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Objective: Omadacycline is a new type of aminomethylcycline antibiotic, having a broad
antibacterial spectrum. But the pharmacokinetic characteristics and safety profile of the
Chinese population remain unknown. It is also unclear whether the US-approved
treatment regimen is applicable for the Chinese population.

Methods: In a randomized, double-blinded, placebo-controlled dose-escalated trial, the
pharmacokinetics of omadacycline was evaluated by a non-compartmental and
compartmental model. Monte Carlo simulations were performed using the
pharmacokinetic data from the Chinese population to evaluate the probability of target
attainment (PTA) and the cumulative fraction of response (CFR) of the US FDA-approved
dose regimen.

Results: The three-compartment model successfully described the rapid distribution
and slow elimination of omadacycline after the intravenous infusion (i.v.). The double-
peak concentration-time curve of the oral absorption (p.0.) was explained by the two-
compartment model with two absorption compartments. The steady-state AUC of
100 mg omadacycline i.v. and 300 mg omadacycline p. 0. were 12.1 and 19.4 mg h/L,
respectively. Pharmacokinetics/pharmacodynamics (PK/PD) analysis showed that the
omadacycline dosing regimen with a loading dose (200mg i.v. g24h, 100 mg i.v.
g12h, 450mg p. 0. g24h x 2 days or 300mg p. 0. g12 h) and maintenance dose
(100mg i.v. g24h or 300mg p. 0. g24 h) could cover the main pathogens of the
indications acute bacterial skin and skin structure infections (ABSSSI) and community-
acquired bacterial pneumonia (CABP): Staphylococcus aureus and Streptococcus
pneumoniae. Also, omadacycline had showed a good safety profile in the Chinese
population.
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Conclusions: With the evidence provided, omadacycline could be a novel treatment
option to Chinese patients with ABSSSI and CABP.

Keywords: double-peak absorption, compartment model, Monte Carlo simulation, methicillin-resistant
Staphylococcus aureus, acute bacterial skin and skin structure infections, community-acquired bacterial

pneumonia, omadacycline

INTRODUCTION

Omadacycline is a new type of aminomethylcycline antibiotic, a
derivative of minocycline, and with intravenous and oral
formulations.  Similar to  other tetracycline drugs,
omadacycline inhibits bacterial protein synthesis by binding
to the 30S ribosomal subunit. It has a broad antibacterial
spectrum, including Gram-positive bacteria, Gram-negative
bacteria, anaerobic bacteria, and atypical pathogens, and can
overcome the most common mechanisms of tetracycline
resistance (such as efflux pump: TetK and ribosome
protective protein: TetM) (Draper et al, 2014; Karlowsky
et al, 2019; Pfaller et al, 2020). Omadacycline was first
approved by the US FDA in 2018 for the treatment of adult
patients with acute bacterial skin and skin structure infections
(ABSSSI) and community-acquired bacterial pneumonia
(CABP) and was recently approved by the Center for Drug
Evaluation of China.

The oral bioavailability of omadacycline is 34.5% (Sun et al.,
2016) and food, especially high-fat meals and dairy products, will
reduce its absorption (Tzanis et al., 2017). Omadacycline has a
wide tissue distribution, and the volume of distribution after
intravenous administration is about 200 L (Gotfried et al., 2017;
Berg et al., 2018; Kovacs et al., 2020a; Kovacs et al., 2020b). It also
has higher concentrations in the bone, liver, skin, and lungs (Lin
etal., 2017). The terminal half-life of omadacycline is 11.3-17.1 h
(Berg et al., 2018; Kovacs et al., 2020b), with extremely low liver
metabolism. In terms of intravenous injection of omadacycline,
27% is excreted from urine as a prototype (Berg et al,, 2018).
Omadacycline has been described in a three-compartment model
in the population pharmacokinetic analysis with gender as a
significant covariate for clearance (Lakota et al., 2020). In vitro
and animal studies have reflected that the best PK/PD index is the
area under the concentration-time curve/minimum inhibitory
concentration (AUC/MIC) (Lepak et al., 2017; Lepak et al., 2020;
Noel et al., 2021).

Although pharmacokinetic studies of omadacycline have been
carried out in the western population, the pharmacokinetic
characteristics and safety of omadacycline in the Chinese
population are still unclear. It is reported that omadacycline
exhibited very good activity against Chinese isolates,
suggesting that omadacycline could be an option for the
treatment of skin infections and pneumonia in Chinese
patients (Carvalhaes et al., 2019; Dong et al., 2020). This study
evaluated the safety and pharmacokinetic characteristics of
omadacycline following intravenous and oral administrations
at single and multiple doses in healthy Chinese subjects and
evaluated whether the US FDA-approved dose regimen is suitable
for the Chinese population from PK/PD perspective.

MATERIALS AND METHODS

Subjects The study protocol and the informed consent form was
reviewed and approved by the Ethics Committee of Huashan
Hospital Fudan University. The trial was carried out in strict
accordance with the GCP, the Declaration of Helsinki, and
applicable laws and regulations (clinical trial registration
number: CTR20190089). Prior to any procedures, the study
physician has fully informed the subjects of the study protocol
and possible safety issues, and all subjects have signed the
informed consent form.

Inclusion criteria: healthy male (weight >50 kg) or female
(weight >45kg) subjects aged 18 to 45, with a body mass
index (BMI) within the range of 18-26kg/m’. The main
exclusion criteria included: history of any allergies including
tetracycline drugs; gastrointestinal surgery that may affect the
absorption of the study drug or gastrointestinal diseases within 3
months; clinical significant abnormal results in physical
examination, vital signs, 12-lead electrocardiogram (ECG), or
laboratory tests (including hematology, chemistry, urinalysis, and
pregnancy test), etc.

Study Design This study was a single-center, randomized,
double-blinded placebo-controlled, dose-escalation phase I
clinical study. As shown in Figure 1A total of 60 healthy
subjects were planned to be enrolled in this study. They were
separated into the intravenous group and oral group: each
included three groups, with ten subjects (male: female = 1:1)
in each group, using a dose-escalation design between the groups.
If two or more subjects in the same group experienced the same
category of drug-related grade 3 or above adverse events (AE), or
four or more subjects in the same group experienced the same
category of drug-related Grade 2 AEs, the next dose would not be
performed and the study would be suspended. If the halting
criteria were not met, the next dose would be continued.

For intravenous 100 mg group and oral 300 mg group, both
had single dose and multiple dose administration, and the
washout period was 7 days. After the subjects were assessed
and confirmed to meet the criteria from single dose into
multiple dose, they could directly enter into multi-dose
administration. These two doses were considered clinical
maintenance doses, so urine samples were also collected
besides blood samples after a single dose. The subjects in the
intravenous infusion group could have a standardized breakfast
before administration, while the subjects in the oral group were
fasted for at least 10 h before taking the drug, and dry fasted for
2 h after drug administration. Omadacycline lyophilized powder
injection (100 mg/bottle, batch number: 3181102) and tablets
(150 mg/tablet, batch number: B135A21801D), placebo
lyophilized powder injection (batch number: 320181108) and
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tablets (batch number: B151A11801D) were provided by Zai Lab
(Shanghai) Co., Ltd.

Sample Collection and Testing Subjects in the intravenous
administration group were sampled at 19 (single dose) to 34
(multiple doses) time points, ie., pre-dose (within 60 min),
15min, 33min (immediately after the completion of
intravenous infusion), 45min, 1, 1.25h (single dose
administration group only), 1.5, 1.75, 2, 4, 6, 8, 12, 18, 24, 36,
48,72, and 96 h after the start of intravenous infusion. Subjects on
oral administration group were sampled at 16 (single dose) to 30
(multiple doses) time points: pre-dose, 30 min, 1, 1.5, 2, 3,4, 6, 8,
12, 18, 24, 36, 48, 72, and 96 h after administration. In the multiple
dose group, blood samples were collected 24 h after administration
on day 1, and trough blood samples were collected 2 days before the
last dose. When the 100 mg intravenous group and 300 mg oral
group were administered at a single dose, urine samples were
collected before dosing (-1-0 h) and at 0-4, 4-8, 8-12, 12-24 and,
24-48h after dosing. The concentrations of omadacycline in
plasma and urine were quantified using validated UPLC-MS/MS
methods using CSH C18 (50 x 2.1 mm, 1.7 um). Gradient elution
was performed to separate drugs using 30 mM ammonium formate
aqueous solution and methanol-acetonitrile solution (v/v, 1:1) as
the mobile phase A and B with a flow rate of 0.6 ml/min. The linear
range was 0.0200-2.00 mg/L for plasma and 0.0800-20.0 mg/L for
urine. Samples below the quantification limit (BQL) were excluded
from the analysis.

Pharmacokinetics ~ Analysis = Pharmacokinetics  (PK)
parameters of omadacycline were calculated with Phoenix

WinNonlin  software (version 8.0, Certara Co. Ltd,
United States). PK parameters of the non-compartmental
model included peak concentration or steady-state peak
concentration (Cp,ax/Css, max)> time to peak or steady-state
time to peak (Tax/Tss, max)> and area wunder the
concentration-time curve from 0 to 24 (AUCg.,4), the AUC
from 0 to infinity (AUCy i), the steady-state dosing interval
AUC (AUC,), the clearance or the steady-state clearance (CL/
CLi for intravenous infusion; CL/F or CL¢/F for oral
administration, F was bioavailability), the volume of
distribution or steady-state volume of distribution (V,/V, for
intravenous infusion; V,/F or V/F for oral administration),
elimination half-life (t;,,), cumulative excretion fraction (fe),
renal clearance (CLR) and accumulation ratio (R,.). The PK
parameter AUCg;,s of single dose oral and intravenous
administration was normalized by dose levels, and the result
of dose normalization was used to calculate the absolute
bioavailability (oral 150 mg group vs intravenous 50 mg group,
oral 300 mg group vs intravenous 100 mg group, and oral 450 mg
group vs intravenous 150 mg group).

Intravenous infusion adopted a three-compartment model.
PK parameters included: central compartment volume of
distribution  (V;), peripheral compartment volume of
distribution (V,, V3), central compartment clearance (CL), and
peripheral compartment clearance (CL,, CL;). The oral
administration adopted a two-compartment model with two
first-order absorption compartments were used to describe the
double-peak curve. k,; and k,, were the rates of omadacycline
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from the absorption compartments to the central compartment,
P, was the ratio of the drug amount in the first absorption
compartment, and Tj,; was the lagging absorption time of the
second absorption compartment.

Linear Relationship Evaluation Whether the increase in the
value of AUC ;¢ presented a linear relationship with the increase
in the dose of omadacycline was investigated with the power
model (Eq. 1).

Formula 1: In(AUC_i¢) = In(a) + pxIn(Dose) (1)

When  95% confidence interval contained 1, it was considered
that AUCq.ir had a linear relationship with dose.

Pharmacokinetic Simulation PK parameters of the three-
compartment model established by intravenous administration of
50-150 mg and Phoenix WinNonlin software “PK Model”
module were used to extrapolate and simulate the AUC, 4 of
a single dose intravenous infusion of 200 mg omadacycline (1 h
infusion) in healthy Chinese subjects. The Phoenix WinNonlin
software “NonParametric Superposition” module was used to
simulate the AUC,_,4 of two doses of omadacycline intravenously
infused at 100 mg (0.5 h infusion, q12 h) and orally administered
at 300 mg (q12h) (Lin et al,, 2019; Huang et al., 2021).

Monte Carlo Simulation R software (version 4.0.4) was used
to simulate the PK parameter AUCy ,4 1000 times according to
the normal distribution, and to calculate the probability of target
attainment (PTA) and cumulative fraction of response (CFR) of
the US FDA-approved dose regimen (loading dose: 200 mg i.v.
q24 h, 100 mg i.v. q12 h, 450 mg p. 0. 24 h or 300 mg p. 0. q12h;
maintenance dose: 100 mg i.v. 24 h or 300 mg p. o. q24 h). For
ABSSSI, free AUCy_,4/MIC (f AUC.,4/MIC) was used for PK/PD
analysis. fAUC, ,4/total AUCy 4 =0.79 (Lin et al., 2017) and PK/
PD target of f AUCj »4 = 12.5 (96% early clinical response) was
derived from patients with ABSSSI (unpublished data). For
CABP, the epithelial lining fluid (ELF) could better assess the
exposure-response relationship of antibiotics in lower respiratory
tract infections. ELF AUCy ,4/MIC is used for PK/PD analysis.
ELF AUCq.,4/plasma AUCy,, = 1.47 (Gotfried et al, 2017).
Median ELF AUC(,4/MIC (1-log;o kill) from mouse
pneumonia model for methicillin-resistant Staphylococcus
aureus (MRSA) and methicillin-sensitive Staphylococcus aureus
(MSSA) infection were 6.30 and 1.86 (Lepak et al., 2020), and
15.46 for Streptococcus pneumoniae infection (Lepak et al., 2017)
and 8.91 for Haemophilus influenzae infection in an in vitro
model. The distribution frequency of MIC was provided by the
microbiology group of the Institute of Antibiotics, Huashan
Hospital Fudan University, including Staphylococcus aureus
(98 strains of MRSA and 102 strains of MSSA), Streptococcus
pneumoniae (103 strains, of which 68 strains were resistant to
penicillin and 96 strains were resistant to macrolides) and
Haemophilus influenzae (101 strains, 50 B-lactamase positive
strains) (Lepak et al., 2017).

Safety Evaluation Throughout the study, the subjects
remained in the hospital for safety evaluations except for the
3-day out-of-hospital washout period. AEs, vital signs, physical
examinations, laboratory tests (including hematology, chemistry,
and urinalysis), and 12-lead ECG were monitored. The severity of

Pharmacokinetics and Pharmacokinetics/Pharmacodynamics of Omadacycline

adverse events was assessed according to the Common
Terminology Criteria for Adverse Events (CTCAE) (V 4.03)
(U.S. Department of Health and Human Services, 2010).

RESULTS

Subject From 14 January 2019 to 30 May 2019, a total of 297
subjects were screened and 63 subjects were enrolled, of which 61
subjects completed the study, 11 subjects entered the placebo
group, and two subjects withdrew from the study early in the
450 mg oral group for vomiting within 1h after the
administration. The male and female ratios of the enrolled
subjects were balanced. The average age of the subjects in each
group ranged from 24.1 (£3.7) to 33.0 (£8.5) years, the average
weight ranged from 59.3 (£8.9) to 72.7 (£3.7) kg, and the average
BMI ranged from 21.7 (+2.3) to 23.9 (+0.57) kg/mz. The
demographics of the subjects were similar among the groups
(Supplementary Table S1).

Pharmacokinetic Analysis In this study, the PK analysis
included 1288 plasma concentrations from 46 subjects. Two
subjects each from 300 to 450 mg oral group were excluded
from the PK analysis for vomiting within 1h after
administration. As shown in Figure 2 for the concentration-
time curve of omadacycline, the intravenous administration of
omadacycline (50, 100, and 150 mg) reached the peak at the end
of the infusion (Figure 1A), and then rapidly distributed. The
150 mg, 300 mg, and 450 mg oral administration groups peaked
at 1.75, 3, and 4 h, respectively (Figure 2A,C); all the groups were
eliminated slowly at the terminal phase (Figure 2B,D). The t;,, of
the six groups were relatively close, ranging from 17.2 to 20.7 h
(Table 1), and the t;,, for multi-dose administration was slightly
longer, at 25.5 and 25.6 h. CL (8.50-8.83 L/h) and V, (220-248 L)
were similar in the intravenous groups, while CL/F (increased
from 14.5 L/h to 20.1 L/h) and V,/F (increased from 396 to 573 L)
increased with the doses in the oral groups, which may be
attributed to the linear relationship between AUC ;¢ and dose
in the intravenous group (B = 1.04, 95% confidence interval [0.95,
1.14]), and the non-linear relationship between AUC ;,s and
dose in the oral group (f = 0.73, 90% Cmax 1.8-1.9 mg/L [0.58,
0.88]). The renal excretion rate of the 100 mg intravenous group
was 31.6%, while of the 300 mg oral group was 18.2%, but the
renal clearance rates of the two groups were similar (3.1 vs 3.3 L/
h). The R, of the oral administration group was higher than that
of the intravenous administration group (R,cauc): 1.83 vs 1.51;
Rac(Cmax): 1.49 vs 1.07). The absolute bioavailability was 62.3, 57.2,
and 42.0%, respectively, in the 150 mg, 300 mg, and 450 mg oral
administration group.

The three-compartment model (Supplementary Figure S1A)
well described the PK characteristics of the rapid distribution of
omadacycline after intravenous administration and the
biexponential elimination. The two-compartment model with
two absorption compartments (Supplementary Figure S1B)
well described the double-peak concentration-time curve of
omadacycline. The comparison between the individual
predicted value and the observed value was shown in
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Figure 3, and the PK parameters of the compartmental model
were shown in Table 2. Intravenous infusion of omadacycline
showed a larger V5 (109-134 L), indicating that it may be widely
distributed in various tissues in the human body. At the same
time, it showed smaller CL; (14.7-22.0 L/h, transport rate ks,
from the peripheral compartment V3 to the central compartment
V; was CL3/V3), indicating that omadacycline that may be
distributed in deep tissues and is slowly released into the
blood. The two-absorption compartments model could well
describe the slow and rapid absorption of oral omadacycline
in the 300 mg group and the double-peak absorption in the
450 mg group (Supplementary Figure S2 for comparison
between some individual predicted values and observed
values), but the absorption rate varied greatly among
individuals, with CV% exceeding 100%.

Pharmacokinetic Simulation The AUC,_,, of omadacycline
intravenously infused at 200 mg q24 h (1 h infusion) was 15.3 +
1.9 mgh/L (n = 24), which was derived from the extrapolation
and simulation with the compartment model parameters. The

AUC,_»4 of omadacycline intravenously infused at 100 mg q12 h
(0.5h infusion) was 132 + 1.5mgh/L (n = 8), and of
omadacycline orally administered at 300 mg q12h was 204 +
3.2mgh/L (n = 6), which was derived from the simulation with
the non-parametric superposition method.

PK/PD Analysis The PTA of the omadacycline FDA-
approved dose regimen in the Chinese population was shown
in Figure 4, and the CFR was shown in Supplementary Table S2.
All dosing regimens could cover the main pathogens of the
indications ABSSSI and CABP: Staphylococcus aureus and
Streptococcus pneumoniae. For Streptococcus pneumoniae, all
dosing regimens could cover a PTA >90% for MIC values of
<0.5 mg/L (Figure 4A). For Haemophilus influenzae, a loading
dose of 200 mg i. v q24 h or 300 mg p. o. q12 h followed by a
maintenance dose of 300 mg p. o. could cover a PTA >90% and a
CFR >90% for MIC values of <2 mg/L (Figure 4B). Although the
PK/PD target value of MRSA was higher than that of MSSA, all
dosing regimens could cover a PTA >90% for MIC values
of<2mg/L (Figure 4D). For Staphylococcus aureus targeted

Frontiers in Pharmacology | www.frontiersin.org

April 2022 | Volume 13 | Article 869237


https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Yang et al.

Pharmacokinetics and Pharmacokinetics/Pharmacodynamics of Omadacycline

TABLE 1 | Pharmacokinetic parameters of omadacycline following intravenous and oral administrations by the non-compartmental model.

Intravenous Administration

Oral Administration® (mg)

50 mg 100 mg
Single dose  Steady state®
n 8 8 8
Corse (/) 1,01 (14.9) 1.83 (9.5) 1.09 (8.4)
Tra (M) 0.55 0.61 0.54
(025,057 (057, 0.65) (0.25,0.55)

AUC AUCq. 3.82 (10.4) 7.79 (11.4) 12.1 (16.5)
(vgeh/mL) 24

AUC,. 5.70 (8.1) 11.9 (13.1) \

inf
ty2 (h) 17.2 (11.8) 19.1 (10.9) 25.5 (14.5)
CL (L/h) 8.83 (8.6) 8.51 (12.6) 8.47 (16.1)
Cssmin (M/mI) \ \ 0.276 (16.7)
V., (L) 220 (17.8) 233 (15.0) 238 (13.4)
Rac (auc) \ \ 1.51 (3.6)
Rac cmax) \ \ 1.07 (9.8)
Fe(%) \ 31.6 (15.7) \
ClLg (L/h) \ 3.13 (18.4) \

150 mg 150 mg 300 mg 450 mg
Single dose  Steady state®

8 8 6 8 6

223(138  0.644 (16.6) 1.05 (7.6) 1.33 (15.4) 121 (11.8)
0.55 1.75 3.00 3.00 3.98

(0.25, 0.57) (1.00, 3.00) (3.00, 3.00 (1.50,4.00) (2.98, 3.98)
11.4 (17.9) 6.80 19.7) 12.4 (16.9) 19.4 (20.3) 14.2 (15.6)
18.0 (15.6) 10.7 (17.7) 20.4 (19.2) \ 22.7 (12.5)
201 (14.3) 18.9 (16.8) 207 (7.0) 25.6 (7.6) 19.7 (11.5)
8.50 (14.3) 14.5 (16.5) 15.2 (22.3) 16.1 (22.1) 201 (11.8)

\ \ \ 0.487 (21.1) \
248 (22.4) 396 (23.6) 454 (23.7) 537 (19.3) 573 (19.4)

\ \ \ 1.83 (14.8) \

\ \ \ 1.49 (12.1) \

\ \ 18.2 (16.7) \ \

\ \ 3.32 (18.3) \ \

aThe corresponding PK, parameters for oral administration are CL/F, V./F, and F was bioavailabilty;

bThe corresponding PK, parameters for steady state are Cssmaxs Tss,maxs AUCo-taws Clss, Or CLgso/F, Viss O Vso/F; Tray, cOlumn is displayed as Median (Minand Max), and the other columns
are displayed as mean (CV%). AUCo..4, area under the concentration-time curve from 0 to 24; AUCo. i, the AUC from O to infinity; AUCa,, the steady-state dosing interval AUC; Cpax OF
Css, max, PEak concentration or steady-state peak concentration; Css min, Steady-state trough concentration,; CL or CLs, the clearance or the steady-state clearance; CLg, renal clearance;
fe, cumulative excretion fraction; Rac, accumulation ratio; t;,5, elimination half-life; Tpnax OF Tss, max time to peak or steady-state time to peak; V., or Vs, volume of distribution or steady-state
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ABSSSI, all dosing regimens could cover a PTA >90% for MIC
values of< 0.5 mg/L (Figure 4E).

Safety A total of 33 (66.0%) subjects who received
omadacycline reported treatment-emergent adverse events
(TEAE), and 8 (61.5%) subjects who received placebo reported
TEAEs, but no serious adverse events (SAE) occurred. One
subject who received a single dose of 100 mg omadacycline
intravenous infusion reported a TEAE of CTCAE grade 3:

blood creatine phosphokinase increased to 5.7 times the upper
limit of normal, and the subject recovered without intervention.
The investigator judged that this AE was related to physical
exercise and was not related to the study drug. All the other
TEAEs were of grade 1.

Drug-related AEs with a frequency of >10% included: alanine
aminotransferase (ALT) increase in seven subjects (14.0%),
vomiting in six subjects (12.0%), and white blood cell count
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TABLE 2 | Pharmacokinetic parameters of omadacycline following intravenous and oral administrations by the compartmental model.

Intravenous Administration

Oral administration®

50 mg 100 mg 150 mg 150 mg 300 mg 450 mg

n 8 8 8 8 6 6

Vi (L) 17.2 (24.3) 19.7 (24.3) 19.3 (14.9) 110 (54.6) 103 (17.0) 146 (28.2)
Vs (L) 58.1 (23.4) 63.2 (6.8) 71.7 (21.0) 215 (28.4) 244 (30.1) 281 (24.2)
V3 (L) 115 (29.2) 109 (23.5) 118 (31.7) \ \ \

CL (L/h) 8.76 (8.8) 8.5 (12.4) 8.48 (14.2) 14.5 (17.3) 15.2 (20.7) 20.2 (11.7)
CL; (L/h) 65.6 (17.0) 78.9 (9.1) 99.8 (16.4) 38.8 (39.7) 34.2 (23.8) 41.5 (38.2)
CL;3 (L/h) 18.7 (29.2) 18.7 (23.1) 20.8 (43.8) \ \ \

Ka1 (") \ \ \ 0.967 (63.8) 0.342 (57.2) 1.09 (98.5)
Kaz (h7) \ \ \ 1.95 (117.8) 4.58 (72.1) 2.29 (123.8)
P4 \ \ \ 0.581 (35.8) 0.786 (10.8) 0.657 (32.5)
Tiag (h) \ \ \ 0.678 (54.2) 1.85 (15.7) 2.19 (14.6)

4V, Vo, CL; and CL for oral administration are V/F, V.o/F, CL/F, and CLo/F, respectively; the PK parameter is represented as mean (CV/%); CL, central compartment clearance; CL, and
CLs, peripheral compartment clearance; ka1 and Kaz, the rates of omadacycline from the absorption compartments to the central compartment; P, the ratio of the drug amount in the first
absorption compartment, T, the lagging absorption time of the second absorption compartment; V4, central compartment volume of distribution; V» and Vs, peripheral compartment

volume of distribution.

decrease in six subjects (12.0%). All drug-related AEs were
resolved over time. 9 subjects (18.0%) in overall omadacycline
group showed an elevation of triglycerides, the incidence rate was
similar to that of the placebo group (3 cases, 23.1%). Those events
were assessed as unrelated to the study drug by the investigator.

DISCUSSION

This study fully illustrated the PK characteristics and safety of
omadacycline in the Chinese population and provided the
rational of using the current dosing regimen approved by US
FDA in Chinese population through PK/PD analysis.

In this study, Cp,ax (1.83 vs 1.8-1.9 mg/L), AUCq i (11.9 vs
9.76-11.3 mg h/L), and t;/, (19.1 vs 16.3-17.1 h) of omadacycline
intravenously infused at 100 mg in Chinese healthy subjects were
generally comparable with those in western subjects (Sun et al.,
20165 Berg et al., 2018; Kovacs et al., 2020b). The Cpy (1.05 vs
0.5 mg/L) and AUCq ;¢ (20.4 vs 10.3 mgh/L) of omadacycline
orally administered at 300 mg were higher than those in western
subjects (Sun et al., 2016), which may be attributed to the high
bioavailability of Chinese subjects (42.0-62.3 vs 34.5%), inter-
individual variability, and differences in study centers (the
absorption of omadacycline that was susceptible to diet would
also increase variability between individuals and studies).
Moreover, Chinese subjects of the oral groups (150-450 mg)
showed saturation of absorption, and Ty, increased with the
increase of the dose (T, was 1.75, 3, and 4 h), while the T, of
omadacycline orally administered at 300-600 mg in western
subjects was 2.5h (Bundrant et al,, 2018).

After intravenous infusion of omadacycline, there was a rapid
distribution of a-phase (t;;,, = 0.1h), and the B-phase of

intravenous infusion was similar to a-phase of oral
administration ~ (intravenous t;3 = 1.9h wvs oral
administration t;;, = 2.1h). The y-phase of intravenous

infusion was similar to the P-phase of oral administration
(intravenous t,, = 18.7h vs oral t;,5 = 22.6h), so the
intravenous infusion of omadacycline conformed to the

pharmacokinetic characteristics of the three-compartment
model and oral administration of omadacycline to the
pharmacokinetic characteristics of the two-compartment
model. The PK parameters of the three-compartment model
established in this study based on the intravenous infusion of
omadacycline in the Chinese population were similar to
population pharmacokinetics (PPK) of the western population
(Sun et al,, 2016). The PPK study showed that the clearance of
females was lower than that of males, and this study also showed
that females’ exposure was slightly higher. The AUC ratios of
females/males in each dose group ranged from 1.1 to 1.5
(Supplementary Figure S3 and Table S3). In this study, the
double-peak absorption of omadacycline was found in the
Chinese population. It was guessed that the alkaline
omadacycline first mainly existed as an ionized form in the
strongly acidic stomach with slow absorption, and then the
remaining amount of the drug entered the weak alkaline
intestinal tract with fast absorption as molecule form mainly,
which may provide an explanation for the obvious double-peak
absorption in 450 mg group representing, and non-separated
double peak in the 150mg group and 300mg group
representing two absorption phases (slow absorption followed
by fast absorption). Previous literature reported that the oral
absorption of omadacycline manifested as delayed absorption
(Sun et al., 2016; Bundrant et al., 2018; Lakota et al., 2020).
The comparable exposure of 100 mg omadacycline i.v. and
300 mg omadacycline p.o. (Sun et al., 2016) supported the dosing
regimen transferred from intravenous administration to oral
administration, which was convenient for discharged patients
to take medicine. In the Chinese population, the AUC ,4 of the
four loading doses (200 mg i.v. q24h, 100 mgi.v. q12 h, 450 mg p.
0. 24 h, or 300 mg p. 0. q12 h) recommended on the FDA label
were 15.3, 13.2, 14.2 and 20.4 mg h/L, respectively, comparable
with that of maintenance doses (12.1 and 19.4 mg h/L for 100 mg
i.v. 24 h or 300 mg p. o. q24 h), supporting the loading dose.
MRSA omadacycline MIC90 values from two different studies
on isolates from China vary with one study reporting an MIC90
value of 1 mg/L (Sun et al., 2016) and a second study reporting an
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FIGURE 4 | The probability of target attainment for the dosing regimens, covering Streptococcus pneumonia, Haemophilus influenzae, and Staphylococcus
aureus. (A) Streptococcus pneumoniae; (B) Haemophilus influenzae; (C) methicillin-sensitive Staphylococcus aureus (MSSA); (D) methicillin-resistant Staphylococcus

MIC90 value of 0.25 mg/L (Xiao et al., 2020). The former study
also included assessment of MRSA isolates collected from the
west and reported an MIC90 value of 0.25 mg/L (Pfaller et al.,
2020) similar to Xiao et al., 2020 data for China. Regardless, the
dosing regimen present on the FDA label provides >90% PTA for
isolates covering both of these MIC90 values. This dosing
regimen could also treat Streptococcus pneumoniae (MICy, =

0.12 mg/L) and MSSA (MICyq = 0.25 mg/L) infections with low
MICyy, and support the indications of CABP. For Haemophilus
influenzae, MICy, in China (MICyy = 2 mg/L) was higher than
that in the western (1 mg/L) (Pfaller et al,, 2020), whereas the
dosing regimen of a loading-dose of 200 mg i.v. or 300 mg p. o.
followed by a maintenance dose of 300 mg p. o. could achieve
PTA>90% in the Chinese population, and all dosing regimens
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could reach CFR>90%, supporting the treatment with
omadacycline for CABP infected by Haemophilus influenzae in
the Chinese population. Phase III clinical trial in the western also
reported the good efficacy of omadacycline in the treatment of
patients with pneumonia infected by Haemophilus influenzae
(MICyg = 2 mg/L) (Pfaller et al., 2020). For ABSSSI patients, all
administration methods could reach the target value of 96% early
clinical response.

This study has some limitations. Ty, of omadacycline in
intravenous 150 mg group and oral 300 and 450 mg group
ranged from 19.7 to 20.7 h. However, the sampling period was
96 h which did not cover 5 times of T;/,. Although AUC/MIC
targets were based on specific infection types, the MIC data used
for PTA and CFR calculations were not stratified by infection
types. Since population PK analyses were not performed in this
article, covariates and incorporate inter-individual variation were
not assessed. Simulated values instead of measured values were
adopted for omadacycline 200 mg i.v. q24 h, 100 mg i.v. q12h
and 300 mg p. o. q12h but it was believed that the linearity
between exposure and dose in the 50-150 mg group supported
the extrapolation of the simulation results. Furthermore, it was
found that the oral exposure to omadacycline in China was
significantly higher than that in western subjects (the AUC
ratio was 1.98), having no noticeable influence on the safety
and tolerance of subjects. The mechanism is still unclear and
accidental factors cannot be ruled out due to the small sample size
of this study, so further studies would be conducted.

In this study, seven subjects (13.5%) had transient elevated
ALT after administration of omadacycline, with aspartate
aminotransferase (AST) and bilirubin in the normal range.
The same phenomenon was observed in healthy subjects in
the literature (Bundrant et al., 2018; Overcash et al., 2019).
However, it is reported elevated ALT and AST in patients
(Abrahamian et al., 2019; O’Riordan et al., 2019; Stets et al.,
2019). AEs regarding infusion site-related reactions have been
reported in western studies of healthy subjects and patients
(Abrahamian et al., 2019; O’Riordan et al., 2019; Stets et al.,
2019), but in this study, there were no findings on any AEs with
infusion site reaction.

CONCLUSION

This study demonstrated that omadacycline had a good safety
profile in Chinese healthy subjects. Oral administration
manifested as double-peak absorption, and its pharmacokinetic
characteristics were similar to those of western populations. PK/
PD analysis demonstrated the rationality of the loading dose
(200 mg i.v. 24 h, 100 mg i.v. q12 h, 450 mg p. 0. q24 h x 2 days,
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