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Purpose: To evaluate the bioequivalence and safety of two formulations of 25 mg tenofovir
alafenamide tablets in Chinese healthy male and female subjects under fed and fasting
conditions.

Patients and Methods: This was a randomized, open-label, single-center, crossover study
consisting of a fasting trial with two periods and a fed trial with four periods. In total, 42
healthy subjects were enrolled in the fasting trial and 32 healthy subjects were enrolled in the
fed trial. In each period, blood samples for pharmacokinetic analysis were collected until 72
hours post-dose. The plasma concentrations of tenofovir alafenamide and tenofovir were
measured and noncompartmental analysis was used to determine pharmacokinetic para-
meters. Throughout the entire study, subjects’ safety was monitored by assessment of
physical examinations, vital signs, 12-lead electrocardiography, clinical laboratory para-
meters, and treatment emergent adverse events (TEAEs).

Results: Forty subjects completed the fasting trial and 32 subjects completed the fed trial.
The 90% confidence intervals (Cls) of the geometric mean ratios for AUCy_, AUCy_,, and
Chnax for the two formulations were within 80.00% to 125.00%, which met the bioequiva-
lence acceptance criteria. The study drugs were well tolerated by all subjects.
Conclusion: This study demonstrated that the test formulation of 25 mg tenofovir alafena-
mide tablets was bioequivalent to the formulation marketed under the brand name
VEMLIDY® in healthy Chinese male and female subjects under fasting and fed conditions.
Keywords: tenofovir alafenamide, safety, pharmacokinetics, bioequivalence

Introduction

Chronic hepatitis B (CHB) is an infectious disease caused by the hepatitis B virus
(HBV) and can result in fibrosis, cirrhosis, and hepatocellular carcinoma (HCC). In
2017, the World Health Organization (WHO) announced that over 390 million people
were positive for hepatitis B surface antigen (HBsAg).! Globally, HCC is the third-
leading cause of cancer deaths, and there is a high disease burden in areas where HBV
is endemic.” In Asian and the Western Pacific regions, the morbidity from HBV
infection is higher than that in northern European countries and the United States.’
Within Asia, China has a higher HBsAg seroprevalence and a huge population.* CHB
requires long-term treatment and the burden to the patient and the healthcare system is
substantial. Various efforts and different levels of progress have been made by different
countries with respect to controlling HBV infection and the treatment of CHB disease,
with the ultimate aim of eliminating viral hepatitis as a public health threat by 2030.”
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To prevent death from cirrhosis and HCC caused by
CHB, appropriate therapeutic agents are needed. The cur-
rent first-line clinical therapy for CHB disease is oral
antiviral medicine. It has been effective in terms of con-
tinuous viral suppression in patients with CHB.® Tenofovir
disoproxil fumarate (TDF) remains widely used and is
recommended in several updated guidelines on HBV

infection.®

However, nephrotoxicity and reduction in
bone mineral density were observed in patients using
TDF over long periods.”® Therefore, alternative drugs
with high antiviral efficiency and a good safety profile
are urgently needed for the treatment of CHB.

Tenofovir alafenamide (formerly GS-7340, TAF) is
a new nucleotide analog for the treatment of CHB. TAF
is a prodrug of tenofovir (TFV) and is efficiently hydro-
lyzed to TFV by intracellular enzymes.” "' Compared with
TDF, TAF is more stable in plasma and remains more
intact after penetration through hepatocytes; delivering
a higher proportion of active metabolite (tenofovir
diphosphate).'*'* Therefore, a lower dose of TAF can
realize a higher antiviral efficacy with a lower concentra-
tion in vivo and less renal accumulation of TFV.'*!>

In previous studies, TAF had significantly lower effects
on renal function and bone mineral density than TDF.”-'®
A Phase 1 clinical study conducted by Agarwal et al com-
pared the efficacy and safety of 300 mg TDF to 8, 25, 40, or
120 mg TAF for the treatment of CHB over 28 days.'” It was
found that at TAF doses of 25 mg or lower, TFV exposure
was reduced significantly, by over 92%, relative to TDF.!”
Two large-scale Phase 3 clinical studies have been per-
formed, comprising 285 and 581 patients with HBV who
received 25 mg TAF once daily for 96 and 48 weeks,
respectively.'®!® Over 48 weeks of treatment, TAF led to
smaller changes in albumin and protein levels in the urine. In
terms of bone mineral density, the mean percentage change
for TAF was lower than that of the TDF arms at week 48. An
unexpected finding was that patients receiving TAF had an
increased proportion of normalized alanine aminotransferase
than the patients receiving TDF'® These results show that
TAF may cause highly efficient viral suppression and have
a good safety profile.

TAF was developed by Gilead Sciences, Inc., and is sold
under the trade name VEMLIDY ™. TAF is already approved
in the USA and the European Union, and was approved as
a new drug in China for the treatment of CHB in adults and
adolescents (over 12 years of age, with a body weight of over
35 kg) in 2018. TAF’s compound patents are licensed in
China, Europe, Japan, the United States and other countries.

TAF’s compound patents expire in China, Europe and Japan
as early as July 2021. As the patent is about to expire, many
Chinese domestic enterprises have begun to layout the TAF
generic drug market. In China, drug companies can develop
this drug before the patent expires and then market it after the
protection period has passed. According to the “Drug
Registration Administration Measures”, TAF’s application
for registration is classified as Class 4, which is a copy of
an original drug already on the market in China. This kind of
drug should be consistent with the quality and efficacy of the
original drug. CHB requires long-term treatment and it car-
ries a heavy financial burden. Thus, the availability of
a generic formulation made in China, which is equivalent
to the brand in terms of efficacy and quality, would be of
great importance for the treatment of CHB, as it would be
affordable for Chinese patients. Currently, there are limited
pharmacokinetic data on TAF in healthy Chinese subjects.
Therefore, this study was conducted to evaluate the pharma-
cokinetic parameters of TAF after dosing of 25 mg tenofovir
alafenamide tablets under fasting and fed conditions, and the
results showed that the two formulations were bioequivalent
in healthy Chinese subjects.

Materials and Methods
Study Design and Subjects

This was a randomized, open-label, single-center, crossover
study consisting of a fasting trial with two periods and a fed
trial with four periods. The washout period between study
drug administration in each of these trials was 10 days. This
study was performed in accordance with the Declaration of
Helsinki and the Good Clinical Practice guidelines. The
clinical protocols for the fasting trial and fed trial were
approved (approval No. 2019-35 and 2019-36) by an inde-
pendent institutional ethics committee at the General
Hospital of Northern Theater Command. The trials were
registered with registration number CTR20191561 and
CTR20191570, respectively.

Fasting Trial

Subjects were assigned a screening number and subse-
quently allocated a randomization number. The subjects
were randomized to either sequence TR (test product in
the first period and reference product in the second period)
or sequence RT (reference product in the first period and
test product in the second period) according to the rando-
mization number and drug allocation table. Forty-two eli-
gible subjects participated in the fasting trial and received
25 mg tenofovir alafenamide tablets. In each period,
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subjects were fasted from all food and drink (excluding
mineral water) for a minimum of 10 hours prior to drug
administration, and took one tablet of the test or reference
preparation with 240 mL of water.

Fed Trial

Subjects were assigned a screening number, and subse-
quently allocated a randomization number. The subjects
were randomized to either sequence TRTR (test product in
the first period, reference product in the second period, test
product in the third period, and reference product in the
fourth period) or sequence RTRT (reference product in the
first period, test product in the second period, reference
product in the third period, and test product in the fourth
period) according to the randomization number and drug
allocation table. Thirty-two eligible subjects participated
in the fed trial and received 25 mg tenofovir alafenamide
tablets. In each period, subjects were fasted from all food
and drink (except mineral water) for a minimum of 10
hours, and were then required to consume a high-calorie,
high-fat meal (approximately 150 kcal of protein, 250 kcal
of carbohydrate, and 500 kcal of fat) 30 minutes before
dosing. The study drugs were taken with 240 mL of water.

Trial Conduct

Before any study procedures were performed, all subjects
voluntarily signed an appropriate informed consent form.
Eligibility assessments were performed within 14 days of
the first dose to ensure that subjects met the inclusion
criteria and did not meet any exclusion criteria. The inclu-
sion criteria were as follows: healthy subjects of 18 years
of age or older at screening, with a body mass index (BMI)
between 19 and 26 kg/mz, with a body weight of not less
than 50 kg for men and not less than 45 kg for women;
normal or no clinical significant results for vital signs
(blood pressure, pulse, and body temperature), physical
examinations, 12-lead electrocardiograms, and clinical
laboratory examinations (hematology, urinalysis, glucose,
renal and liver function, coagulation function, and serol-
ogy) at the time of screening; no plan to donate whole
blood or components of blood (eg, plasma, platelets) from
the beginning until the completion of the final study; no
plan to donate eggs or sperm or for the subject/subject’s
partner to become pregnant within 3 months of final study
drug administration; and voluntarily taking effective con-
traceptive measures. The exclusion criteria comprised
individuals with known contraindications or hypersensitiv-
ity to tenofovir alafenamide; liver dysfunction, renal

insufficiency, or clinically significant abnormal hematol-
ogy; positive test results for HBsAg, anti-HCV, anti-TP
and/or anti-HIV antibodies; any surgical procedure or dis-
ease that may have affected the absorption of drugs, such
as dyspepsia, esophageal reflux, gastric bleeding or peptic
ulcer within 6 months prior to screening; smoking more
than five cigarettes per day; excessive daily consumption
of tea, coffee and/or caffeine-rich beverages (eight or more
cups, 1 cup = 250 mL) during the 3 months prior to
screening; use of any prescribed drug within 28 days
before dosing; drug or alcohol abuse; any lifestyle condi-
tions or special diet that may have significantly alter the
absorption, distribution, metabolism or excretion of the
of the first
dosing day; participated in other clinical trial within 3

study preparations within 48 hours
months; history of difficulty with blood collection, includ-
ing needles; and any other conditions deemed unsuitable
for inclusion by the investigator. In each period, all female
subjects were tested for pregnancy on the day before study
preparation administration.

Eligible subjects for the fasting and fed trials were
admitted to the clinic in the afternoon of the day before
dosing. Water was allowed 1 hour before and after dosing.
Standard meals were given 4 hours and 10 hours post
dose. After drug administration, subjects’ physical activity
was restricted. Vital signs measurements were collected
before dosing and at 2, 8, 24, 48, and 72 hours after
dosing. TEAEs were assessed throughout the entire study.

Study Preparations

In both the fasting and fed trials, the test preparation was
25 mg tenofovir alafenamide tablets (batch number:
S20190302, content: 99.1%), produced by lJilin Sihuan
Pharmaceutical Co. Ltd. (China) and the reference pre-
paration was VEMLIDY®™ (batch number: 013162, con-
tent: 98.8%), produced by
(Singapore) Pte. Ltd.

Gilead Sciences, Inc.

Safety Evaluations

TEAEs were classed as adverse events appearing after
receiving the medication. TEAEs and other safety para-
meters, including clinical laboratory examinations, vital
signs, 12-lead ECG, and physical examination, were
recorded during the entire study. The TEAEs were coded
using the Medical Dictionary for Regulatory Activities
(MedDRA) 22.0. TEAEs were determined based on the
Common Terminology Criteria Adverse Events (CTCAE)
5.0 standard.
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Sample Size Estimation

The sample size of the clinical trial was estimated from the
intra-individual variation of AUC or C,,x. The fasting trial
used a two-period crossover design. On the assumption
that the intra-individual CV was 30%, a geometric mean
ratio between 0.95 and 1.05, and alpha=0.05 (0.10 for both
sides) for a one-sided test using PASS (Version 14.0.7)
software, the sample size required to meet the bioequiva-
lence standard was determined to be 38 subjects. To
reduce the number of subjects required, the fed trial used
a four-period crossover design. Using a geometric mean
ratio between 0.95 and 1.05 and alpha=0.05 (0.10 for both
sides) for a one-sided test, the sample size determined
from a table look-up scheme to meet the standard require-
ments of bioequivalence was 26 subjects.”’ After taking
into account the potential for withdrawal of consent or
dropout, the fasting trial enrolled 42 subjects and the fed
trial enrolled 32 subjects.

Blood Sampling

In the fasting trial, 5 mL blood samples were collected
prior to dosing and at 0.17, 0.25, 0.33, 0.5, 0.75, 1.0, 1.25,
1.5,2.0,2.5,3.0,4.0,5.0, 8.0, 12, 24, 36, 48, and 72 hours
after dosing from an indwelling catheter. In the fed trial,
5 mL blood samples were collected prior to dosing and at
0.17, 0.33, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 2.33, 2.67, 3.0,
4.0, 5.0, 8.0, 12, 24, 48, and 72 hours after dosing from
indwelling catheter.

Vacutainer K,EDTA anticoagulant tubes were pre-
cooled in advance before sample collection. After blood
collection, the sample tubes were slightly inverted, mixed,
and immediately placed in an ice bath. The collected blood
samples were centrifuged (1700 xg, 10 minutes, 4°C) and
the plasma was transferred into two clean tubes (an analy-
tical sample and a backup) on ice. The plasma samples
were then stored at <-60°C until analysis.

Analysis of Drug Concentration

Validated liquid chromatography-tandem mass spectrome-
try (LC-MS/MS) methods are established for assaying the
concentrations of TAF and TFV in human plasma. The
lower limit of quantification (LLOQ) for TAF and TFV
was 0.40 and 0.20 ng/mL, respectively. The linear ranges
of the calibration curves were 0.40—400 ng/mL for TAF
and 0.20-30 ng/mL for TFV. For TAF and TFV, the LLOQ
was 0.40 and 0.20 ng/mL, the LOQ was 1.2 and 0.6 ng/
mL, the GMOQ was 12 and 2.5 ng/mL, the MOQ was 120

and 12 ng/mL, and the HOQ was 320 and 24 ng/mL,
respectively. The precision, expressed as the coefficient
of variation (CV), ranged from 1.7% to 5.1% for intra-
batch precision and 2.7% to 4.4% for inter-batch precision
for TAF and from 1.6% to 7.3% for intra-batch precision
and 2.0% to 6.4% for inter-batch precision for TFV. The
accuracy ranged from 97.2% to 105% for intra-batch
accuracy and 98.5% to 103.3% for inter-batch accuracy
for TAF, and from 96.5% to 105% for intra-batch accuracy
and 100% to 101.2% for inter-batch accuracy for TFV. The
results of stability tests indicated that TAF and TFV were
stable from the period of collection to post treatment. The
Analyst software (versions 1.6.2 and 1.6.3; Applied
Biosystems, USA) was used for data acquisition and inte-
gration and the concentrations were calculated using
Watson LIMS 7.4.1 (Thermo Fisher Corporation, USA).

Pharmacokinetic Evaluation

The mean, standard deviation, median, maximum, minimum,
and CV of plasma concentration at each time point were
listed in the pharmacokinetics concentration set (PKCS).
The pharmacokinetic parameters of each subject were calcu-
lated based on the PKCS by a noncompartmental model.
Chnax and T, were directly observed from the plasma con-
centration versus time profiles. The apparent elimination rate
constant (A,) was calculated using the last measurable con-
centration. The elimination half-life (t;,) was calculated
from the formula: In,/A,. The area under the concentration
versus time curve from time 0 to time of the last quantifiable
drug concentration (AUC_;) was calculated using the log-
linear trapezoidal method. The area under the concentration
versus time curve from time O to infinity (AUC,..,) was
calculated according to the formula: AUC, + Cy/A,, where
C; was the last quantifiable drug level. %AUC,., was calcu-
lated according to the formula: (AUC,_,, — AUCy_)/AUC_,
% 100%.

Statistical Analysis

The safety and bioequivalence evaluations were analyzed
using SAS 9.4 (SAS Institute, Cary, NC, USA) and
WinNonlin® 8.1  statistical ~ software  (Pharsight
Corporation, Mountain View, CA, USA). The arithmetical
mean, standard deviation (SD), coefficient of variation
(CV), maximum, minimum, and geometric mean (GM)
of all subjects’ parameters were used to describe inter-
individual variation. After natural logarithmic (In) trans-
formation of the major pharmacokinetic parameters (Cax,
AUC), a linear mixed effects model was used for analysis.
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In the model, sequence, period, and treatment were con-
sidered as fixed effects, and subject (sequence) was con-
sidered as a random effect. The 90% CIs of the geometric
mean ratio of major pharmacokinetic parameters of two
drugs were calculated, and their equivalence was com-
pared. Swr is the In-transformed value of intra-individual
standard deviation for the reference formulation. If Sygr
<0.294, that is, the intra-individual coefficient of variation
of the reference formulation (CVwg) <30%, the average
bioequivalence (ABE) was used to evaluate bioequiva-
lence. If Swr was >0.294, that is CVygr was >30%, refer-
ence-scaled average bioequivalence (RSABE) was used to
evaluate bioequivalence. The acceptance criteria for bioe-
quivalence were that the 90% CI of the geometric mean
ratio of major pharmacokinetic parameters of both study
preparations were within 80—-125%.

Results

Subjects’ Disposition and Demography

In the fasting trial, 128 subjects were screened and 42
healthy subjects were enrolled. Overall, 40 subjects com-
pleted the study: one subject withdrew consent due to
personal reasons in the first period without dosing and
one subject withdrew owing to a TEAE in the first period
on the day of dosing. The eligible subjects were 31 male
subjects and 11 female subjects, between 20 and 48 years
of age, with a BMI between 19.30 and 25.90 kg/m>.

In the fed trial, 97 subjects were screened and 32
healthy subjects were enrolled. All subjects completed
the fed trial. The eligible subjects were 20 male subjects
and 12 female subjects, between 18 and 46 years of age,
with a BMI between 19.10 and 25.80 kg/m?. Subject
demographics are presented in Table 1.

Pharmacokinetic Analysis

In the fasting trial, after oral administration of 25 mg
tenofovir alafenamide as the test and reference formula-
tions, the C,,,,x values of TAF were 270.32 (140.40) ng/mL
for the test drug and 278.14 (150.13) ng/mL for the refer-
ence drug, the AUC_ values of TAF were 138.24 (62.58)
h.ng/mL for the test drug and 145.80 (63.14) h.ng/mL for
the reference drug, and the AUC,_,, values of TAF were
138.63 (62.64) h.ng/mL for the test drug and 146.24
(63.23) h.ng/mL for the reference drug. The detailed phar-
macokinetic data for TAF and TFV are presented in
Table 2. The mean concentration versus time curves of
TAF and TFV are presented in Figure 1.

In the fed trial, after oral administration of 25 mg teno-
fovir alafenamide of test and reference formulations, the
Chnax Values of TAF were 256.90 (105.80) ng/mL for the test
drug and 266.34 (120.27) ng/mL for the reference drug, the
AUC, values of TAF were 274.63 (84.61) h.ng/mL for the
test drug and 272.08 (83.00) h.ng/mL for the reference drug,
and the AUC,_,, values of TAF were 275.06 (84.17) h.ng/
mL for the test drug and 273.06 (83.27) h.ng/mL for the
reference drug. The detailed pharmacokinetic data for TAF
and TFV are presented in Table 2. The mean concentration
versus time curves for TAF and TFV are presented in
Figure 2.

Bioequivalence Analysis

In the fasting trial, the bioequivalence assessment results
showed that the geometric mean ratios (90% CI) were
97.52% (83.72%, 113.59%), 95.93% (89.10%, 103.30%),
and 95.91% (89.09%, 103.24%) for the Cy,ax, AUC., and
AUC,_, of TAF, respectively. The bioequivalence assess-
ment of TAF and TFV after administration of 25 mg
tenofovir alafenamide tablets is presented in Table 3.

In the fed trial, the bioequivalence assessment results
showed that the geometric mean ratios (90% CI) were
100.62%  (86.87%, 116.56%), 101.36% (95.65%,
107.41%) and 101.11% (95.39%, 107.19%) for the Cpax,
AUCy4, and AUC_,, of TAF, respectively. The bioequiva-
lence assessment of TAF and TFV after administration of
25 mg tenofovir alafenamide tablets is presented in Table
4. Under fed conditions, the CVyg of C,.x of TAF for the
reference formulation was >30%; therefore, RSABE was
used to evaluate bioequivalence. The 90% CIs of the
geometric mean ratio of C,,, for TAF under fed condi-
tions was 1.01, which was within the pre-specified accep-
table bioequivalence range of 0.80—1.25 (Table 5).

The ANOVA results of TAF and TFV under fed and
fasted conditions are presented in Table 6. No significant
effects (P >0.05) were found on the C,,.,, AUCy,, and
AUC,_, of TAF and TFV for sequence, period, and treat-
ment under fasting conditions. In contrast, under fed con-
ditions, period had a significant effect (P <0.05) on the
AUC, and AUC,.,, of TAF, and a significant effect (P
<0.05) on the C,y, AUCy, and AUCy.,, of TFV.

Safety

TEAEs were both for the fasting and fed trials. An adverse
drug reaction (ADR) was defined as a drug-related adverse
event.
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Table | Demographics of the Subjects Under Fasting and Fed Conditions

Characteristics Fasting Fed
TR ? (n=20) RT (n=21) TRTR (n=16) RTRT (n=16)

Sex, n(%)

Male 14(70.0) 17(81.0) 8(50.0) 12(75.0)

Female 6(30.0) 4(19.0) 8(50.0) 4(25.0)
Nationality, n(%)

Han 16(80.0) 18(85.7) 12(75.0) 14(87.5)

Other 4(20.0) 3(14.3) 4(25.0) 2(12.5)
Age, years

Mean (SD) 27.80(7.32) 31.50(7.71) 39.90(9.36) 30.40(7.45)

Median 24.50 32.00 26.00 29.50

Range 20.00, 45.00 21.00, 48.00 18.00,45.00 19.00,46.00
Height, cm

Mean (SD) 168.80(6.41) 168.36(7.29) 165.84(9.29) 168.00(9.81)

Median 169.25 169.00 164.50 168.75

Range 152.50, 178.00 154.50, 182.50 157.75, 174.50 151.00, 184.00
Body weight, kg

Mean (SD) 64.44(7.93) 66.83(7.39) 65.03(10.01) 64.05(8.14)

Median 62.90 69.10 73.00 62.60

Range 60.40, 70.25 53.60, 78.00 53.00, 83.00 51.90, 76.40
BMI, kg/m?

Mean (SD) 22.58(2.18) 23.53(1.58) 23.51(1;65) 22.70(2.25)

Median 22.60 23.80 24.00 22.55

Range 19.30, 25.90 19.70, 25.40 20.40, 25.50 19.10, 25.80

Note: *One subject dropped out without dosing.

Table 2 Pharmacokinetic Parameters of Subjects After Single Dose of 25 mg Tenofovir Alafenamide Tablets Under Fasting and Fed

Conditions

Parameters * Fasting Trial Fed Trial
Test (n = 41) Reference (n = 40) Test (n = 32) Reference (n = 32)
TAF
Crax (ng/mL) 270.32 (140.40) 278.14 (150.13) 256.90 (105.80) 266.34 (120.27)
AUC,., (h.ng/mL) 138.24 (62.58) 145.80 (63.14) 274.63 (84.61) 272.08 (83.00)
AUC,.., (h.ng/mL) 138.63 (62.64) 146.24 (63.23) 275.06 (84.17) 273.06 (83.27)
Az (h") 1.92 (0.56) 1.79 (0.39) 1.73 (0.34) 1.62 (0.37)
ti2 (h) 0.39 (0.09) 0.41 (0.10) 0.43 (0.11) 0.46 (0.12)
Trax (h) ° 0.33 (0.17, 1.0) 0.33 (0.17, 0.75) 0.88 (0.42, 2.63) 1.00 (0.42, 2.13)
AUC oecrap(%) 0.31 (0.14) 0.34 (0.19) 0.33 (0.19) 0.38 (0.42)
TFV
Crnax (ng/mL) 8.0l (2.24) 8.16 (1.83) 8.89 (1.97) 8.81 (2.00)
AUC,., (h.ng/mL) 193.14 (48.02) 194.49 (42.88) 269.70 (54.40) 266.51 (50.56)
AUC, .. (h.ng/mL) 265.21 (62.64) 260.75 (64.92) 371.85 (79.25) 371.96 (72.64)
Az (W) 0.02 (0.00) 0.02 (0.00) 0.02 (0.00) 0.02 (0.00)
tiz (h) 39.61 (9.88) 37.79 (8.87) 37.86 (5.77) 39.05 (5.93)
Tonax () ® 1.00 (0.75, 3.00) 1.25 (0.75, 8.00) 2.17 (1.13, 4.50) 2.04 (1.00, 3.75)
AUC yexerap(%) 26.34 (6.66) 24.67 (6.58) 27.05 (5.34) 27.97 (5.33)

Notes: *Mean (standard deviation); ®median (range).
Abbreviations: C,,,,, the peak plasma concentration; AUC,_,, area under the plasma concentration—time curve from time zero to time of last quantifiable drug level; AUC,_.., from time zero
to infinity; Tmax time needed to achieve Ciy.y; ti /2, elimination half-life; ,, elimination rate constant; AUC gg,.p(%), percentage of the AUC that has been derived after extrapolation (%AUC.,,).
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Figure | Mean plasma concentration versus time profiles of tenofovir alafenamide (A) and tenofovir (B) after single dose of the test and reference drugs under fasting

conditions.

Notes: Test drug, 25 mg tenofovir alafenamide tablets; reference drug, 25 mg tenofovir alafenamide tablets (VEMLIDY®).

>

plasma concentration of
tenofovir alafenamide (ng/mL)

]

time (hours)

w

plasma concentration of
tenofovir (ng/mL)

9 18 27 36 45 54 63 72

time (hours)

Figure 2 Mean plasma concentration versus time profiles of tenofovir alafenamide (A) and tenofovir (B) after single dose of the test and reference drugs under fed

conditions.

Notes: Test drug, 25 mg tenofovir alafenamide tablets; reference drug, 25 mg tenofovir alafenamide tablets (VEMLIDY®).

In the fasting trial, 18 TEAEs were recorded for 15
subjects, a total incidence of 36.6%, with 4 TEAEs judged
as possibly related to the study drug. The withdrawal of
one subject in the fasting trial was due to tetany in the first
period. The four ADRs in the fasting trial were nausea,
dizziness, and drowsiness. In the fed trial, 21 TEAEs were
recorded for 15 subjects, a total incidence of 46.9%, with 1

TEAE determined to be related to the study drug. The
ADR in the fed trial was drowsiness.

All AEs recorded in the study were improved, cured, or
disappeared. The ADRs of this study were consistent with those
reported in the drug information. No deaths or SAEs occurred
during the study. The incidence rate and comparison of TEAEs
for the test and reference products are shown in Table 7.
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Table 3 The Pharmacokinetic Parameters and Bioequivalence Assessment of TAF and TFV After Administration of 25 mg Tenofovir

Alafenamide Tablets Under Fasting Condition

Parameters Geometric Mean Geometric Mean Ratio (%) 90% CI (%) CV (%) | Power (%)
Test (n = 41) | Reference (n = 40)

TAF
Cinax (ng/mL) 239.47 245.56 97.52 83.72, 113.59 42.32 54.60
AUC,.; (h.ng/mL) 126.03 131.37 95.93 89.10, 103.30 19.81 99.22
AUCq_.. (h.ng/mL) 126.42 131.82 95.91 89.09, 103.24 19.74 99.24

TFV
Crnax (ng/mL) 7.70 7.93 97.12 91.20, 103.43 16.83 99.97
AUC,_, (h.ng/mL) 187.20 189.85 98.61 94.17, 103.24 12.23 >99.99
AUCq_.. (h.ng/mL) 255.20 253.04 100.86 95.03, 107.04 15.87 >99.99

Abbreviations: C,,,,, the peak plasma concentration; AUC_,, area under the plasma concentration—time curve from time zero to time of last quantifiable drug level;

AUC,_.., from time zero to infinity.

Table 4 The Pharmacokinetic Parameters and Bioequivalence Assessment of TAF and TFV After Administration of 25 mg Tenofovir

Alafenamide Tablets Under Fed Condition

Parameters Geometric Mean Geometric Mean Ratio (%) 90% CI (%) CV (%) Power (%)
Test (n = 32) | Reference (n = 32)

TAF
Cinax (ng/mL) 227.25 225.85 100.62 86.87, 116.56 44.30 61.60
AUC,_ (h.ng/mL) 260.12 256.63 101.36 95.65, 107.41 19.00 >99.99
AUC, .. (h.ng/mL) 260.48 257.61 101.11 95.39, 107.19 19.12 >99.99

TFV
Cinax (ng/mL) 8.65 8.58 100.87 96.79, 105.11 11.98 >99.99
AUC, . (h.ng/mL) 263.86 261.89 100.75 98.03, 103.55 9.97 >99.99
AUC,_.. (h.ng/mL) 362.83 364.30 99.60 96.64, 102.65 10.46 >99.99

Abbreviations: C,,,,, the peak plasma concentration; AUC,_,, area under the plasma concentration—time curve from time zero to time of last quantifiable drug level;

AUC, .., from time zero to infinity.

Discussion

Pharmacokinetic Comparison

The pharmacokinetic characteristics of TAF and TFV were
evaluated based on the plasma concentrations of these two
compounds and are fully described in this study. The rate
of absorption after single oral dose of 25 mg tenofovir
alafenamide tablets was assessed by C.x and tyax.

In the fasting trial, the C,,.x values for TAF were 270.32
(140.40) ng/mL for the test formulation and 278.14 (150.13)
ng/mL for the reference formulation. In the fed trial, the C,.x
values for TAF were 256.90 (105.80) ng/mL for the test for-
mulation and 266.34 (120.27) ng/mL for the reference formu-
lation, which were similar to those in the fasting trial. Thus, it
could be concluded that food did not affect the C,,,,x of TAF
after oral administration of 25 mg tenofovir alafenamide
tablets.

In the fasting trial, the plasma concentration of TAF
increased rapidly: the t.,.x was 0.33 hours for the test and
reference formulations; concentrations declined up until 8
hours post-dose, when TAF was no longer detected in
plasma. In the fed trial, t,,, of TAF was 0.88 hours for
test formulation and 1.00 hour for reference formulation,
and TAF was no longer detectable in plasma after 8 hours
post-dose. Compared with the fasting trial, the t,,,, of TAF
in the fed trial was delayed. Thus, it was concluded that
food could delay the time to reach C,,., and affect the rate
of absorption of TAF in systemic circulation.

The extent of absorption after single oral dose of 25 mg
tenofovir alafenamide tablets was evaluated using AUC.;
and AUC_.

In the fasting trial, the mean AUC_ of TAF for the test
and reference formulations was 138.24 (62.58) h.ng/mL
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Table 5 Bioequivalence Assessment of TAF Using RSABE Method Under Fed Condition

Parameters n Geometric 90% CI SwR CVwr (%) The Upper Limit of the Unilateral
Mean Ratio 95% ClI for (Y1- Yg) 2 - 0S* g

Cinax (ng/mL) 32 1.01 0.87, .17 0.506 54.88 —0.140

AUC,., (h.ng/mL) 32 1.0l 0.97, 1.06 0.228 20.70 -

AUC,... (h.ng/mL) 317 1.0l 0.97, 1.06 0.226 20.57 -

Notes: *The elimination phase in the second period (T 1) of No. 029 subject was less than three detectable blood drug concentrations, A, could not be fitted, AUCy_.. could

not be calculated.

Abbreviations: C,,, the peak plasma concentration; AUC,_,, area under the plasma concentration—time curve from time zero to time of last quantifiable drug level;
AUC,_.., from time zero to infinity; Swg is the In-transformed value of intra-individual standard deviation for the reference formulation.

Table 6 ANOVA of TAF and TFV Under Fasting and Fed
Conditions

Factor P value
Ln Ln Ln
Cax AUC AUC,. ..
Fasting TAF | Sequence 0.714 0.876 0.873
(n =4l) Period 0.620 0.389 0.394
Treatment 0.783 0.350 0.345
TFV | Sequence 0.871 0.551 0.598
Period 0.139 0.148 0.244
Treatment 0.439 0.610 0811
Fed TAF | Sequence 0.221 0.975 0.998
(n=232) Period 0.326 0.042 0.047
Treatment 0.943 0.700 0.753
TFV | Sequence 0.767 0.765 0.821
Period 0.047 0.014 0.007
Treatment 0.724 0.646 0.821

Abbreviations: C,,, the peak plasma concentration; AUC,_,, area under the
plasma concentration—time curve from time zero to time of last quantifiable drug
level; AUC_.., from time zero to infinity.

and 145.80 (63.14) h.ng/mL, respectively, the mean
AUC,., of TAF for the test and reference formulations
was 138.63 (62.64) h.ng/mL and 146.24 (63.23) h.ng/mL,
respectively. The mean AUC,; of TFV for the test and
reference formulations was 193.14 (48.02) h.ng/mL and
194.49 (42.88) h.ng/mL, respectively, and the mean
AUC_, was 265.21 (62.64) h.ng/mL and 260.75 (64.92)
h.ng/mL, respectively. These values were similar to those
in published literature.'” At present, there are limited
reports on the influence of food on the exposure of TAF
in healthy Chinese male and female subjects.

In the fed trial, the mean AUC,._; of TAF for the test
and reference formulations was 274.63 (84.61) h.ng/mL
and 272.08 (83.00) h.ng/mL, respectively, the mean
AUC,._, of TAF for the test and reference formulations
was 275.06 (84.17) h.ng/mL and 273.06 (83.27) h.ng/mL,

respectively. The mean AUC,; of TFV for the test and
reference formulations was 269.70 (54.40) h.ng/mL and
266.51 (50.56) h.ng/mL, respectively, and the mean
AUC,_, of TFV for the test and reference formulations
was 371.85 (79.25) h.ng/mL and 371.96 (72.64) h.ng/mL,
respectively.

After food intake, the mean AUC,; and AUC,., of
TAF and TFV were both larger than those obtained in the
fasting trial; systemic TAF exposure in the fed trial was
almost twice as high as that in fasting trial. Compared with
the existing literature,'” TAF exposure after a single oral
dose of 25 mg tenofovir alafenamide tablets under fed
conditions was equivalent to a 40 mg TAF dose under
fasting conditions, indicating that fed dosing could
increase the system exposure of TAF in the system and
increase the extent of absorption of TAF. That is, the
bioavailability of TAF was improved when the drug was
taken with food.

From the mean concentration versus time curves of
TAF under fed conditions, it was found that the curves
were different for subjects randomized to the RI
(received reference formulation for the first time) and
R2 (received reference formulation for the second time)
sequences. The mean plasma concentrations for the R1
sequence occurred from 0.17 to 1.25 hours, which was
higher than for the R2 sequence, and the mean plasma
concentrations for the R1 sequence were lower than for
the R2 sequence. Compared with the R2 sequence, the
plasma concentrations of TAF for the R1 sequence had
a relatively fast absorption phase and the elimination was
also relatively fast. As the CV of TAF was above 30%,
these differences in plasma concentrations were expected
to be observed when subjects were administered the refer-
ence formulations. The mean C,,, of the reference for-
mulation was 266.34 (120.27) ng/mL, which was similar
to that of the test formulation (256.90 [105.80] ng/mL).
The mean AUCy, of TAF for the test and reference
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Table 7 Incidences of TEAEs in Subjects of the Test and Reference Formulations

Test Reference
Case Subjects, N(%) Case Subjects, N(%)
Fasting trial
Elevated platelet count 2 2(4.9) 0 0(0)
Decreased lymphocytes percentage | 1(2.4) 0 0(0)
Positive urine erythrocyte | 1(2.4) 0 0(0)
Positive urine glucose | 1(2.4) 0 0(0)
Cruenturesis | 1(2.4) 0 0(0)
Elevated systolic blood pressure | 1(2.4) 0 0(0)
Elevated triglycerides | 1(2.4) 0 0(0)
Elevated uric acid | 1(2.4) 0 0(0)
Elevated blood glucose | 1(2.4) 0 0(0)
Drowsiness | 1(2.4) I 1(2.5)
Dizziness 0 0(0) | 1(2.5)
Herpes mouth | 1(2.4) 0 0(0)
Upper respiratory infection | 1(2.4) 0 0(0)
Nausea 0 0(0) | 1(2.5)
Oropharyngeal pain 0 0(0) | 1(2.5)
Tetany | 1(2.4) 0 0(0)
Fed trial
Elevated uric acid 2 2(6.3) | 1(3.1)
Decreased lymphocytes percentage | 1(3.1) | 1(3.1)
Elevated neutrophil percentage | 13.1) | 1(3.1)
Pulse rising 2 2(6.3) 0 0(0)
Elevated monocyte percentage 0 0(0) | 1(3.1)
Elevated monocyte count 0 0(0) | 1(3.1)
Positive urine erythrocyte 0 0(0) I 1(3.1)
Positive urine bacteria | 1(3.1) 0 0(0)
Decreased hemoglobin | 1(3.1) 0 0(0)
Elevated blood fibrinogen | 1(3.1) 0 0(0)
Nasopharyngitis 0 0(0) | 1(3.1)
Upper respiratory tract viral infection 0 0(0) | 1(3.1)
Drowsiness | 1(3.1) 0 0(0)
Fear of injection 0 0(0) | 1(3.1)
Cruenturesis | 1(3.1) 0 0(0)
Noninfectious gingivitis 0 0(0) | 1(3.1)

Abbreviation: TEAEs, treatment emergent adverse events.

formulations was 138.24 (62.58) h.ng/mL and 145.80
(63.14) h.ng/mL, respectively, and the mean AUCy_,, of
TAF for the test and reference formulations were 138.63
(62.64) h.ng/mL and 146.24 (63.23) h.ng/mL, respec-
tively. Thus, it could be concluded that there were no
differences in the rate and extent of absorption between
the reference and test formulation.

In this study, the mean %AUC,, of TAF for the two
formulations was <20%, indicating that sampling to 72
hours was sufficient to describe the PK profile. TFV is
a metabolite of TAF, and the half-life is 100 times longer.

The sampling time is not sufficient to describe the PK
profile of TFV, as indicated by the mean %AUC., of
TFV being mostly >20%. As the %AUC,, was not part
of the evaluation of bioequivalence and the geometric
mean ratios (90% CI) of C,.x, AUCy,, and AUC,_, of
TFV were within the acceptance criteria for bioequiva-
lence (80%, 125%), the bioequivalence results were not
affected.

The plasma t;,, values for TAF and TFV were 0.39—
0.46 hours and 37.79-39.61 h, respectively; these values

were similar to those reported in previous studies.'*?! The
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ty» of TFV was approximately 100-fold longer than that of
TAF. Owing to the short t;,, of TAF, there is lower sys-
temic exposure to TFV, and it causes fewer adverse reac-
tions, such as nephrotoxicity and decreased bone density,
with a smaller effective dose (25 mg), which is consistent
with reported results.'”"?

The intra-individual variation in C,, of TAF for the
test formulation was 42.32% for the fasting trial and
44.30% for the fed trial. In the study overall, the intra-
individual variation in AUC of TAF was less than 30%.
These parameters can provide a reference for the estima-
tion of the sample size required for the analysis of TAF in
Chinese populations in future clinical trials.

Bioequivalence Assessment
Chnax, AUCy., and AUC,_,, were defined as the main para-
meters for TAF to be used in the assessment of bioequiva-
lence between the test and reference formulations. The
criteria for bioequivalence were that the 90% ClIs of the
test/reference geometric mean ratio were between 80.00%
and 125.00%, inclusive, for C.x, AUCq, and AUC ..
The geometric mean ratios (90% CI) of Cyax, AUCq.,
and AUC, ., for TAF in the fasting trial were 97.52%
(83.72%, 113.59%), 95.93% (89.10%, 103.30%), and
95.91% (89.09%, 103.24%), respectively. The geometric
mean ratios (90% CI) of Cpax, AUCo, and AUC_, for
TAF in the fed trial were 100.62% (86.87%, 116.56%),
101.36% (95.65%, 107.41%), and 101.11% (95.39%,
107.19%), respectively. The geometric mean ratios (90%
CI) of Cppax, AUCq, and AUCy., of TFV in the fasting and
fed trials were both in the range of 80.00-125.00%. It was
concluded that the geometric mean ratios (90% Cls) of TAF
and TFV after administration of 25 mg tenofovir alafena-
mide tablets were both within the range of 80.00—-125.00%,
which met the criteria for bioequivalence given by the
National Medical Products Administration (NMPA).?*

Compliance and Tolerability

Overall, 40 and 32 subjects completed the fasting and fed
trials, respectively, and both formulations of 25 mg teno-
fovir alafenamide tablets were well tolerated. In this study,
the TEAEs included nasopharyngitis, upper respiratory
infection, drowsiness, nausea, and dizziness; all TEAEs
were in accordance with the package insert for TAF or
those reported previously.'”'* There was only one with-
drawal: one subject withdrew from the fasting trial
because of a TEAE that was judged not to be related to
the study drug.

As this study lasted for a short time and included
only healthy Chinese subjects, the results cannot predict
the long-term effects in patients. Further research is
needed to determine the long-term tolerability and safety
data of the test formulation in other populations and to
confirm if the test formulation is similar to the reference
formulation.

Conclusion

This randomized, open-label, single-dose study has shown
that the test formulation of 25 mg tenofovir alafenamide
tablets produced by Jilin Sihuan Pharmaceutical Co. Ltd.
was bioequivalent to the formulation marketed under the
brand name VEMLIDY® in healthy Chinese male and
female subjects under fasting and fed conditions.
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The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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