis B (CHB) is a major area of concern worldwide, 
with approximately 240 million people being chronically 
infected with hepatitis B virus (HBV) and more than 780,000 
deaths every year due to the acute or chronic consequences of 
hepatitis B [1]. Over one million patients suffering from CHB die 
every year with end-stage liver disease, including cirrhosis and 
hepatocellular carcinoma [2,3]. The emergence of resistance 
due to prolonged nucleoside analogues (NAs) therapy or 
incomplete suppression of HBV still remains an important 
challenge [4].

Over the past few decades, the treatment landscape for CHB 
has changed from monotherapy to the conditional addition 
of other antiviral drugs, by on-treatment monitoring of serum 
HBV DNA and/or HBsAg levels. This concept, widely known 
as “roadmap strategy,” may improve efficacy and prevent 
the emergence of resistance [2,5–7]. In addition, sustained 
hepatitis B e antigen (HBeAg) seroconversion in these patients 
may improve long-term outcomes through the decreased 
risk of hepatic complications compared with those without a 
sustained seroconversion [8]. Currently, several antiviral drugs 
are available for the treatment of CHB, which include interferons, 
telbivudine, lamivudine, tenofovir, entecavir, and adefovir [9–11] 
(Figure 1). Telbivudine is a β-L-nucleoside analog indicated for 
the treatment of CHB with evident viral replication and elevated 
alanine aminotransferase (ALT) levels. The superiority of 
telbivudine over lamivudine has been proven in the GLOBE trial 
[12,13]. A recent network meta-analysis reported that telbivudine 
had a superior efficacy as compared with adefovir, entecavir, and 

lamivudine in HBeAg seroconversion [14]. Tenofovir disoproxil 
fumarate is an acyclic NA of adenosine monophosphate [15] 
with potent antiviral activity against HBV and is recommended 
as an add on in case of telbivudine resistance [2]. As per APASL 
2015 guidelines, patients with CHB receiving adefovir or 
lamivudine or telbivudine treatment would require an early 
detection and modification of therapy to optimize long-term 
outcomes [16]. The present study was performed to determine 
the safety and efficacy of telbivudine with or without treatment 
intensification by tenofovir addition at Week 24 in patients with 
HBeAg positive CHB. This was the first prospective study to 
monitor the treatment response and conditional intensification 
with tenofovir. The 1-year results have been published 
earlier [17]; in this paper, we present the 2-year results of the 
telbivudine roadmap study.

Materials and Methods
Study design
This was a prospective, 2-year, multinational, single-arm, and 
open-label phase IV long-term study [17] that enrolled a total of 
105 patients between April 2008 and September 2011. Patients 
were enrolled from 17 centers in five countries: Argentina (3), 
Brazil (4), Germany (4), Hong Kong (2), and Thailand (4). Blood 
samples were collected from patients during “screening visit,” 
“baseline visit,” “treatment visits,” and “posttreatment visits.” At 
screening visit, 40 mL of blood was collected from each patient 
to test if hepatitis C virus, hepatitis D virus, and HIV are present 
in the blood sample. Patients were not enrolled in the study if 
any of these viruses were detected in the blood samples. Blood 
tests were done to detect “e” antigen of the virus. At baseline 
visit, 35 mL of blood was collected per patient for laboratory 
testing of HBV. During treatment visits at Weeks 2, 4, 8, 12, 16, 
24, 26, 30, 40, 48, 52, 60, 68, 76, 86, 96, and 104, blood samples 
(20–40 mL) were collected, frozen, and stored. The stored 
blood samples were used for the detection and sequencing 
of HBV. During posttreatment follow-up visits at Weeks 108, 
112, 116, and 120, blood samples (25 mL) were collected for 
laboratory testing. All patients received telbivudine (600 
mg/day) until Week 24, and if the HBV DNA levels were ≥300 
copies/mL, tenofovir (300 mg/day) was added at Week 26. 
The posttreatment follow-up was planned for 16 weeks after 
Week 104. Informed consent was obtained from each patient 

Figure 1. Current approved therapies for chronic 
hepatitis B [9–11].
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Abbreviations: ALT, alanine aminotransferase; CHB, 
chronic hepatitis B; CI, confidence interval; eGFR, estimated 
glomerular filtration rate; HBeAg, hepatitis B e antigen; HBV, 
hepatitis B virus; IIT, intention to treat; LOCF, last observation 
carried forward; MDRD, Modification of Diet in Renal Disease; 
mITT, modified intention to treat; NA, nucleoside analogue; 
OD, once daily; SD, standard deviation.
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included in this study and the study protocol conforms to the 
ethical guidelines of the 1975 Declaration of Helsinki.

Patients
The study enrolled patients with CHB of either sex, aged ≥18 
years and who had detectable HBsAg at the screening visit  
and for at least 6 months prior to inclusion, were HBeAg- 
positive and HBeAb-negative, and had serum HBV DNA  
≥5 log10 copies/mL, elevated serum ALT (1.3–10 × upper normal 
limit), and evidence of chronic liver inflammation. Patients 
were excluded if they had a coinfection with hepatitis C virus, 
hepatitis D virus, HIV, or other causes of chronic liver disease 
(other than CHB) [17].

Efficacy assessment
The primary endpoint was to determine the proportion of 
patients with undetectable HBV DNA (<300 copies/mL) at 
Weeks 52 and 104. The secondary endpoints included the rate 
of virologic breakthrough, defined as HBV DNA ≥1 log10 copies/
mL from nadir on two consecutive visits, up to Week 104;  
the rate of treatment-emergent HBV resistance confirmed 
by genotyping, with viral breakthrough (defined as HBV 
DNA ≥1 log10 copies/mL from nadir on two consecutive visits) 
up to Week 104; reduction in HBV DNA (<300 copies/mL) 
from baseline over the course of the study; ALT normalization 
at Weeks 24, 52, and 104; and HBeAg and HBsAg loss and 
seroconversion at Weeks 52 and 104.

Safety assessment
The safety analysis included the monitoring of adverse 
events (AEs) based on clinical and laboratory evaluations and 
their correlation with the study medication based on the 
investigator’s assessment. The safety population included 
all patients who received at least one dose of the study 
medication (intention to treat [ITT] population) and had at least 
one post-baseline safety assessment. GFR was estimated using 
both the Cockcroft-Gault and Modification of Diet in Renal 
Disease (MDRD) formulae at Weeks 52 and 104.

Statistical analyses
A two-sided paired t-test was used to assess the change in GFR 
from baseline. All statistical analyses were performed using 
SAS® version 9.3 (SAS Institute, Inc., Cary, NC, USA).

Results
Patient disposition and baseline 
characteristics
A total of 105 patients were enrolled in the trial, of which 
100 were eligible for the efficacy analysis (Figure 2). The 

patient demographics and baseline characteristics have been 
previously reported [17]. Eighty-eight patients completed the 
treatment phase at Week 104. In total 103, 101, and 85 patients 
completed treatment at Week 26, Week 52, and posttreatment 
follow-up period of 16 weeks, respectively.

Efficacy
At Week 24, 55 of 100 (55%) patients had undetectable 
HBV DNA (<300 copies/mL) and continued to receive 
telbivudine. Of these, all 55 patients had HBV DNA 
<300 copies/mL at Week 52, and 52 (94.5%) patients still had 
HBV DNA <300 copies/mL at Week 104. The remaining 45 
patients with HBV DNA ≥300 copies/mL at Week 24 received 
tenofovir 300 mg along with telbivudine 600 mg after Week 
26 until the end of the study (104 weeks). Of these 45 patients, 
serum HBV DNA was undetectable (HBV DNA <300 copies/mL) 
in 38 (84%) and 42 (93%) patients at Week 52 and Week 104, 
respectively.

Overall in all patients enrolled, the primary endpoint of 
undetectable HBV DNA (<300 copies/mL) was found to be 93% 
(93/100) at Week 52 and 94% (94/100) at Week 104. Table 1 
summarizes the primary and secondary endpoints at Weeks 
52 and 104. The reduction in serum HBV DNA was statistically 
significant from baseline up to Week 104 (p<0.0001; Figure 3). 
At Week 52, the mean reduction, by last observation carried 
forward, in HBV DNA was 6.2 and 7.4 log10 copies/mL whereas 
at Week 104, the reduction compared with baseline was 6.1 
and 7.5 log10 copies/mL in the telbivudine monotherapy and 
tenofovir intensification groups, respectively.

The rate of HBeAg loss at Week 104 was slightly improved from 
that at Week 52 in both the telbivudine monotherapy (70.9% 
from 65.5%) and tenofovir intensification (25.0% from 15.9%) 
groups. A similar pattern of improvement was also observed 
with HBeAg seroconversion at these time points.

HBsAg loss was observed in six patients at Week 52 and in 
seven patients (six from tenofovir intensification and one from 
telbivudine monotherapy group) by Week 104. Similarly, HBsAg 
seroconversion was observed in three patients at Week 52 
and four patients at Week 104, all belonging to the tenofovir 
intensification group. In total, eight patients sustained HBsAg 
loss during the follow-up period (one patient at Week 116 and 
seven patients at Week 120).

At Week 104, four of the seven patients with HBsAg loss and 
two of the four patients with HBsAg seroconversion presented 
with HBV DNA <300 copies, HBeAg seroconversion, and ALT 
normalization. Overall, the rate of ALT normalization consistently 
improved from 66% at Week 24 to 77% at Week 52 and 84% at 
Week 104. ALT normalization was constant in the telbivudine 
group (86%, 87%, and 87%, respectively at Weeks 24, 52, and 
104), whereas a progressive improvement in ALT normalization 
was observed in the tenofovir intensification group (42%, 64%, 
and 80%, respectively at Weeks 24, 52, and 104).
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viral breakthrough or resistance throughout the study period 
(104 weeks).

Safety
The incidence of AEs is summarized in Table 2. The majority 
(58.1%) of AEs were mild, while 13.3% were moderate and 
only 4.8% were severe in intensity. A total of 28 (27%) patients 

Viral breakthrough
Until Week 52, none of the patients in this study experienced viral 
breakthrough and genotypic resistance [17]. However, by Week 
104, two patients with baseline HBV DNA > 9 log10 copies/mL  
in the telbivudine monotherapy group had viral breakthrough 
and treatment-emergent genotypic resistance. None of the 
patients in the tenofovir intensification group experienced 

Figure 2. Patient disposition.
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intensification1
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40 patients
Discontinued (6)
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1Patients in the tenofovir intensification group also received telbivudine until Week 24.
2Investigators provided follow-up medical care according to the local standard of care for patients who were 
prematurely withdrawn from the study.
mITT, modified intention to treat. Efficacy analysis was performed on the mITT population, which excluded 
patients who discontinued before Week 24 or did not take tenofovir despite detectable HBV DNA. The mITT 
population also excluded patients who showed a baseline HBV DNA mutation.
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Table 1. Comparison of various efficacy endpoints in mITT population.

Efficacy endpoint,  
n (%)

Telbivudine 
monotherapy 
N=55

95% CI Telbivudine +  
Tenofovir 
N=45

95% CI Overall 
N=100

95% CI

HBV DNA <300 copies/mL Week 2 1/55 (1.8) (0, 5.4) — NA 1/100 (1.0) (0, 3)

Week 24 55/55 (100) (100, 100) — NA 55/100 (55.0) (45.3, 64.8)

Week 104 52/55 (94.5) (88.5, 100) 42/45 (93.3) (86.1, 100) 94/100 (94.0) (89.4, 98.7)

HBeAg loss Week 104 39/55 (70.9) (58.9, 82.9) 11/44 (25.0) (12.2, 37.8) 50/99 (50.5) (40.7, 60.4)

HBeAg seroconversion Week 104 37/55 (67.3) (54.9, 79.7) 7/44 (15.9) (5.1, 26.7) 44/99 (44.4) (34.7, 54.2)

HBsAg loss Week 104 1/55 (1.8) (0.0, 5.4) 6/44 (13.6) (3.5, 23.8) 7/99 (7.1) (2, 12.1)

HBsAg seroconversion Week 104 0/55 (0.0) NA 4/44 (9.1) (0.6, 17.6) 4/99 (4.0) (0.2, 7.9)

Virologic breakthrough Week 104 2/55 (3.6) (0, 8.6) 0/45 (0.0) NA 2/100 (2.0) (0, 4.7)

ALT normalization Week 104 48/55 (87.3) (78.5, 96.1) 36/45 (80.0) (68.3, 91.7) 84/100 (84.0) (76.8, 91.2)

CI, confidence interval; mITT, modified intention to treat. The primary endpoint was to determine the proportion of patients 
with undetectable HBV DNA (<300 copies/mL) by COBAS Amplicor HBV monitor assay (Roche Molecular Systems, Branchburg, 
NJ, USA) at Weeks 52 and 104.

Figure 3. Change in HBV DNA levels from baseline to Week 104 (mITT population).
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HBV, hepatitis B virus; mITT, modified intention to treat.

reported AEs that were related to the study medication. No 
deaths were reported in any of the study groups. Overall, the 
incidence of serious AEs was low (5.7%, 6/105): four in the 
telbivudine monotherapy group and two in the tenofovir 
intensification group. None of the serious AEs were considered 
to be related to the study medication.

In total, 17 patients experienced myalgia, the majority 
(n=13) being in the telbivudine monotherapy group and 
4 in the tenofovir intensification group. Out of 17, myalgia 
events resolved in 13 patients while continuing treatment; 
events remained ongoing for two patients, and two patients 
discontinued treatment. Four patients reported muscle 
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Cockcroft-Gault formulae, in the telbivudine monotherapy 
group was +6.145 mL/min/1.73 m2 (p=0.0230) and +6.268 
mL/min/1.73 m2 (p=0.0072), whereas the mean change in GFR in 
the tenofovir intensification group was +7.954 mL/min/1.73 m2 
(p=0.0154) and +4.372 mL/min/1.73 m2 (p=0.1415), respectively.

Discussion
The results from the present prospective randomized study 
support the concept of monitoring virologic response at Week 
24 and conditional intensification of therapy, as recommended 
by current practice and international guideline [2]. Notably, 
94.5% of patients, who had undetectable HBV DNA (<300 
copies/mL) at Week 24 and continued to receive telbivudine, 
had undetectable HBV DNA at Week 104. HBV DNA levels 
were mostly consistent in the telbivudine monotherapy group 
throughout the study period, whereas the addition of tenofovir 
in the intensification group facilitated further reduction over 
Weeks 52 and 104.

Consistent with the GLOBE study, which compared the efficacy 
and safety of telbivudine versus lamivudine over 2 years in 
patients with CHB, our prospective results demonstrated that 
undetectable HBV DNA at Week 24 is a strong on-treatment 
predictor of treatment response by Week 104 [13]. Patients 
with baseline HBV DNA <9 log10 copies/mL were most likely to 
respond to telbivudine monotherapy at Week 24. Although the 
baseline HBV DNA is not considered for treatment decision as 

weakness, one in the telbivudine monotherapy group and 
three in the tenofovir intensification group. Five patients from 
the telbivudine monotherapy group and two patients from 
the tenofovir intensification group had grade 3 or 4 creatine 
kinase levels. One patient from the tenofovir intensification 
group reported elevated blood creatinine levels (232 μmol/L) 
at Week 97, which returned to 91 μmol/L within 5 days. On-
treatment ALT flare, defined as ALT elevation >2 × baseline 
and ALT elevation >10 ×  upper normal limit, was observed in 
two patients, both from the tenofovir intensification group, at 
Weeks 4 and 8 after initiation of the initial treatment, whereas 
six patients, three from each group, had ALT flares during the 
posttreatment follow-up phase. For the ITT population, the 
mean change in GFR at Week 104, calculated by the MDRD and 

Units of measurement

Measurement Units

Undetectable HBV DNA copies/mL

Dose (telbivudine or tenofovir) mg/day

Estimated glomerular filtration rate mL/min/1.73 m2

Alanine aminotransferase level U/L

Blood creatinine level μmol/L

Virologic breakthrough log10 copies/mL

Table 2. Most common adverse events at Week 104.

n (%) Telbivudine 
monotherapy 
N=59

Telbivudine + Tenofovir N=46 Overall N=105

Telbivudine 
monotherapy 
period

Telbivudine + 
Tenofovir  
period

Total

Total no. (%) of patients with SAE 3 (5.1) 1 (2.2) 2 (4.3) 3 (6.5) 6 (5.7)

Total no. (%) of patients with any AE 50 (84.7) 23 (50.0) 25 (54.3) 31 (67.4) 81 (77.1)
Myalgia 13 (22.0) 3 (6.5) 3 (6.5) 4 (8.7) 17 (16.2)
Upper respiratory tract infection 8 (13.6) 4 (8.7) 2 (4.3) 6 (13.0) 14 (13.3)
Headache 7 (11.9) 5 (10.9) 3 (6.5) 6 (13.0) 13 (12.4)
Dyspepsia 6 (10.2) 0 4 (8.7) 4 (8.7) 10 (9.5)
Arthralgia 2 (3.4) 2 (4.3) 6 (13.0) 7 (15.2) 9 (8.6)
Cough 2 (3.4) 2 (4.3) 3 (6.5) 5 (10.9) 7 (6.7)
Nasopharyngitis 6 (10.2) 0 1 (2.2) 1 (2.2) 7 (6.7)
Diarrhea 3 (5.1) 1 (2.2) 2 (4.3) 3 (6.5) 6 (5.7)
Pyrexia 5 (8.5) 1 (2.2) 0 1 (2.2) 6 (5.7)
Dizziness 4 (6.8) 1 (2.2) 0 1 (2.2) 5 (4.8)
Fatigue 4 (6.8) 1 (2.2) 0 1 (2.2) 5 (4.8)
Nausea 2 (3.4) 0 3 (6.5) 3 (6.5) 5 (4.8)
Upper abdominal pain 0 3 (6.5) 1 (2.2) 4 (8.7) 4 (3.8)
Decreased appetite 1 (1.7) 0 3 (6.5) 3 (6.5) 4 (3.8)
Muscular weakness 1 (1.7) 0 3 (6.5) 3 (6.5) 4 (3.8)
Pain in extremity 3 (5.1) 1 (2.2) 0 1 (2.2) 4 (3.8)
Vomiting 1 (1.7) 0 3 (6.5) 3 (6.5) 4 (3.8)
Influenza 3 (5.1) 0 0 0 3 (2.9)

AE, adverse event; SAE, serious adverse event.
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should be tested for serum creatinine levels and estimated 
creatinine clearance before treatment [2]. Appropriate dosing 
adjustment is recommended while using NAs in patients 
with creatinine clearance <50 mL/min as NAs are cleared by 
kidneys [2]. Except for telbivudine, which seems to improve 
creatinine clearance, minimal rates of renal function decline 
were associated with other NAs [2]. Monitoring of adverse 
renal effects is recommended while using tenofovir and 
adefovir in patients with CHB as they have high potential for 
nephrotoxicity [2]. In the present study, telbivudine therapy 
was associated with an improvement in eGFR from baseline 
to Week 104 in both telbivudine monotherapy and tenofovir 
add-on therapy. These findings are consistent with the 1-year 
results reported from this study [17]. The improvement in eGFR 
with telbivudine treatment was also reported in earlier studies 
[19,20]; however in contrast there was decline in eGFR and 
renal function observed with tenofovir in previously published 
studies and therefore regular monitoring of renal parameters is 
recommended with the use of tenofovir [21–23].

The main limitation of the study is limited sample size, which 
makes the power of the observation low, and the absence of 
a comparative subgroup to assess the progression of patients 
with detectable HBV DNA without treatment intensification. 
Quantitative analysis of HBsAg decline compared with baseline 
at Week 24 in two groups would be helpful to understand he 
observed high HBsAg loss rates. In this study, there was no 
control group of telbivudine monotherapy for patients who 
had detectable HBV DNA (≥300 copies/mL) at Week 24 and 
continued the monotherapy. Therefore, as per study design 
there was no comparator to evaluate the 2-year treatment 
effect of tenofovir intensification versus continued telbivudine 
monotherapy in patients with detectable HBV DNA at Week 24.

In conclusion, the 2-year results from the telbivudine roadmap 
study confirm the importance of on-treatment monitoring and 
that the addition of tenofovir to telbivudine in CHB patients 
with a partial or inadequate early virologic response may 
improve long-term outcomes. The conditional addition of 
tenofovir results in high rates of HBV DNA suppression and 
HBeAg seroconversion. None of the patients in the tenofovir 
intensification group experienced virologic breakthrough 
or viral resistance throughout the 104 weeks of treatment. 
The overall safety profile during the study was favorable, 
suggesting that this conditional add-on treatment based on 
the “roadmap concept” may represent an optimal therapeutic 
approach in HBeAg-positive patients with CHB.

per the roadmap algorithm, this observation could be of value 
in predicting treatment intensification [6].

Overall, the secondary efficacy endpoint of HBeAg and HBsAg 
clearance or seroconversion demonstrates improvement at 
Week 104 compared with Week 52. The ideal endpoint of HBsAg 
clearance was reached by 7% of patients. HBsAg clearance 
was greater in patients with tenofovir intensification than with 
telbivudine alone. Based on the levels of HBV DNA at Week 24, 
this is probably due to the addition of tenofovir, in patients 
receiving telbivudine. Telbivudine plus tenofovir showed 
better results than telbivudine monotherapy with regards 
to HBsAg loss, which might be due to a synergistic antiviral 
effect between telbivudine and tenofovir, and this warrants 
long-term investigation [17]. The rates of HBeAg clearance and 
seroconversion were comparatively higher in those patients 
with undetectable Week 24 viremia (HBV DNA <300 copies/mL) 
who remained on telbivudine monotherapy. Therefore, 
effective clearance and seroconversion of HBeAg appears to be 
a function of early and complete virologic suppression.

Overall, resistance rates in both the treatments were low. 
Only two patients from the telbivudine monotherapy group 
and none from the tenofovir intensification group had viral 
breakthrough and HBV resistance, supporting the roadmap 
strategy. These two patients had high baseline HBV DNA 
(>9 log10 copies/mL), and by considering the subset of patients 
with baseline HBV DNA <9 log10 copies/mL, none had viral 
breakthrough or resistance at Week 104. Baseline HBV DNA 
(<9 log10 copies/mL) could also be a predictor of low resistance, 
as previously demonstrated in the GLOBE study [13].

The European Association for the Study of the Liver (EASL 
2012) guideline for CHB treatment recommends the addition 
of tenofovir in patients with telbivudine resistance, which also 
warrants long-term safety [2]. In this study, both telbivudine 
and tenofovir intensification were well tolerated for 104 weeks. 
There were no treatment-emergent events with the long-
term treatment and no safety concerns with the tenofovir 
intensification. The commonly reported AE in the monotherapy 
was myalgia. There were no reports of myopathy.

HBV is associated with extrahepatic manifestations, most 
important being glomerulonephritis [18]. It is reported that 
15%–30% of patients with CHB have either baseline renal 
dysfunction or comorbidities related to CKD (chronic kidney 
disease), such as diabetes and hypertension [19]. As per 
international guideline, patients starting therapy with NAs 

Contributions:  Piratvisuth T, Komolmit P, Chan HYL, Tanwandee T, Sukeepaisarnjaroen W, Pessoa MG, Fassio E, Ono SK, Bessone F, Daruich J, 
Zeuzem S, Manns M, Uddin A, Dong Y, and Trylesinski A contributed equally to this work. Piratvisuth T, Dong Y, and Trylesinski A conceived and 
designed the experiments. Piratvisuth T, Komolmit P, Chan HYL, Tanwandee T, Sukeepaisarnjaroen W, Pessoa MG, Fassio E, Ono SK, Bessone F, 
Daruich J, Zeuzem S, and Manns M performed the experiments. Piratvisuth T, Uddin A, Dong Y, and Trylesinski A analyzed the data. Piratvisuth T, 
Komolmit P, Chan HYL, Tanwandee T, Sukeepaisarnjaroen W, Pessoa MG, Fassio E, Ono SK, Bessone F, Daruich J, Zeuzem S, Manns M, Uddin A, 
Dong Y, and Trylesinski A critically reviewed the manuscript and made amendments.

Acknowledgments: The authors thank Pravin Bolshete, Bhaskara BP, and Rajeeb Ghosh (Novartis Healthcare Pvt. Ltd) for their medical 
writing assistance and subsequent revisions of the manuscript based on the authors’ review comments and feedback.

http://dx.doi.org/10.7573/dic.212294
http://drugsincontext.com


Piratvisuth T, Komolmit P, Chan HLY, Tanwandee T, Sukeepaisarnjaroen W, Pessoa MG. Drugs in Context 2016; 5: 212294. DOI: 10.7573/dic.212294 8 of 9
ISSN: 1740-4398

BRIEF REPORT – Telbivudine and tenofovir add-on in chronic hepatitis B drugsincontext.com

Potential conflict of interest: Piratvisuth T, Chan HYL, Pessoa MG, and Bessone F have received research grants from Novartis. Pessoa MG 
participated as speaker and/or adviser for AbbVie, BMS, Gilead, Janssen, MSD, and Roche; he was an investigator for AbbVie and Roche. Manns M 
has received research grants from Roche, Gilead, Novartis, Boehringer Ingelheim, Bristol Myers Squibb, Merck, and Janssen and compensation 
for consultancy and/or lecture activities from Roche, Bristol Myers Squibb, Gilead, Boehringer Ingelheim, Novartis, Merck, Janssen, Idenix, and 
GlaxoSmithKline. Zeuzem S is a consultant for Abbie, BMS, Gilead, Janssen, and Novartis. Ono S has participated in Novartis clinical trials as an 
investigator. Fassio E, Tanwandee T, Sukeepaisarnjaroen W, Daruich J, and Komolmit P have nothing to declare. Uddin A, Dong Y, and Trylesinski 
A are employees of Novartis. The International Committee of Medical Journal Editors’ (ICMJE) Potential Conflicts of Interests forms for the 
authors are available for download at: http://www.drugsincontext.com/wp-content/uploads/2016/04/dic.212294-COI.pdf.

Funding declaration: This study was supported by Novartis Pharma AG, Basel, Switzerland.

Trial registration number: NCT00651209

Copyright: Copyright © 2016 Piratvisuth T, Komolmit P, Chan HLY, Tanwandee T, Sukeepaisarnjaroen W, Pessoa MG, Fassio E, Ono SK, Bessone 
F, Daruich J, Zeuzem S, Manns M, Uddin A, Dong Y, Trylesinski A. Distributed under the terms of the Creative Commons License Deed CC BY NC 
ND 3.0 which allows anyone to copy, distribute, and transmit the article provided it is properly attributed in the manner specified below. No 
commercial use without permission.

Correct attribution: Copyright © 2016 Piratvisuth T, Komolmit P, Chan HLY, Tanwandee T, Sukeepaisarnjaroen W, Pessoa MG, Fassio E, Ono 
SK, Bessone F, Daruich J, Zeuzem S, Manns M, Uddin A, Dong Y, Trylesinski A. http://dx.doi.org/10.7573/dic.212294. Published by Drugs in Context 
under Creative Commons License Deed CC BY NC ND 3.0.

Article URL:  http://drugsincontext.com/efficacy-of-telbivudine-with-conditional-tenofovir-intensification-in-patients-with-chronic-hepatitis-
B-results-from-the-2-year-roadmap-strategy

Correspondence: Dr. Teerha Piratvisuth, MD; NKC Institute of Gastroenterology and Hepatology, Songklanagarind Hospital, Faculty of 
Medicine, Prince of Songkla University, Hat Yai, Thailand. teerha.p@psu.ac.th

Provenance: Submitted; externally peer reviewed

Submitted: 27 January 2016; Peer review comments to author: 7 March 2016; Publication: 22 April 2016

Drugs in Context is published by Just Medical Media Ltd. Registered office: Undermount, Rydal, Ambleside, Cumbria, LA22 9LT, UK

Just Medical Media Limited is registered in England Number 6891187. VAT GB 945 1713 22

For all manuscript and submissions enquiries, contact Julia Savory, Head of Digital Publishing and Submissions Management
julia@justmedicalmedia.com

For all permissions, rights, and reprints, contact Stephen I’Anson, Commercial Director
steve@justmedicalmedia.com

References
1. WHO fact sheet on Hepatitis B. March 2015 [cited 2015 May 5]. Available from:  

http://www.who.int/mediacentre/factsheets/fs204/en/
2. European Association for the Study of The Liver. EASL clinical practice guidelines: management of chronic hepatitis B virus 

infection. J Hepatol. 2012;57:167–85. http://dx.doi.org/10.1016/j.jhep.2012.02.010
3. Lavanchy D. Hepatitis B virus epidemiology, disease burden, treatment, and current and emerging prevention and control 

measures. J Viral Hepat. 2004;11:97–107. http://dx.doi.org/10.1046/j.1365-2893.2003.00487.x
4. Tenney DJ, Rose RE, Baldick CJ, Pokornowski KA, Eggers BJ, Fang J, Wichroski MJ, Xu D, Yang J, Wilber RB, Colonno RJ. Long-

term monitoring shows hepatitis B virus resistance to entecavir in nucleoside-naive patients is rare through 5 years of therapy. 
Hepatology. 2009;49:1503–14. http://dx.doi.org/10.1002/hep.22841

5. Liaw YF, Leung N, Kao JH, Piratvisuth T, Gane E, Han KH, Guan R, Lau GK, Locarnini S; Chronic Hepatitis B Guideline Working Party 
of the Asian-Pacific Association for the Study of the Liver. Asian-Pacific consensus statement on the management of chronic 
hepatitis B: a 2008 update. Hepatol Int. 2008;2:263–83. http://dx.doi.org/10.1007/s12072-008-9080-3

6. Keeffe EB, Zeuzem S, Koff RS, Dieterich DT, Esteban-Mur R, Gane EJ, Jacobson IM, Lim SG, Naoumov N, Marcellin P, Piratvisuth T, 
Zoulim F. Report of an international workshop: roadmap for management of patients receiving oral therapy for chronic hepatitis B. 
Clin Gastroenterol Hepatol. 2007;5:890–7. http://dx.doi.org/10.1016/j.cgh.2007.05.004

7. Lok AS, McMahon BJ. Chronic Hepatitis B: update 2009. AASLD Practice Guidelines. Hepatology. 2009;50:1–36.  
http://dx.doi.org/10.1002/hep.23190

8. Lee M, Keeffe EB. Hepatitis B: modern end points of treatment and the specter of viral resistance. Gastroenterol Clin North Am 
2011;40:495–505. http://dx.doi.org/10.1016/j.gtc.2011.06.004

9. Nash K. Telbivudine in the treatment of chronic hepatitis B. Adv Ther. 2009;26:155–69.  
http://dx.doi.org/10.1007/s12325-009-0004-y

http://dx.doi.org/10.7573/dic.212291
http://dx.doi.org/10.7573/dic.212294
http://drugsincontext.com
http://www.drugsincontext.com/wp-content/uploads/2016/04/dic.212294-COI.pdf
http://dx.doi.org/10.7573/dic.212294
http://drugsincontext.com/efficacy-of-telbivudine-with-conditional-tenofovir-intensification-in-patients-with-chronic-hepatitis-B-results-from-the-2-year-roadmap-strategy
http://drugsincontext.com/efficacy-of-telbivudine-with-conditional-tenofovir-intensification-in-patients-with-chronic-hepatitis-B-results-from-the-2-year-roadmap-strategy
mailto:teerha.p@psu.ac.th
mailto:iulia@justmedicalmedia.com
mailto:steve@justmedicalmedia.com
http://www.who.int/mediacentre/factsheets/fs204/en/
http://dx.doi.org/10.1016/j.jhep.2012.02.010
http://dx.doi.org/10.1046/j.1365-2893.2003.00487.x
http://dx.doi.org/10.1002/hep.22841
http://dx.doi.org/10.1007/s12072-008-9080-3
http://dx.doi.org/10.1016/j.cgh.2007.05.004
http://dx.doi.org/10.1002/hep.23190
http://dx.doi.org/10.1016/j.gtc.2011.06.004
http://dx.doi.org/10.1007/s12325-009-0004-y


Piratvisuth T, Komolmit P, Chan HLY, Tanwandee T, Sukeepaisarnjaroen W, Pessoa MG. Drugs in Context 2016; 5: 212294. DOI: 10.7573/dic.212294 9 of 9
ISSN: 1740-4398

BRIEF REPORT – Telbivudine and tenofovir add-on in chronic hepatitis B drugsincontext.com

10. Koumbi L. Current and future antiviral drug therapies of hepatitis B chronic infection. World J Hepatol. 2015 May 18;7(8):1030–40. 
http://dx.doi.org/10.4254/wjh.v7.i8.1030

11. Ke W, Liu L, Zhang C, Ye X, Gao Y, Zhou S, Yang Y. Comparison of efficacy and safety of tenofovir and entecavir in chronic hepatitis 
B virus infection: a systematic review and meta-analysis. PLoS One. 2014;9:e98865.  
http://dx.doi.org/10.1371/journal.pone.0098865

12. Lai CL, Gane E, Liaw YF, Hsu CW, Thongsawat S, Wang Y, Chen Y, Heathcote EJ, Rasenack J, Bzowej N, Naoumov NV, Di Bisceglie 
AM, Zeuzem S, Moon YM, Goodman Z, Chao G, Constance BF, Brown NA.  Globe Study Group. Telbivudine versus lamivudine in 
patients with chronic hepatitis B. N Engl J Med. 2007;357:2576–88. http://dx.doi.org/10.1056/NEJMoa066422

13. Zeuzem S, Gane E, Liaw YF, Lim SG, Dibisceglie A, Buti M, Chutaputti A, Rasenack J, Hou J, O’Brien C, Nguyen TT, Jia J, Poynard T, 
Belanger B, Bao W, Naoumov NV. Baseline characteristics and early on-treatment response predict the outcomes of 2 years of 
telbivudine treatment of chronic hepatitis B. J Hepatol. 2009;51:11–20. http://dx.doi.org/10.1016/j.jhep.2008.12.019

14. Liang X, Fan R, Sun J, Shaikh J, Taneja A, Gupta S, Hamed K. Effect of telbivudine versus other nucleos(t)ide analogs on HBeAg 
seroconversion and other outcomes in patients with chronic hepatitis B: a network meta-analysis. Adv Ther. 2016.  
http://dx.doi.org/10.1007/s12325-016-0305-x

15. Antoniou T, Park-Wyllie LY, Tseng AL. Tenofovir: a nucleotide analog for the management of human immunodeficiency virus 
infection. Pharmacotherapy. 2003;23:29–43. http://dx.doi.org/10.1592/phco.23.1.29.31915

16. Sarin SK, Kumar M, Lau GK, Abbas Z, Chan HL, Chen CJ, Chen DS, Chen HL, Chen PJ, Chien RN, Dokmeci AK, Gane E, Hou JL, Jafri W, 
Jia J, Kim JH, Lai CL, Lee HC, Lim SG, Liu CJ, Locarnini S, Al Mahtab M, Mohamed R, Omata M, Park J, Piratvisuth T, Sharma BC, 
Sollano J, Wang FS, Wei L, Yuen MF, Zheng SS, Kao JH. Hepatol Int. 2016;10(1):1–98. http://dx.doi.org/10.1007/s12072-015-9675-4

17. Piratvisuth TKP, Tanwandee T, Sukeepaisarnjaroen W, Chan Hl, Pessoa MG, Fassio E, Ono SK, Bessone F, Daruich J, Zeuzem S, 
Cheinquer H, Pathan R, Dong Y, Trylesinski A. 52-week efficacy and safety of telbivudine with conditional tenofovir intensification 
at week 24 in HBeAg-positive chronic hepatitis B. PLoS One. 2013;8:e54279. http://dx.doi.org/10.1371/journal.pone.0054279

18. Chan TM. Hepatitis B and renal disease. Curr Hepat Rep. 2010;9:99–105. http://dx.doi.org/10.1007/s11901-010-0042-6
19. Gane EJ, Deray G, Liaw YF, Lim SG, Lai CL, Rasenack J, Wang Y, Papatheodoridis G, Di Bisceglie A, Buti M, Samuel D, Uddin A, 

Bosset S, Trylesinski A. Telbivudine improves renal function in patients with chronic hepatitis B. Gastroenterology. 2014; 
146:138–46 e5. http://dx.doi.org/10.1053/j.gastro.2013.09.031

20. Wang Y, Thongsawat S, Gane EJ, Liaw Y F, Jia J, Hou J, Chan HL, Papatheodoridis G, Wan M, Niu J, Bao W, Trylesinski A, Naoumov NV.  
Efficacy and safety of continuous 4-year telbivudine treatment in patients with chronic hepatitis B. J Viral Hepat. 2013;20:e37–46. 
http://dx.doi.org/10.1111/jvh.12025
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