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BACKGROUND

Omadacycline, a new once-daily aminomethylcycline antibiotic agent that can be administered intravenously or orally, reaches high concentrations in pulmonary tissues and is
active against common pathogens that cause community-acquired bacterial pneumonia.
METHODS

In a double-blind trial, we randomly assigned (in a 1:1 ratio) adults with communityacquired bacterial pneumonia (Pneumonia Severity Index risk class II, III, or IV) to receive
omadacycline (100 mg intravenously every 12 hours for two doses, then 100 mg intravenously every 24 hours), or moxifloxacin (400 mg intravenously every 24 hours). A transition to oral omadacycline (300 mg every 24 hours) or moxifloxacin (400 mg every 24 hours),
respectively, was allowed after 3 days; the total treatment duration was 7 to 14 days. The
primary end point was early clinical response, defined as survival with improvement in at
least two of four symptoms (cough, sputum production, pleuritic chest pain, and dyspnea)
and no worsening of symptoms at 72 to 120 hours, without receipt of rescue antibacterial therapy. A secondary end point was investigator-assessed clinical response at a posttreatment evaluation 5 to 10 days after the last dose, with clinical response defined as
resolution or improvement in signs or symptoms to the extent that further antibacterial
therapy was unnecessary. A noninferiority margin of 10 percentage points was used.
RESULTS

The intention-to-treat population included 386 patients in the omadacycline group and
388 patients in the moxifloxacin group. Omadacycline was noninferior to moxifloxacin
for early clinical response (81.1% and 82.7%, respectively; difference, −1.6 percentage
points; 95% confidence interval [CI], −7.1 to 3.8), and the rates of investigator-assessed
clinical response at the post-treatment evaluation were 87.6% and 85.1%, respectively (difference, 2.5 percentage points; 95% CI, −2.4 to 7.4). Adverse events that emerged after
treatment initiation were reported in 41.1% of the patients in the omadacycline group and
48.5% of the patients in the moxifloxacin group; the most frequent events were gastrointestinal (10.2% and 18.0%, respectively), and the largest difference was for diarrhea (1.0%
and 8.0%). Twelve deaths (8 in the omadacycline group and 4 in the moxifloxacin group)
occurred during the trial.
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CONCLUSIONS

Omadacycline was noninferior to moxifloxacin for the treatment of community-acquired
bacterial pneumonia in adults. (Funded by Paratek Pharmaceuticals; OPTIC ClinicalTrials
.gov number, NCT02531438.)
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ommunity-acquired pneumonia is
the most common infection leading to
hospitalization and death in all age groups,
especially the elderly.1-3 The economic effect is
substantial, with annual costs in excess of $17
billion in the United States and €10 billion in
Europe.2,3 For pathogens such as Streptococcus pneumoniae and Haemophilus influenzae, increased rates
of resistance to beta-lactams, macrolides, and
earlier-generation tetracyclines highlight the need
for new antibiotic agents.4-6
Omadacycline is a new aminomethylcycline
antibiotic, derived from the tetracycline class,7
that overcomes the efflux and ribosomal protection mechanisms of tetracycline resistance.7 Omadacycline has in vitro activity against pathogens
that cause community-acquired bacterial pneumonia, including S. pneumoniae, H. inf luenzae,
Staphylococcus aureus, and atypical pathogens (Legionella pneumophila, Mycoplasma pneumoniae, and Chlamydia pneumoniae).8-10 Omadacycline showed activity against S. pneumoniae in a murine model of
pneumonia11 and attained high and sustained
concentrations in human pulmonary tissues.12
In the Omadacycline for Pneumonia Treatment
in the Community (OPTIC) trial, we compared
the efficacy and safety of once-daily omadacycline and moxifloxacin for the treatment of
adults with community-acquired bacterial pneumonia.

Me thods
Trial Design and Oversight

Our trial was a phase 3, double-blind, doubledummy, randomized, noninferiority trial conducted at 86 sites in Europe, North America,
South America, the Middle East, Africa, and Asia
between November 2015 and February 2017 (Fig.
S1 in the Supplementary Appendix, available with
the full text of this article at NEJM.org). The
trial was conducted in accordance with Good
Clinical Practice guidelines and the Declaration
of Helsinki and was approved by the institutional
review board or ethics committee at each participating site. Each patient provided written informed
consent. A data and safety monitoring committee that was independent of the trial sponsor
provided ongoing monitoring of safety data.
Paratek Pharmaceuticals designed and conducted the trial and prepared the statistical
analysis plan. Analyses were performed and data
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interpreted by Paratek Pharmaceuticals in conjunction with the authors. All the authors vouch
for the integrity, completeness, and accuracy of
the data and analyses and assume responsibility
for the fidelity of the trial to the protocol and
statistical analysis plan, which are available at
NEJM.org. A medical writer supported by the
sponsor assisted with preparation of a first draft
of the manuscript.
Patient Population and Treatment

Adults who were 18 years of age or older were
eligible if they had three or more of the following four symptoms: cough, purulent sputum
production, dyspnea, or pleuritic chest pain; and
if they had at least two abnormal vital signs, had
at least one clinical sign or laboratory finding
associated with community-acquired bacterial
pneumonia, had radiologically confirmed pneumonia, and were characterized as being in Pneumonia Severity Index (PSI) risk class II (limited
to ≤15% of the patients who underwent randomization), III, or IV (PSI risk classes range from I to
V, with higher class numbers indicating a greater
risk of death13; details are provided in the protocol). Patients were excluded if they had received
one or more doses of potentially effective systemic antibacterial treatment within 72 hours
before the first dose of trial drug (a single dose
of a short-acting antibacterial was allowed in
≤25% of the patients), had hospital-acquired pneumonia or empyema, had clinically significant
liver or renal insufficiency, or were immunocompromised. A complete list of the entry criteria is provided in the Supplementary Appendix.
Patients were randomly assigned in a 1:1 ratio
to receive 7 to 14 days of omadacycline (100 mg
administered intravenously every 12 hours for
two doses, then 100 mg administered intravenously every 24 hours, with the option to transition to 300 mg taken orally every 24 hours after
≥3 days) or moxifloxacin (400 mg administered
intravenously every 24 hours, with the option to
transition to 400 mg taken orally every 24 hours
after ≥3 days) (Fig. S1 in the Supplementary Appendix). Randomization was performed with the
use of an interactive response system involving
a computer-generated schedule and a block sequence with a size of 6, stratified according to
PSI risk class (II vs. III or IV), whether allowed
antibacterial therapy was received within 72 hours
before trial treatment, and geographic region.
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The investigator and sponsor were unaware of the
treatment assignments. Trial personnel who
were unaware of the treatment assignments administered intravenous infusions and collected,
reviewed, and entered data. Adherence to oral
medication regimens was monitored by trial site
personnel on the basis of medication return and
patient-completed diaries.
Analysis Populations, End Points,
and Assessments

The intention-to-treat population included all
patients who underwent randomization. Patients
who underwent randomization and received any
amount of trial drug were included in the safety
population. The microbiologic intention-to-treat
population included all patients in the intentionto-treat population who had a causative pathogen or pathogens identified at baseline from
culture of a respiratory specimen or blood or
with the use of a culture-independent method.
The clinical per-protocol population included
patients in the intention-to-treat population who
had a qualifying infection as defined by the trialentry criteria, had received a trial drug, had not
received any antibacterial agent that was not assigned within the trial that could confound interpretation of the results, and had undergone
an assessment of outcome during the protocoldefined window. The microbiologic per-protocol
population included the patients in both the
microbiologic intention-to-treat population and
the clinical per-protocol population.
The primary efficacy end point was early
clinical response, assessed at 72 to 120 hours
after the first dose of trial drug in the intentionto-treat population, determined programmatically on the basis of the investigator’s assessment
of symptoms of community-acquired bacterial
pneumonia (cough, sputum production, pleuritic
chest pain, and dyspnea) on a 4-point scale (absent, mild, moderate, or severe) (Table S1 in the
Supplementary Appendix). Early clinical response
was defined as survival with improvement of one
or more levels (e.g., from moderate to mild)
relative to baseline in two or more symptoms of
community-acquired bacterial pneumonia and
no worsening of one or more levels in other
symptoms of community-acquired bacterial pneumonia, without receipt of rescue antibacterial
therapy.
Key secondary efficacy end points were invesn engl j med 380;6

tigator-assessed clinical response at the posttreatment evaluation (5 to 10 days after the last
dose of trial drug) in the intention-to-treat
population and in the clinical per-protocol population. The investigator also assessed clinical
response at the end-of-treatment visit. Investigator-assessed clinical response was defined as
survival with resolution or improvement in signs
and symptoms of infection to the extent that
further antibacterial therapy was unnecessary.
Microbiologic response (defined in the Supplementary Appendix) was determined at the endof-treatment and post-treatment evaluation visits
in the microbiologic intention-to-treat population
and the microbiologic per-protocol population.
Missing data were classified as indeterminate
responses and counted as failures in analyses of
the intention-to-treat population and the microbiologic intention-to-treat population.
At the screening visit, expectorated or induced
sputum or another specimen from the lower respiratory tract was collected for Gram’s staining
and culture, blood cultures were collected, and
urine was tested for L. pneumophila and S. pneumoniae antigens. Blood also was collected at the
screening and post-treatment evaluation visits for
acute- and convalescent-phase serologic testing
for L. pneumophila, M. pneumoniae, and C. pneumoniae. Safety variables included adverse events,
clinical laboratory evaluations, vital signs, and
electrocardiographic (ECG) findings. Adverse
events that emerged after treatment initiation
were those with an onset or worsening of severity that occurred at or any time after administration of the first dose of trial drug through the
final follow-up visit (30 to 37 days after the first
dose of a trial drug).
Statistical Analysis

The trial was designed to have sufficient power
for the primary and secondary efficacy analyses.
For the end point of investigator-assessed clinical response at the post-treatment evaluation,
assuming a clinical response rate of 79% in both
treatment groups, a noninferiority margin of 10
percentage points, 80% power, and a one-sided
alpha level of 0.0125 (required by regulatory
agencies outside the United States) and using the
sample-size determination method of Farrington
and Manning,14 we calculated that a total of 638
patients (PSI risk class III and IV) were required.
Under the assumption that the clinical response

nejm.org

February 7, 2019

The New England Journal of Medicine
Downloaded from nejm.org by KEVIN ROSTEING on February 15, 2019. For personal use only. No other uses without permission.
Copyright © 2019 Massachusetts Medical Society. All rights reserved.

519

The

n e w e ng l a n d j o u r na l

rate would be 85% in both treatment groups and
that 80% of the participants would be able to be
evaluated, the use of a noninferiority margin of
10 percentage points and a one-sided alpha level
of 0.0125 would result in 81% power to show
noninferiority for investigator-assessed clinical
response at the post-treatment evaluation in the
clinical per-protocol population. For the end
point of early clinical response, if 15% of the
patients were in PSI risk class II, there would be
a total of 750 patients in the intention-to-treat
population. With an early clinical response rate
of 79% in both treatment groups, a noninferiority margin of 10 percentage points, and a onesided alpha level of 0.025, a total sample of 750
patients would provide 92% power to show noninferiority.
A noninferiority margin of 10 percentage
points was used for early clinical response on
the basis of an analysis of observational studies
comparing no treatment and antibacterial therapy.15 From these studies, the treatment effect
was conservatively estimated as 20 percentage
points, and a 10-percentage-point noninferiority
margin preserved 50% of the treatment effect. A
two-sided 95% confidence interval calculated by
means of the Miettinen and Nurminen method16
without stratification for the difference in the
early clinical response rate in the intention-to-treat
population was used to test for noninferiority of
omadacycline as compared with moxifloxacin.
Noninferiority of omadacycline to moxifloxacin
was concluded if the lower limit of the 95% confidence interval for the between-group difference exceeded −10 percentage points. A post hoc
analysis of early clinical response in the clinical
per-protocol population was also conducted. The
95% confidence intervals for the between-group
differences for secondary and additional end
points were calculated with the same methods
used for early clinical response. No inferential
analyses were conducted for secondary and additional end points, and therefore no adjustment
for multiplicity was used. The analyses of the
secondary and additional end points were descriptive. Differences between the treatment
groups in baseline variables were analyzed with
the use of Fisher’s exact test for categorical variables and the Wilcoxon rank-sum test for continuous variables.
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R e sult s
Trial Population

The numbers of patients included in the different analysis populations are shown in Figure 1.
Of the 774 patients who underwent randomization (intention-to-treat population), 770 received
one or more doses of trial drug (safety population) (Fig. 1). In the safety population, 98.8% of
patients were inpatients when the trial regimen
was initiated. The treatment groups were well
matched with regard to baseline demographic
and clinical characteristics (Table 1). Overall,
41.9% and 20.4% of patients in the intention-totreat population were older than 65 years and
older than 75 years of age, respectively, and
85.4% had PSI risk class III or IV.
A pathogen that causes community-acquired
bacterial pneumonia was identified at baseline
in 49.9% of the patients in the intention-to-treat
population; within this population, the most frequently identified pathogens were M. pneumoniae
(33%), S. pneumoniae (20%), L. pneumophila (19%),
C. pneumoniae (15%), and H. influenzae (12%) (Table S2 in the Supplementary Appendix). The minimum inhibitory concentration (MIC) required to
inhibit the growth of 90% of organisms for
omadacycline was 0.06 mg per liter for S. pneumoniae isolates and was 2 mg per liter for H. influenzae isolates. Baseline demographic characteristics were well balanced between the treatment
groups in the microbiologic intention-to-treat
population, the intention-to-treat population in
which a causal pathogen was not identified, and
the microbiologic per-protocol population (Tables
S3 through S6 in the Supplementary Appendix).
The mean duration of intravenous therapy was
5.7 days and the mean total duration of therapy
was 9.6 days in each group. A transition from
intravenous to oral therapy occurred in 77.2% of
the patients in the omadacycline group and 75.8%
of the patients in the moxifloxacin group. The
percentage of patients with 80% or greater treatment adherence was 99.2% in the omadacycline
group and 99.5% in the moxifloxacin group.
Efficacy

Omadacycline was noninferior to moxifloxacin
with regard to early clinical response (response
rate, 81.1% and 82.7%, respectively; difference,
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877 Patients were assessed for eligibility

103 Were excluded
98 (95.1%) Did not meet inclusion
criteria or met exclusion criteria
5 (4.9%) Withdrew consent

774 Were included in the intention-to-treat
population and underwent randomization

386 Were assigned to receive
omadacycline

4 Did not receive
omadacycline

46 Were excluded
from the clinical
per-protocol
population

382 Were included
in the safety
population

388 Were assigned to receive
moxifloxacin

182 Did not have
a causative
pathogen
at baseline

340 Were included
in the clinical
per-protocol
population
(post-treatment
evaluation)

206 Did not have
a causative
pathogen
at baseline

204 Were included
in the microbiologic
intention-to-treat
population

182 Were included
in the microbiologic
intention-to-treat
population

188 Were included
in the microbiologic
per-protocol
population
(post-treatment
evaluation)

169 Were included
in the microbiologic
per-protocol
population
(post-treatment
evaluation)

43 Were excluded
from the clinical
per-protocol
population

345 Were included
in the clinical
per-protocol
population
(post-treatment
evaluation)

388 Were included
in the safety
population

Figure 1. Randomization and Populations Included in Analysis.
The intention-to-treat population included all patients who underwent randomization. The safety population included patients who underwent randomization and received any amount of trial drug. The microbiologic intention-to-treat population included patients in the
intention-to-treat population who had a causative pathogen or pathogens identified at baseline from culture of a respiratory specimen
(adequate sputum samples were defined as those with a Gram’s stain showing >25 polymorphonuclear neutrophils per low-power field
and <10 squamous epithelial cells per low-power field) or blood or with the use of a culture-independent method (e.g., positive urinary
antigen test or serologic test). The clinical per-protocol population included patients in the intention-to-treat population who had a qualifying infection as defined by the trial-entry criteria, had received a trial drug, had not received any antibacterial agent that was not assigned within the trial that could confound interpretation of the results, and had undergone an assessment of outcome during the protocol-defined window. The microbiologic per-protocol population included the patients in both the microbiologic intention-to-treat
population and the clinical per-protocol population.

−1.6 percentage points; 95% confidence interval
[CI], −7.1 to 3.8) (Fig. 2, and Table S7 in the
Supplementary Appendix). The early clinical failures included instances of missing data (i.e.,
indeterminate outcomes) in 24 patients (6.2%) in
the omadacycline group and 20 patients (5.2%)
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in the moxifloxacin group; the reasons for early
clinical failures and indeterminate outcomes are
shown in Table S8 in the Supplementary Appendix. In sensitivity analyses assessing the effect of
missing data, omadacycline remained noninferior
to moxifloxacin. In a post hoc analysis of the
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Table 1. Baseline Demographic and Clinical Characteristics in the Intention-to-Treat Population.*
Omadacycline
(N = 386)

Moxifloxacin
(N = 388)

61 (19–97)

63 (19–94)

Age >65 yr — no. (%)

152 (39.4)

172 (44.3)

Male sex — no. (%)

208 (53.9)

219 (56.4)

White

356 (92.2)

355 (91.5)

Black

11 (2.8)

7 (1.8)

Asian

17 (4.4)

18 (4.6)

Other

2 (0.5)

8 (2.1)

Characteristic
Median age (range) — yr

Race — no. (%)†

Geographic region — no. (%)
Western Europe or North America
Eastern Europe
Rest of world

91 (23.6)

92 (23.7)

249 (64.5)

248 (63.9)

46 (11.9)

48 (12.4)

27.2±5.8

27.4±5.8

>80 ml/min

187 (48.4)

207 (53.4)

>50–80 ml/min

128 (33.2)

119 (30.7)

30–50 ml/min

70 (18.1)

62 (16.0)

Body-mass index‡
Creatinine clearance — no. (%)

<30 ml/min

1 (0.3)

0

105 (27.2)

82 (21.1)

Past smoker — no. (%)

76 (19.7)

79 (20.4)

Previous lung infection — no. (%)

48 (12.4)

37 (9.5)

Mild-to-moderate COPD — no. (%)§

57 (14.8)

51 (13.1)

Symptomatic asthma with wheezing — no. (%)

18 (4.7)

20 (5.2)

83.2±16.5

84.0±16.0

Current smoker — no. (%)

PSI score¶
PSI risk class — no. (%)¶
II

55 (14.2)

54 (13.9)

III

227 (58.8)

216 (55.7)

IV

102 (26.4)

115 (29.6)

44/368 (12.0)

53/370 (14.3)

Antibiotics before randomization — no. (%)**

89 (23.1)

90 (23.2)

Bacteremia — no. (%)

15 (3.9)

18 (4.6)

Modified ATS criteria for severe CABP — no./total no. (%)‖

*	The intention-to-treat population included all patients who underwent randomization. Plus–minus values are means
±SD. There were no significant between-group differences (P<0.05) calculated with the use of Fisher’s exact test (for
categorical variables) or the Wilcoxon rank-sum test (for continuous variables). Percentages may not total 100 because
of rounding. ATS denotes American Thoracic Society, CABP community-acquired bacterial pneumonia, and COPD
chronic obstructive pulmonary disease.
†	Race was reported by the patient.
‡	Body-mass index is the weight in kilograms divided by the square of the height in meters.
§	Patients with severe COPD were excluded.
¶	Scores on the Pneumonia Severity Index (PSI) are used to place patients with pneumonia into risk classes that range
from I to V, with higher risk classes indicating a greater risk of death (additional details are provided in the protocol);
in this trial, only patients in risk class II (PSI score, 51 to 70), III (71 to 90), or IV (91 to 130) were eligible for participation. Five patients (two in the omadacycline group and three in the moxifloxacin group) underwent randomization
but were found to have a nonqualifying PSI risk class (I or V).
‖	Severe CABP according to modified ATS criteria was defined as the presence of three or more of the following nine
criteria at baseline: respiratory rate of at least 30 breaths per minute or higher, oxygen saturation less than 90% or
partial pressure of arterial oxygen less than 60 mm Hg, urea level at least 20 mg per deciliter, white-cell count less
than 4000 per cubic millimeter, confusion, multilobar infiltrates, platelet count less than 100,000 per cubic millimeter,
body temperature less than 36°C, and systolic blood pressure less than 90 mm Hg.
**	This refers to a dose of short-acting antibiotic as allowed per the protocol in up to 25% of patients.
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Subgroup

Omadacycline

Moxifloxacin

Percentage-Point Difference (95% CI)

no. of events/total no. (%)
ITT population
Early clinical response
Investigator-assessed clinical
response at EOT
Investigator-assessed clinical
response at PTE
Clinical per-protocol population
Early clinical response
Investigator-assessed clinical
response at EOT
Investigator-assessed clinical
response at PTE
Patients with PSI risk class II
in the ITT population
Early clinical response
Investigator-assessed clinical
response at PTE
Patients with PSI risk class III
in the ITT population
Early clinical response
Investigator-assessed clinical
response at PTE
Patients with PSI risk class IV
in the ITT population
Early clinical response
Investigator-assessed clinical
response at PTE

313/386 (81.1)
349/386 (90.4)

321/388 (82.7)
341/388 (87.9)

−1.6 (−7.1 to 3.8)
2.5 (−1.9 to 7.0)

338/386 (87.6)

330/388 (85.1)

2.5 (−2.4 to 7.4)

308/356 (86.5)
336/357 (87.0)

314/360 (87.2)
329/357 (84.8)

−0.7 (−5.7 to 4.3)
2.0 (−1.8 to 5.8)

316/340 (92.9)

312/345 (90.4)

2.5 (−1.7 to 6.8)

43/57 (75.4)
47/57 (82.5)

41/56 (73.2)
47/56 (83.9)

2.2 (−14.0 to 18.4)
−1.5 (−15.7 to 12.8)

191/227 (84.1)
206/227 (90.7)

187/216 (86.6)
190/216 (88.0)

−2.4 (−9.1 to 4.2)
2.8 (−3.0 to 8.7)

79/102 (77.5)
85/102 (83.3)

93/116 (80.2)
93/116 (80.2)

−2.7 (−13.8 to 8.1)
3.2 (−7.4 to 13.4)
−20

−15

−10

−5

Moxifloxacin Better

0

5

10

15

20

Omadacycline Better

Figure 2. Forest Plot of Primary and Secondary End Points.
The 95% confidence intervals are based on the Miettinen and Nurminen method without stratification.16 Scores on the Pneumonia Severity
Index (PSI) are used to place patients with pneumonia into risk classes that range from I to V, with higher risk classes indicating a greater
risk of death (additional details are provided in the protocol); in this trial, only patients in risk class II (PSI score, 51 to 70), III (71 to 90),
or IV (91 to 130) were eligible for participation. EOT denotes end of treatment, ITT intention to treat, and PTE post-treatment evaluation.

clinical per-protocol population, omadacycline
was noninferior to moxifloxacin for early clinical response (86.5% and 87.2%, respectively;
difference, −0.7 percentage points; 95% CI, −5.7
to 4.3). Temperature, blood pressure, and the
partial pressure of arterial oxygen normalized
within 60 to 120 hours after the first dose in
more than 90% of patients (Table S10 in the
Supplementary Appendix).
The clinical response rates associated with
omadacycline and moxifloxacin were similar for
investigator-assessed clinical response at the posttreatment evaluation in the intention-to-treat
population (87.6% and 85.1%, respectively; difference, 2.5 percentage points; 95% CI, −2.4 to
7.4) and in the clinical per-protocol population
(92.9% and 90.4%; difference, 2.5 percentage
points; 95% CI, −1.7 to 6.8). The reasons for
n engl j med 380;6

clinical failure and indeterminate assessments at
the post-treatment evaluation are shown in Table
S9 in the Supplementary Appendix. In the microbiologic intention-to-treat population, the clinical response rates at the post-treatment evaluation in the omadacycline and moxifloxacin groups
were 89.2% and 87.4%, respectively (difference,
1.9 percentage points; 95% CI, −4.6 to 8.5).
Similar efficacy in the two treatment groups was
also observed within subgroups based on PSI risk
class (Fig. 2). Data on clinical response according to geographic region and previous receipt of
antibiotics and on microbiologic response are
provided in Table S11 in the Supplementary Appendix.
Omadacycline had clinical efficacy similar to
that of moxifloxacin against pathogens causing
community-acquired bacterial pneumonia that

nejm.org

February 7, 2019

The New England Journal of Medicine
Downloaded from nejm.org by KEVIN ROSTEING on February 15, 2019. For personal use only. No other uses without permission.
Copyright © 2019 Massachusetts Medical Society. All rights reserved.

523

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

Table 2. Investigator-Assessed Clinical Response at the Post-Treatment Evaluation According to Pathogen Detected at Baseline
(Microbiologic Intention-to-Treat Population).*
Omadacycline
(N = 204)

Pathogen Detected at Baseline

Moxifloxacin
(N = 182)

Patients with
Pathogen

Patients with
Clinical Response

Patients with
Pathogen

Patients with
Clinical Response

no.

no. (%)

no.

no. (%)

Gram-positive aerobic bacteria

61

52 (85)

56

49 (88)

Streptococcus pneumoniae†

43

37 (86)

34

31 (91)

Penicillin-susceptible

26

23 (88)

22

21 (95)

Macrolide-resistant

10

10 (100)

5

Tetracycline-resistant

5 (100)

16

14 (88)

17

Staphylococcus aureus‡

11

8 (73)

11

9 (82)

Gram-negative aerobic bacteria

79

67 (85)

69

56 (81)

Haemophilus influenzae

32

26 (81)

16

16 (100)

H. parainfluenzae

18

15 (83)

17

13 (76)

Klebsiella pneumoniae
Atypical bacteria, SAP definition of positivity§

13 (76)

13

10 (77)

13

11 (85)

118

109 (92)

106

97 (92)

Mycoplasma pneumoniae¶

70

66 (94)

57

50 (88)

Legionella pneumophila‖

37

35 (95)

37

36 (97)

Chlamydia pneumoniae¶

28

25 (89)

28

25 (89)

73

66 (90)

64

58 (91)

Atypical bacteria, conservative definition of positivity**
M. pneumoniae¶

35

31 (89)

29

25 (86)

L. pneumophila‖

29

27 (93)

28

27 (96)

C. pneumoniae¶

15

14 (93)

14

13 (93)

*	The microbiologic intention-to-treat population included patients in the intention-to-treat population who had a causative pathogen or
pathogens identified at baseline from culture of a respiratory specimen or blood or with the use of a culture-independent method. Patients
with the same pathogen isolated from multiple specimens were counted only once for that pathogen. Patients with the same pathogen
from a blood specimen, respiratory specimen, urinary antigen testing, or serologic testing (or from more than one of these tests) were
counted only once for that pathogen. Patients were counted only once in the overall tabulations for gram-positive aerobic bacteria, gramnegative aerobic bacteria, and atypical bacteria if they had more than one respective pathogen identified at baseline. The pathogens listed
are those detected in at least 10 patients in either treatment group.
†	The overall tabulation of S. pneumoniae included identification from urinary antigen testing only, which would not have associated susceptibility data. Resistance was defined in accordance with Clinical Laboratory Standards Institute document M100-S25.
‡	Methicillin resistance was observed in only one S. aureus isolate, in the moxifloxacin group.
§	In the statistical analysis plan (SAP), an indeterminate convalescent-phase serologic test result is considered to be positive. In accordance
with the SAP, a positive serologic test result was defined as one of the following: a positive baseline or post-treatment evaluation IgM serologic test result, a negative baseline and indeterminate post-treatment evaluation IgG serologic test result, or a negative baseline and
positive post-treatment evaluation IgG serologic test result.
¶	
M. pneumoniae and C. pneumoniae were identified by serologic testing only.
‖	
L. pneumophila was identified by serologic or urinary antigen testing.
**	For identification by serologic testing, only a positive convalescent result was considered to be positive, which is the more stringent criterion
described in the package inserts for the serologic test kits.

were identified at baseline, with regard to both
early clinical response (Table S12 in the Supplementary Appendix) and investigator-assessed
clinical response at the post-treatment evaluation (Table 2). No correlation was found between
omadacycline MIC values for community-acquired
bacterial pneumonia pathogens and clinical out524
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come (Table S13 in the Supplementary Appendix). In the small group of patients with bac
teremia, the rate of clinical response at the
post-treatment evaluation was 73% (11 of 15)
with omadacycline and 83% (15 of 18) with
moxifloxacin. The differences between the treatment groups in the rates of investigator-assessed
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clinical response at the post-treatment evalu
ation according to pathogen or in patients
with bacteremia were attributable to small sample sizes and indeterminate (i.e., missing) responses.

Table 3. Adverse Events That Emerged after Treatment Initiation (Safety
Population).*
Omadacycline
(N = 382)

Type of Event

Moxifloxacin
(N = 388)

no. of patients (%)

Safety

Adverse events that emerged after treatment
initiation occurred in 41.1% of the patients in
the omadacycline group and 48.5% of the patients in the moxifloxacin group (Table 3, and
Tables S14 through S18 in the Supplementary
Appendix). Gastrointestinal events were the most
frequent (10.2% of patients in the omadacycline
group and 18.0% of those in the moxifloxacin
group). The largest difference between the groups
was in the incidence of diarrhea (1.0% in the
omadacycline group and 8.0% in the moxifloxacin group). Clostridium difficile infection was reported in no patients in the omadacycline group
and in 2.1% of the patients in the moxifloxacin
group. Discontinuation of the trial regimen for
gastrointestinal events occurred in two patients
in each group. Serious adverse events that
emerged after treatment initiation occurred with
similar incidence in the two groups (6.0% in the
omadacycline group and 6.7% in the moxifloxacin group); infection-related events were the most
frequent of these events (2.1% in the omadacycline group and 4.1% in the moxifloxacin group),
most of which were a result of progression or
complications of community-acquired bacterial
pneumonia (Table S16 in the Supplementary Appendix).
A total of 12 deaths (8 in the omadacycline
group and 4 in the moxifloxacin group) occurred during the conduct of the trial. All the
patients who died were older than 65 years of
age. The causes of death were progression of the
underlying pneumonia or respiratory compromise, hospital-acquired pneumonia, cardiac or
vascular events, and cancer (Table S18 in the
Supplementary Appendix). Neither group had
clinically relevant changes from baseline in vital
signs, laboratory tests, or ECG findings. Maximum shifts in levels of alanine aminotransferase (ALT) or aspartate aminotransferase (AST) to
more than 3 times the upper limit of the normal
range occurred in 3.5% and 1.6%, respectively,
of the patients in the omadacycline group and in
4.5% and 3.2% of the patients in the moxifloxacin group.
n engl j med 380;6

Any adverse event

157 (41.1)

188 (48.5)

Treatment-related adverse event†

39 (10.2)

69 (17.8)

Severe adverse event

25 (6.5)

26 (6.7)

Serious adverse event

23 (6.0)

26 (6.7)

Treatment discontinuation for adverse event

21 (5.5)

27 (7.0)

8 (2.1)

4 (1.0)

ALT increased

14 (3.7)

18 (4.6)

Hypertension

13 (3.4)

11 (2.8)

γ-Glutamyltransferase increased

10 (2.6)

8 (2.1)

Insomnia

10 (2.6)

8 (2.1)

Vomiting

10 (2.6)

6 (1.5)

Death
Adverse events that occurred in >2%
of patients in either group

Constipation

9 (2.4)

6 (1.5)

Nausea

9 (2.4)

21 (5.4)

AST increased

8 (2.1)

14 (3.6)

Headache

8 (2.1)

5 (1.3)

Diarrhea‡

4 (1.0)

31 (8.0)

*	The safety population included patients who underwent randomization and
received any amount of trial drug. Adverse events that emerged after treatment initiation were those with an onset or worsening of severity that occurred
at or any time after administration of the first dose of trial drug through the
final follow-up visit. Full lists of adverse events are provided in Tables S14
through S18 in the Supplementary Appendix. ALT denotes alanine aminotransferase, and AST aspartate aminotransferase.
†	The investigator, who was unaware of the treatment-group assignments, assessed whether an adverse event was related to treatment.
‡	Clostridium difficile infection (reported as C. difficile infection, C. difficile colitis,
or pseudomembranous colitis) was reported in no patients in the omadacycline group and in 8 patients (2.1%) in the moxifloxacin group.

Discussion
The efficacy of once-daily omadacycline, administered intravenously with the option to transition
to oral administration, was noninferior to that of
moxifloxacin for the treatment of hospitalized
adults (not in an intensive care unit [ICU]) who
had community-acquired bacterial pneumonia
in the analysis of the primary end point of early
clinical response. These results are consistent
with the observed stabilization of vital signs and
the expected time course for the initial response
to therapy.17-19 Durable efficacy was also shown
for investigator-assessed clinical response at the
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post-treatment evaluation 5 to 10 days after the
end of therapy. The efficacy results were consistent across analysis populations, PSI risk classes,
and causative pathogens.
The observed safety profile of omadacycline
was consistent with the known safety profile of
the tetracycline class. Nausea and vomiting occurred in 2% of the patients in the omadacycline
group and were treatment-limiting in two of
those patients. No cases of C. difficile infection
occurred in the omadacycline group, a finding
consistent with the known effects of drugs in
the tetracycline class.20-22 Transient and reversible increases in ALT or AST levels, reported either as adverse events that emerged after treatment initiation or as postbaseline maximum
shifts, were mostly of low magnitude and were
similar to those reported in association with
moxifloxacin. No cases of drug-induced liver
injury (i.e., Hy’s law cases) were observed.
Serious adverse events that emerged after
treatment initiation were reported in 6 to 7% of
the patients in each group, which is similar to
the rates found in other modern phase 3 trials
involving community-acquired bacterial pneumonia.23-25 The mortality rate was 2.1% in the
omadacycline group, as compared with 1.0% in
the moxifloxacin group. The cause of the mortality imbalance was not established. The causes
of the deaths were consistent with the population, and the mortality rates are consistent with
the expected range of 1 to 3% in other phase 3
community-acquired bacterial pneumonia trials.23-27
The mortality rate of 0.9% among patients in
both treatment groups who had a PSI risk class
of III, as well as the mortality rates of 5.9% in
the omadacycline group and 1.7% in the moxifloxacin group among patients who had a PSI risk
class of IV, were consistent with or lower than
the expected mortality rates of 0.9 to 2.8% and
8.2 to 9.3%, respectively, in these risk classes.13
Antibiotic resistance among common community respiratory pathogens has resulted in a
need for new antibiotics for community-acquired
bacterial pneumonia; the World Health Organization priority pathogen list for the development
of new antibiotics includes penicillin-nonsusceptible S. pneumoniae and ampicillin-resistant
H. influenzae.6,28 U.S. surveillance of pathogens that
cause community-acquired bacterial pneumonia
has shown higher than 30% ampicillin resistance
in H. influenzae isolates, as well as S. pneumoniae
526
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resistance to multiple classes of antibiotics
(penicillin, 12.7%; tetracycline, 21.5%; and macrolide, 45.6%).29,30
In our trial, extensive microbiologic testing
identified a bacterial pathogen in 50% of patients; however, in the real world, probable causative pathogens in community-acquired bacterial
pneumonia are identified in less than 10% of
cases.31 Therefore, empirical therapy for community-acquired bacterial pneumonia must be
chosen with common respiratory pathogens and
contemporary local susceptibility taken into consideration. The spectrum of activity of omadacycline against typical and atypical respiratory
pathogens, the absence of cross-resistance with
other antibiotic classes, and the efficacy of the
drug shown in our trial suggest a potential role
in the treatment of community-acquired bacterial
pneumonia in an era of increasing antimicrobial
resistance.
Strengths of this trial include its extensive
microbiologic testing and consistent results observed across populations and subgroups of patients. Because patients with PSI risk class I or II
have a lower risk of death and are less commonly admitted to the hospital for initial treatment than are those with higher risk classes,
enrollment of these patients was excluded or
limited. The patients with the most severe
community-acquired bacterial pneumonia (i.e.,
PSI risk class V) and immunocompromised patients were also excluded, which limits the generalizability of the results to these important
subpopulations of patients. Although the majority of patients in this trial were enrolled outside
of the United States, the age, demographic characteristics, PSI risk class, and microbiologic test
results are similar to those described among
U.S. hospitalized non-ICU patients with community-acquired bacterial pneumonia.32
In summary, once-daily omadacycline, administered intravenously with the option to transition to oral administration, was noninferior to
moxifloxacin as empirical monotherapy for nonICU hospitalized adults with community-acquired
bacterial pneumonia.
Supported by Paratek Pharmaceuticals.
Mrs. Kirsch, Ms. Manley, Dr. Garrity-Ryan, Mr. Tzanis, Dr.
Loh, Dr. Steenbergen, and Dr. McGovern report being employed
by and being a stockholder in Paratek Pharmaceuticals; Dr. Das,
receiving consulting fees from Achaogen, IterumTx, Nabriva
Therapeutics, Contrafect, Wockhardt, UTILITY Therapeutics,
Zavante, Tetraphase, Theravance, Cubist, and Cempra; and Dr.

nejm.org

February 7, 2019

The New England Journal of Medicine
Downloaded from nejm.org by KEVIN ROSTEING on February 15, 2019. For personal use only. No other uses without permission.
Copyright © 2019 Massachusetts Medical Society. All rights reserved.

Omadacycline for Community-Acquired Pneumonia

Eckburg, receiving consulting fees from Nabriva Therapeutics,
Spero Therapeutics, UTILITY Therapeutics, InClin, MicuRx,
Achaogen, and Wockhardt. No other potential conflict of interest relevant to this article was reported.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
We thank the members of the data and safety monitoring
committee (Steven Opal, M.D., Warren Alpert Medical School,
References
1. Violi F, Cangemi R, Falcone M, et al.
Cardiovascular complications and shortterm mortality risk in community-acquired
pneumonia. Clin Infect Dis 2017;64:148693.
2. File TM Jr, Marrie TJ. Burden of community-acquired pneumonia in North
American adults. Postgrad Med 2010;122:
130-41.
3. Welte T, Torres A, Nathwani D. Clinical and economic burden of communityacquired pneumonia among adults in Europe. Thorax 2012;67:71-9.
4. Centers for Disease Control and Prevention. Antibiotic resistance threats in the
United States, 2013 (https://www.cdc.gov/
drugresistance/t hreat-report-2013/pdf/a r
-t hreats-2013-508.pdf).
5. World Health Organization. Antimicrobial resistance: global report on surveillance. 2014 (http://www.who.int/drugre
sistance/documents/surveillancereport/en/).
6. World Health Organization. Global
priority list of antibiotic-resistant bacteria to guide research, discovery, and development of new antibiotics. 2017 (http://
apps.who.int/medicinedocs/documents/
s23171en/s23171en.pdf).
7. Honeyman L, Ismail M, Nelson ML,
et al. Structure-activity relationship of the
aminomethylcyclines and the discovery of
omadacycline. Antimicrob Agents Chemo
ther 2015;59:7044-53.
8. Villano S, Steenbergen J, Loh E. Omada
cycline: development of a novel aminomethylcycline antibiotic for treating drug-resistant bacterial infections. Future Microbiol
2016;11:1421-34.
9. Pfaller MA, Huband MD, Rhomberg
PR, Flamm RK. Surveillance of omadacycline activity against clinical isolates from a
global collection (North America, Europe,
Latin America, Asia-Western Pacific),
2010-2011. Antimicrob Agents Chemother
2017;61(5):e00018-17.
10. Tanaka SK, Steenbergen J, Villano S.
Discovery, pharmacology, and clinical profile of omadacycline, a novel aminomethylcycline antibiotic. Bioorg Med Chem 2016;
24:6409-19.
11. Lepak AJ, Zhao M, Marchillo K, VanHecker J, Andes DR. In vivo pharmacodynamic evaluation of omadacycline (PTK
0796) against Streptococcus pneumoniae in the
murine pneumonia model. Antimicrob
Agents Chemother 2017;61(5):e02368-16.
12. Gotfried MH, Horn K, Garrity-Ryan L,
et al. Comparison of omadacycline and

Brown University, Providence, RI; Thomas M. File, Jr., M.D.,
Summa Health, Akron, OH, and Northeast Ohio Medical University, Rootstown, OH; and Tom van der Poll, M.D., Ph.D., Center for Experimental and Molecular Medicine and Division of
Infectious Diseases, Academic Medical Center, University of
Amsterdam, Amsterdam) and Richard S. Perry, Pharm.D., for
editorial assistance (supported by Paratek Pharmaceuticals) with
the preparation of an earlier version of the manuscript.

tigecycline pharmacokinetics in the plasma, epithelial lining fluid, and alveolar
cells of healthy adult subjects. Antimicrob
Agents Chemother 2017;61(9):e01135-17.
13. Fine MJ, Auble TE, Yealy DM, et al.
A prediction rule to identify low-risk patients with community-acquired pneumonia. N Engl J Med 1997;336:243-50.
14. Farrington CP, Manning G. Test statistics and sample size formulae for comparative binomial trials with null hypothesis
of non-zero risk difference or non-unity
relative risk. Stat Med 1990;9:1447-54.
15. Community-acquired bacterial pneumonia: developing drugs for treatment —
guidance for industry. Silver Spring, MD:
FDA Center for Drug Evaluation and Research, January 2014 (https://www.fda.gov/
downloads/Drugs/GuidanceCompliance
RegulatoryInformation/Guidances/
UCM123686.pdf).
16. Miettinen O, Nurminen M. Comparative analysis of two rates. Stat Med 1985;
4:213-26.
17. Marrie TJ, Beecroft MD, HermanGnjidic Z. Resolution of symptoms in patients with community-acquired pneumonia treated on an ambulatory basis. J Infect
2004;49:302-9.
18. Menéndez R, Torres A, Rodríguez de
Castro F, et al. Reaching stability in community-acquired pneumonia: the effects
of the severity of disease, treatment, and
the characteristics of patients. Clin Infect
Dis 2004;39:1783-90.
19. Metlay JP, Atlas SJ, Borowsky LH,
Singer DE. Time course of symptom resolution in patients with community-acquired
pneumonia. Respir Med 1998;92:1137-42.
20. Deshpande A, Pasupuleti V, Thota P,
et al. Community-associated Clostridium
difficile infection and antibiotics: a metaanalysis. J Antimicrob Chemother 2013;
68:1951-61.
21. Tariq R, Cho J, Kapoor S, et al. Low risk
of primary Clostridium difficile infection with
tetracyclines: a systematic review and meta
analysis. Clin Infect Dis 2018;66:514-22.
22. Hung YP, Lee JC, Lin HJ, et al. Doxycycline and tigecycline: two friendly drugs
with a low association with Clostridium Difficile infection. Antibiotics (Basel) 2015;4:
216-29.
23. File TM Jr, Low DE, Eckburg PB, et al.
FOCUS 1: a randomized, double-blinded,
multicentre, phase III trial of the efficacy
and safety of ceftaroline fosamil versus
ceftriaxone in community-acquired pneu-

n engl j med 380;6

nejm.org

monia. J Antimicrob Chemother 2011;66:
Suppl 3:iii19-iii32.
24. File TM Jr, Rewerska B, Vucinic-
Mihailovic V, et al. SOLITAIRE-IV: a randomized, double-blind, multicenter study
comparing the efficacy and safety of intravenous-to-oral solithromycin to intravenous-to-oral moxifloxacin for treatment
of community-acquired bacterial pneumonia. Clin Infect Dis 2016;63:1007-16.
25. Low DE, File TM Jr, Eckburg PB, et al.
FOCUS 2: a randomized, double-blinded,
multicentre, phase III trial of the efficacy
and safety of ceftaroline fosamil versus
ceftriaxone in community-acquired pneumonia. J Antimicrob Chemother 2011;66:
Suppl 3:iii33-iii44.
26. Mortensen EM, Coley CM, Singer DE,
et al. Causes of death for patients with
community-acquired pneumonia: results
from the Pneumonia Patient Outcomes
Research Team cohort study. Arch Intern
Med 2002;162:1059-64.
27. Yuan X, Liang BB, Wang R, et al.
Treatment of community-acquired pneumonia with moxifloxacin: a meta-analysis
of randomized controlled trials. J Chemo
ther 2012;24:257-67.
28. Spellberg B, Guidos R, Gilbert D,
et al. The epidemic of antibiotic-resistant
infections: a call to action for the medical
community from the Infectious Diseases
Society of America. Clin Infect Dis 2008;
46:155-64.
29. Rennie RP, Ibrahim KH. Antimicrobial resistance in Haemophilus influenzae: how
can we prevent the inevitable? Commentary on antimicrobial resistance in H. influenzae based on data from the TARGETed
surveillance program. Clin Infect Dis 2005;
41:Suppl 4:S234-S238.
30. Flamm RK, Steenbergen JN, Huband
MD, Rhomberg PR, Sader HS. Activity of
omadacycline when tested against respiratory pathogens Streptococcus pneumoniae,
Haemophilus inf luenzae, Moraxella catarrhalis,
and Staphylococcus aureus isolated during
2016 from medical centers in the USA. Am
J Respir Crit Care Med 2017;195:A6856.
abstract.
31. Bartlett JG. Diagnostic tests for agents
of community-acquired pneumonia. Clin
Infect Dis 2011;52:Suppl 4:S296-S304.
32. Jain S, Self WH, Wunderink RG, et al.
Community-acquired pneumonia requiring
hospitalization among U.S. adults. N Engl
J Med 2015;373:415-27.
Copyright © 2019 Massachusetts Medical Society.

February 7, 2019

The New England Journal of Medicine
Downloaded from nejm.org by KEVIN ROSTEING on February 15, 2019. For personal use only. No other uses without permission.
Copyright © 2019 Massachusetts Medical Society. All rights reserved.

527

