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ABSTRACT Tenofovir alafenamide (TAF) has shown equivalent efficacy and improved
safety profiles for patients with chronic hepatitis B (CHB) compared to tenofovir diso-
proxil fumarate (TDF). However, limited data are available for its resistance profiles. In
two clinical trials, 1,298 hepatitis E antigen-positive and -negative patients with CHB
were randomized 2:1 and treated with TAF (n � 866) or TDF (n � 432). Baseline nucle-
os(t)ide analog resistance substitutions in HBV polymerase/reverse transcriptase (Pol/RT)
were assessed using INNO-LiPA Multi-DR v2/v3. Resistance surveillance was conducted
for patients with viremia (HBV DNA � 69IU/ml) by HBV Pol/RT sequencing at week 96
or at discontinuation. In vitro phenotypic analysis was performed for patients with con-
served site substitutions or virologic breakthrough while adherent to the study drug. At
baseline, the majority of patients harbored virus with wild-type Pol/RT (89.2%), with
10.8% harboring resistance associated mutations. A similar percentage of patients in the
TAF or TDF groups qualified for sequence analysis through week 96 (TAF, 11.1%; TDF,
10.9%). Of these, a small percentage of patients experienced virologic breakthrough
(TAF, 2.8%; TDF, 3.2%) that was often associated with drug nonadherence (TAF, 30%;
TDF, 50%). Across treatment groups, 132 patients qualified for sequence analysis
through week 96, with nearly half having no sequence changes from baseline (43.2%).
Most sequence changes occurred at polymorphic positions, and no isolates showed a
reduction in susceptibility in vitro. After 96 weeks, the proportion of patients achieving
virus suppression (HBV DNA � 69 IU/ml) was similar across treatment groups, and no
substitutions associated with resistance to TAF or TDF were detected. (These studies have
been registered at ClinicalTrials.gov under identifiers NCT01940471 and NCT01940341.)

KEYWORDS tenofovir, hepatitis B virus, resistance, tenofovir alafenamide, antiviral
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Hepatitis B virus (HBV) infection is a major cause of chronic liver disease with nearly
250 million people chronically infected globally (1). For long-term therapy of

diseases such as chronic hepatitis B (CHB), a favorable safety profile, as well as a high
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barrier to the development of resistance, is desirable. Currently, only two classes of
drugs are approved for the treatment of CHB, including a finite course of injectable
interferon and oral nucleos(t)ide reverse transcriptase inhibitors [N(t)RTIs]. Of these, oral
antivirals (OAVs) achieve a higher rate of HBV DNA suppression. First-generation
N(t)RTIs such as lamivudine (LAM), adefovir (ADV), and telbivudine result in drug
resistance rates ranging from 11% of patients for ADV to more than 50% for LAM after
3 years in treatment-naive patients (2–5). Approval of entecavir (ETV) for treatment of
CHB significantly lowered rates of resistance to �1% after 2 years in treatment-naive
patients; however, resistance to this agent in patients with previous LAM treatment is
substantially higher, reaching over 50% of patients through 6 years of ETV treatment (6,
7; for a review, see reference 8). Although multiple HBV N(t)RTIs are available for
treatment of CHB, tenofovir disoproxil fumarate (TDF) is the only oral antiviral with no
detectable resistance mutations in a clinical setting through up to 8 years of treatment
(9, 10).

Tenofovir (TFV), the parent drug of TDF, is an inhibitor of both the HBV and HIV-1 reverse
transcriptase (RT) (11). The active metabolite of tenofovir, tenofovir-diphosphate, is a
competitive inhibitor of both RT enzymes, causing termination of viral DNA elongation
during viral replication. While treatment with TDF is efficacious and leads to high rates of
HBV DNA suppression, prolonged use can be associated with nephrotoxicity and
bone-related toxicity in some patients (12, 13). Tenofovir alafenamide (TAF) is a
phosphonamidate oral prodrug of TFV for treatment of patients with CHB (14). TAF is
more stable in the plasma compared to TDF, resulting in higher levels of the active
metabolite tenofovir-diphosphate to target cells. This allows TAF to be administered at
approximately one-tenth the TDF dose, resulting in lower systemic TFV exposures.
Clinical trials in HIV- or HBV-infected individuals reported equivalent efficacy and
improved safety profiles in both renal and bone toxicity for TAF compared to TDF
(15–19).

Two ongoing, global, phase 3 studies comparing TAF to TDF for the treatment of
CHB in treatment naive and experienced hepatitis E antigen (HBeAg)-positive or
HBeAg-negative patients found TAF to be noninferior to TDF in the proportion of HBV
patients with an HBV DNA level of �29 IU/ml at 48 and 96 weeks of treatment (16–18).
We summarize here the integrated resistance analyses performed over 96 weeks of
these studies.

RESULTS
Patient disposition. A total of 1,298 patients were enrolled across both studies,

with 425 HBeAg-negative patients (study 108) and 873 HBeAg-positive patients (study
110). Of these, 866 patients were randomized to the TAF treatment group, and 432
patients were randomized to the TDF treatment group. Clinical analysis of responses to
treatment for each study was assessed at week 48 and at week 96 and has been
previously published (16–18); only virological responses are discussed here. Through
week 96, 1,070 of the 1,298 (82.4%) patients suppressed HBV DNA to below 69 IU/ml,
the assay limit for sequencing (716/866 [TAF] and 354/432 [TDF] patients; Fig. 1), with
an additional 58 patients having discontinued early with HBV DNA less than 69 IU/ml
(39/866 [TAF] and 19/432 [TDF] patients). In addition, there were 27 patients who
discontinued study treatment before week 24 and therefore did not qualify for virology
resistance surveillance (15/866 [TAF] and 12/432 [TDF] patients). A similar proportion of
patients in the TAF (96/866, 11.1%) and TDF (47/432, 10.9%) treatment groups had HBV
DNA levels of �69 IU/ml and were included in the analysis. Of the patients that did not
suppress HBV DNA to �69 IU/ml at week 96, most (57/96 [TAF] and 25/47 [TDF] patients
sequenced) remained viremic in the absence of virologic breakthrough (i.e., persistent
viremia). In addition, the majority of patients with HBV DNA levels of �69 IU/ml had
HBV DNA levels of �8 log10 IU/ml (70/96, 72.9% [TAF] and 29/47, 61.7% [TDF] patients)
at baseline. A small and similar proportion of patients experienced virologic break-
through between the TAF group (24/866, 2.8%) and TDF group (14/432, 3.2%) at week
96. Of these, 7 patients in the TAF group (7/24, 29.2%) and 7 patients in the TDF group
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(7/14, 50.0%) had breakthrough coincident with undetectable tenofovir in the plasma,
suggesting nonadherence. Sequence analysis of the 143 patients with HBV DNA levels
of �69 IU/ml at week 96 or at the last visit from week 24 through week 96 will be
discussed below.

Impact of baseline viral genotype and drug resistance mutations on treatment
response. The distribution of baseline HBV genotypes was similar between treatment
groups, with genotype C being predominant in both groups (TAF, 48.3%; TDF 46.1%;
Fig. 2A). Seven genotypes were identified at baseline (A to F, as well as H), with low
numbers of genotypes E, F, and H. Although data are limited, previous studies have
demonstrated that HBV viral genotype can impact virologic response to OAVs (20). The
kinetics of HBV decline and the proportion of patients with HBV DNA levels of �29
IU/ml through week 96 was evaluated based on the viral genotype (A-D) at baseline
(Fig. 2B). Due to the small number of patients enrolled across both studies with
genotypes E to H, the treatment outcomes in these patients were not assessed. Among
genotype A, B, C, or D patients, similar declines were observed between the TAF and
TDF groups regardless of HBV genotype (P � 0.05); however, the kinetics of viral decline
was delayed in patients infected with genotype D in both the TAF and the TDF
treatment groups.

All patients were evaluated at baseline for the presence of resistance mutations in
the HBV Pol/RT. Mutations that have been demonstrated to confer reduced suscepti-
bility to drug were classified as primary resistance mutations (LAM-R, ADV-R, or ETV-R).
Known compensatory mutations or unknown variants at resistance-associated sites
were classified as other mutations (21). Patients were evaluated by OAV treatment
experience, defined as having at least 12 weeks of prior OAV treatment. A higher
percentage of OAV-naive patients (92.1% TAF, 93.1% TDF) were classified as wild type
compared to OAV-experienced patients (80.7% TAF, 73.7% TDF) (Fig. 3A; see also Table
S1 in the supplemental material). Patients harboring other mutations were similar
across treatment groups and treatment experience. Primary resistance mutations were
observed in 5.4% of patients overall, with a higher percentage observed in OAV-
experienced patients (15.2% TAF, 21.2% TDF) compared to OAV-naive patients (1.6%
TAF, 2.4% TDF). Of the primary resistance mutations detected, LAM-R mutations were
most predominant (2.5% overall, data not shown). Across treatment groups, the
percentages of patients with preexisting resistance mutations were similar (TAF 10.5%,
TDF 11.3%), with the majority of patients harboring wild-type HBV (89.2% overall). In
addition, the distribution of primary resistance mutations and other mutations was

FIG 1 Summary of treatment response at week 96 by treatment group. The percentage of patients for either the
TAF (left) or TDF (right) treatment group is depicted for each outcome through week 96. Patients that missed their
week 96 visit but had suppressed HBV DNA at the previous visit were included in the �69-IU/ml group. Virologic
breakthrough was defined as a confirmed HBV DNA level of �69 IU/ml after having �69 IU/ml or a �1.0-log10

increase in HBV DNA from nadir. Patients with one visit that met these criteria were classified as viremic in the
absence of viral breakthrough.

No Resistance to TAF through 96 Weeks Antimicrobial Agents and Chemotherapy

October 2018 Volume 62 Issue 10 e01064-18 aac.asm.org 3

http://aac.asm.org


similar between treatment groups (see Table S1 in the supplemental material; TAF,
4.7% primary resistance mutations and 5.8% other mutations; TDF, 6.7% primary
resistance mutations and 4.6% other mutations).

Analyses were conducted to determine the impact of baseline Pol/RT resistance
mutations on treatment outcomes (Fig. 3B). Patients in both the TAF and TDF groups
were analyzed by the presence of mutations at baseline, with patients being either wild
type, harboring primary resistance-associated Pol/RT mutations, or harboring other
mutations. Declines in HBV DNA were similar, with no statistically significant differences
between the TAF group compared to the TDF group at week 96 (Fisher exact test, P �

0.05). For both groups, patients with primary resistance mutations had slower kinetics
of HBV DNA decline. An additional analysis was conducted to determine whether
baseline mutations impacted rates of virologic breakthrough specifically. Similar pro-
portions of patients experienced virologic breakthrough at week 96 between the
resistance categories (TAF, 2.7% wild type, 4.9% primary resistance mutations, and 0
other mutations; TDF, 2.9% wild type, 3.4% primary resistance mutations, and 5.0%
other mutations [data not shown]).

Resistance surveillance. Sequence analysis of the HBV Pol/RT was conducted
annually for any patient with an HBV DNA level of �69 IU/ml at week 96 or at early
study drug discontinuation. Similar proportions of patients qualified for sequence
analysis through week 96 between TAF and TDF, with 96 patients from the TAF group
and 47 patients from the TDF group being subjected to sequence analysis. Across both
treatment groups, the majority of patients had no changes detected in the Pol/RT
sequence compared to the baseline, or were unable to be sequenced due to lower
levels of virus slightly above the limit for the sequencing assay (55.2% TAF, 72.3% TDF,
Fig. 4). The majority of the remaining patients had polymorphic site substitutions
(35.4% TAF, 23.4% TDF), with conserved site substitutions seen in a smaller percentage
of patients (9.4% TAF, 4.3% TDF). Sequencing results for patients with amino acid
changes are listed in Table S2 in the supplemental material. Of the 11 patients with

FIG 2 Baseline HBV genotype and impact on treatment outcomes. (A) The percentages of patients in either the TAF
(left) or TDF (right) treatment group are graphed by genotype as a percentage of the whole. Patients with
genotypes E, F, H, or unknown are included as “other.” (B) The mean change from the baseline for patients in the
TAF (left) or TDF (right) treatment groups is shown for patients with genotypes A through D.
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conserved site substitutions detected at week 96, only one conserved site substitution
emerged in more than 1 patient (see Table S2 in the supplemental material). The
rtA181T substitution was detected in 1 patient in the TAF group and 1 patient in the
TDF group, as described below.

In addition to conserved site substitutions, the emergence of known resistance
associated mutations was evaluated at week 96. The rtA181T substitution described
above is an ADV-associated resistance mutation but has also been reported as emer-
gent in patients with long-term LAM usage (22–24). One patient in the TAF group and
one patient in the TDF group had emergence of rtA181T at week 96 (patients TAF 20
and TDF 10; see Table S2 in the supplemental material). The patient in the TDF group
with rtA181T was OAV naive, while the patient in the TAF group was LAM experienced
at baseline. The emergence of rtA181T was not associated with increases in plasma
DNA in either patient, and both patients showed continual declines from baseline in

FIG 3 Baseline resistance surveillance and impact on treatment outcomes. (A) The percentage of patients with wild-type
HBV (no resistance mutations detected at baseline), primary mutations, or other mutations (defined in methods) detected
at baseline by INNO-LiPA in the TAF or TDF treatment group is depicted as a percentage of the group by baseline oral
antiviral experience. (B) The mean change of HBV DNA from baseline for patients in the TAF (left) or TDF (right) treatment
groups is shown for patients as determined by baseline resistance analysis.

FIG 4 Sequence results for TAF and TDF patients who qualified for resistance analysis through week 96.
Sequencing results for patients who qualified for sequencing during resistance surveillance through
week 96 in the TAF (A) or TDF (B) are shown. The results are presented as amino acid changes from
baseline. The number of patients in each analysis is noted as a percentage of the patients in the
corresponding treatment group (n, %).
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HBV DNA of �6 log10 IU/ml through week 96 in the absence of virologic breakthrough
(see Fig. S1 in the supplemental material). In addition, the conserved site rtM180L
substitution was detected in one patient. This is a reversion of the LAM-associated
mutation toward the consensus amino acid (patient TAF 5; see Table S2 in the
supplemental material). This patient was telbivudine and TDF experienced at baseline,
and harbored the LAM- and ETV-associated rtL180M and rtM204I by INNO-LiPA, both of
which reverted back to wild-type mixtures at week 96 (rtM180L/M and rtI204M/I). This
patient was subjected to phenotypic analysis and remained sensitive to TAF, with a fold
change value of 1.39 compared to baseline (Table 1).

An analysis of week 96 sequence results across both the TAF and TDF groups was
conducted to determine whether emergent amino acid substitutions in the Pol/RT gene
were observed in more than 1 patient. With the exception of rtA181T, no conserved
amino acid substitutions were detected in more than one patient. Of the polymorphic
site substitutions detected at week 96, 13 substitutions were detected in more than one
patient, three of which were reversions to a genotype A reference sequence (rtA38T,
rtT118N, and rtN134D; GenBank accession number X02763 [25]). Of these 13 substitu-
tions, only 4 were detected in more than two patients (rtI16T, n � 3; rtD134E, n � 4;
rtR138K, n � 3; and rtV191I, n � 3), with the remaining substitutions emergent in two
patients each (rtA38T, rtS78T, rtS106C, rtT118N, rtD134E, rtS213T, rtN238H, rtM309K,
and rtC332S). These substitutions were detected among 18 patients in the TAF group
and 7 patients in the TDF group. Of the 10 substitutions that were not a reversion to
reference, 7 were included in the phenotypic analysis since these patients qualified for
phenotyping due to virologic breakthrough (in the absence of nonadherence), and
each showed no change in susceptibility to TAF or tenofovir (rtI16T, rtS78T, rtS106C,
rtD134E, rtR138K, rtV191I, rtN238H; Table 1). Taken together, no pattern of emergent
substitutions was detected through 96 weeks of treatment, and the majority of
sequence changes are unique site changes.

Phenotypic analysis. To determine whether virologic breakthrough was accompa-
nied by development of reduced susceptibility to study drugs, in vitro phenotypic
evaluations were performed on patients that experienced virologic breakthrough while
maintaining adherence to the study drug. In addition, patients with emergent con-
served site substitutions rtP5L, rtN71Y, rtS116T, rtL260S, rtI265V, rtG295S, and rtK328M
were subjected to phenotypic analysis. Patient isolates with the conserved site substi-
tutions rtN71Y and rtS116T were unable to replicate and thus not included in the
analysis. Patient with the rtS40A, rtC303S, and rtA181T substitutions were also not
included in the analysis because patients with these sites present at baseline sup-
pressed virus (rtS40A, n � 1 patient in the present study), or the substitution has been
previously subjected to phenotypic analyses and found to remain sensitive to TFV
(rtC303S, study GS-US-174-0102, unpublished results; rtA181T, [26]). Sensitivity to TAF
was measured for patients in the TAF group, but since TDF is unstable in the culture
medium due to the presence of serum esterases, TFV was used to determine sensitivity
to TDF for patients in the TDF group (27). Phenotypic analysis of the baseline and
postbaseline isolates was performed in a total of 25 patients: 18 patients in the TAF
group and 7 TDF-treated patients (Table 1). All postbaseline virus pools and clones
tested remained sensitive with a fold change from baseline of �2-fold, which was

TABLE 1 Phenotypic analysis results for patients who experienced virologic breakthrough
at week 96 while adherent to the study drug

Parameter TAF TDF

No. of patients phenotyped (% of patients sequenced) 18 (19) 7 (15)
Virologic breakthrough without nonadherence 13 7
Conserved site changes 5 0

Mean EC50 fold change from baseline 1.03 0.94
Range of fold change from baseline 0.39–1.51 0.63–1.69
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within the variability of the assay (mean 50% effective concentration [EC50] fold
changes from the baseline of 1.01 and 0.94, respectively).

DISCUSSION

Tenofovir alafenamide is a novel prodrug of tenofovir with enhanced plasma
stability compared to TDF, resulting in an improved safety profile compared to TDF in
regard to bone and renal parameters while demonstrating similar efficacy through 2
years (96 weeks) (18, 28). Importantly, both prodrugs share the same pharmacologically
active moiety (TFV-diphosphate) within hepatocytes infected with HBV (29, 30). Bec-
uase TAF is now approved for the treatment of adults with CHB and compensated liver
disease in the United States, Europe, Japan, and several other countries worldwide, it
is essential that its resistance profile be characterized, particularly in comparison to that
of TDF, which has not shown resistance development in CHB patients through 8 years
of use (31). This study represents the first comprehensive resistance analysis conducted
from two, large ongoing phase 3 trials evaluating TAF versus TDF in the treatment of
CHB in treatment-naive and -experienced patients. At baseline, patient demographic,
disease, and viral characteristics were similar across treatment groups in both HBeAg-
positive and HBeAg-negative patients.

The patient populations included in the studies were representative of global CHB
patients and included treatment-naive and treatment-experienced patients infected
with HBV genotypes A through D. Through week 96, no differences in treatment
response were observed between TAF and TDF regardless of the baseline genotype. In
addition, TAF and TDF demonstrated similar efficacies, including patients with known
resistance mutations at baseline which were detected at a higher rate in treatment-
experienced patients. This finding is consistent with previous studies evaluating TDF in
patients with LAM or ADV resistance mutations which demonstrated that viral sup-
pression was achieved and maintained in patients having a poor response to other
antivirals, including those with documented baseline mutations (32–35). In patients
with LAM-R at baseline, a higher baseline viral load was associated with persistent
viremia through week 96 (33), indicating that the baseline viral load, as opposed to
baseline viral resistance, is what predominantly contributes to delays in the suppression
of HBV DNA in patients treated with TDF. The high rates of viral suppression achieved
with TDF and TAF are reflective of the prior results in which HBV encoding for resistance
mutations to ADV, LAM, or ETV retain sensitivity to tenofovir in vitro (26).

At week 96, the majority of patients in this analysis that did not suppress HBV DNA
were persistently viremic in the absence of breakthrough. Viremia in the absence of
breakthrough indicates patients may require a longer duration of treatment to achieve
complete viral suppression HBV DNA, particularly in patients with higher viral loads at
baseline. This is consistent with published work demonstrating that in some TDF-
treated patients suppression rates increase with longer treatment durations (9, 10, 36).
In line with this, patients in this study did achieve higher suppression rates at week 96
compared to week 48 (16–18), particularly for those who were HBeAg positive. Patients
who experience virologic breakthrough often present more of a concern for the
development of antiviral drug resistance. In the present study, a small and similar
proportion of patients experienced confirmed virologic breakthrough in both treat-
ment groups (�3%). Previous studies with TDF monotherapy demonstrated compara-
ble results to the present study, with 2.3% (10/426) of patients experiencing virologic
breakthrough on TDF through week 48 (37). In the present study, 14 of 38 (36.8%)
patients who experience virologic breakthrough at week 96 had breakthrough
associated with undetectable levels of tenofovir in the plasma, which is consistent
with previous studies demonstrating a high degree of nonadherence among pa-
tients who experience virologic breakthrough (9, 10, 38). Phenotypic analysis of
patients with virologic breakthrough in the absence of nonadherence, as deter-
mined by plasma drug levels, showed these patients to have no change in sensi-
tivity to tenofovir in vitro. Thus, the low rates of virologic breakthrough, often
associated with nonadherence, and the lack of phenotypic resistance in postbase-
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line isolates suggest that virologic breakthrough is not associated with clinical
resistance in this study. Previous long-term experience with TDF treatment suggests
that virologic breakthrough associated with nonadherence is transient, and patients
resuppress with the resumption of therapy (9, 10).

A relatively small percentage of enrolled patients qualified for sequence analysis
having HBV DNA levels of �69 IU/ml at week 96 (11.0%). The majority of these patients
either had no change from their baseline sequence or were unable to be sequenced
(60.8% of patients sequenced overall), while the majority of emergent substitutions
were unique (58 of the 92 substitutions detected). Few of the amino acid site substi-
tutions detected at week 96 were observed to develop in multiple patients. Of those
detected in more than one patient, all but one (rtA181T) were at polymorphic sites. The
polymorphic rtS78T substitutions has been previously reported to develop in two patients
who did not achieve suppression during TDF treatment, with corresponding EC50 fold
changes of �2-fold (39). Two patients in the present study developed rtS78T at week 96.
Of these, one was subjected to phenotypic analysis, with the rtS78T substitutions conferring
no reduction in susceptibility to TAF. Both patients had rtS78T present in a mixture with
wild type (rtS78S/T), and one patient had intermittent drug compliance through 96 weeks.
Three additional patients developed rtS78T at week 48 but went on to suppress HBV DNA
by week 96 with additional treatment (data not shown). In this study, the emergence of
rtA181T occurred in one patient in each treatment group at week 96. The patient in the
TAF group was LAM experienced when they entered the study. Although rtA181T is a
known ADV resistance mutation, rtA181T has been reported to emerge in patients
during long-term LAM treatment (22–24). Both patients had continual declines in HBV
DNA levels from baseline through week 96 with no increase in HBV DNA associated
with the detection of rtA181T. This substitution is a known adefovir resistance mutation
that remains sensitive to TAF and tenofovir in in vitro phenotypic assays (26). Similarly,
patients with suboptimal response to ADV treatment (34, 40) or patients with known
rtA181V/T substitutions at baseline (33) can maintain HBV DNA suppression on TDF
treatment.

In summary, results from extensive sequence analyses and phenotypic assays in
patients with virologic breakthrough demonstrate that no TAF-associated resistance
substitutions associated with sustained virologic breakthrough have been identified
through 96 weeks of treatment. These results support a high barrier to resistance to
TAF, as has been previously demonstrated with TDF, both of which are prodrugs of TFV.
Overall, we demonstrate here that TAF monotherapy achieved high levels of viral
suppression over 96 weeks of treatment and that no resistance to TAF developed in
patients with CHB.

MATERIALS AND METHODS
The study designs for these clinical trials (GS-US-320-0108 [study 108] and GS-US-320-0110 [study

110]) have been previously described (16–18). The studies were conducted in compliance with all
regulatory obligations and the Institutional Review Board and informed consent regulations at each
investigational site. Briefly, patients were randomized 2:1 to receive TAF or TDF for up to 144 weeks,
followed by the option of open-label TAF treatment for up to week 384. The design of each trial is
identical except for the HBeAg status for enrollment, with study 108 enrolling HBeAg-negative patients
and study 110 enrolling HBeAg-positive patients. Both treatment-naive and treatment-experienced
patients were enrolled, with “treatment naive” being defined as �12 weeks of prior OAV treatment and
“treatment experienced” being defined as �12 weeks of prior OAV treatment. Results through week 96
are reported here.

Sequence analysis. At baseline, HBV genotype was determined using an INNO-LiPA HBV genotyping
assay (Innogenetics, Ghent, Belgium). The presence of known antiviral resistance mutations was detected
at baseline using the INNO-LiPA Multi-DR v2/v3 assay (Innogenetics). The INNO-LiPA Multi-DR v2/v3 assay
detects variants present at amino acid positions rtL80, rtV173, rtL180, rtA181, rtT184, rtA194, rtS202,
rtM204, rtN236, and rtM250. Mutations detected were then assigned to a resistance category based on
available in vitro phenotypic data. Mutations that confer reduced susceptibility to CHB treatment in vitro
were classified as primary resistance mutations, including LAM-R (rtM204V/I/S), ADV-R (rtA181T/V,
rtN236T), and ETV-R (rtM204V/I � rtT184X � rtS202X � rtM250X) (41–48). Remaining mutations detected
by INNO-LiPA Multi-DR v2/v3 considered to be compensatory mutations or unknown variants at
resistance-associated positions were classified as other mutations.

Resistance surveillance was conducted at week 96. Sequencing of the HBV Pol/RT was attempted on
serum samples for any patient with viremia at week 96 (HBV DNA � 69 IU/ml) or at the time of early
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discontinuation with at least 24 weeks or treatment. Samples with HBV DNA levels of �69 IU/ml were
not included in the analysis by sequencing due to assay limitations. DNA was isolated from 200 �l of
patient serum using an automated MagNA Pure System (Roche, Basel, Switzerland). The HBV Pol/RT
domain (amino acids 1 to 344) was amplified using the Expand High Fidelity PCR system (Roche).
Amplified PCR products were purified using Ampure XP beads (Beckman Coulter, Brea, CA) prior to
quantification using Quant-iT PicoGreen dsDNA kit (Life Technologies, Carlsbad, CA). For patients with
HBV DNA levels of �159 IU/ml, population dideoxy sequencing was performed using the ABI BigDye
Terminator v3.1 cycle sequencing kit (Thermo Fisher Scientific, Waltham, MA). For patients with HBV DNA
levels of �159 IU/ml, PCR products were deep sequenced using the Illumina-MiSeq platform (150-base
paired-end reads; Illumina, Inc., San Diego, CA). Deep or population sequencing was performed on
patient baseline samples. Baseline consensus sequence was used to align the raw reads of corresponding
postbaseline samples using MOSAIK (Boston College, USA). For samples with deep-sequencing data
available, the raw reads were assembled using VICUNA (49) to create an assembly sequence (Broad
Institute, USA) and then aligned to the assembly sequence. Amino acid substitutions were analyzed with
a mutation frequency cutoff of 15% and compared to the respective baseline sequence for each patient.
All amplification and sequencing steps were performed at DDL Diagnostic Laboratories (Rijswijk, Neth-
erlands). A resolution of an amino acid mixture at baseline to a full call amino acid in the corresponding
postbaseline sequence was not included as a change from baseline.

Polymorphic and conserved amino acids have been previously described (9). Conserved sites were
defined as sites having one amino acid present or having two amino acids present with one amino acid
observed at �99%. All other positions were classified as polymorphic.

Phenotypic analysis. The in vitro susceptibility to TAF or tenofovir was assessed for any patient with
virologic breakthrough with no evidence of nonadherence and for patients with conserved site substi-
tutions detected. Virologic breakthrough was defined as confirmed an HBV DNA level of �69 IU/ml after
having �69 IU/ml or a �1.0-log10 increase in HBV DNA from nadir. Phenotypic analyses were performed
as previously described with some modifications (50). Briefly, the HBV Pol/RT PCR product generated for
sequencing was ligated into a plasmid vector (pRTAN) expressing the full genotype A HBV genome
lacking the RT region (21, 51). Recombinant plasmids were transiently transfected into HepG2 cells and
HBV DNA in the supernatant was measured using QuantiGene 2.0 branched DNA technology with HBV
specific probes (Affymetrix, Santa Clara, CA). EC50s were calculated with respect to the assay reference.
Fold changes in the EC50 were determined by comparing the fold change from reference of the baseline
sample to the fold change from reference of the on-treatment sample. Sensitivity to TAF was measured
for patients in the TAF group. For patients in the TDF group, sensitivity to tenofovir was evaluated as TDF
is unstable in cell culture medium due to the presence of serum esterases (27). A wild-type laboratory
virus (pHY92) and an ADV-resistant virus (rtA181V�rtN236T) were used as controls for sensitivity and
resistance, respectively.

Adherence to study medication. Adherence to the study drug was measured by determining
tenofovir levels in the plasma using liquid chromatography/mass spectrometry as previously described
(9). Nonadherence was defined as tenofovir levels below the limit of quantitation or tenofovir trough
levels more than 10 times below the average level with TDF at 300 mg once daily (�1 ng/ml).

SUPPLEMENTAL MATERIAL
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