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Abstract

Chronic hepatitis B virus (HBV) infection is an important cause of morbidity and mortality in
subjects coinfected with HIV. Tenofovir disoproxil fumarate (TDF) and adefovir dipivoxil (ADV)
are licensed for the treatment of HIV-1 and HBV infection, respectively, but both have in vivo and
in vitro activity against HBV. This study evaluated the anti-HBV activity of TDF compared to
ADV in HIV/HBV-coinfected subjects. ACTG A5127 was a prospective randomized, double-
blind, placebo-controlled trial of daily 10 mg of ADV versus 300 mg of TDF in subjects with
HBYV and HIV coinfection on stable ART, with serum HBV DNA = 100,000 copies/mL, and
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plasma HIV-1 RNA < 10,000 copies/mL. This study closed early based on results of a
prespecified interim review, as the primary noninferiority end point had been met without safety
issues. Fifty-two subjects were randomized. At baseline, 73% of subjects had a plasma HIV-1
RNA < 50 copies/mL, 86% were HBeAg positive, 94% were 3TC resistant, median serum ALT
was 521U/L, and 98% had compensated liver disease. The mean time-weighted average change in
serum HBV DNA from baseline to week 48 (DAVGyg) was —4.44 logyg copies/mL for TDF and
-3.21 log;o copies/mL for ADV. There was no difference in toxicity between the 2 treatment
arms, with 11 subjects (5 ADV and 6 TDF) experiencing elevations of serum ALT on treatment.
In conclusion, over 48 weeks, treatment with either ADV or TDF resulted in clinically important
suppression of serum HBV DNA. Both drugs are safe and efficacious for patients coinfected with
HBV and HIV.

Chronic hepatitis B virus (HBV) infection affects 400 million individuals worldwide and
accounts for 1 million deaths annually. Persistent infection occurs in 20% of adults with
HIV who become infected! and is an important cause of morbidity and mortality in these
coinfected patients. The incidence of HBV in HIV-infected individuals varies from 5%-10%
in the United States23 up to 20% to 30% in Asia and parts of sub-Saharan Africa.* In
addition, up to 90% of patients treated with 3TC as antiret-roviral therapy (ART) develop
resistance to HBV after 4 years of therapy.®

Adefovir dipivoxil (ADV; 10 mg) is active against both wild-type and 3TC-resistant
HBV."-9 Tenofovir disoproxil fumarate (TDF; 300 mg) is licensed for the treatment of
HIV-1 but has been shown to have in vitro activity against both wild-type and 3TC-resistant
HBV.10.11 |n addition, there are a number of case series of the activity of TDF in
monoinfected and coinfected HBV patients.12-13 Our study evaluated whether TDF was not
inferior to ADV for treatment of coinfected individuals and is a prospective randomized,
controlled trial of TDF and ADV in chronic HBV infection.

Patients and Methods

Study Design

The AIDS Clinical Trials Group (ACTG) protocol A5127 was a prospective randomized,
double blind, placebo-controlled trial evaluating whether TDF was not inferior to ADV for
treatment of HBV in subjects coinfected with HIV and HBV. Subjects were randomized to
10 mg of ADV plus TDF placebo daily or 300 mg of TDF plus ADV placebo daily with
stratification by Child-Pugh-Turcotte (CPT) score (screening CPT score < 7 or
decompensated liver disease with screening CPT score = 7) and by CD4 count (<200 or
>200 cells/mm3). Treatment assignments were generated by computer using permuted
blocks within a stratum, and site personnel received a unique blinded treatment identifier by
computer link. Site pharmacists identified assigned treatments from site-specific master lists.
Clinical and research personnel and subjects were kept blinded to the treatment assignment
until all subjects were off study. Subjects were seen every 4 weeks with laboratory
evaluations. Subjects with an on-study decline in CPT by 2 points or more were eligible to
cross over to the alternative regimen in a blinded fashion.
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Initially, change in serum HBV DNA from baseline to week 48 was the primary end point,
and subjects were required to be 3TC resistant clinically at entry, with a serum HBV DNA =
1 x 108 copies/mL on 3TC. After the development of this study, subsequent information
from 2 large placebo-controlled studies in HBV-monoinfected subjects’-8 and a pilot study
in HBV/HIV-coinfected subjects! indicated the time-weighted average (DAVG) may be a
better surrogate for long-term histologic improvement. DAV Gyg is the difference between
the average postbaseline log serum HBV DNA and baseline log serum HBV DNA, where
the postbaseline average is time weighted and calculated using the normalized area under the
curve of log;g HBV DNA from the first postbaseline measurement to week 48. A protocol
amendment (December 8, 2003) redesigned the end point to utilize DAVGg4g without any
examination of the old (change from baseline) or new (DAVG) end-point data. In addition,
the redesign allowed entry of HBV treatment-naive subjects with serum HBV DNA > 1 x
10° copies/mL. Noninferiority was defined as a tolerance of — 1 logyq copies/mL in the
difference between the DAVGyg of ADV and that of TDF. Secondary objectives were to
assess the clinical response to ADV versus that to TDF, defined as changes in clinical
disease by CPT score; to evaluate the safety and tolerability of ADV and TDF; to evaluate
seroconversion from HBeAg positive to HBeAg negative and HBeAb positive; and to
evaluate the relationship between alanine aminotransferase (ALT) and serum HBV DNA.
An ALT flare was defined as elevation of serum ALT level of 3 times the baseline ALT
level. The study protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki: the research protocol and amendments were approved by the relevant institutional
review boards or ethics committees, and all subjects gave written informed consent.

Human Subjects

Statistics

All subjects were coinfected with HBV and HIV. Subject inclusion criteria were: age 18-65
years; HIV-1 infection on a stable antiretroviral regimen with HIV-1 RNA < 10,000
copies/mL (Roche Amplicor 1.5 (LLQ50 copies/mL) for at least 12 continuous weeks;
documented positive serum HBsAg and serum HBV DNA > 1 x 10° copies/mL by Roche
Amplicor CobasPCR (lower limit of quantitation [LLQ] 200 copies/mL) within 12 weeks of
entry into study; ALT < 10 x upper limit of normal (ULN); serum creatinine < 1.5 mg/dL;
serum phosphorus = 2.2 mg/dL; estimated creatinine clearance = 50 mL/min; use of
contraception; and serum alpha-fetoprotein (AFP) < 50 ng/dL. Exclusion criteria were
history of clinically significant renal dysfunction within the last 12 months; other liver
disease including HCV or HDV; any active medical or psychiatric illness or alcohol or drug
use; pregnancy or breast-feeding; malignancy; and receipt of systemic corticosteroids,
nephrotoxic drugs, or anti-HBV drugs except for 3TC within 90 days of study entry.
Sequencing from the overlapping surface antigen and domains B-E of the reverse
transcriptase region of HBV was performed on baseline plasma specimens using a TruGene
HBV Sequencing Kit and OpenGene DNA Sequencing Analysis System (RUO Version 1.0,
Bayer Nucleic Acid Diagnostics, Norwood, MA).

The Version 2.0 design (December 8, 2003) specified 58 subjects randomized equally
between the 2 arms in order to provide 80% power to establish TDF as not inferior if the
standard deviation (SD) of the change in DAVG4g HBV DNA was 1.5 log1g. An interim
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Study Monitoring Committee (SMC) review, planned to occur when more than 50% of
subjects had reached week 12, took place in August 2004. This review employed a
Haybittle-Peto boundary (1-sided 0.001 level) to protect the experiment-wide type | error
rate.1>. At that time, the primary end point had been met without safety concerns, and the
SMC recommended that accrual and follow-up be terminated. The study was closed to
follow-up in December 2004, and data entry screens were closed March 4, 2005. The
primary analyses of DAVGyg were performed with t tests and analysis of variance.
Dichotomous variables were evaluated with Fisher's exact test. Ordered categorical data
(toxicity) were evaluated with exact Wilcoxon tests adjusted for ties. Analyses were
performed in SAS 8.2 (SAS Institute, Cary, NC). Because this study stopped early based on
interim review, primary analyses focused on data from visits up to the SMC date and used
the Haybittle-Peto boundary. All-visits data are also presented.

Baseline Characteristics

Table 1 summarizes the baseline characteristics of the A5127 study subjects overall and by
arm. At the time accrual was closed, 52 subjects from 17 ACTG sites had been randomized
to TDF (27 patients) or ADV (25 patients), with 1 site enrolling 26% of subjects. At study
baseline, 47 of the 52 patients had a YMDD mutation in rt Domain C (either M204V or
M2041), and the following HBV genotypes were found: A genotype, 38 patients (73%); G
genotype, 9 patients (17%); D genotype, 3 patients (6%); and F genotype, 2 patients (4%) F.
There were no statistical differences between arms in baseline characteristics, including
serum HBV DNA level, although those on TDF were younger (P =.011). Forty-seven
subjects (94%) had received prior 3TC, with a mean duration prior to the study of 1,554
days. All 47 had YMDD mutations as determined by sequencing, and the interval between
development of YMDD mutations and entry into the study varied. All subjects in the study
had been on concomitant ART for at least 12 weeks prior to the study and continued on
ART throughout the study as noted above. Fifty patients received 3TC during the study; the
3 subjects commencing de novo 3TC received TDF. Only 1 subject on TDF had a CPT score
> 6, and only 4 subjects, 2 each on ADV and TDF, had a CD4 count < 200. As a result, the
end-point analyses were not stratified.

Subject Disposition

Outcome

At time of SMC review, 35 subjects (67%) had completed week 48. Six subjects
discontinued the study early (prior to week 48), but none for drug-related toxicity. In
addition, the follow-up of 10 subjects was truncated by the early closure, 4 at entry or week
4, and 6 at week 12 or 24. These subjects provided truncated or no DAVG-Xs to the final
intent-to-treat (ITT) analysis. The median follow-up was 72 weeks for those on TDF and 78
weeks for those on ADV. No subjects crossed over to the alternative treatment.

The primary end point of this study was the noninferiority of TDF relative to ADV. Figure 1
shows the change from baseline in serum HBV DNA logqg levels over time for each
treatment arm with pointwise 99.9% confidence intervals. The ADV and TDF arms were
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very similar over the first several sampling points, but there was a greater decrease in serum
HBYV DNA levels in the TDF arm over time. The early termination of this study truncated
follow-up for subjects entering just prior to the SMC date. This truncation resulted in DAVG
values that were very similar between arms. These values could have biased the study to
erroneously conclude TDF was not inferior to ADV and could have biased the estimates of
mean DAV Gyg. Thus, we present 3 analyses of DAVGyg: ITT, which uses all subjects;
modified ITT (mod-ITT), which includes only subjects with at least 2 postbaseline HBV
measurements; and “complete cases,” which includes only cases in the mod-ITT analyses
who completed at least 36 weeks of therapy prior to the SMC date. The mean DAVGyg
estimates for the 2 arms, the difference (ADV-TDF) between these estimates, and the lower
one-sided 99.9 CI for this difference are presented in Table 2. In summary, the differences
(lower 99.9 CI) between the arms in the DAVG were: ITT, 0.91 (-.512) logqo; modified
ITT, 1.11 (-.103) logyg; and “complete cases,” 1.28 (0.166) logsp. A multicovariate analysis
was performed to confirm the importance of treatment arm and to evaluate other predictors
of DAVGyg. Treatment arm (P =.007), entry serum HBV DNA (continuous: P = .001), and
entry percent absolute CD4* T-cell count (P = .005) were jointly associated with DAVG,g.
There was no evidence of interactions between treatment arm and sex or between treatment
arm and race/ethnicity. The mean change from baseline in serum HBV DNA level in the 35
subjects for whom there was week 48 data was —4.03 logyg copies/mL for ADV and -5.74
logo copies/mL forTDF. Serum HBV DNA was undetectable (<200 copies/mL) at weeks
36 and 48 in 8.6% and 5.7%, respectively, of those subjects receiving ADF and in 11.4%
and 20%, respectively, of those subjects receiving TDF. The decrease in HBV DNA by
week of therapy is shown in Table 3 by intent-to-treat analysis.

The percent normalization of ALT level for each week varied by treatment arm. Twelve
subjects on ADV and 11 on TDF had abnormal ALT at baseline. At week 48, 25% of
subjects on ADV and 36% of subjects on TDF normalized serum ALT, but these humbers
were not statistically significant in this small subset. There was no evidence of the
deterioration in CPT score of any subject during the study. Of the 18 subjects on ADV who
were HBeAg positive at entry, 12 had data at week 48, 1 of whom had converted from
HBeAg positive to HBeAg negative without an ALT flare. Of the 23 subjects on TDF who
were HBeAg positive at entry, 15 had data at week 48, none of whom had converted from
HBeAg positive to HBeAg negative. There was no evidence of loss of HIV control during
the study.

Dose Modifications and Flares in ALT

Eleven subjects experienced ALT flares (elevation of serum ALT level to 3 times the
baseline ALT level; Table 4), 5 on ADV and 6 on TDF. These flares occurred after varying
durations of therapy. None of the flares was associated with decompensation in synthetic
function nor were they followed by seroconversion to anti-HBe. Four subjects with flares
had their dosage modified, and 4 discontinued treatment, as outlined in Table 4. No subject
met the current FDA definition of ALT flare, which is = 10 x ULN and = 2 x baseline.
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Adverse Events

All Visits

Two subjects died while in the study: one on ADV at week 48 from hepatocellular
carcinoma, and another on TDF at week 57 while hospitalized from cause unknown. Table 5
lists all toxicities (defined as = grade 2 by ACTG criteria), including all signs and symptoms
and laboratory toxicities at any time including baseline. Overall, 18 subjects in each arm
showed laboratory toxicities. Three subjects on ADV had hypophosphatemia after baseline,
2 grade 2 and 1 transient grade 3. Three subjects on TDF had hypophosphatemia, all grade
2. There was no elevation in serum creatinine = 0.5 mg/dL above baseline, and no change in
serum creatinine was seen among those in either arm over the course of the study. Three
subjects developed pancreatitis, 2 of whom received concomitant didanosine (ddl), 1 at a
dose of 400 mg. Ten subjects received ddl during the study, 5 each on TDF and ADV. Four
subjects had grade 1 creatinine elevation, one of whom received ddl 10 years prior to the
study and another who was on concurrent ddl and did develop pancreatitis.

The median follow-up time of all subject visits was 91 weeks for ADV and 81 weeks for
TDF. No additional ALT flares, grade 4 adverse events, or deaths were reported for the
additional visits. There were additional serum HBV DNA evaluations, primarily after week
48. However, the analysis of DAVGy4g was essentially unchanged from the SMC analysis, as
shown in Table 2. At the end of the study, letters were sent to sites, patients, and treating
physicians recommending continued therapy for all subjects. Following the study,
prescriptions were written to maintain patients on therapy, and treatment assignment was
provided. All patients were continued on therapy for both HIV and HBV. No follow-up was
available through the study.

Discussion

ACTG protocol A5127 was a prospective randomized, controlled study of TDF versus ADV
for HBV infection and demonstrated the value of each therapeutic agent in the treatment of
chronic HBV in the setting of HIV/HBV coinfection. Treatment with either ADV or TDF
resulted in clinically significant reductions in serum HBV DNA levels in coinfected patients.
TDF was not inferior to ADV according to the primary study end point, DAVGg.
Suppression of HBV DNA level was accompanied by improvement in serum ALT, and both
drugs were well tolerated. On-treatment hepatitis flares occurred but were well tolerated and
not associated with clinical decompensation; however, all but 1 subject had well-
compensated liver disease at entry. Most subjects were HBeAg+, genotype A, and resistant
to lamivudine. Of note, ALT flares were not accompanied by seroconversion to anti-HBe,
which occurs in 12% of patients without HIV on ADV after 48 weeks of therapy.®

Adefovir dipivoxil, a nucleotide analogue of adenosine monophosphate, and tenofovir
disoproxil suppress viral replication through inhibition of HBV DNA polymerase and chain
termination. Both ADV and TDF have been shown to be active against HBV in vivo and in
vitro.16 Pivotal studies of monoinfected individuals with HBeAg-positive and -negative
disease and a pilot study of HBV/HIV-coinfected individuals showed that ADV suppressed
HBV DNA,”:8:14 resulting in improved liver histology, including reduced fibrosis, enhanced
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HBeAg seroconversion, ALT normalization, and clinical improvement. Case studies have
shown that TDF has anti-HBV activity in both HBV-monoinfected and -coinfected
subjects1-13 and can rescue HBV-infected patients for whom treatment with lamivudine and
ADV has failed.1” In a recent retrospective study of 65 HIV/HBV-coinfected patients
treated with 300 mg of TDF per day, 80% were also HBeAg positive at entry and serum
HBV DNA decreased by 4.56 logyq copies/mL on TDF.18

The goals of HBV therapy are to stop or reverse progression of liver inflammation and
fibrosis through sustained suppression of HBV replication. The use of 3TC as a component
of ART is frequent and 94% of our enrolled subjects were 3TC experienced. However,
suppression of serum HBV DNA levels is not sustained in the majority of HIV patients
treated with 3TC. HBV strains containing mutations in subdomain B and/or subdomain C
(YMDD region) of the gene encoding HBYV DNA polymerase become detectable with
increasing time on 3TC, with up to 90% of HIV/HBV-coinfected subjects exhibiting
mutations after 4 years of 3TC monotherapy.® The HBV YMDD mutant that is resistant to
3TC is sensitive to ADV and TDF both in vivo and in vitro.9.16.19

There was no evidence of differential toxicity between the 2 arms. Renal toxicity did not
occur in those in either arm, and grade 3 hypophosphatemia was transient. Early treatment
discontinuation because of intolerance or other causes was no more frequent than the
5%-10% the design anticipated and was equal across the study arms in both frequency and
cause. The occurrence of pancreatitis in patients receiving concomitant therapy with
didanosine (ddI) underscores the recommendation that this drug not be used in combination
with TDF or ADV.%0

The early termination of this study as a result of an interim monitoring review resulted in a
number of subjects having 24 or fewer weeks of follow-up for DAVG,g based on the SMC
date. The truncated DAV Gyg values are very similar between the arms because the
divergence of the HBV DNA levels seen in Figure 1 did not become established until week
24. Three analyses of the primary end point, noninferiority, are presented, all of which
confirmed that TDF is not inferior to ADV. In fact, the DAVGyg for TDF was more negative
(i.e., was more favorable in terms of HBV control) than the DAVG,g for ADV on the logyg
scale. Using a strict 1-sided Haybittle-Peto lower confidence interval and considering
several analyses that did and did not incorporate subjects with very short follow-up, the
lower bound of the difference between the DAVG4g on ADV and TDF was clearly and
conclusively more positive than the —1.0 logyg in any of the 3 analyses. Whereas TDF is
clearly not inferior to ADV, any more favorable interpretation of the results—that TDF is
superior—must be made with caution, as the study was designed and powered to
demonstrate noninferiority, it was terminated early, and follow-up was truncated.
Superiority can only be demonstrated using the confidence interval of the original design,
which employed a Haybittle-Peto boundary (1-sided 0.001 level) to protect the experiment-
wide type | error rate, requiring 99.9% confidence intervals to be used for all evaluations of
serum HBV DNA results.

Both therapies were associated with improvement in ALT in those with abnormal ALT at
baseline, although at week 48 normalization was seen in more subjects on TDF than in those
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on ADV. Serum aminotransferase was normal in 57% of subjects prior to therapy, although
they had elevated HBV DNA, suggesting that in this population ALT may not be a good
surrogate for inflammation.

There was no evidence of loss of antiretroviral efficacy over the study period. However,
subjects had relatively well-preserved immune status, with low or complete suppression of
HIV replication. The proportion of subjects with undetectable serum HBV-DNA at 48
weeks was relatively low in both treatment arms. And although most were HBeAg positive,
only one seroconverted to anti-HBe. These findings contrast to seroconversion rates of HIV-
negative chronic hepatitis B patients.8:21 The choice of anti-HBV therapy for patients
coinfected with HIV is often based on the need for concomitant therapy for the HIV
infection.22 TDF is recommended as a first-line option as a component of ART.10:23 Thus,
our data suggest that a TDF-containing antiretroviral regimen is preferable for HIV/HBV-
coinfected patients, when treatment for HIV infection is indicated. Conversely agents with
activity against both HIV and HBV should likely be avoided when only therapy for HBV is
indicated because of concerns over the development of HIV drug resistance.22 In this
setting, entecavir, which has no activity against HIV, should be considered for treating
chronic hepatitis B when antiretroviral therapy is not needed. In HBeAg+ patients, pegylated
interferon may be an equally acceptable option.2* ADV may also be used for initial HBV
treatment in coinfected subjects. There is a theoretical risk for developing mutation K65R in
HIV following exposure to ADV monotherapy, but this has not been demonstrated.2> In
summary, further studies of initial treatment strategies are warranted in coinfected subjects
without prior 3TC experience to address these unresolved questions.
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ALT alanine aminotransferase

Hepatology. Author manuscript; available in PMC 2014 July 29.


http://AIDSinfo.nih.gov/guidelines/adult/AA_040705.pdf.4-7-2005

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Peters et al.

CPT
ITT
DAVG

Child-Pugh-Turcotte
intent-to-treat

time-weighted average

Hepatology. Author manuscript; available in PMC 2014 July 29.

Page 11



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Peters et al.

Page 12

-
b

Change in HBV DNA Log10 from Baseline

Fig. 1.
Change in HBV DNA log;g levels from baseline over 48 weeks by treatment arm (mean and

99% ClI error bars). The ADV and TDF arms were very similar over the first several
sampling points, but there was a greater decrease in HBV DNA in the TDF arm over time.
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Table 1
Baseline Characteristics of A5127 Study Participants

All ADVarm TDFarm
Number of subjects 52 25 27
Age: median in years 41 47 40
Male, n (%) 48(92%)  24(96%) 24 (89%)
Caucasian, n (%) 29 (56%) 14 (56%) 15 (56%)
African American, n (%) 17 (33%) 8 (32%) 9 (33%)
Prior IV drug use, n (%) 7 (13%) 1 (4%) 6 (22%)

Serum HBV DNA log;o mean copies/mL”  9.16+154 885+1.88 945+11

HBeAg positive, n (%) 41 (79%) 20 (80%) 23 (85%)
3TC experienced, n (%) 47 (94) 24 (96%) 25 (93%)
CPT score < 7, n (%) 51(98%) 25 (100%) 26 (96%)
ALT (median 1U/mL) 52 63 45
ALT < ULN n (%) 29 (56%) 13 (52%) 16 (59%)
AST (median IU/mL) 42 46 38
Hematocrit % (median) 424 44.2 42.3
White cell count (median cells x 109/L) 52 5.4 5.1
CD4 (median cells x 10%/L) 467 486 422
CD4 count > 200 cells x 105/L n(%) 48 (92%) 23 (92%) 25 (93%)
Bilirubin (median mg/dL) 0.6 0.6 0.5
Albumin (median g/dL) 4.1 4.2 4.0
Creatinine (mean + SD mg/dL) 094+02 096+02 093+0.2
Phosphorus (mean ++ SD mg/dL) 3.18+0.6 3.15+05 32+0.7

Baseline HBV DNA was defined as the mean of the log measurements prior to entry and at entry.
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Adverse Events (= Grade 2) During ADV or TDF Treatment of A5127 Study Subjects

Peters et al.
Table 5
ADV arm (N = 25) ADF arm (N = 27)

Variable Grade2 Grades3-4 Grade2 Grades3-4
Any laboratory toxicity 6 12 2 16
Chemistry 6 2 5 3
Liver”™ 5 9 4 9
Metabolic 3 0 5 2
Endocrine 2 0 0 1
Pancreatic 1 3 0 8
Hematology 0 0 1 0
Any signs/symptoms 2 5 4 3
General body 2 5 2 0
Respiratory 1 0 0 0
Gastrointestinal 1 3 2 0
Skin 1 0 0 0
Neurological 0 2 1 3

note. ACTG website for grading criteria: http://rcc.tech-res-intl.com/DAIDS%20RCC%20Forms/TB_ToxicityTables_Adult_ TRP_v0la.pdf

*
Total bilirubin elevation after baseline was reported in one subject on TDF (grade 2) and in 5 subjects on ADV (1 grade 2, 3 grade 3, and 1 grade

4).

TPostentry elevations in serum amylase or lipase were reported in 6 subjects on TDF and 3 on ADV. However, only four episodes of chemical
pancreatitis were reported in three subjects. One subject was receiving 3TC, zidovudine and nevirapine; one ddl, d4T, and 3TC; and another

received no ddl.
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