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ABSTRACT The steady-state concentrations of omadacycline and tigecycline in the
plasma, epithelial lining fluid (ELF), and alveolar cells (AC) of 58 healthy adult sub-
jects were obtained. Subjects were administered either omadacycline at 100 mg in-
travenously (i.v.) every 12 h for two doses followed by 100 mg i.v. every 24 h for
three doses or tigecycline at an initial dose of 100 mg i.v. followed by 50 mg i.v. ev-
ery 12 h for six doses. A bronchoscopy and bronchoalveolar lavage were performed
once in each subject following the start of the fifth dose of omadacycline at 0.5, 1,
2, 4, 8, 12, or 24 h and after the start of the seventh dose of tigecycline at 2, 4, 6, or
12 h. The value of the area under the concentration-time curve (AUC) from time
zero to 24 h postdosing (AUC0 –24) (based on mean concentrations) in ELF and the
ratio of the ELF to total plasma omadacycline concentration based on AUC0 –24 val-
ues were 17.23 mg · h/liter and 1.47, respectively. The AUC0 –24 value in AC was
302.46 mg · h/liter, and the ratio of the AC to total plasma omadacycline concentra-
tion was 25.8. In comparison, the values of the AUC from time zero to 12 h postdos-
ing (AUC0 –12) based on the mean concentrations of tigecycline in ELF and AC were
3.16 and 38.50 mg · h/liter, respectively. The ratio of the ELF and AC to total plasma
concentrations of tigecycline based on AUC0 –12 values were 1.71 and 20.8, respec-
tively. The pharmacokinetic advantages of higher and sustained concentrations of
omadacycline compared to those of tigecycline in plasma, ELF, and AC suggest that
omadacycline is a promising antibacterial agent for the treatment of lower respira-
tory tract bacterial infections caused by susceptible pathogens.
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Omadacycline (PTK 0796) is a semisynthetic derivative of minocycline and the first
agent from the novel class of aminomethylcyclines. Similar to other tetracycline

agents, omadacycline is a protein synthesis inhibitor which acts by binding to the 30S
ribosomal subunit in the mRNA translation complex of bacteria and inhibiting the
binding of aminoacyl-tRNA to the mRNA-ribosome complex (1–3). Omadacycline has
shown potent in vitro antimicrobial activity against a wide spectrum of pathogens,
including Gram-positive, Gram-negative, anaerobic, and atypical pathogens (1, 4–8).
The chemical structure of omadacycline contains a unique alkylaminomethyl side chain
at the C-9 position of the tetracycline D ring that enhances in vitro antibacterial activity
against drug-resistant isolates, including strains expressing resistance through mecha-
nisms of efflux and ribosomal protection (2, 9). This structure-activity relationship of
omadacycline improves its in vitro antibacterial activity against resistant organisms,
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such as methicillin-resistant Staphylococcus aureus (MRSA) strains, penicillin- and
multidrug-resistant Streptococcus pneumoniae strains, and vancomycin-resistant en-
terococci, over that of other tetracycline agents. Omadacycline also has antimicrobial
activity against common extracellular respiratory pathogens, such as Haemophilus
influenzae and Moraxella catarrhalis, and atypical pathogens, including Mycoplasma
pneumoniae, Legionella pneumophila, and Chlamydophila pneumoniae (1, 4–8). Omada-
cycline is being developed for both intravenous (i.v.) and oral administration (1, 10–13).
Phase 3 human clinical trials with omadacycline as monotherapy for the treatment of
acute bacterial skin and skin structure infections (ClinicalTrials.gov registration no.
NCT02378480 and NCT02877927) and community-acquired bacterial pneumonia
(CABP) (ClinicalTrials.gov registration no. NCT02531438) have been conducted.

Epithelial lining fluid (ELF) and alveolar cells (AC) have been advocated as important
infection sites for common extracellular and intracellular pathogens, respectively
(14–24). Bronchoalveolar lavage (BAL) has become a standard method of determining
extracellular and intracellular antibiotic concentrations after systemic administration of
the antibiotic. Use of this method for the direct measurement of drug concentrations
in ELF and AC, along with the concurrent determination of plasma drug concentrations,
allows an approach to more knowledgeably evaluate the pharmacokinetics and
exposure-response targets of antibiotics in lower respiratory tract infections.

The purpose of this study was to determine the concentrations of omadacycline and
tigecycline in the plasma, ELF, and AC of healthy adult subjects. Tigecycline was used
as a comparator because of its chemical structural similarity to omadacycline, its
approved indication for the treatment of CABP, and its known intrapulmonary pene-
tration. Comparison of the plasma and intrapulmonary pharmacokinetics of omadacy-
cline and tigecycline was used to define the time course and magnitude of drug
concentrations in the lung.

RESULTS
Subjects. A total of 63 healthy adult subjects were enrolled and received at least

one dose of either omadacycline (n � 42) or tigecycline (n � 21). Any subject that
received at least one dose of either agent was included in the safety analysis popula-
tion. One subject in the omadacycline treatment group whose BAL fluid was sampled
at 2 h postdosing was not included in the pharmacokinetic analysis because of a BAL
fluid sampling error. Two subjects receiving tigecycline discontinued the study treat-
ment and the study due to adverse events. Two other subjects in the tigecycline
treatment group did not have a bronchoscopy and BAL due to dosing errors. The
remaining 58 subjects completed all study procedures and were included in the
pharmacokinetic analysis population. The demographic characteristics of the subjects
along with the total cell count in BAL fluid and the percentage of macrophages
obtained from BAL fluid are listed in Table 1. The only notable differences between
treatment groups were a slightly higher total cell count and percentage of macro-
phages in BAL fluid in the subjects receiving tigecycline.

Pharmacokinetics. The mean � standard deviation (SD) plasma concentration-
versus-time profile after multiple intravenous doses of omadacycline at 100 mg and
tigecycline at 50 mg are displayed in Fig. 1. One subject in the group whose BAL fluid
was sampled at 1 h postdosing had a significantly higher measured omadacycline
concentration in plasma prior to (time zero) the fifth intravenous dose of omadacycline

TABLE 1 Characteristics of healthy adult subjects receiving omadacycline and tigecyclinea

Treatment
Sexb (no. of
subjects) Age (yr) Ht (cm) Wt (kg)

CLCR
c

(ml/min)
Total cell count in BAL
fluid (no. of cells/mm3)

% of macrophages
in BAL fluid

Omadacycline (n � 41) M (28), F (13) 38 � 10 173 � 10 78.0 � 12.4 110 � 21 128 � 93 82 � 17
Tigecycline (n � 17) M (13), F (4) 40 � 10 174 � 10 78.6 � 12.4 109 � 26 154 � 89 91 � 5
aAll data except for sex are expressed as the mean � SD.
bM, male; F, female.
cCLCR, estimated creatinine clearance.
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than all other subjects (3.73 mg/liter versus a range of 0.125 to 0.59 mg/liter). This
higher omadacycline concentration was not used for the assay whose results are
presented in Fig. 1 or pharmacokinetic analysis. Instead, the plasma concentration
obtained at the 24-h sampling time (0.237 mg/liter) was also used as a time zero value
for this subject. The mean � SD pharmacokinetic parameters of omadacycline and
tigecycline from serial plasma concentrations are presented in Table 2. There were no
significant differences in the values of the plasma pharmacokinetic parameters among
the BAL fluid sampling groups for either omadacycline or tigecycline.

The individual plasma, ELF, and AC concentrations of omadacycline during the 24-h
interval following the last dose are presented in Fig. 2. Once-daily intravenous dosing
of omadacycline at 100 mg produced steady-state concentrations in ELF that were
similar to or higher than the simultaneous plasma concentrations throughout the 24-h
period after the last dose of omadacycline on the fifth day. In comparison, AC concen-
trations were significantly greater than the simultaneous plasma (or ELF) concentra-
tions, and a majority of AC concentration values were maintained between 6 and 30
mg/liter throughout the 24-h period following the fifth dose of omadacycline. The
mean values of the ratios of the ELF and AC concentrations to the simultaneous total
plasma concentration for omadacycline during the 24-h period after drug administra-
tion ranged from 0.95 to 2.72 and 8.12 to 40.33, respectively.

The individual plasma, ELF, and AC concentrations of tigecycline during the 12-h
interval following the last dose are presented in Fig. 3. The magnitudes of the tigecycline
concentrations in the three matrices were lower than those observed for the omada-
cycline concentrations (Fig. 2 to 4).

However, the pattern and time course of the tigecycline concentrations in all
matrices were similar to those observed with omadacycline (Fig. 4). The intravenous
administration of tigecycline at a loading dose of 100 mg followed by 50 mg every 12 h

FIG 1 Mean � SD plasma concentration-versus-time profiles before and after the final intravenous dose
of omadacycline at 100 mg once daily (filled circles) and tigecycline at 50 mg every 12 h (open circles).
The data on the y axis are on the log scale.

TABLE 2 Pharmacokinetic parameters for omadacycline (100 mg) and tigecycline (50 mg)
in plasma infused i.v. over 30 mina

Treatment
Cmax

(�g/ml)
Cmin

(�g/ml)
AUC0–tau

b

(�g · h/ml)
Vss

(liters)
CL
(liters/h) t1/2 (h)

Omadacyclinec 2.12 � 0.68 0.28 � 0.10 12.14 � 3.22 190 � 53 8.79 � 2.21 16.0 � 3.5
Tigecyclined 0.98 � 0.21 0.11 � 0.03 2.20 � 0.42 315 � 67 23.1 � 4.1 11.4 � 2.6
aData are expressed as the mean � SD. Abbreviations: Cmax, maximum plasma concentration; Cmin, minimum
plasma concentration; AUC0 –tau, area under the plasma concentration-time curve for the dosing interval
(tau); Vss, apparent volume of distribution at steady state; CL, apparent clearance; t1/2, elimination half-life.

bTau (the end of the dosing interval) is 24 h for omadacycline (AUC0 –24) and 12 h for tigecycline (AUC0 –12).
cParameter estimates for omadacycline in a total of 41 subjects following the fifth dose.
dParameter estimates for tigecycline in a total of 17 subjects following the seventh dose.
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achieved ELF concentrations similar to or higher than the simultaneous plasma con-
centrations, and the AC concentrations were significantly higher than the plasma or ELF
concentrations. The mean values of the ratios of the ELF and AC concentrations to the
simultaneous total plasma concentration for tigecycline during the 12-h period after
drug administration ranged from 1.47 to 2.30 and 14.89 to 29.94, respectively.

The mean � SD concentrations of omadacycline after the fifth dose in plasma (total),
ELF, and AC at the seven bronchopulmonary sampling times are reported in Table 3.
The mean � SD concentrations of omadacycline in plasma (total), ELF, and AC at the
bronchopulmonary sampling times are illustrated in Fig. 4. The ELF and AC concentra-
tions of omadacycline remained measurable at 24 h after the fifth dose with mean �

SD values of 0.41 � 0.13 and 11.06 � 3.72 mg/liter, respectively. The values of the area
under the concentration-time curve (AUC) from time zero to 24 h postdosing (AUC0 –24)
based on mean and median ELF concentrations were 17.23 and 16.74 mg · h/liter,
respectively. The ratio of the ELF to the total plasma omadacycline concentration based
on the mean and median AUC0 –24 values were 1.47 and 1.42, respectively. The AUC0 –24

values based on the mean and median concentrations in AC were 302.46 and 292.31

FIG 2 Individual concentrations of omadacycline in plasma (closed circles), epithelial lining fluid (ELF;
closed triangles), and alveolar cells (AC; closed diamonds) at 0.5, 1, 2, 4, 8, 12, and 24 h after the fifth
intravenous dose. The data on the y axis are on the log scale.

FIG 3 Individual concentrations of tigecycline in plasma (closed circles), epithelial lining fluid (ELF; closed
triangles), and alveolar cells (AC; closed diamonds) at 2, 4, 6, and 12 h after the seventh intravenous dose.
The data on the y axis are on the log scale.
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mg · h/liter, respectively. The ratio of the AC to the total plasma omadacycline concentra-
tion based on the mean and median AUC0 –24 values were 25.8 and 24.8, respectively.

The mean � SD concentrations of tigecycline after the seventh dose in plasma
(total), ELF, and AC at the four bronchopulmonary sampling times are shown in Table
4. The mean � SD concentrations of tigecycline in plasma (total), ELF, and AC at the
bronchopulmonary sampling times are displayed in Fig. 4. The mean � SD tigecycline
concentrations in ELF and AC remained measurable at 12 h after the seventh dose with
values of 0.149 � 0.028 and 2.44 � 0.87 mg/liter, respectively. The values of the AUC
from time zero to 12 h postdosing (AUC0 –12) based on the mean and median ELF
concentrations were 3.16 and 3.04 mg · h/liter, respectively. The ratio of the ELF to the
total plasma tigecycline concentrations based on the mean and median AUC0 –12 values
were 1.71 and 1.66, respectively. The AUC0 –12 values based on the mean and median
concentrations in AC were 38.50 and 34.54 mg · h/liter, respectively. The ratio of the AC
to the total plasma tigecycline concentrations based on the mean and median AUC0 –12

values were 20.8 and 18.9, respectively.
Safety and tolerability. The overall incidence of treatment-emergent adverse

events (TEAEs) and the most common TEAEs (those occurring in �1 subject in either
treatment group) are shown in Table 5. All TEAEs were considered mild or moderate in
severity. There were no serious adverse events reported in either treatment group
during the study. TEAEs of epistaxis were not considered related to the study drug but
to the bronchoscopy procedure, which was performed transnasally in most study

TABLE 3 Omadacycline concentrations in plasma (total), ELF, and AC at time of
bronchoscopy and BALa

BAL fluid sampling
time (h)b

Omadacycline concn (mg/liter)

Plasma ELF AC

0.5 1.80 � 0.13 1.73 � 1.01 14.26 � 9.30
1 0.89 � 0.19 2.25 � 0.72 12.80 � 8.48
2 0.93 � 0.33 1.51 � 0.94 10.77 � 7.59
4 0.54 � 0.12 0.95 � 0.33 17.99 � 7.17
8 0.56 � 0.12 0.58 � 0.19 12.27 � 4.70
12 0.42 � 0.07 0.61 � 0.29 12.29 � 4.61
24 0.27 � 0.05 0.41 � 0.13 11.06 � 3.72
aData are expressed as the mean � SD at each sampling time. Abbreviations: BAL, bronchoalveolar lavage;
ELF, epithelial lining fluid; AC, alveolar cells (macrophages).

bSamples were obtained from 6 subjects per sampling time except at the 2-h sampling time, when samples
were obtained from 5 subjects.

FIG 4 Mean � SD plasma concentration-versus-time profiles of omadacycline (left) and tigecycline (right)
in plasma (closed circles), epithelial lining fluid (ELF; open triangles), and alveolar cells (AC; shaded
diamonds) after the last intravenous dose. The data on the y axis are on the log scale.
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subjects. The most notable difference between treatment groups was the incidence of
nausea (2.4% in the omadacycline treatment group, 47.6% in the tigecycline treatment
group). Two subjects were discontinued from tigecycline treatment and the study due
to adverse events (both had nausea which was considered related to the study drug).
No subjects receiving omadacycline were discontinued from either the study treatment
or the study due to adverse events. There were no clinically significant differences
between the treatment groups in analyses of laboratory values, electrocardiogram
(ECG) parameters, or vital signs.

DISCUSSION

The pharmacokinetics of single and multiple intravenous doses of omadacycline in
healthy adult subjects have recently been reported (10, 25). Following a single 100-mg
intravenous dose, the mean � SD plasma pharmacokinetic parameters of omadacycline
were a maximum plasma concentration (Cmax) of 10.0 � 1.5 mg/liter, an AUC from time
zero to infinity (AUC0 –∞) of 1.8 � 0.7 mg · h/liter, and an elimination half-life (t1/2) of
16.8 � 1.6 h (10). Following escalating single intravenous doses (25 to 600 mg), the
values of Cmax and AUC0 –∞ increased in a dose-proportional and linear manner (25). In
two cohorts of 10 healthy subjects receiving intravenous omadacycline at 200 mg once
daily for 7 days, the mean values for Cmax and AUC0 –∞ ranged from 3.4 to 3.6 mg/liter
and 28.9 to 30.9 mg · h/liter, respectively (25). The plasma concentrations and phar-
macokinetic parameters observed in this study are similar to those observed after a
single intravenous dose of 100 mg and multiple intravenous doses of 200 mg (after
dose adjustment). The differences were relatively small and most likely explained by
differences in gender (only one female was included in the other reported studies),
dose administration schedules (200 mg once daily for seven doses versus 100 mg every

TABLE 4 Tigecycline concentrations in plasma (total), ELF, and AC at time of
bronchoscopy and BALa

BAL fluid sampling
time (h)b

Tigecycline concn (mg/liter)

Plasma ELF AC

2 0.217 � 0.051 0.553 � 0.497 3.42 � 2.17
4 0.159 � 0.026 0.233 � 0.070 4.68 � 1.10
6 0.157 � 0.036 0.268 � 0.097 3.18 � 0.88
12 0.121 � 0.036c 0.149 � 0.028d 2.44 � 0.87
aData are expressed as the mean � SD at each sampling time. Abbreviations: BAL, bronchoalveolar lavage;
ELF, epithelial lining fluid; AC, alveolar cells (macrophages).

bSamples were obtained from 4 subjects per sampling time except at the 4-h sampling time, when samples
were obtained from 5 subjects.

cThree of 4 subjects had plasma samples available for assay at this sampling time.
dTwo of 4 subjects had concentrations equal to or above the quantitative level of detection.

TABLE 5 TEAEs by preferred term that were reported in one or more subjects in either
treatment group in the safety population

Adverse event

No. (%) of subjects with each adverse event
who were given:

Omadacycline (n � 42) Tigecycline (n � 21)

Subjects with at least one TEAE 12 (28.6) 11 (52.4)
Headache 5 (11.9) 3 (14.3)
Epistaxis 2 (4.8) 2 (9.5)
Nausea 1 (2.4) 10 (47.6)
Decreased appetite 0 2 (9.5)
Vomiting 0 3 (14.3)

Subjects with any TEAE leading to study
drug discontinuation

0 2 (9.5)

Nausea 0 2 (9.5)

Subjects with any serious TEAE 0 0
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12 h for two doses followed by 100 mg once daily for three doses), and duration of
therapy (7 versus 4 days).

A number of studies have evaluated the pharmacokinetics of intravenous tigecycline
after the administration of single and multiple doses to healthy subjects and patients
(26–30). The mean observed plasma concentrations and the values of the pharmaco-
kinetic parameters for tigecycline in this study with healthy subjects were similar to
those previously reported and outlined in the product package insert (Cmax, 0.98 versus
0.87 mg/liter; minimum plasma concentration [Cmin], 0.11 versus 0.13 mg/liter; AUC0 –24,
4.40 versus 4.70 mg · h/liter; clearance [CL], 23.1 versus 23.8 liters/h) (31). Although the
mean elimination t1/2 was only 11.4 h, whereas it is depicted to be 42.4 h in the product
package insert, the lower value in this study most likely reflects the limited duration of
blood sampling (i.e., 12 h) used during the final dosing interval.

This is the first study to investigate the intrapulmonary pharmacokinetics of om-
adacycline following multiple intravenous doses of 100 mg. The extensive BAL fluid
sampling schedule for omadacycline was remarkable for illustrating intrapulmonary
concentrations after the end of the final intravenous infusion and the accurate estima-
tion of AUC values. The ELF concentrations during the first 1.5 h after the end of the
infusion ranged from 0.36 to 3.44 mg/liter, with the majority (82%; 14/17) of these ELF
concentrations being �1.2 mg/liter (Fig. 2). In addition, the ELF concentrations re-
mained measureable for 24 h after the fifth dose (mean, 0.41 mg/liter; range, 0.16 to
0.54 mg/liter). The AUC0 –24 ratios of the ELF to total plasma concentrations based on
mean and median concentration values were 1.47 and 1.43, respectively. These values
were slightly lower than those found if the ratios were based on the ELF and total
plasma concentrations for each subject (mean, 1.59; range, 0.34 to 4.84). In comparison,
the ratios of the AUC0 –12 of the ELF to total plasma concentrations of tigecycline based
on mean and median concentrations were 1.71 and 1.66, respectively. The ratios of the
ELF and total plasma concentrations for each subject averaged 1.86 (range, 0.63 to
4.41). Although omadacycline and tigecycline have similar penetration ratios for ELF,
the systemic exposure (e.g., the AUC0 –24 values for both agents) to omadacycline in
both ELF and plasma was approximately 3-fold higher than that to tigecycline. This is
explained, in part, by the differences in plasma pharmacokinetic parameters, where CL
and the apparent volume of distribution at steady state (Vss) for tigecycline were
approximately 3 times and 50% higher, respectively, than those for omadacycline
(Table 2). These differences remained true even when the extensive BAL fluid sampling
for omadacycline was restrained to sampling times (e.g., 2, 4, 6 or 8, and 12 h) similar
to those for tigecycline and if AUC0 –12 values were compared or doubled in value (i.e.,
the AUC0 –24 was used).

The ratio of the AUC0 –24 to the MIC (AUC0 –24/MIC) has been the pharmacokinetic-
pharmacodynamic parameter that best correlates with antibacterial efficacy for the
tetracycline class of antibiotics (30, 32–34). Lepak and colleagues have recently con-
firmed the relationship of the pharmacokinetic-pharmacodynamic parameters and the
efficacy of omadacycline against four isolates of Streptococcus pneumoniae (range of
MIC values, 0.0315 to 0.125 mg/liter) in a neutropenic mouse model of pneumonia (35).
The ratio of AUC0 –24/MIC for both unbound plasma and ELF had the highest correlation
with efficacy (r2 � 0.74). The typical range of ELF AUC0 –24/MIC ratios associated with a
net bacterial stasis and 1-log and 2-log reductions in the numbers of CFU from those
at the baseline were 14.18 to 17.80, 6.00 to 17.61, and 17.26 to 47.27, respectively. The
corresponding values for unbound plasma AUC0 –24/MIC ratios were similar since the
penetration of omadacycline from plasma into ELF approached 100% (range, 72% to
102%). Pfaller et al. have reported the in vitro activity of omadacycline against 6,253
isolates of Streptococcus pneumoniae (MIC50 and MIC90 � 0.06 and 0.06 mg/liter,
respectively; MIC range, �0.015 to 0.5 mg/liter), including penicillin-intermediate
strains (n � 1,040; MIC50 and MIC90 � 0.06 and 0.06 mg/liter, respectively) and
penicillin-resistant strains (n � 1,466; MIC50 and MIC90 � 0.06 and 0.12 mg/liter,
respectively) (5). In vitro activity of tigecycline against Streptococcus pneumoniae (MIC50

and MIC90 � 0.03 and 0.06 mg/liter, respectively) similar to that described above has
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been observed (1). In addition, omadacycline exhibited in vitro activity against
tetracycline-sensitive and tetracycline-resistant strains of Streptococcus pneumoniae as
well as in vivo efficacy against such strains in a mouse model of systemic infection (4).
Combining these pharmacodynamic observations and MIC90 values with the observed
mean ELF AUC0 –24 value (17.23 mg · h/liter), the estimated AUC0 –24/MIC ratio in ELF
would be �287 and �144 for Streptococcus pneumoniae, respectively. Such high
AUC0 –24/MIC ratios of ELF in healthy subjects provide support for the regimen of
intravenous dosing of omadacycline at 100 mg for the treatment of CABP caused by
susceptible strains of Streptococcus pneumoniae.

The observed AC concentrations of both omadacycline and tigecycline were greater
than the concurrent total plasma or ELF concentrations at all sampling times (Fig. 2 to
4). In addition, mean AC concentrations for both agents (Table 3 and 4) tended to
remain constant throughout the dosing interval (Fig. 4). Similar penetration ratios of AC
to total plasma concentrations were observed for omadacycline and tigecycline, no
matter if the values were calculated with AUC ratios (with the AUC0 –24 ratio, 25.8 and
24.8 on the basis of the mean and median concentration values, respectively for
omadacycline; with the AUC0 –12 ratio, 20.8 and 18.9 for tigecycline on the basis of the
mean and median concentration values, respectively) or paired AC and total plasma
concentrations for each subject (mean values, 23.2 for omadacycline and 22.2 for
tigecycline). Omadacycline has potent in vitro activity against common atypical respi-
ratory tract pathogens, including Legionella pneumophila (MIC90 � 0.25 mg/liter) and
Chlamydophila pneumoniae (MIC90 � 0.25 mg/liter) (1, 7). Similar MIC90 values have
been reported for tigecycline against Mycoplasma pneumoniae (MIC90 � 0.25 mg/liter)
and Chlamydophila pneumoniae (MIC90 � 0.125 mg/liter), whereas MIC90 values for
Legionella pneumophila ranged from 4 to 8 mg/liter (36). Nevertheless, tigecycline has
been shown to be effective for the treatment of community-acquired pneumonia
caused by Legionella pneumophila (37). Although a pharmacokinetic-pharmacodynamic
parameter has not been established for intracellular concentrations of tetracyclines, the
persistent and higher AC concentrations of omadacycline and tigecycline throughout
the dosing interval are likely to contribute, in part, to the potency and clinical efficacy
of these agents against intracellular pathogens in the lung.

Conte et al. also evaluated steady-state serum and intrapulmonary concentrations of
tigecycline in 30 healthy adult subjects receiving the same intravenous dosage regimen
(i.e., a loading dose of 100 mg followed by six 50-mg doses every 12 h) (28). Compared
to the findings of this study, the range of mean concentrations of tigecycline in serum
(0.10 to 0.19 mg/liter) and ELF (0.06 to 0.37 mg/liter) were more variable and slightly
lower in value. The range of mean AC concentrations was significantly higher (10.7 to
15.2 mg/liter) and similar to the range of values observed for omadacycline. The
differences in the ELF and AC concentrations of tigecycline between the two studies
may be explained, in part, by differences in the analytical methods used to measure
urea concentrations, the smoking status of the subjects, and the number of cells
recovered in the BAL fluid. A subsequent population pharmacokinetic analysis with
Monte Carlo simulations was performed with the serum and ELF concentrations observed
by Conte et al. (28) plus 407 serum concentrations of tigecycline from four pharmaco-
kinetic studies (38). Pharmacokinetic modeling of these data showed median values of
AUC0 –24 of 6.16 mg · h/liter for serum and 9.03 mg · h/liter for ELF. The median
penetration ratio was 1.15 and displayed a wide range of variability (5th and 95th
percentiles, 0.561 and 5.23, respectively).

Total (bound plus unbound) plasma concentrations of omadacycline and tigecycline
were used to calculate penetration ratios in this study. Since the values reported for ELF
and AC are assumed to represent unbound drug concentrations, total plasma concen-
trations are often corrected for protein binding and unbound plasma concentration are
used to understand drug distribution and penetration. The mean plasma protein
binding of omadacycline has been reported to be 20%, whereas the protein binding of
tigecycline can range from 71% to 89% since tigecycline protein binding is concentra-
tion dependent (e.g., the unbound fraction is increased with an increase in the total
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concentration) (31, 39). For omadacycline, the respective ELF and AC penetration ratios
based on unbound plasma concentrations would be 1.84 and 32.2, whereas those
based on total plasma concentrations would be 1.47 and 25.8. Obviously, the reported
penetration ratios would be greater if the unbound plasma concentrations were
considered, particularly for highly protein-bound agents such as tigecycline. When total
tigecycline concentrations in serum or plasma were used to calculate AUC values, the
calculated ELF penetration ratios were 1.32 and 1.71 for the data reported by Conte
et al. (28) and those presented in this study, respectively. These ratios dramatically
increased to 6.59 and 8.54, respectively, after serum and plasma concentrations were
adjusted for 80% protein binding. Such high values for the ELF penetration ratio (i.e.,
6.17 and 8.07 at tigecycline doses of 25 and 50 mg/kg, respectively) have also been
observed when unbound plasma concentrations were determined in an uninfected
murine lung model (40).

The subjects enrolled in this study were healthy, nonsmoking male and female
adults. Lipophilic agents similar to omadacycline and tigecycline usually demonstrate
minimal to no changes in plasma concentration during clinical conditions of infection
and inflammation since the apparent volume of distribution at steady state already has
a large parameter value (i.e., 190 and 315 liters, respectively; Table 2). The observed
concentrations in ELF and AC in this study serve as conservative estimates of the likely
drug concentrations at extracellular and intracellular sites of the lung, respectively.
Limited studies in animal models (40, 41) have suggested that the ratios of ELF to
unbound serum concentrations were higher when tigecycline was administered to
mice with pulmonary infections (12.9 and 23.3 in the two studies, respectively) than
when it was administered to mice without pulmonary infections (6.2 and 8.1 in the two
studies, respectively). In contrast, mean ELF concentrations of tigecycline were ex-
tremely low (range, 0.01 to 0.02 mg/liter) at 1, 4, and 12 h on the fifth day of a standard
dosing regimen (i.e., a 100-mg loading dose followed by 50 mg every 12 h) in three
critically ill patients treated for septic shock and ventilator-associated pneumonia (42).
Regardless of the low ELF concentrations, mean AC concentrations and plasma phar-
macokinetic parameters remained similar to those observed in our healthy subjects or
by Conte et al. (28). Although differences in methodological procedures and physio-
logical changes may partly explain the lower observed ELF concentrations, further
studies are needed to appropriately translate and determine the reason for potential
differences in the intrapulmonary concentrations of these agents in critically ill patients
and healthy subjects.

In summary, this study provides pharmacokinetic and safety data for therapy with
intravenous omadacycline (100 mg every 12 h for 2 doses followed by 100 mg every 24
h for 3 doses) and tigecycline (an initial 100-mg loading dose followed by 50 mg every
12 h for 6 doses) in healthy, nonsmoking male and female subjects. Omadacycline and
tigecycline concentrations in plasma (total), ELF, and AC were observed to follow a
similar pattern and a similar time course. The concentrations of both agents in ELF were
similar to or slightly higher than the simultaneous total plasma concentrations throughout
their respective dosing intervals. The concentrations in AC were significantly greater than
those in both plasma and ELF, and the mean values of the AC concentrations for both
agents remained relatively constant following administration of the last intravenous dose.
Despite having similar penetration ratios on the basis of total plasma concentrations, the
magnitude of the systemic exposure (based on AUC0–24 values) of omadacycline was
approximately 3-fold higher than that of tigecycline in plasma (total), ELF, and AC. The
frequency of adverse events was lower in subjects receiving omadacycline than in those
receiving tigecycline. The results from this study lend support to exploring the use of
omadacycline as a potential antibacterial agent for the treatment of CABP caused by
susceptible strains of extracellular and intracellular pathogens.

MATERIALS AND METHODS
Study design. This was a single-center, multiple-dose, open-label study in which healthy adult

subjects were randomized to receive either omadacycline or tigecycline. Subjects were administered
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either omadacycline at 100 mg intravenously (i.v.) every 12 h for 2 doses and then every 24 h for 3 doses
(5 total doses) or tigecycline at an initial loading dose of 100 mg i.v. followed by 50 mg i.v. every 12 h
for 6 doses (7 doses total) in order to reach steady-state concentrations. These doses are the U.S. Food
and Drug Administration (FDA)-approved dose of tigecycline for the treatment of CABP and the intended
intravenous dose of omadacycline for the treatment of CABP; however, both drugs were administered for
a shorter duration of therapy. Omadacycline was supplied by Paratek Pharmaceuticals, and tigecycline,
which is manufactured by Pfizer (New York, NY), was purchased. The omadacycline in vials was
reconstituted with 5 ml sterile water for injection and then added to a 100-ml normal saline (NS; 0.9%
sodium chloride) infusion bag. The tigecycline in 50-mg vials was reconstituted with 5.3 ml NS and then
added to a 100-ml NS infusion bag (the contents of 2 vials were added for the initial 100-mg dose). Both
omadacycline and tigecycline were administered via a peripheral i.v. catheter, using a programmed
infusion pump, over a duration of approximately 30 min. This study was approved by the Quorum Review
Institutional Review Board, Seattle, Washington, USA. Written informed consent was obtained from all
subjects prior to enrollment. Studies were conducted according to good clinical practice guidelines.

Study population. Subjects were eligible for enrollment if they were 18 to 55 years of age or older,
weighed at least 50 kg, and had a body mass index (BMI) in the range of �18.0 and �30 kg/m2. An
assessment of the subject’s medical history, a physical examination, determination of vital signs, a
12-lead electrocardiogram (ECG), and laboratory tests were performed by a study physician prior to study
entry. Any clinically significant abnormalities according to the opinion of the principal investigator or
coinvestigator excluded the subject.

Subjects were excluded from participation if they met any of the following criteria: the subject was
enrolled in any other investigational trials at the time of the baseline visit (or within 30 days or 5 half-lives
of the study drugs, whichever was longer); the subject had a history of hypersensitivity to tetracycline
antibiotics or a history of significant cardiac, neurological, thyroid, muscular, or immune disorders; the
subject was currently pregnant or breast-feeding; the subject had used tobacco products in the last 3
months or had a positive urine cotinine test result; the subject had donated �400 ml of blood or plasma
within 8 weeks prior to the baseline visit; the subject was HIV positive or had chronic hepatitis B or C virus
infection; the subject had a history of drug or alcohol abuse within the past 12 months prior to dosing
or evidence of drug abuse, as determined by laboratory assays of samples collected during the
assessment; the subject had been treated with omadacycline or previously enrolled in this study; or the
subject had abnormal laboratory test results at the baseline visit.

Female subjects had to have a negative serum pregnancy test result at screening and agreed to
comply with the requirement to use a highly effective form of birth control from the screening visit
through the final follow-up assessment. Male subjects agreed to use a highly effective method of birth
control with a female partner(s) and to not donate sperm from the screening visit through the final
follow-up assessment.

Sample collection. Blood samples were collected via a peripheral i.v. catheter placed in the arm
contralateral to the site of infusion of the study medication. Blood samples were taken in order to obtain
omadacycline concentrations in plasma immediately prior to the fifth dose (time zero) and at 0.5, 1, 1.5,
2, 3, 4, 6, 8, 12, and 24 h after the start of the fifth omadacycline infusion. Blood samples were collected
in order to obtain tigecycline concentrations in plasma immediately prior to the seventh dose (time zero)
and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, and 12 h after the start of the seventh tigecycline infusion. Blood samples
were collected into 4-ml tubes containing sodium heparin and then centrifuged for 10 min at approx-
imately 4°C within 30 min of collection. The resulting plasma was divided into 2 equal aliquots, placed
in cryovials, and frozen to �70°C within 1 h of collection until analytical analysis.

A single bronchoscopy and BAL were performed in each subject at either 0.5, 1, 2, 4, 8, 12, or 24 h
following the start of the fifth dose of omadacycline and at either 2, 4, 6, or 12 h after the start of the
seventh dose of tigecycline. Standardized bronchoscopy and BAL procedures have been previously
described (14–24).

A blood sample was collected at the time of the 2nd BAL instillation in order to obtain a plasma urea
concentration. Consecutive BAL fluid samples were collected and analyzed for urea concentration, cell
count with differential, and either omadacycline or tigecycline concentrations. Sample collection and
preparation techniques were performed in accordance with standardized procedures previously de-
scribed (18–21).

Analytical procedures. Samples were prepared and omadacycline and tigecycline concentrations in
plasma and BAL fluid were quantified using a validated method with liquid chromatography-tandem
mass spectrometry (LC-MS/MS) analysis at Q2 Solutions (Ithaca, NY). The concentrations of omadacycline
and tigecycline in cell pellets and the urea concentrations in plasma and BAL fluid were determined by
LC-MS/MS at Keystone Bioanalytical, Inc. (North Wales, PA).

Deuterated forms of tigecycline (tigecycline-d9) and omadacycline (PTK 0796-d6) served as internal
standards for determination of the concentrations of both drug analytes in plasma and BAL fluid, and
[13C, 15N]urea served as the internal standard for determination of the urea concentration. Omadacycline
was analyzed by reversed-phase solid-phase extraction for determination of the concentrations in both
plasma and BAL fluid and by protein precipitation for determination of the concentrations in cell pellets.
Tigecycline was analyzed by protein precipitation extraction for determination of the concentrations in
plasma and cell pellets, and reversed-phase solid-phase extraction was used for determination of the
concentrations in BAL fluid. Urea concentrations in plasma and BAL fluid were determined by extraction
using protein precipitation and dilution, respectively.

Plasma concentrations. (i) Omadacycline. The lower limit of quantification (LLOQ) was 20 ng/ml,
and the upper limit of quantification (ULOQ) was 2,000 ng/ml. The precision and accuracy for the quality
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control (QC) samples at concentrations of 60, 150, 758, 1,520, and 2,500 (diluted) ng/ml were �21.6% and
5.3 to 11.7%, respectively. The precision and accuracy for the calibration standard samples were �6.2%
and �5 to 6.4%, respectively. Fifty-five of a total of 491 samples analyzed were selected for incurred
sample reproducibility (ISR). The calibration curve for plasma assay validation was linear (r2 � 0.99). The
samples were successfully analyzed within 7 runs. Precision and accuracy were met for the QC and
calibration standard samples. ISR met the acceptance criteria.

(ii) Tigecycline. The LLOQ was 20 ng/ml, and the ULOQ was 2,000 ng/ml. The precision and accuracy
for the QC samples at sample concentrations of 60, 600, and 1,500 ng/ml were �4.6% and 2.0 to 8.2%,
respectively. The precision and accuracy for the calibration standard samples were �8.6% and �3.1 to
3%, respectively. Forty-five of a total of 188 samples analyzed were selected for ISR. The calibration curve
for plasma assay validation was linear (r2 � 0.99). The samples were successfully analyzed within 3 runs.
Precision and accuracy were met for the QC and calibration standard samples. ISR met the acceptance
criteria.

BAL fluid concentrations. (i) Omadacycline. The LLOQ was 50 pg/ml, and the ULOQ was 2,000
pg/ml. The precision and accuracy for the QC samples at sample concentrations of 150, 600, 1,600, and
17,500 (diluted) pg/ml were �8.6% and �0.5% to 4%, respectively. The precision and accuracy for the
calibration standard samples were �7.8% and �3.1% to 3%, respectively. ISR was determined to be not
necessary for this study. The calibration curve for BAL fluid assay validation was linear (r2 � 0.99). The
samples were successfully analyzed within 3 runs. Precision and accuracy were met for the QC and
calibration standard samples.

(ii) Tigecycline. The LLOQ was 1 ng/ml, and the ULOQ was 400 ng/ml. The precision and accuracy
for the QC samples at sample concentrations of 3, 120, 300, and 1,000 (diluted) ng/ml were �3.7% and
7.7% to 10%, respectively. The accuracy of the calibration standard samples was �3.3% to 6.6%
(precision was not done as the number of samples was �2). ISR was not performed, as there were
insufficient samples for this evaluation. The calibration curve for BAL fluid assay validation was linear
(r2 � 0.99). The samples were successfully analyzed within 1 run. Precision and accuracy were met for the
QC and calibration standard samples.

Cell pellet concentrations. (i) Omadacycline. The LLOQ was 0.1 ng/ml, and the ULOQ was 100
ng/ml. The interassay precision and accuracy for the QC samples at concentrations of 0.3, 6, 75, and 1,500
(diluted) ng/ml were 1.78% to 9.85% and �3.67% to 2.03%, respectively. The intra-assay precision and
accuracy for the QC samples were 1.71% to 8.97% and �5.83% to 4.07%, respectively. The interassay
precision and accuracy for the calibration standard samples ranged from 0.48% to 4.32% and �4.25% to
4.75%, respectively. Twenty of a total of 42 cell pellet samples analyzed were selected for ISR. The
calibration curve for cell pellet assay validation was linear (r2 � 0.99). The samples were successfully
analyzed within 3 runs. Precision and accuracy were met for the QC and calibration standard samples. ISR
met the acceptance criteria.

(ii) Tigecycline. The LLOQ was 0.1 ng/ml, and the ULOQ was 100 ng/ml. The interassay precision and
accuracy for the QC samples at concentrations of 0.3, 6, 75, and 1,500 (diluted) ng/ml were 1.86% to
8.77% and �4.72% to 0.73%, respectively. The intra-assay precision and accuracy for the QC samples
were 0.89% to 7.41% and �5.00% to 1.31%, respectively. The interassay precision and accuracy for the
calibration standard samples ranged from 0.82% to 4.52% and �4.27% to 5.55%, respectively. Seventeen
of a total of 17 cell pellet samples analyzed were selected for ISR. The calibration curve for cell pellet
assay validation was linear (r2 � 0.99). The samples were successfully analyzed within 3 runs. Precision
and accuracy were met for the QC and calibration standard samples. ISR met the acceptance criteria.

Urea concentrations. (i) Plasma. The LLOQ was 100 �g/ml, and the ULOQ was 3,000 �g/ml. The
interassay precision and accuracy for the QC samples at concentrations of 155, 300, 1,000, and 2,250
�g/ml were 4.18% to 6.36% and �7.11% to �0.57%, respectively. The intra-assay precision and accuracy
for the QC samples were 2.00% to 6.95% and �11.00% to �1.94%, respectively. The interassay precision
and accuracy for validation of the plasma samples ranged from 1.24% to 3.80% and �6.07% to 2.98%,
respectively. Twenty of a total of 59 plasma samples analyzed were selected for ISR. The calibration curve
for the plasma assay validation was linear (r2 � 0.99). The samples were successfully analyzed within 2
runs. Precision and accuracy were met for the QC and calibration standard samples. ISR met the
acceptance criteria.

(ii) BAL fluid. The LLOQ was 0.2 �g/ml, and the ULOQ was 10 �g/ml. The interassay precision and
accuracy for the QC samples at concentrations of 0.6, 3, 7.5, and 30 �g/ml were 6.40% to 9.77% and
�3.22% to 1.47%, respectively. The intra-assay precision and accuracy for the QC samples were 0.96% to
3.64% and �10.02% to 3.34%, respectively. The interassay precision and accuracy for validation of the
plasma samples ranged from 1.03% to 6.61% and �3.03% to 5.38%, respectively. Twenty of a total of 59
BAL fluid samples analyzed were selected for ISR. The calibration curve for plasma assay validation was
linear (r2 � 0.99). The samples were successfully analyzed within 3 runs. Precision and accuracy were met
for the QC and calibration standard samples. ISR met the acceptance criteria.

Calculation of ELF volume and antibiotic concentrations in ELF and AC. The calculation of the
ELF volume and the drug concentrations in ELF and AC was performed with BAL fluid supernatant and
pulmonary (alveolar) cells (cell pellet) from aspirates recovered from the 2nd, 3rd, and 4th instillations (of
a total of 4 instillations). The concentration of omadacycline or tigecycline in ELF (CELF) was determined
as follows: CELF � CBAL � (VBAL/VELF), where CBAL is the concentration of omadacycline or tigecycline
measured in BAL fluid, VBAL is the volume of aspirated BAL fluid, and VELF is the volume of ELF sampled
by BAL. VELF is derived from the following: VELF � VBAL � (ureaBAL/ureaplasma), where ureaBAL is the
concentration of urea in BAL fluid and ureaplasma is the concentration of urea in plasma (22).
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The concentration of omadacycline or tigecycline in AC (CAC) was determined as follows: CAC � Cpellet

suspension/VAC, where Cpellet suspension is the amount of omadacycline or tigecycline measured in the
1-ml cell suspension, and VAC is the volume of alveolar cells in the 1-ml cell suspension. VAC was
determined by multiplying the cell count in BAL fluid by the mean macrophage cell volume of 2.42
�l/106 cells (23). The concentration of omadacycline or tigecycline measured in AC was derived from CAC

by adjusting for the percentage of macrophages in AC, as determined by a differential cell count of the
BAL fluid (24). The concentrations in AC are the same as we have previously described for alveolar
macrophages (18–21, 24).

The ratios of the ELF and AC concentrations to the simultaneous plasma concentrations were
calculated for each subject and summarized for each group at each sampling time. The mean and
median concentrations of omadacycline and tigecycline in BAL fluid obtained at different the broncho-
pulmonary sampling times (e.g., 0.5, 1, 2, 4, 8, 12, and 24 h for omadacycline and 2, 4, 6, and 12 h for
tigecycline) were used to estimate the AUC0 –24 for omadacycline and the AUC0 –12 for tigecycline in
plasma, ELF, and AC. The concentration at the final sampling time (24 h for omadacycline and 12 h for
tigecycline) was also used as a value at time zero for determining the area term for plasma, ELF, and AC.
The AUC values for each matrix were determined by the linear-log trapezoidal method. The ratios of the
AUC of ELF to the AUC of plasma and the AUC of AC to the AUC of plasma were calculated.

Pharmacokinetic analysis. Noncompartmental analysis of omadacycline and tigecycline concentra-
tions in plasma was performed using Phoenix WinNonlin (version 7.0) software (Pharsight Corp., Cary,
NC). The maximum plasma concentration (Cmax) and the minimum plasma concentration (Cmin) were read
from the observed plasma concentration-time profile following the fifth dose of omadacycline and the
seventh dose of tigecycline. Cmin was the plasma concentration 24 h after the fifth (last) dose of
omadacycline and the plasma concentration 12 h after the seventh (last) dose of tigecycline. The AUC
after the last dose was calculated by use of the linear-log trapezoidal method. The AUC for the last dose
was determined for the 24-h dosing interval of omadacycline (AUC0 –24 or AUC0 –tau, where tau represents
the end of the dosing interval) and the 12-h dosing interval of tigecycline (AUC0 –12 or AUC0 –tau). The
elimination rate constant (�) was determined by nonlinear least-squares regression. The elimination
half-life (t1/2) was calculated by dividing � into the natural logarithm of 2. The apparent clearance (CL)
and apparent volume of distribution at steady state (Vss) were calculated with the following equations:
CL � dose/AUC0 –tau and Vss � MRTinf � CL, where MRTinf is the mean residence time extrapolated to
infinity for infusion administration.

Laboratory and safety assessment. Subjects who received at least 1 dose of either omadacycline
or tigecycline were included in the safety analysis. Safety assessments included physical examinations,
ECG, vital sign determination, standard clinical laboratory evaluations (blood chemistry, hematology),
pregnancy testing, and monitoring for adverse events (AEs) and serious adverse events (SAEs), which was
performed during the course of the study. Safety data were summarized by treatment group, and the
incidence of AEs was presented by system organ class and preferred term according to the Medical
Dictionary of Regulatory Activities (MedDRA), the relationship to the study medication, and severity.
Descriptive statistics of clinical laboratory, vital sign, and ECG results and the change from the baseline,
as well as a summary of clinically notable values, were reviewed.

ACKNOWLEDGMENTS
This study was supported in part by a research study grant from Paratek Pharma-

ceuticals.
K.A.R. has been a consultant and speaker for Paratek Pharmaceuticals. L.G-R., S.V.,

E.T., S.C., A.M., and S.K.T. are employees of Paratek Pharmaceuticals.

REFERENCES
1. Villano S, Steenbergen J, Loh E. 2016. Omadacycline: development of a

novel aminomethylcycline antibiotic for treating drug-resistant bacterial
infections. Future Microbiol 11:1421–1434. https://doi.org/10.2217/fmb
-2016-0100.

2. Heidrich CG, Mitova S, Schedlbauer A, Connell SR, Fucini P, Steenbergen
JN, Berens C. 2016. The novel aminomethylcycline omadacycline has
high specificity for the primary tetracycline-binding site on the bac-
terial ribosome. Antibiotics (Basel) 5:e32. https://doi.org/10.3390/
antibiotics5040032.

3. Draper MP, Weir S, Macone A, Donatelli J, Trieber CA, Tanaka SK, Levy SB.
2014. Mechanism of action of the novel aminomethylcycline antibiotic
omadacycline. Antimicrob Agents Chemother 58:1279 –1283. https://doi
.org/10.1128/AAC.01066-13.

4. Macone AB, Caruso BK, Leahy RG, Donatelli J, Weir S, Draper MP, Tanaka
SK, Levy SB. 2014. In vitro and in vivo antibacterial activities of omada-
cycline, a novel aminomethylcycline. Antimicrob Agents Chemother
58:1127–1135. https://doi.org/10.1128/AAC.01242-13.

5. Pfaller MA, Rhomberg PR, Huband MD, Flamm RK. 21 February 2017.
Surveillance of omadacycline activity tested against clinical isolates from
a global (North American, Europe, Latin American and Asia-Western

Pacific) collection (2010-2011). Antimicrob Agents Chemother. https://
doi.org/10.1128/AAC.00018-17.

6. Pfaller MA, Rhomberg PR, Huband MD, Flamm RK. 2017. Activities of
omadacycline and comparator agents against Staphylococcus aureus
isolates from a surveillance program conducted in North America and
Europe. Antimicrob Agents Chemother 61:e02411-16. https://doi.org/10
.1128/AAC.02411-16.

7. Waites KB, Crabb DM, Liu Y, Duffy LB. 2016. In vitro activities of omada-
cycline (PTK 0796) and other antimicrobial agents against human myco-
plasmas and ureaplasmas. Antimicrob Agents Chemother 60:7502–7504.
https://doi.org/10.1128/AAC.01734-16.

8. Dubois J, Dubois M, Martel JF, Tanaka SK. 2016. In vitro intracellular
activity of omadacycline against Legionella pneumophila, abstr 551. Abstr
ASM Microbe, New Orleans, LA. American Society for Microbiology,
Washington, DC.

9. Honeyman L, Ismail M, Nelson ML, Bhatia B, Bowser TE, Chen J, Mechiche
R, Ohemeng K, Verma AK, Cannon EP, Macone A, Tanaka SK, Levy S.
2015. Structure-activity relationship of the aminomethylcyclines and the
discovery of omadacycline. Antimicrob Agents Chemother 59:
7044 –7053. https://doi.org/10.1128/AAC.01536-15.

Gotfried et al. Antimicrobial Agents and Chemotherapy

September 2017 Volume 61 Issue 9 e01135-17 aac.asm.org 12

https://doi.org/10.2217/fmb-2016-0100
https://doi.org/10.2217/fmb-2016-0100
https://doi.org/10.3390/antibiotics5040032
https://doi.org/10.3390/antibiotics5040032
https://doi.org/10.1128/AAC.01066-13
https://doi.org/10.1128/AAC.01066-13
https://doi.org/10.1128/AAC.01242-13
https://doi.org/10.1128/AAC.00018-17
https://doi.org/10.1128/AAC.00018-17
https://doi.org/10.1128/AAC.02411-16
https://doi.org/10.1128/AAC.02411-16
https://doi.org/10.1128/AAC.01734-16
https://doi.org/10.1128/AAC.01536-15
http://aac.asm.org


10. Sun H, Ting L, Machneni S, Praestgaard J, Kuemmell A, Stein DS, Sunkara
G, Kovacs SJ, Villano S, Tanaka SK. 2016. Randomized, open-label study
of the pharmacokinetics and safety of oral and intravenous administra-
tion of omadacycline to healthy subjects. Antimicrob Agents Chemother
60:7431–7435. https://doi.org/10.1128/AAC.01393-16.

11. Tzanis E, Manley A, Villano S, Tanaka SK, Bai S, Loh E. 2017. Effect of food
on the bioavailability of omadacycline in healthy participants. J Clin
Pharmacol 57:321–327. https://doi.org/10.1002/jcph.814.

12. Noel GJ, Draper MP, Halt H, Tanaka SK, Arbeit RD. 2012. A randomized,
evaluator-blind, phase 2 study comparing the safety and efficacy of
omadacycline to those of linezolid for treatment of complicated skin and
skin structure infections. Antimicrob Agents Chemother 56:5650 –5654.
https://doi.org/10.1128/AAC.00948-12.

13. Flarakos J, Du Y, Gu H, Wang L, Einolf HJ, Chun DY, Zhu B, Alexander N,
Natrillo A, Hanna I, Ting L, Zhou W, Dole K, Sun H, Kovacs SJ, Stein DS,
Tanaka SK, Villano S, Mangold JB. 2017. Clinical disposition, metabolism
and in vitro drug-drug interaction properties of omadacycline. Xenobi-
otica 47:682– 696. https://doi.org/10.1080/00498254.2016.1213465.

14. Rodvold KA, George JM, Yoo L. 2011. Penetration of anti-infective agents
into pulmonary epithelial lining fluid: focus of antibacterial agents. Clin
Pharmacokinet 50:637–664. https://doi.org/10.2165/11594090-000000000
-00000.

15. Ambrose PG, Bhavnani SM, Ellis-Grosse EJ, Drusano GL. 2010. Pharma-
cokinetic-pharmacodynamic considerations in the design of hospital-
acquired or ventilator-acquired bacterial pneumonia studies: look before
you leap! Clin Infect Dis 51(Suppl 1):S103–S110. https://doi.org/10.1086/
653057.

16. Nix DE. 1998. Intrapulmonary concentrations of antimicrobial agents.
Infect Dis Clin North Am 12:631– 646. https://doi.org/10.1016/S0891-5520
(05)70202-6.

17. Baldwin DR, Honeybourne D, Wise R. 1992. Pulmonary disposition of
antimicrobial agents: in vivo observations and clinical relevance. Anti-
microb Agents Chemother 36:1176 –1180. https://doi.org/10.1128/AAC
.36.6.1176.

18. Rodvold KA, Gotfried MH, Danziger LH, Servi RJ. 1997. Intrapulmonary
steady-state concentrations of clarithromycin and azithromycin in
healthy adult volunteers. Antimicrob Agents Chemother 41:1399 –1402.

19. Gotfried MH, Danziger LH, Rodvold KA. 2003. Steady-state plasma and
bronchopulmonary characteristics of clarithromycin extended-release
tablets in normal healthy adult subjects. J Antimicrob Chemother 52:
450 – 456. https://doi.org/10.1093/jac/dkg355.

20. Rodvold KA, Danziger LH, Gotfried MH. 2003. Steady-state plasma and
bronchopulmonary concentrations of intravenous levofloxacin and azi-
thromycin in healthy adults. Antimicrob Agents Chemother 47:
2450 –2457. https://doi.org/10.1128/AAC.47.8.2450-2457.2003.

21. Rodvold KA, Gotfried MH, Still JG, Clark K, Fernandes P. 2012. Compar-
ison of plasma, epithelial lining fluid, and alveolar macrophage con-
centrations of solithromycin (CEM-101) in healthy adult subjects.
Antimicrob Agents Chemother 56:5076 –5081. https://doi.org/10
.1128/AAC.00766-12.

22. Rennard SI, Basset G, Lecossier D, O’Donnell KM, Pinkston P, Martin PG,
Crystal RG. 1986. Estimation of volume of epithelial lining fluid recovered
by lavage using urea as marker of dilution. J Appl Physiol 60:532–538.

23. Baldwin DR, Wise R, Andrews JM, Ashby P, Honeybourne D. 1990.
Azithromycin concentrations at the sites of pulmonary infection. Eur
Respir J 3:886 – 890.

24. Tenero D, Bowers G, Rodvold KA, Patel A, Kurtinecz M, Dumont E,
Tomayko J, Patel P. 2013. Intrapulmonary pharmacokinetics of
GSK2251052 in healthy volunteers. Antimicrob Agents Chemother 57:
3334 –3339. https://doi.org/10.1128/AAC.02483-12.

25. Tanaka SK, Villano S, Tzanis E. 2016. Multiple dose pharmacokinetics and
tolerability of intravenous omadacycline in healthy volunteers, abstr
P1319. Abstr 26th Eur Congr Clin Microbiol Infect Dis, Amsterdam, The
Netherlands.

26. Muralidharan G, Micalizzi M, Speth J, Raible D, Troy S. 2005. Pharmaco-
kinetics of tigecycline after single and multiple doses in healthy subjects.
Antimicrob Agents Chemother 49:220 –229. https://doi.org/10.1128/AAC
.49.1.220-229.2005.

27. Van Wart SA, Cirincione BB, Ludwig EA, Meagher AK, Korth-Bradley JM,

Owen JS. 2007. Population pharmacokinetics of tigecycline in healthy
volunteers. J Clin Pharmacol 47:727–737. https://doi.org/10.1177/
0091270007300263.

28. Conte JE, Jr, Golden JA, Kelly MG, Zurlinden E. 2005. Steady-state serum
and intrapulmonary pharmacokinetics and pharmacodynamics of tige-
cycline. Int J Antimicrob Agents 25:523–529. https://doi.org/10.1016/j
.ijantimicag.2005.02.013.

29. Rubino CM, Forrest A, Bhavnani SM, Dukart G, Cooper A, Korth-Bradley
J, Ambrose PG. 2010. Tigecycline population pharmacokinetics in pa-
tients with community- or hospital-acquired pneumonia. Antimicrob
Agents Chemother 54:5180–5186. https://doi.org/10.1128/AAC.01414-09.

30. MacGowen A. 2010. Tigecycline pharmacokinetic/pharmacodynamics
update. J Antimicrob Chemother 65(Suppl 1):i11–i16. https://doi.org/10
.1093/jac/dkn242.

31. Wyeth Pharmaceuticals Inc. 2010. Prescribing information for Tygacil®.
Wyeth Pharmaceuticals Inc, Philadelphia, PA.

32. Andes D, Craig W. 2007. Pharmacokinetics and pharmacodynamics of
tetracyclines, p 267–278. In Nightingale CH, Ambrose PG, Drusano GL,
Murakawa T (ed), Antimicrobial pharmacodynamics in theory and clini-
cal practice, 2nd ed. Informa Healthcare USA, New York, NY.

33. van Ogtrop ML, Andes D, Stamstad TJ, Conklin B, Weiss WJ, Craig WA,
Vesga O. 2000. In vivo pharmacodynamics activities of two glycylcyclines
(GAR-936 and WAY 152,288) against various gram-positive and gram-
negative bacteria. Antimicrob Agents Chemother 44:943–949. https://
doi.org/10.1128/AAC.44.4.943-949.2000.

34. Ambrose PG, Meagher AK, Passarell JA, Van Wart SA, Cirincione BB,
Bhavnani SM, Ellis-Grosse E. 2009. Application of patient population-
derived pharmacokinetic-pharmacodynamic relationships to tigecycline
breakpoint determination for staphylococci and streptococci. Diagn
Microbiol Infect Dis 63:155–159. https://doi.org/10.1016/j.diagmicrobio
.2008.10.011.

35. Lepak AJ, Zhao M, Marchillo K, VanHecker J, Andes DR. 13 February 2017.
In vivo pharmacodynamics evaluation of omadacycline (PTK 0796)
against Streptococcus pneumoniae in the murine pneumonia model.
Antimicrob Agents Chemother. https://doi.org/10.1128/AAC.02368-16.

36. Nabuurs MH, Mouton JW. 2010. Tigecycline, p 881– 892. In Grayson ML,
Crowe SM, McCarthy JS, Mills J, Mouton JW, Norrby SR, Paterson DL,
Pfaller MA (ed), Kucer’s the use of antibiotics: a clinical review of
antibacterial, antifungal, antiparasitic and antiviral drugs, 6th ed. Hodder
Arnold, London, United Kingdom.

37. Tanaseanu C, Bergallo C, Teglia O, Jasovich A, Oliva ME, Dukart G, Darois
N, Cooper CA, Gandjini H, Mallick R on behalf of the 308 and 313 Study
Groups. 2008. Integrated results of 2 phase 3 studies comparing tigecy-
cline and levofloxacin in community-acquired pneumonia. Diagn Micro-
biol Infect Dis 61:329 –338. https://doi.org/10.1016/j.diagmicrobio.2008
.04.009.

38. Rubino CM, Ma L, Bhavnani SM, Korth-Bradley J, Speth J, Ellis-Grosse E,
Rodvold KA, Ambrose PG, Drusano GL. 2007. Evaluation of tigecycline
penetration into colon wall tissue and epithelial lining fluid using a
population pharmacokinetic model and Monte Carlo simulation. Anti-
microb Agents Chemother 51:4085– 4089. https://doi.org/10.1128/AAC
.00065-07.

39. Mukker JK, Singh RP, Derendorf H. 2014. Determination of atypical nonlin-
ear plasma-protein-binding behavior of tigecycline using an in vitro micro-
dialysis technique. J Pharm Sci 103:1013–1019. https://doi.org/10.1002/jps
.23872.

40. Crandon JL, Kim A, Nicolau DP. 2009. Comparison of tigecycline pene-
tration into the epithelial lining fluid of infected and uninfected murine
lungs. J Antimicrob Chemother 64:837– 839. https://doi.org/10.1093/jac/
dkp301.

41. Koomanachai P, Crandon JL, Banevicius MA, Peng L, Nicolau DP. 2009.
Pharmacodynamic profile of tigecycline against methicillin-resistant Staph-
ylococcus aureus in an experimental pneumonia model. Antimicrob Agents
Chemother 53:5060–5063. https://doi.org/10.1128/AAC.00985-09.

42. Burkhardt O, Rauch K, Kaever V, Hadem J, Kielstein JT, Welte T. 2009.
Tigecycline possibly underdosed for the treatment of pneumonia: a
pharmacokinetic viewpoint. Int J Antimicrob Agents 34:101–102. https://
doi.org/10.1016/j.ijantimicag.2009.01.015.

Omadacycline and Tigecycline Pulmonary Concentrations Antimicrobial Agents and Chemotherapy

September 2017 Volume 61 Issue 9 e01135-17 aac.asm.org 13

https://doi.org/10.1128/AAC.01393-16
https://doi.org/10.1002/jcph.814
https://doi.org/10.1128/AAC.00948-12
https://doi.org/10.1080/00498254.2016.1213465
https://doi.org/10.2165/11594090-000000000-00000
https://doi.org/10.2165/11594090-000000000-00000
https://doi.org/10.1086/653057
https://doi.org/10.1086/653057
https://doi.org/10.1016/S0891-5520(05)70202-6
https://doi.org/10.1016/S0891-5520(05)70202-6
https://doi.org/10.1128/AAC.36.6.1176
https://doi.org/10.1128/AAC.36.6.1176
https://doi.org/10.1093/jac/dkg355
https://doi.org/10.1128/AAC.47.8.2450-2457.2003
https://doi.org/10.1128/AAC.00766-12
https://doi.org/10.1128/AAC.00766-12
https://doi.org/10.1128/AAC.02483-12
https://doi.org/10.1128/AAC.49.1.220-229.2005
https://doi.org/10.1128/AAC.49.1.220-229.2005
https://doi.org/10.1177/0091270007300263
https://doi.org/10.1177/0091270007300263
https://doi.org/10.1016/j.ijantimicag.2005.02.013
https://doi.org/10.1016/j.ijantimicag.2005.02.013
https://doi.org/10.1128/AAC.01414-09
https://doi.org/10.1093/jac/dkn242
https://doi.org/10.1093/jac/dkn242
https://doi.org/10.1128/AAC.44.4.943-949.2000
https://doi.org/10.1128/AAC.44.4.943-949.2000
https://doi.org/10.1016/j.diagmicrobio.2008.10.011
https://doi.org/10.1016/j.diagmicrobio.2008.10.011
https://doi.org/10.1128/AAC.02368-16
https://doi.org/10.1016/j.diagmicrobio.2008.04.009
https://doi.org/10.1016/j.diagmicrobio.2008.04.009
https://doi.org/10.1128/AAC.00065-07
https://doi.org/10.1128/AAC.00065-07
https://doi.org/10.1002/jps.23872
https://doi.org/10.1002/jps.23872
https://doi.org/10.1093/jac/dkp301
https://doi.org/10.1093/jac/dkp301
https://doi.org/10.1128/AAC.00985-09
https://doi.org/10.1016/j.ijantimicag.2009.01.015
https://doi.org/10.1016/j.ijantimicag.2009.01.015
http://aac.asm.org

	RESULTS
	Subjects. 
	Pharmacokinetics. 
	Safety and tolerability. 

	DISCUSSION
	MATERIALS AND METHODS
	Study design. 
	Study population. 
	Sample collection. 
	Analytical procedures. 
	Plasma concentrations. (i) Omadacycline. 
	(ii) Tigecycline. 
	BAL fluid concentrations. (i) Omadacycline. 
	(ii) Tigecycline. 
	Cell pellet concentrations. (i) Omadacycline. 
	(ii) Tigecycline. 
	Urea concentrations. (i) Plasma. 
	(ii) BAL fluid. 
	Calculation of ELF volume and antibiotic concentrations in ELF and AC. 
	Pharmacokinetic analysis. 
	Laboratory and safety assessment. 

	ACKNOWLEDGMENTS
	REFERENCES

