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Abstract

Background and Aims Multiple clinical trials have
demonstrated the efficacy and safety of tenofovir diso-
proxil fumarate (TDF) in chronic hepatitis B (CHB).
However, long-term efficacy and safety data for TDF in
real-life clinical practice are limited.

Methods Prospective German field practice study in
CHB-mono-infected patients. Patients were TDF-naive but
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could have been treated previously with other HBV
antivirals.

Results Efficacy analysis included 400 patients; 301
(75 %) completed 36 months of TDF treatment. Both
treatment-naive and  treatment-experienced  patients
showed a rapid decline in HBV DNA within 3 months of
TDF initiation. After 36 months, HBV DNA < 69 IU/mL
was achieved by 91 % of treatment-naive patients (90 and
92 % in hepatitis B “e” antigen [HBeAg]-positive and
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[HBeAg]-negative, respectively) and 96 % of treatment-
experienced patients (93 and 97 %, respectively). Three
patients experienced virologic breakthrough, all with
reported non-compliance. Overall, 5.7 % HBeAg-positive
and 2.2 % HBeAg-negative patients lost hepatitis B surface
antigen. Safety data were consistent with the known TDF
safety profile; the most commonly reported adverse events
possibly related to TDF were fatigue (2.0 %) and headache
(2.0 %). Few patients (1.3 %) experienced renal-related
adverse reactions. Creatinine clearance remained relatively
stable over time; patients responded favorably where TDF
was dose adjusted per label for decreased creatinine
clearance.

Conclusions TDF showed a favorable tolerability profile
and induced rapid and sustained suppression of HBV DNA
in patients with CHB treated for up to 3 years in routine
clinical practice, irrespective of treatment history. Efficacy
and safety in this heterogeneous patient population were
consistent with data from clinical trials.

Keywords Chronic hepatitis B - Tenofovir disoproxil
fumarate - Real world - Clinical practice

Introduction

The principal treatment goal in patients with chronic hep-
atitis B infection (CHB) is to prevent disease progression
and therefore disease-related death. The nucleotide analog
tenofovir disoproxil fumarate (TDF), a potent inhibitor of
HBV polymerase shown to suppress HBV DNA levels
effectively, is a first-line option for the treatment of CHB in
adult and adolescent patients. In Phase 3 clinical trials,
TDF had superior antiviral efficacy to adefovir (ADV) in
both hepatitis B “e” antigen positive (HBeAg+) and
negative (HBeAg—) patients [1]. In these patients, long-
term TDF therapy continued to suppress HBV, leading to
regression of fibrosis and cirrhosis [2], without viral
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resistance being detected [3]. TDF has also been shown to
be efficacious with a positive risk/benefit profile in patients
with compensated liver disease and prior treatment failure
to lamivudine (LAM) [4], ADV [5], ADV + LAM [6], and
entecavir (ETV) [7]. TDF has also been shown to be
effective in the treatment of patients with decompensated
liver disease [8].

Studies describing the effectiveness and safety of TDF
in real-life settings or routine practice in varied patient
populations are few and predominantly retrospective [6, 9—
14]. These studies are required to confirm the efficacy and
safety established in controlled clinical trials [15].

We conducted a prospective field practice study to
evaluate the safety and effectiveness of TDF in real-life
clinical settings in Germany.

Methods
Study Design

GEMINIS is a prospective, multicenter field practice study.
Patients were enrolled at 33 sites across Germany (private
practice 80 %; hospital sites 20 %). Recruitment started in
February 2009 and the last patient completed the study in
June 2013. The study protocol was reviewed and approved
by the respective ethics committees and was conducted
according to the Declaration of Helsinki principles. All
patients provided written informed consent.

Study Population

The study enrolled treatment-naive or treatment-experi-
enced patients >18 years of age who were mono-infected
with HBeAg+ or HBeAg— CHB. TDF was administered at
the treating physician’s discretion. Key exclusion criteria
included prior treatment with TDF, evidence of hepato-
cellular carcinoma (HCC), or coinfection with human
immunodeficiency virus (HIV), hepatitis C virus (HCV), or
hepatitis D virus (HDV).

Data Collection and Study Assessments

Data were collected prospectively via an electronic case
report form every 3—-6 months for up to 36 months. Data
were obtained from medical records and included the fol-
lowing if available: demographic and disease characteris-
tics; laboratory values including transaminases and serum
creatinine; HBV serology; HBV DNA levels; reverse
transcriptase domain of HBV polymerase (pol/RT) muta-
tions; results of liver examinations (e.g., liver biopsy,
noninvasive markers of fibrosis, hepatic ultrasound, endo-
scopy); adverse events (AEs) considered to be at least
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possibly related to TDF; pregnancy; and relevant con-
comitant treatments. Study-specific laboratory tests, resis-
tance monitoring, or prespecified visits were not required.

Virologic breakthrough was defined as a confirmed
consecutive increase in HBV DNA level of more than
1 logip IU/mL compared with the nadir (lowest value)
HBV DNA level on therapy.

Statistics

The analysis population consisted of all patients who
received at least one dose of TDF (All Treated). Mean,
standard deviation (SD), were calculated for continuous
variables, together with the total number of observations
and the number of non-missing and missing values. For
categorical variables, number and percent of patients were
reported. Missing data were excluded from the efficacy
analysis. HBV DNA levels were recorded as <lower limit
of quantification (LLOQ) on the laboratory reports, but
classified as <69 IU/mL in this manuscript. Data from one
center with LLOQ = 100 IU/mL have been counted as
below <69 IU/mL. The cumulative probability of hepatitis
B surface antigen (HBsAg) loss was determined by
Kaplan—Meier methodology. Fisher’s exact test was per-
formed to determine whether baseline factors of body mass
index, HBeAg status, or gamma glutamyl transferase
(GGT) levels could predict elevated alanine (ALT) levels.
Statistical analysis was performed using SAS® (Version
9.2 or higher).

Results
Study Population

In total, 403 patients were prospectively enrolled. The safety
analysis included data from all patients. Three patients were
excluded from the efficacy analysis based on specified
exclusion criteria so the efficacy population included 400
patients. The majority of patients were male, Caucasian
(Table 1), and around two-thirds were HBeAg— (Table 2).
At baseline, 35 patients (9 %) were aged >65 years;
HBeAg— patients were older overall compared with
HBeAg+ patients (mean 47 vs. 39 years, respectively).
Around half of the study population was of European
descent (Table 1). Mode of HBV infection was known in
39 % of patients: vertical transmission or infection during
childhood (15 %), family exposure (5 %), and infection via
sexual exposure, professional exposure, nosocomial expo-
sure, or drug (<2.5 %). Viral genotype was only available
in 5 % of patients so was reported for only around 5 % of
the patients and was therefore not included in the analysis.

3063
Table 1 Baseline characteristics
Characteristic N = 400
Age [years, mean (SD)] 44.5 (13.8)
Male [n (%)] 275 (69)
Geographic descent [n (%)]*
Europe 206 (52)
Middle East and Turkey 90 (22)
Asia-Pacific 67 (17)
Sub-Saharan Africa and North Africa 27 (7)
Other 9(2)
Missing 1
Patients with cirrhosis® [n (%)] 43 (11)
Liver biopsy performed [n (%)] 55 (14)
Liver biopsy results available [n (%)] 35 (9)
Fibrosis score® >2 (n/n) 13/35
Fibrosis score® >3 (n/n) 4/35
Elastography performed [n/n (%)] 67 (17)
Advanced fibrosis (n/n) 15/67
Suspected cirrhosis (n/n) 7167
Ultrasonography performed [n (%)] 312 (79)

Normal [n/n (%)]
Dysmorphic features [n/n (%)]

214/312 (69)
87/312 (28)

Portal hypertension [n/n (%)] 11/312 (4)
Comorbidities [n (%)]

Diabetes mellitus 27 (7)

Hypertension 24 (6)

Cardiovascular disease 19 (5)

Prior renal insufficiency 8 (2)

Neuropsychiatric disease 8(2)

SD standard deviation
* Percentage may not = 100 % due to rounding

 History of cirrhosis at the discretion of the investigator; method not
further specified. Twenty-five patients had signs and symptoms (i.e.,
ascites [n = 10], varices [n = 4], or splenomegaly [n = 11])

" Scheuer or METAVIR scoring system

Atbaseline, HBeAg— and treatment-experienced patients
had lower HBV DNA values compared with HBeAg+ and
treatment-naive patients (Fig. 1; Table 2). Of the 43 patients
reported to have cirrhosis, clinical signs (ascites, spleno-
megaly and/or esophageal varices) were reported in 25. This
was based on patient records of pretreatment liver biopsy (35
patients) or noninvasive liver fibrosis assessment by tran-
sient elastography (Table 1). Comorbidities were reported
for 167 (42 %) patients. The most commonly reported were
diabetes and hypertension (Table 1), and seven patients
(2 %) had undergone an organ transplant prior to entering the
study (four kidney, two liver, and one bone marrow).

Just over half of all patients were treatment-experienced,
with approximately 60 % previously treated with LAM

@ Springer
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Table 2 Baseline characteristics by prior treatment history

Characteristic

Treatment-naive patients

Treatment-experienced
patients

All patients

n/N (%)
HBeAg-negative [n/n (%)]
HBV DNA [IU/mL, mean (SD)]

HBV DNA [IU/mL, median (Q1-Q3)]*

HBV DNA > 2,000 IU/mL [n/n (%)]
Normal ALT (<ULN®) [n/n (%)]

HBV DNA < 69 IU/mL [n/n (%)]

HBV DNA >69 IU/mL and ALT >ULN [n/n (%)]

183/400 (45.8)
124/177 (70.1)
7.08 x 107 (5.28 x 10%)

74 x 10* (3.4 x 10°-
6.8 x 10%

142/180 (78.9)
54/176 (30.7)
16/180 (8.9)
117/175 (66.9)

217/400 (54.3)
141/212 (66.5)
6.63 x 107 (8.89 x 10%

2.5 x 10% (20-1.8 x 10%

73/214 (34.1)
1201207 (58.0)
95/214 (44.4)
56/206 (27.2)

400/400 (100)
265/389 (68.1)

6.84 x 10’
(7.45 x 10%

3.6 x 10°
(40.0-3.95 x 10°)

215/394 (54.6)
174/383 (45.4)
110/394 (27.9)
173/381 (45.4)

Prior treatment regimen [n/n (%)]°
Interferon (interferon or pegylated interferon)- -
containing regimen
LAM monotherapy -
ETV monotherapy -
ADV monotherapy -
LAM + ADV -
LAM + ADV + other -
Other? -
Reason for initiating TDF [n/n (%)]
Persistent viremia -
Viral relapse -
Documented resistance -
AE -
Non-adherence -
Other (not specified) -

26/217 (12) -

67/217 (31) -
23/217 (11) -
20/217 (9) -
43/217 (20) -
17/217 (8) -
29/217 (13) -

101/217 (46) -
38/217 (18) -
22/217 (10) -
15/217 (7) -
20/217 (9) -
21/217 (10) -

ADYV adefovir, AE adverse event, ALT alanine aminotransferase, ETV entecavir, HBeAg hepatitis B “e” antigen, HBV hepatitis B virus, LAM
lamivudine, SD standard deviation, TDF tenofovir disoproxil fumarate, ULN upper limit of normal

% Data were missing for three patients in the treatment-naive group and three patients in the treatment-experienced group

° ALT upper limit of normal was <43 U/L for males and <34 for females

¢ Multiple responses possible; eight patients are included in both the interferon-containing regimen and LAM + ADV + other group
4 Includes unspecified treatment and treatment with telbivudine only, telbivudine + ADV, ETV + ADV, and ETV + LAM

monotherapy or LAM + ADV (Table 2). Persistent vir-
emia, viral relapse, and documented resistance mutations to
other antivirals were the most common reasons for initi-
ating treatment with TDF in treatment-experienced patients
(Table 2). Approximately 9 % of treatment-naive patients
had undetectable viral load (defined as HBV
DNA < 69 IU/mL) compared with 44 % of treatment-ex-
perienced patients (Table 2). Reasons for starting TDF
therapy in treatment-experienced patients with non-de-
tectable viral load at baseline were persistent viremia
(43.2 %), adverse events at least possibly related to pre-
vious treatment (12.6 %), viral relapse (11.6 %), docu-
mented resistance (9.5 %), non-adherence (7.4 %), and
other reasons (15.8 %).

@ Springer

TDF Treatment

All treatment-naive patients and most treatment-experi-
enced patients started TDF treatment as monotherapy.
Where TDF was given as an initial combination therapy
(n = 35), it was most frequently combined with ETV (19/
35), LAM (8/35), or telbivudine (4/35). Five patients
received an oral antiviral agent in addition to TDF during
the study. The first patient received add-on treatment due to
suboptimal virologic response, the second patient still had a
high viral load after 3 months of treatment, and the third
patient received prophylactic add-on therapy due to having
a lymphoma. The reasons for additional oral treatment
were not documented for the remaining patients. Overall,
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Fig. 1 Viral dynamics over time. Distribution of patient populations
by HBV DNA levels during treatment. Bubble diameters are relative
to the proportion of patients with HBV DNA at that specified level.
a Treatment-naive patients; *n = 1 (non-compliant); **n = 1 (TDF
paused for >1 month); ***n = 6 (2 non-compliance and 4 = LLQ
200 IU/mL). b Treatment-experienced patients; *n = 1 (TDF paused
for >7 days); **n =2 (non-compliance); ***n =2 (1 non-

301 patients (75 %) remained in the study at month 36.
TDF was discontinued in 51 patients; known reasons
included: unwilling to continue (n = 21); AEs considered
possibly related to TDF (n = 11); family planning (n = 4);
non-compliance (n = 4); suboptimal response (persistent
viremia) (n = 2); and HBsAg seroconversion (n = 2).

Virologic Response

In both treatment-naive and treatment-experienced
patients, there was a rapid decline in HBV DNA within the
first 3 months after initiating treatment (Fig. 1). Similar
trends were observed in HBeAg+ and HBeAg— patients.

compliance and 1 = LLQ). ¢ HBeAg+ patients; *n =1 (non-
compliant); **n = 2 (non-compliance); ***n = 1 (TDF paused for
>7 days); ****n =1 (=LLQ). d HBeAg—; *n = 1 (non-compli-
ance); **n = 1 (TDF paused >1 month); ***n = 7 (3 non-compli-
ance, 4 = LLQ). HBeAg hepatitis B “e” antigen, LLQ lower limit of
quantification, TDF tenofovir disoproxil fumarate

After 12 months, 120/150 (80 %) treatment-naive
(HBeAg+ 59 %; HBeAg— 89 %) and 159/181 (88 %)
treatment-experienced patients (HBeAg+ 81 %; HBeAg—
92 %) achieved HBV DNA < 69 IU/mL, rising to 111/122
(91 %) treatment-naive (HBeAg+ 90 %; HBeAg— 92 %)
and 153/160 (96 %) (HBeAg+ 89 %; HBeAg— 99 %)
treatment-experienced patients at 36 months (Fig. 2a).
Similar results were seen in treatment-experienced patients,
with 90 % of patients previously treated with LAM, ETV, or
ADV-containing regimens achieving HBV DNA < 69 U/
mL at month 36 (Fig. 2b), including patients who were
switched to TDF from ADV for safety or efficacy reasons

@ Springer
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(Fig. 2¢). Baseline ALT levels did not affect efficacy; at
month 36, 71/76 (93 %) patients with ALT > 1.5 x ULN
and 186/197 (94 %) with ALT < 1.5 x ULN achieved
HBV DNA < 69 IU/mL (Fig. 2d). Lastly, similar efficacy
was seen in patients >65 years of age and in patients
<65 years of age (HBV DNA < 69 IU/mL at 36 months: 95
vs. 88 %, respectively).

Virologic failure on TDF was rare. Three patients
experienced virologic breakthrough (defined as two con-
firmed consecutive increases in HBV DNA of more than 1
logo IU/mL from nadir). Two patients discontinued TDF
due to persistent viremia (one patient was switched to ETV
0.5 mg/day but continued to have persistent viremia and no
further data are available for the second patient). Non-
compliance was reported in all patients with virologic
breakthrough.
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Biochemical Response

Mean (SD) ALT improved from 85 (160.81) U/L at base-
line to 35 U/L (20.53) at month 36. The proportion of
patients with normal ALT at month 36 was 216/288 (75 %)
versus 174/383 (45 %) at baseline. Similar findings were
seen irrespective of HBeAg status and treatment history.
The only baseline factor predictive of elevated
ALT > ULN at month 36, was elevated GGT (p < 0.001).

Serologic Response

Eleven patients lost HBsAg during the study, all of whom
had received TDF monotherapy. The annual rate of HBsAg
loss was 3.00 % in the first year, 5.23 % in year 2, and
6.43 % in year 3 for HBeAg+ patients and 0.88 % in year
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1, 1.37 % in year 2, and 2.95 % in year 3 for HBeAg—
patients. Among the 106 patients who were HBeAg+ at
baseline and also had available HBsAg data, six patients
(6/106, 5.7 %) lost HBsAg; the cumulative probability of
HBsAg loss over the 36-month period was 6.43 % in these
patients (Fig. 3). All six HBeAg+ patients who lost
HBsAg also seroconverted to anti-HBs; however, one
patient who seroconverted to anti-HBs after 19 months of
treatment reverted after 7 months of continued treatment
and was HBsAg+ at the end of the study. In this patient,
HBV DNA was 10 IU/mL at the time of HBsAg loss and
12 TU/mL at the end of the study. This patient switched to
ETV at the end of the study due to a renal event. One
HBeAg+ patient discontinued TDF 26 months after
HBsAg loss, and the response was durable at their last
available time point. The other four patients who were
HBeAg+ at baseline and lost HBsAg continued treatment
and remained HBsAg— at their last available time point.
Five patients (5/232, 2.2 %) who were HBeAg— at base-
line (4/5 treatment experienced) lost HBsAg and were
HBsAg— at their last available time point. None of the
HBeAg— patients seroconverted to anti-HBs. Of all the
124 patients who were HBeAg+- at baseline, 25 (21 %) lost
HBeAg during the study and remained HBeAg— at their
last available time point.

Safety

An overall summary of AEs considered by the physicians
to be at least possibly related to TDF is shown in Table 3.
Twelve patients discontinued TDF due to an AE, 10 of
which were considered to be at least possibly related to
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Fig. 3 Kaplan—Meier probability of HBsAg loss. + Corresponds to
patients censored because they had already undergone the event/lost
HBsAg or are no longer at risk (e.g., discontinued the study or no
HBsAg data recorded). HBsAg hepatitis B surface antigen

TDF, including four renal-related events (abnormal renal
function tests, 2; renal failure, 2). The most frequently
reported AEs considered by the physicians to be at least
possibly related to TDF were consistent with the known
safety profile of TDF and included fatigue, headache, and
nausea, all reported by <2 % of patients. Serious adverse
events (SAEs) were reported in 11 patients, only one of
which (renal failure) was considered related to TDF. HCC
was confirmed in one patient after 6 months of TDF
treatment and suspected on the basis of clinician perception
in a further patient after 3 months of treatment. Both
patients continued on TDF, but were subsequently lost to
follow-up after 18 and 12 months, respectively. Both
patients were male, treatment-naive, and HBeAg—, and
both had cirrhosis with either varices or splenomegaly at
baseline.

Five deaths were reported, none of which were consid-
ered related to TDF (one ileus/intestinal obstruction, one
primary transplant failure after liver transplantation, one
multi-organ failure after sepsis, one pneumonia, and one
cause not reported).

Eight pregnancies were reported and TDF was admin-
istered during all trimesters in five of the eight pregnancies.
TDF was well tolerated and all newborns were healthy and
HBsAg— at birth.

Mean creatinine clearance, serum creatinine, and serum
phosphorus remained relatively stable over 36 months of
treatment (Table 4).

Renal endpoints were observed in approximately 5 % of
patients: seven patients with a serum creatinine increase
>0.5 pmol/L from baseline at any time point during the
study and 18 patients with creatinine clearance <50 mL/
min at any time point during the study. Of these patients,
nine had renal insufficiency at baseline. Overall, the TDF
dose was reduced in 8/18 patients with baseline or on
treatment creatinine clearance <50 mL/min, most of whom
(6/8) subsequently remained stable on TDF through month
36. Figure 4 shows representative creatinine clearance data
for patients who underwent dose reductions at baseline or
on treatment. Mean changes from baseline in creatinine
clearance and serum creatinine were similar in patients
aged >65 years and those aged <65 years (4.01 vs.
3.95 pmol/L.  at 12 months, 1.77 vs. 2.83 pmol/L at
24 months, and 1.33 vs. 2.54 pmol/L at 36 months,
respectively).

Renal failure was reported as an AE (one serious) in
three patients; all events were considered by the physician
to be at least possibly related to TDF. Two of these patients
had renal dysfunction at baseline and entered the study
with creatinine clearance <50 mL/min, and both had been
previously treated with LAM and subsequently ADV, and
received a TDF dose in excess of the recommended dose in
the Summary of Product Characteristics (SmPC).
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Table 3 Adverse events (AEs) considered at least possibly related to TDF and occurring in >1 patient (preferred term)

Event Proportion of patients [n (%)]
Fatigue 8 (2.00)
Headache® 8 (2.00)
Nausea 5 (1.25)
Dizziness 3 (0.75)
Flatulence 3 (0.75)
Renal failure 3 (0.75)
Abdominal pain® 7 (1.75)
Diarrhea 2 (0.5)
Decreased appetite 2 (0.5)
Abnormal renal function tests® 2 (0.5)
Discontinuation of TDF due to adverse events considered at least possibly related to TDF¢ [n (%)] 10 (2.5)

TDF tenofovir disoproxil fumarate

? Headache includes the preferred terms: headache (n = 7) and migraine (n = 1)

°® Abdominal pain includes the preferred terms: abdominal pain upper (n = 3), abdominal pain (n = 2), and abdominal discomfort (n = 2)

¢ Abnormal renal function tests includes the preferred terms: renal function test abnormal (n = 1) and blood creatinine increased (n = 1)

4 Discontinuations due to AEs and adverse reactions considered at least possibly related to TDF were: renal function test abnormal (2); renal
failure (2); abdominal pain, nausea, vomiting (1; all in same patient); abdominal painJr (1); gynecomastia (1); drug intolerance (1); anaphylactic

reaction (1); myalgia (1)

Table 4 Mean change from
baseline in creatinine clearance,

serum creatinine, and serum
phosphorus (all patients with
available data)

Baseline Month 12 Month 24 Month 36
Creatinine clearance (n) 360 300 277 268
Mean (SD) change from baseline (mL/min) - —3.62 (16.19) —4.32 (15.46) —3.50 (16.81)
Serum creatinine (1) 361 300 277 268
Mean (SD) change from baseline (umol/L) - +3.62 (28.57) +2.75 (10.66) +2.46 (29.08)
Serum phosphorus (7) 34 67 53 52
Mean (SD) change from baseline (mg/dL) - +0.08 (0.40) —0.02 (0.18)  +0.02 (0.26)

SD standard deviation

Creatinine clearance declined further on treatment, and the
patients were switched to LAM or lost to follow-up.

Discussion

This field practice study of 400 patients demonstrated that
TDF is an effective treatment for CHB in both treatment-
naive and treatment-experienced patients in clinical
practice.

The patients in this study represent a heterogeneous
population of HBeAg + and HBeAg— patients from 18 to
82 years of age. They were either treatment naive or
treatment experienced, from diverse geographic regions,
and with a range of comorbidities, including mild-to-severe
renal impairment. Additionally, patients were enrolled who
had previously undergone transplantation or had become
pregnant while taking TDF. The treatment-experienced
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patients included in this study had a broad range of prior
treatment regimens (i.e., LAM, ADV, ETV, interferon, or
combinations thereof) as well as a range of reasons for
prior treatment discontinuation (i.e., persistent viremia,
relapse, resistance, AEs, non-adherence). Since these
patients are typical in routine clinical practice, it is
important to demonstrate the antiviral efficacy of TDF
among these diverse groups. This analysis presents data
from the prospectively planned 36-month study period, and
patients from the GEMINIS cohort will be followed for a
further 3 years in the roll-over “VIR-Life” study.
Approximately 10 % of patients were reported to have
cirrhosis at baseline, and just over half of these patients had
symptoms of advanced disease and/or decompensation.
There was no report of a history of advanced liver disease
for the majority, and few patients had liver biopsy or
transient elastography data available. Interestingly, over
70 % of the patients enrolled in this study were unaware of
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A — Aged 62 years, prior ADV/LAM, no comorbidities
( ) ---- Aged 42 years, treatment-naive hypertension,
rheumatoid arthritis
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80+ ---- Aged 69 years, prior ADV/LAM, immune suppression,
70 hypertension, proteinurea
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Fig. 4 Creatinine clearance. Creatinine clearance shown for selected
patients who underwent dose reductions a beginning at baseline and
b on-treatment. Dosing reduced to every *2 days or **3 days. Arrows
indicate when dosing interval was modified. ADV adefovir, ETV
entecavir, LAM lamivudine

how they acquired the disease, suggesting that educational
initiatives are needed to increase understanding of the
disease as well as increased screening.

Based on the German National Guidelines [16] and the
current European Association for the Study of the Liver
(EASL) clinical practice guidelines [17], treatment
appeared to be indicated in the majority of the treatment-
naive patients started on TDF based on baseline HBYV DNA
and ALT values. The majority of treatment-naive patients
had HBV DNA >2000 IU/mL, and 42 and 68 % of
HBeAg— and HBeAg+ patients, respectively, had
ALT > 1.5 x ULN. Since virologic suppression has been
shown to be associated with a reduced probability of dis-
ease progression [18-21], treatment initiation becomes
paramount to managing the disease and preventing pro-
gression to advanced liver disease and its associated
complications.

TDF produced potent suppression of HBV DNA, irre-
spective of the patient population. HBeAg+ and HBeAg—
treatment-naive and treatment-experienced populations had
a very robust response to TDF with 8§89-99 % of patients
achieving HBV DNA <69 IU/mL at 3 years. In all treat-
ment-experienced groups, irrespective of previous therapy,
TDF caused rapid and durable suppression of HBV DNA.
These data are consistent with the literature showing effi-
cacy across a broad range of populations reported in clin-
ical trials and real-life studies and in retrospective analyses
[2, 5, 8, 10, 22]. Consistent with previously reported clin-
ical trial results for TDF, there was an increased proportion
of patients with normal ALT following 36 months of
treatment [22].

Among HBeAg+ patients, the cumulative probability of
HBsAg loss over 3 years was 6.4 %. Five HBeAg—
patients in the current study lost HBsAg over the 3 year
period; this is higher than the rate seen in HBeAg- patients
in pivotal clinical trials, where only one HBeAg— patient
with HBsAg loss was reported over 5 years of treatment [1,
2, 22]. Although these are encouraging results, patient
numbers are small and only one patient was treatment-
naive prior to initiating TDF treatment. The lower rate of
HBeAg loss reported for this study compared with the
published 3-year clinical trial data (34 % HBeAg loss and
26 % HBeAg seroconversion [22] ) is most likely a
reflection of a high proportion of patients with missing
HBeAg serology data at end of study in the GEMINIS
cohort; for example, only 30 % of patients had HBeAg
serology data at 36 months.

The safety profile observed for TDF over the 3-year
period in GEMINIS was consistent with the known safety
profile for the drug [1]. TDF was well tolerated in all
patient populations with only 3 % of patients discontinuing
due to AEs considered by the treating physician to be at
least possibly related to TDF. Renal function was generally
stable over time, and when patients were managed
according to the SmPC, with appropriate dose adjustments
for creatinine clearance estimates, patients responded
favorably. When the dose of TDF was not adjusted, par-
ticularly in patients with known renal insufficiency, renal
function deteriorated. These data emphasize the impor-
tance of following the SmPC dose modification guidance.
Although serum creatinine levels are commonly used
markers of renal function, other urinary and serum proteins
may be earlier, more accurate markers of renal toxicity
[23]. However, testing of such biomarkers is not routinely
used in clinical practice and creatinine clearance was
therefore used in this real-life study to monitor renal
function. Lastly, TDF was shown to be well tolerated in
patients who became pregnant during the study with no
apparent effects on the fetus, even when administered
during the first trimester of pregnancy. TDF has been
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assigned pregnancy category B by the US Food and Drug
Administration (FDA) and has been shown to be well
tolerated in pregnancy in a number of studies, reducing
maternal HBV DNA levels and as a consequence, vertical
transmission [24, 25].

This study was limited by the variable amount of missing
data throughout the study resulting in some limitations to the
analysis and the evaluation of an “as treated” population. In
addition, sites used local laboratories for testing so data were
heterogeneous. Nevertheless, our data represent a well-
documented and prospective real-life clinical dataset of
CHB treatment in routine practice in Germany.

In conclusion, data from this real-world cohort demonstrate
that TDF is a potent first-line therapy option for CHB man-
agement. This study confirms that long-term treatment with
TDF in clinical practice is effective and well tolerated across a
broad spectrum of populations, which is consistent with find-
ings in the clinical registration trials and other studies.
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