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Abstract

Omadacycline is a first-in-class aminomethylcycline antibiotic being evaluated in phase 3 studies as oral and intravenous monotherapy for bacterial
infections. This was a phase 1, randomized, open-label, 4-period, crossover study that evaluated the effect of food consumption on the bioavailability
of omadacycline. Healthy participant were randomized to 1 of 4 sequences, which included the following predose conditions in different orders
(A) �6-hour fast, (B) high-fat, nondairy meal 4 hours before dosing, (C) high-fat, nondairy meal 2 hours before dosing, and (D) high-fat meal containing
dairy 2 hours before dosing. Participants received a single 300-mg oral dose of omadacycline during each treatment period; periods were separated by
�5 days.Blood samples for pharmacokinetic (PK) analysis were collected over 24 hours after each dose,and safety assessments were performed during
each treatment period. Least-squares mean and 90% confidence intervals were compared for fed state vs fasted state. Thirty-one participants were
included in the PK analysis. Fasted AUC0-�, AUC0-t, and AUC0-24 were 10.2, 7.2, and 7.2 μg·h/mL, respectively, and Cmax was 0.6 μg/mL. Compared
with a fasted dose, bioavailability was reduced by 15% to 17% by a nondairy meal 4 hours before dosing, 40% to 42% by a nondairy meal 2 hours
before dosing, and 59% to 63% for a dairy meal 2 hours before dosing. Two participants experienced adverse events (mild nausea, mild somnolence).
A 300-mg oral dose of omadacycline administered within 2 to 4 hours after food had reduced bioavailability compared with the fasted state. Oral
omadacycline should be administered in a fasted state.
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Omadacycline is a first-in-class aminomethylcycline an-
tibiotic that is characterized by an aminomethyl group
at the C9 position on the tetracycline structure, which
distinguishes omadacycline from other tetracyclines
and results in improved in vitro antimicrobial activity.1

Omadacycline is undergoing clinical development as
oral and intravenous (IV) monotherapy for serious
community-acquired bacterial infections. In contrast to
earlier-generation tetracyclines, omadacycline retains
activity against bacterial strains characterized by the 2
primary mechanisms of tetracycline resistance: riboso-
mal protection and efflux.2

Omadacycline demonstrates in vitro activity against
Gram-positive aerobes (including methicillin-resistant
Staphylococcus aureus and vancomycin-resistant ente-
rococci), some Gram-negative aerobes, many anaer-
obes, and atypical pathogens including Legionella spp.
and Mycoplasma spp.3–8 In previous clinical studies
in patients with complicated skin and skin structure
infection, omadacycline treatment was started with IV
administration, after which participants could transi-
tion to oral therapy (200 or 300 mg orally once daily,
depending on the study) for a total of up to 14 days
of treatment.9,10 In these studies omadacycline was
comparable to linezolid for clinical response, and the
overall incidence of adverse events also was similar
(58% omadacycline vs 63% linezolid).9,11 The most

common adverse event for both drugs was nausea (17%
omadacycline vs 15% linezolid).11 Phase 3 studies are
ongoing in patients with acute bacterial skin and skin
structure infection (ABSSSI) and community-acquired
bacterial pneumonia (CABP), in which omadacycline is
started with IV administration, followed by an option
to transition to 300 mg orally once daily using a phase
3 tablet formulation. In addition, a phase 3 study
in ABSSSI using an oral-only regimen is planned,
and development is being explored for additional uses
including treatment of urinary tract infections.

Results from a number of phase 1 studies in healthy
participants were undertaken to characterize the phar-
macokinetic (PK) profile of omadacycline.12–16 After
oral administration of a 300-mg dose in a fasted state,
the peak plasma concentration was 0.6 μg/mL, area
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under the concentration-time curve was 10.3 h·μg/mL,
and terminal elimination half-life was approximately
17 hours. In a study of the absorption, distribution,
metabolism, and elimination of omadacycline, 81% of
an oral dose of omadacycline was excreted in the feces,
with 14% of dose excreted in the urine; no metabolites
of omadacycline were detected in either the urine or
the feces. In addition, in vitro studies with human CYP
isozymes found omadacycline to be neither a substrate
nor an inhibitor of these enzymes.13

During the development process, oral omadacycline
formulations have evolved from free base in a capsule
through a series of tablet and salt formulations in
order to optimize oral bioavailability while improving
tolerability. In a study of an early tablet formulation,
it was shown that when a light meal was given an
hour after oral omadacycline administration to fasted
participants, there was a 25% decrease in exposure
compared to those who remained fasted and that this
decrease was the result of a decrease in extent of
omadacycline absorption, because there was no change
in its elimination half-life (data on file, Paratek Phar-
maceuticals). The current phase 3 tablet formulation
is the tosylate salt of omadacycline, which has been
shown to have an absolute bioavailability of 34.5%.12

The primary objective of this study was to evaluate
the relative bioavailability of a single oral 300-mg dose
of omadacycline (administered as the phase 3 tablet
formulation) at various times after the consumption of
food in healthy adult participants.

Methods
The study was conducted according to Good Clinical
Practices and the ethical principles of the Declaration
of Helsinki. The study was reviewed and approved by
the independent Institutional ReviewBoard of the PPD
Phase I Clinic (Austin, Texas), where the study was
conducted. Each eligible participant provided written
informed consent prior to enrollment.

Study Design
This was a phase 1, randomized, open-label, 4-period,
crossover study conducted in healthy adult participants.
The study consisted of a screening period (21 days to
2 days prior baseline), 4 baseline periods (day –1 of
each period), 4 treatment periods (days 1 through 2 of
each period), and a study completion visit (within 6 to
10 days of the last dose of omadacycline). A washout
period of at least 5 days was included between dosing
periods.

Participants underwent screening evaluations to de-
termine eligibility within 21 days before dosing in
period 1. Participants were admitted to the clinical site
on the day before dosing (day −1) in each period for

Table 1. Treatment Sequences

Sequence Period 1 Period 2 Period 3 Period 4

ADBC (N = 8) A D B C
BACD (N = 8) B A C D
CBDA (N = 8) C B D A
DCAB (N = 8) D C A B

Participants received a single oral 300-mg dose, administered as 2 150-
mg tablets, in each of 4 treatment periods. Blood samples for PK profiles
were collected over 24 hours after each dose, and treatment periods were
separated by at least 5 days.
Treatment A:participants fasted overnight (no food or drink except for water
for at least 6 hours before dosing); a standard high-fat (nondairy) meal was
served 3 hours after dosing.
Treatment B: a standard high-fat (nondairy) meal was completed 4 hours
before dosing.
Treatment C: a standard high-fat (nondairy) meal was completed 2 hours
before dosing.
Treatment D: a standard high-fat meal including dairy was completed 2 hours
before dosing.

baseline evaluations. Before dosing on day 1 of period
1, participants were randomized to 1 of 4 treatment
sequences (Table 1). A 4-period by 4-sequence crossover
Williams design was used. On day 1 of each period,
participants received a single oral dose of 300 mg
omadacycline at various times after the consumption
of food.

The high-fat (approximately 50% of total caloric
content of the meal) and high-calorie (approximately
800 to 1000 calories) meal followed Food and Drug
Administration guidance recommendations and pro-
vided approximately 150, 250, and 500 to 600 calo-
ries from protein, carbohydrate, and fat, respectively.17

These meals were to be consumed within 20 minutes.
Dose administration for treatments B, C, and D was
determined from the end time of the meal. During all
4 treatment periods, participants received no food or
drink except water for at least 3 hours after dosing
and no dairy products, antacids, or multivitamins for
4 hours after dosing.

The standard high-fat meal (nondairy) consisted of
2 eggs fried in 2 teaspoonful of olive oil, 2 turkey
sausage patties, 2 hash browns fried in 2 teaspoonful of
olive oil, and 8 fluid ounces of apple juice (855 calories
[kilocalories]). The dietary composition was 57.28 g fat
(59.0% of calories), 59.12 g carbohydrate (27.0% of
calories), and 30.58 g protein (14.0% of calories).

The standard high-fatmeal including dairy consisted
of 2 eggs fried in 2 teaspoonfuls of butter, 2 strips of
bacon, 2 slices of white toast with 2 teaspoonfuls of
butter, 2 hash browns cooked in 2 teaspoonfuls
of butter, and 8 fluid ounces of whole milk (985
calories [kilocalories]). The dietary composition was
64.94 g fat (59.9% of calories), 67.79 g carbohydrate
(27.8% of calories), and 29.91 g protein (12.3% of
calories).
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Participant Selection
Male and female participants ages 18 to 55 years (inclu-
sive) with a body mass index �18 to �30 kg/m2 and in
good health based on medical history, physical exam-
ination, vital signs, clinical laboratory measurements,
and 12-lead electrocardiogram (ECG) were eligible.
Participants were required to be afebrile and have blood
pressure and pulse rate within normal ranges (systolic
90–140 mm Hg; diastolic 50–90 mm Hg; heart rate 40–
90 beats/min). Women were required to have a negative
serum pregnancy test and to use a highly effective form
of contraception during the study.

Participants were excluded for use of other inves-
tigational drugs within 30 days of screening or any
prescription drugs, herbal supplements, or over-the-
counter drugs within 2 to 4 weeks of day –1; recent
smoking history or history of bronchospastic disease;
history of autonomic dysfunction; history of clinically
significant cardiac rhythm abnormality; history or evi-
dence of immunodeficiency or a positive test for human
immunodeficiency virus; hypersensitivity or allergic
reaction to any tetracycline; or history of any clini-
cally significant medical condition (eg, gastrointestinal
disease or major gastrointestinal surgery; hepatitis B
or hepatitis C infection or other liver disease; renal
impairment or urinary obstruction; pancreatitis) that
could interfere with the conduct or interpretation of the
study.

Study Assessments
Blood samples for PK assessments of omadacycline
were collected from all participants before dosing (pre-
dose) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16, and
24 hours after dosing in each period. The following
PK parameters were calculated for omadacycline from
plasma concentration vs actual time data for each par-
ticipant using noncompartmental analysis: area under
the plasma concentration-time curve (AUC) from time
0 to 24 hours after dosing (AUC0-24), AUC from time
0 to the last quantifiable concentration (AUC0-t), AUC
time 0 extrapolated to infinity (AUC0-�), maximum
(peak) observed plasma concentration (Cmax), time to
reach Cmax (Tmax), and terminal elimination half-life
(T1/2).

Safety and tolerability were assessed by monitoring
and recording of adverse events (AEs), clinical labora-
tory test results (hematology, serum chemistry, and uri-
nalysis), vital sign measurements, physical examination
findings, and 12-lead ECG results.

Statistical Analysis
The individual PK parameters for omadacycline were
summarized by treatment using descriptive statistics:
number, mean, standard deviation (SD), coefficient
of variation (CV), median, minimum, and maximum.

Geometric means were included for AUC and Cmax.
The individual plasma concentration-vs-time data for
omadacycline were used to derive the PK parameters
using noncompartmental analysis, as deemed appropri-
ate, using Phoenix R© WinNonlin R© (Pharsight Corp, St.
Louis, Missouri), Version 6.2.1. Actual sampling times,
rather than scheduled sampling times, were used in the
computation of PK parameters.

A linear mixed-effect model (SAS PROC MIXED)
with treatment condition, sequence, and period as fixed
effects and participant nested within sequence as a
random effect was fitted to the natural-log-transformed
PK parameters AUC0-24, AUC0-t, AUC0-�, and Cmax

for estimation of effects and construction of confi-
dence intervals (CI) for the test treatments (fed states:
treatments B, C, and D) compared with the reference
treatment (fasted state: treatment A).

Absence of the effect of food was concluded
if the 90%CI for the test-to-reference ratios (B/A,
C/A, or D/A) of geometric means were entirely
contained within the criterion interval of 80% to
125% for AUC0-24, AUC0-t, AUC0-�, and Cmax. For
Tmax, the Wilcoxon signed-rank test was performed.
A P-value �.05 was considered a statistically sig-
nificant difference between the reference and test
treatments.

The sample size determination was based on consid-
eration of the precision of the estimate of the geometric
mean ratio (GMR) of PK parameters in the fed state
compared with those in the fasted state. Given the study
design, 24 evaluable participants would provide a 90%
probability that the 90% confidence interval (CI) of the
GMR would be within 87% and 115% of the point
estimate. These precision estimates were based on an
assumption that the PK parameters are log-normally
distributed, with intersubject CVs no greater than 24%
(as had been observed in prior PK studies). Allowing
for up to 2 participants per sequence to discontinue
before completing all study periods, the total planned
enrollment was 32 participants.

Results
Thirty-two participants were enrolled in the study and
were included in the PK and safety analyses. The overall
mean age of participants was 32.3 years, with a range
of 21 to 50 years (Table 2). The majority of participants
were white (24 participants, 75%), and 15 participants
(47%) were male. One participant was discontinued
from the study because of a positive alcohol screen
and did not receive treatments D and A. Another
participant requested to be withdrawn and did not
receive treatments B and C. Therefore, PK data were
available for 31 participants for all treatments.
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Table 2. Baseline Demographics

Participants (N = 32)

Age, yearsa 32.3 (8.0)
Age range, years 21-50
Male, n (%) 15 (46.9)
Race, n (%)

White 24 (75.0)
Black/African American 8 (25.0)

Hispanic/Latino 12 (37.5)
Height, cma 168.0 (9.5)
Weight, kga 71.5 (13.4)
BMI, kg/m2a 25.2 (3.2)

BMI, body mass index.
aMean (standard deviation).

Pharmacokinetic Analysis
Fasted AUC0-�, AUC0-t, and AUC0-24 were 10.2, 7.2,
and 7.2μg·h/mL, respectively, and Cmax was 0.6μg/mL
(Table 3). A notable reduction in systemic exposure
to omadacycline was observed for the 3 test treat-
ments (treatments B, C, and D) versus treatment A
(Figure 1). The effect of food was more pronounced
when a high-fat meal was consumed closer to dosing
and when dairy was included in the meal. Across all
treatment sequences, mean T1/2 ranged from 13.5 to
13.8 hours.

The between-participant variability in systemic ex-
posure to omadacycline was similar between treatment
A (no meal before dosing) and treatments B and C
(nondairy meal 4 and 2 hours before dosing, respec-
tively), with CV ranging from 22.4% to 29.2% for
Cmax, AUC0-24, AUC0-t, and AUC0-�. By contrast, for
treatment D (meal containing dairy 2 hours before
dosing), the corresponding CVs were higher, ranging
from 42.6% to 44.4%.

For the tested PK parameters (Cmax, AUC0-t,
AUC0-�, AUC0-24, and Cmax), an absence of food effect

was not confirmed because the 90%CI of the geomet-
ric least-squares mean ratios (test/reference) was not
contained within the criterion interval of 80% to 125%
(Table 4). Compared with a fasted dose, omadacycline
exposure (Cmax and AUC) was reduced by 15% to 17%
for a nondairy meal 4 hours before dosing, by 40% to
42% for a nondairy meal 2 hours before dosing, and by
59% to 63% for a dairy meal 2 hours before dosing. A
slight difference in median Tmax was observed between
treatment A (2.5 hours) and treatments B, C, and D
(2.9 hours); however, the difference was not statistically
significant.

Safety and Tolerability
Two participants experienced treatment emergent ad-
verse events (AEs) (1 reported nausea, 1 reported
somnolence). Both events were of mild intensity, and
both participants continued in the study.Noparticipant
discontinued the study for an AE, and no participant
experienced a serious AE. No abnormal physical ex-
amination or findings were reported, and there were no
clinically significant changes in clinical laboratory tests
or ECG findings.

A slight increase from baseline in heart rate (median
8 to 10 beats/min at 4 to 6 hours postdose) was
observed for treatment A (ie, the group with highest
omadacycline exposure). In all other treatment groups
the median change from baseline in heart rate was
�3 beats/min at all measured time points. No notable
changes in blood pressure were observed.

Discussion
The pharmacokinetics of tetracyclines vary widely,18

possibly related to chemical structure and structure-
activity relationships of older- vs newer-generation
products. When administered with food, absorption,
and thus systemic exposure with older tetracyclines

Table 3. Plasma Pharmacokinetic Parameters for Omadacycline After a Single 300-mg Oral Dose

Mean (Coefficient of Variation)

Parameter Treatment A (N = 31) Treatment B (N = 31) Treatment C (N = 31) Treatment D (N = 31)

AUC0-24,μg·h/mL 7.2 (28.1) 6.1 (26.3) 4.2 (23.4) 2.8 (44.3)
AUC0-t,μg·h/mL 7.2 (28.1) 6.1 (26.3) 4.2 (23.4) 2.8 (44.4)
AUC0-� ,μg·h/mL 10.2 (27.0)b 8.8 (29.2) 6.0 (25.4) 4.0 (44.1)
Cmax,μg/mL 0.6 (25.3) 0.6 (25.0) 0.4 (22.4) 0.3 (42.6)
Tmax, hoursa 2.5 (1.5, 4.1) 2.9 (1.0, 6.0) 2.9 (1.0, 6.0) 2.9 (1.0, 6.0)
T1/2, hours 13.8 (10.3)b 13.6 (12.7) 13.6 (12.2) 13.5 (14.7)

Treatment A: participants fasted overnight (no food or drink except for water for at least 6 hours before dosing); a standard high-fat (nondairy) meal was served
3 hours after dosing.
Treatment B: a standard high-fat (nondairy) meal was completed 4 hours before dosing.
Treatment C: a standard high-fat (nondairy) meal was completed 2 hours before dosing.
Treatment D: a standard high-fat meal including dairy was completed 2 hours before dosing.
aMedian (minimum,maximum) values.
bN = 30.
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Figure 1. Plasma concentration-time curve for omadacycline.

is reduced by 50%, whereas systemic exposure to
the newer-generation oral doxycycline is reduced by
only 20%.18 In contrast, administration with food
has almost no effect on the systemic exposure to
oral minocycline.18 Oral absorption of the most re-
cent additions to the tetracycline class of antibi-
otics also is widely variable. Tigecycline is poorly
absorbed orally, and therefore, it is only available for
IV administration.19,20 In contrast, a study of the effect
of food on the PK profile of eravacycline after oral
administration reported a 62% reduction in AUC.21

Previous clinical studies using earlier oral formula-
tions of omadacycline showed that dosing with food
notably decreased exposure to omadacycline but had
no effect on its elimination half-life, indicating that

food consumption had an impact on the amount of the
omadacycline dose absorbed but not on the elimination
processes (data on file, Paratek Pharmaceuticals). This
study was designed to evaluate the effect of food on
the most current phase 3 tablet formulation and to
quantify any differences in exposure based on varying
the time between a meal and a subsequent oral dose.
The PK results obtained with a 300-mg oral dose of
omadacycline in the fasted state were consistent with
results from an earlier study of this phase 3 tablet
formulation,12 thereby supporting these fasted data as
the “reference” values. Single doses of omadacycline
were well tolerated in all dosing periods in this study,
also consistent with the overall safety profile observed
in prior clinical studies.

Table 4. Statistical Analysis of the Effect of Food on Plasma Pharmacokinetic Parameters of Omadacycline (N = 31)

Parameter Treatment
Geometric
LS Mean

Treatment
Comparison

Ratio of Geometric
LS Mean (%)

90%CI of Ratio
(%)

AUC0-24,μg·h/mL A 7.4
B 6.2 B/A 83.4 74.9, 92.7
C 4.3 C/A 57.7 51.9, 64.2
D 2.8 D/A 37.3 33.6, 41.5

AUC0-t,μg·h/mL A 7.4
B 6.2 B/A 83.3 74.9, 92.7
C 4.3 C/A 57.7 51.9, 64.1
D 2.8 D/A 37.3 33.5, 41.4

AUC0-�,μg·h/mL Aa 10.6
B 9.0 B/A 84.7 75.8, 94.6
C 6.2 C/A 58.4 52.3, 65.3
D 4.0 D/A 37.9 34.0, 42.3

Cmax,μg/L A 0.66
B 0.56 B/A 84.5 75.9, 94.1
C 0.39 C/A 60.1 54.0, 66.9
D 0.27 D/A 40.7 36.5, 45.2

CI, confidence interval; LS, least squares.
aN = 30, a terminal monoexponential phase could not be identified for 1 participant.
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This study demonstrated a significant reduction in
exposure when oral omadacycline 300 mg was ad-
ministered in various fed states compared with the
fasted state. Based on AUC, omadacycline exposure
varied by timing with a 17% decrease in exposure when
participants were fed a nondiary meal 4 hours prior to
dosing and a 42% decrease when fed a nondiary meal 2
hours before dosing. When dairy was included in the
meal 2 hours before dosing, exposure was decreased
by 63% compared to fasting administration. The elim-
ination half-life of omadacycline was unaffected by
food intake, with values ranging from 13.5 to 13.8
hours across all the study arms. Thus, the food effect
was more pronounced when a meal was consumed
closer to oral dosing, with an even greater effect when
dairy was included in the meal. The latter findings are
consistent with the known tetracycline characteristic of
binding to calcium as well as other multivalent cations.
Older tetracycline compounds including tetracycline,
oxytetracycline, and chlortetracycline, which exhibit
oral absorption ranging from 25% to>80%, form an in-
soluble complex with calcium, magnesium, aluminum,
and iron that markedly reduces absorption after oral
administration.18 Although food does not impact the
oral absorption of minocycline, absorption is reduced
by administration with iron-containing products and
antacids containing calcium andmagnesium.18 Various
antacid preparations and multivitamin products may
contain 1 or more of the multivalent cations (calcium,
magnesium, aluminum, iron, bismuth, or zinc), and
therefore, coadministration of these products with oral
tetracyclines should be avoided. In conclusion, based
on the food effect observed in this study, omadacycline
tablets should be taken in a fasted state, and coadminis-
tration with dairy products, cation-containing antacids,
or multivitamins should be avoided.
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