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Aim: Community-acquired bacterial pneumonia (CABP) remains a major cause of morbidity and mortality
worldwide, particularly among elderly and susceptible populations. Escalating antimicrobial resistance
among prevalent CABP pathogens in China, combined with safety limitations of existing regimens,
underscores the urgent need for novel therapeutic strategies. Lefamulin (LEF) and omadacycline (OMA),
recently approved in mainland China, offer promising alternatives, but direct comparative evidence is
lacking. This study aims to indirectly compare the clinical efficacy and safety outcomes of LEF versus
OMA in the treatment of CABP and to explore subgroup differences in high-risk populations. Materials
& methods: A systematic literature review was conducted across PubMed, Embase, the Cochrane Library
and ClinicalTrials.gov from inception through March 2024, limited to English-language studies, to identify
phase Ill randomized controlled trials evaluating LEF or OMA in adults with CABP. The Bucher method was
used for the indirect comparison, with effect estimates reported as risk ratios (RRs) and 95% Cls. Similarities
in trial design and populations supported the transitivity assumption. Primary end points were early clinical
response (ECR), investigator-assessed clinical response (IACR) at test of cure (TOC) and treatment-emergent
adverse events leading to death. Subgroup analyses were further stratified by patient age (elderly
patients), presence of comorbidities and causative pathogens. Results: Three randomized controlled trials
involving 2063 patients were included in this study. LEF and OMA demonstrated comparable efficacy in
terms of ECR (RR: 1.01, 95% Cl: 0.93-1.09) and in terms of IACR at TOC (RR: 0.95, 95% Cl: 0.88-1.02). The
relative risk of treatment-emergent adverse events leading to death in the LEF group compared with
the OMA group was 0.67 (95% Cl: 0.15-3.02), with no statistically significant difference observed. In
subgroup analysis, LEF demonstrated statistically significant superiority over OMA in treating patients
with Haemophilus influenzae infections (RR: 1.28, 95% CI: 1.03-1.60). No other subgroups reached
statistical significance. LEF showed a numerical trend toward favoring in multiple subgroups, including the
elderly, patients with comorbidities, and those infected with specific pathogens, particularly in the ECR
analysis. Meanwhile, OMA demonstrated potential numerical advantages in a few subgroups defined
by comorbidities or specific pathogens for IACR at TOC. Conclusions: Both LEF and OMA have been
shown to be effective and safe in treating CABP. LEF demonstrated significant benefit in Haemophilus
influenzae infections and consistently favorable trends in high-risk or specific infected subgroups. OMA
also shows favorable trends in certain patient groups. These findings highlight the need to further
accumulate additional clinical data or real-world evidence to support future comparative research. The
introduction of novel antibiotics, such as LEF and OMA, represents an important step toward addressing
the pressing challenge of antimicrobial resistance and improving outcomes for patients with CABP
in China.
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Plain language summary

What is this article about? Community-acquired bacterial pneumonia (CABP) is a common lung infection,
especially serious for older adults and those with other health problems. In China, antibiotic resistance
makes treatment harder. Two new antibiotics, lefamulin (LEF) and omadacycline (OMA), are now available,
but no direct comparison exists. This article reviews research and uses indirect methods to compare their
effectiveness for CABP, including in high-risk groups.

What are the results? Based on the study objectives, a systematic literature review identified two
confirmatory phase Ill trials for LEF in CABP (LEAP 1 and LEAP 2) and one for OMA (OPTIC). All trials used
moxifloxacin as the comparator, enabling an indirect comparison of LEF and OMA through a common
comparator. In the overall population, both LEF and OMA demonstrated comparable efficacy. Exploratory
subgroup analyses suggested potential differences in efficacy across specific subgroups.

What do the results mean? The results suggest that both LEF and OMA are effective and safe options
for CABP, expanding therapeutic choices and potentially helping to address antimicrobial resistance in
China as their innovative mechanism of actions. LEF may offer advantages in certain pathogen-specific
subgroups. However, further evidence is needed to guide clinical decision-making and optimize treatment
strategies for CABP.

First draft submitted: 17 November 2025; Accepted for publication: 12 February 2026; Published online:
13 March 2026
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Community-acquired bacterial pneumonia (CABP) is a common respiratory infectious disease [1] characterized
by an acute infection of the pulmonary parenchyma in patients who acquire the infection outside of a hospital
setting [2]. Streptococcus pnewmoniae is generally regarded as the most prevalent causative pathogen of CABP
worldwide (3], while Haemophilus influenzae and Mycoplasma pneumoniae are among the most frequently detected
pathogens in China [4]. CABP remains one of the most prevalent infectious diseases globally, with elderly individuals
constituting a major high-risk group. Epidemiological data from China indicate that the annual incidence in the
general population is approximately 7.13 per 1000 persons, whereas in those aged 70-80 years, the incidence rises
to 11.90 per 1000 persons, nearly twice that of the general population. CABP is further associated with a substantial
case fatality rate, particularly among older patients. Besides, patients with comorbidities such as chronic obstructive
pulmonary disease, heart failure and diabetes, are at higher risk for CABP and tend to have poorer prognosis [5].

The initial treatment of CABP is empiric and guided by local epidemiology and resistance patterns. In China,
the extended use of conventional antibiotics and the absence of new antibiotics have accelerated resistance among
common pathogens. This has led to more frequent treatment failures, as shown by the resistance rates of second-
generation cephalosporins, macrolides and tetracyclines to Streptococcus pneumoniae, a common CABP pathogen,
which are as high as 39.9-50.7% 61, 88.1-91.3% [6] and 89% [7], respectively. Safety considerations further constrain
current regimens. Macrolides have been associated with cardiovascular risks (8] and severe adverse reactions like
delirium associated with systemic fluoroquinolones [91. These findings underscore the need for timely diagnosis and
optimized therapeutic strategies in this vulnerable group.

Moreover, antimicrobial resistance (AMR) has been recognized as one of the top ten global public health threats.
If left unaddressed, AMR could result in economic losses of up to 100 trillion USD by 2050. This would have
far-reaching consequences for human health, global economies, international trade and healthcare systems [10]. The
WHO has proposed multiple strategies to mitigate AMR, among which the development of novel antimicrobial
agents is considered a cornerstone [11]. However, progress in antibiotic innovation remains limited, resulting in a
stagnating research and development (R&D) pipeline. The WHO outlines four criteria for antibiotic innovation:
new chemical class, new molecular target, new mechanism of action and absence of cross-resistance. The latest
WHO analyses indicated that the majority of newly authorized antibiotics fall short of meeting the WHO-defined
innovation criteria [11].

Lefamulin (LEF) and omadacycline (OMA) are the most recently approved antibiotics for CABP in mainland
China.

LEF belongs to a novel chemical class and it is one of few antibiotics that meets the WHO-defined innovation
criteria. It represents the first pleuromutilin antibiotic approved for systemic use in humans. LEF binds to both the
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A- and P-sites of the bacterial ribosome through an induced-fit mechanism, thereby limiting cross-resistance and
slowing the development of resistance [12]. It exhibits broad-spectrum antibacterial activity against pathogens that
commonly cause CABP [13]. And is available in intravenous and oral formulations approved in mainland China.
Phase III trials (LEAP 1/2) demonstrated noninferiority to moxifloxacin [14].

In contrast, OMA is classified by the WHO as a notable advancement within an existing antibiotic class. As
a third-generation tetracycline, it was developed to overcome resistance to earlier tetracyclines and demonstrates
broad-spectrum activity against common CABP pathogens [15]. It is also available in both intravenous and oral
formulations, and its efficacy was confirmed in the phase III OPTIC trial, which demonstrated noninferiority to
moxifloxacin in adults with CABP [16].

Given China’s escalating antimicrobial resistance and the prolonged lack of newly approved antibiotics with
novel mechanisms, there remains a substantial unmet clinical need in the management of CABP. Although
OMA and LEF are the two most recently approved novel-class agents for CABP in China, there is currently no
head-to-head evidence regarding their relative efficacy and safety. To address this evidence gap, we conducted
an anchored indirect treatment comparison (ITC) using moxifloxacin as the common comparator, leveraging
data from the pivotal trials of LEF (LEAP 1/2) and OMA (OPTIC). This analytical approach is supported by the
methodological comparability of these studies, including similar randomized designs, assessments of disease-severity
(e.g., PORT/PSI) and regulatory end points (ECR and IACR at TOC). By generating a comparison between LEF
and OMA and evaluating potential subgroup differences, this study provides decision-relevant evidence to support
the CABP management in China and may inform the appropriate use of novel antibiotics in clinical practice.

To our knowledge, this is the first ITC comparing LEF and OMA for CABP. We presented a preliminary
abstract at ISPOR Europe 2024 (CO111) (17}, and this manuscript builds on that work to provide an expanded,
peer-reviewed version.

Materials & methods

Systematic literature review

We conducted a systematic literature review (SLR) to identify relevant randomized controlled trial (RCT) evidence
on the clinical efficacy and treatment-emergent adverse events (TEAEs) leading to death of LEF and OMA compared
with other antibiotics. This SLR was conducted in accordance with the Cochrane criteria and Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [18,19]. This review was not registered on
a public platform. Nonetheless, we followed established reporting guidance and provide detailed methodological
and Supplementary Materials to facilitate independent appraisal.

Literature sources é’ffﬂ}"ﬁ'}]ﬁ&

Searches were conducted across electronic databases to identify English-language articles from inception through
March 2024. Databases for published literature included PubMed, Embase and the Cochrane Library, while
ClinicalTrials.gov was searched for registered clinical trials.

Study selection criteria

Studies meeting the following inclusion criteria were considered: patients aged 18 years and older with CABP;
either OMA or LEF was included in the intervention group; phase III RCTs; and reported at least one outcome
of interest. Studies were excluded if they enrolled only pediatric patients; lacked outcome measures of interest;
involved overlapping subjects and duplicate data; had no available data; were reviews or meta-analyses or were
nonEnglish literature.

Detailed search strategies and PICOS are listed in the supplementary material (Supplementary Tables 1 & 2).

Screening, extraction e qualz'ty assessment

Study screening and data extraction were conducted by two independent investigators, discrepancies were resolved
by consensus or involving a third investigator. The extracted information included the study name, publication
year, study design, sample size, interventions, baseline characteristics of the population and efficacy outcomes and
TEAEs leading to death. The quality assessment of the included studies was conducted using the Cochrane Risk of
Bias Tool (RoB 2) [20], which is widely recommended for RCTs as it provides a structured and standardized approach
to evaluate potential sources of bias across key domains. Accordingly, following five domains were assessed: bias
arising from the randomization process; bias due to deviations from intended interventions; bias due to missing
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outcome data; bias in the measurement of the outcome and bias in the selection of the reported result. Based on
predefined criteria, the risk of bias for each study was categorized as ‘low risk of bias’, ‘some of concern’, or ‘high
risk of bias’.

This article is based on previously conducted studies and does not contain any new studies with human
participants or animals performed by any of the authors.

Indirect treatment comparison (ITC)
Statistical analysis

Due to the limited number of RCTs, the available evidence did not form a closed loop across treatments, rendering
a network meta-analysis infeasible. However, the trials were connected via a common comparator (moxifloxacin),
which enabled an anchored ITC using the Bucher approach. This method is grounded in the frequentist framework
and employs an adjusted ITC approach as proposed by Bucher et a/. [21]. Specifically, treatment A is compared with
the common comparator C in one RCT, and treatment B is compared with C in another, allowing an indirect
comparison between A and B while preserving randomization [22). Compared with network meta-analysis, which
requires a fully connected network of studies (23], the Bucher method is particularly suitable when available evidence
is sparse and does not form a closed loop, as in the present analysis.

Statistical heterogeneity among direct comparison studies was assessed using Cochran’s Q test and the I-squared
(I?) statistic when two or more RCTs were available for a given treatment contrast [24,25]. For the LEF-to-MOXI
comparison, data from the LEAP-1 and LEAP-2 trials were pooled using a random-effects model, with the
between-study variance (1) estimated by restricted maximum likelihood. Given that 2 relied on only two studies,
the precision of the heterogeneity estimate was limited and therefore interpreted cautiously. In contrast, for the
OMA-to-MOXI comparison, only a single RCT (OPTIC) informed the direct evidence; therefore, between-study
heterogeneity could not be estimated, and this link was treated as a single-study fixed-effect estimate (i.e., T2
was set to zero), with the variance derived directly from the trial-level standard error. For binary outcomes such
as early clinical response and TEAEs leading to death, effect estimates were expressed as relative risk (RR) with
corresponding 95% Cls. We performed all analyses utilizing the ‘network package (version 1.2.1)" in Stata 14.0 for
ITC analysis and Microsoft Excel for forest plot generation.

Analytical population & end points

The primary analyses were conducted using the intention-to-treat (ITT) population to maintain randomization
and limit bias, ensuring reliable estimates of comparative effectiveness. If ITT data for a given outcome were not
available in the source trial, the modified ITT population was used as reported.

To explore potential effect modifiers, subgroup analyses were planned for clinically relevant categories such as
age (=65 years); comorbid conditions (e.g., diabetes); renal function status and pathogen type.

The outcome measures of interest in this study include The US FDA primary end point: early clinical response
(ECR) at 96 h (within a 24 h window) after the first dose of the study drug; The European Medicines Agency
co-primary end points: investigator-assessed clinical response (IACR) at 5-10 days (TOC [test of cure]) after the
last dose of the study drug and TEAEs leading to death, recorded as a secondary end point, was included to capture
critical differences in survival outcomes. All end point definitions were consistently extracted from and aligned
across the included studies.

Results

Study characteristics

In total of 136 studies were initially identified through the database searching. Following a full-text review, eight
records reposting on three unique RCTs were included. For trials with multiple records, we systematically extracted
and synthesized data across all available publications to facilitate subgroup and pooled analyses, as detailed in
Table 2. The flow chart of study selection is presented in Figure 1. Overall, there were three RCTs included 2063
patients. The three studies included in this ITC shared highly similar inclusion and exclusion criteria, enrolling
adults with radiographically confirmed CABP, acute onset and at least three characteristic symptoms. All studies
primarily enrolled patients classified as PSI/PORT risk class II-IV. Key exclusion criteria (e.g., recent antibiotic
use, hospital-acquired pneumonia, significant organ dysfunction and immunocompromised status) were consistent
across trials. Detailed information can be found in the supplementary material (Supplementary Table 3).
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Identification of studies via databases and registers

Records identified from:

c
o Database of PubMed (n = 68) Records removed before screening:
_g Database of Embase (n = 49) Duplicate records removed (n = 47)
b Database of Cochrane Library
= (n=16)
= ClinicalTrials (n = 3)
Records excluded by reading the title
Records screened
E—— and abstract
(n=89) (n = 64)
o
£
=
(7]
2 :
3 Full-text articles excluded,
Full-text articles assessed for with reasons:
eligibility — Review articles (n = 3)
(n=25) Overlapping subjects (n = 8)
Not a relevant study design (n = 5)
No relevant outcomes (n = 1)
kS Studies included in quantitative
3 synthesis
5 (n =3 RCTs)
is (total contributing reports: n = 8)

Figure 1. Flow chart of study selection.
RCTs: Relevant randomized controlled trial.

Table 1. Characteristics of included randomized controlled trials.

RCT Experiment Control Age (E/C, Male sex (E/C) Patient severity ITC analysis population for ITC analysis population for IACR
years) ECR outcome (n = E/C) at TOC outcome (n = E/C)
OPTIC  OMA (IV, PO) MOXI (IV, 61/63 53.9%/56.4% PSI/PORT risk class ITT population (n = 386/388): ITT population (n = 386/388): all
PO) 1=\ all patients who underwent patients who underwent
randomization randomization
LEAP1 LEF (IV, PO) MOXI (I, 61/59.6 61.6%/58.2% PSI/PORT risk class ITT population (n = 276/275): Modified ITT population
PO) -V all patients who underwent (n =273/273): All randomized
randomization patients who received >1 dose of

study drug; analyzed based on
randomized treatment group

LEAP2  LEF (PO) MOXI (PO) 57.4/57.7 55.9%/48.9% PSI/PORT risk class ITT population (n = 370/368): Modified ITT population
-V all patients who underwent (n = 368/368): All randomized
randomization patients who received >1 dose of

study drug; analyzed based on
randomized treatment group

PSI/PORT risk class: The Pneumonia Severity Index (PSI), interchangeably referred to as the PORT score, represents a methodologically equivalent framework for CAP severity
assessment, as both derive from the same validated scoring system that stratifies patients into five risk classes.

E: Experimental group; C: control group; MOXI: Moxifloxacin; ITT: Intention-to-treat; IV: Intravenous administration; PO: Oral administration; ECR: Early clinical response; IACR
at TOC: Investigator-assessed clinical response at test-of-cure.

The OPTIC trial directly compared OMA with moxifloxacin, LEAP-1 and LEAP-2 directly compared LEF with
moxifloxacin (Figure 2). Table 1 summarizes the baseline characteristics, as well as the definitions and sample sizes
of the overall populations used across the three trials.

s 10.57264/cer-2025-0188
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Table 2. Characteristics of publications for quantitative data extraction.

Study ID Publication year RCT code Population included in ITC Ref.

Stets et al. 2019 OPTIC Overall population, specific pathogens subgroup [16]

Cornely et al. 2021 OPTIC Renal impairment subgroup [26]

Pai et al. 2019 OPTIC Diabetes mellitus history subgroup [27]

Ramirez et al. 2018 OPTIC Ages > 65 subgroup [28]

File et al. 2019 LEAP1 Overall population, ages > 65 subgroup, renal [29]
impairment subgroup, specific pathogens subgroup

Alexander et al. 2019 LEAP2 Overall population, ages > 65 subgroup, renal [30]
impairment subgroup, specific pathogens subgroup

File et al. 2021 LEAP1/LEAP2 pooled Diabetes mellitus history subgroup [14]

Paukner et al. 2022 LEAP1/LEAP2 pooled Macrolide-resistant SP subgroup [31]

ITC: Indirect treatment comparison; ITT: Intent-to-treat population; S.P.: Streptococcus pneumoniae.

_— Lefamulin
LEAP 1(n = 551)
LEAP 2(n = 738)

Moxifloxacin <

OPTIC(n = 774)
T~  Omadacycline

Figure 2. Network evidence plots.

Overall bias

Selection of the reported result
Measurement of the outcome

Missing outcome data

Deviations from intended interventions

Randomization process

T T T T 1
0 20 40 60 80 100

Low risk Some concerns W High risk

Figure 3. Risk of bias graph presented as percentage across all studies.

The characteristics of the included articles for data extraction are summarized in Table 2. The articles by Stets
et al., File et al. and Alexander ez al. [16,29,30] serve as the primary references for three RCTs, detailing the study
designs and overall population results. The remaining articles provide data on various subgroups, including ages
> 65, renal impairment, diabetes mellitus history and specific pathogens [26-28]. The studies by File ez a/. (14] and
Paukner ez al. (31] were included for the diabetes mellitus history and certain specific pathogens subgroups analysis,
which provide the combined results of LEAP1 and LEAP2.

Risk of bias assessment

All included RCTs were assessed as having a low risk of bias using the ROB2 tool (Figure 3). Two reviewers
independently assessed the primary publications of the three unique trials, which comprehensively reported study
designs and outcomes. Other publications presenting subgroup or pooled analyses derived from these trials were
excluded from bias risk assessment, as they provided no additional methodological information beyond the primary
reports.
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Endpoints RR (95% Cl)
ECR . 1.01 (0.93, 1.09)
IACR at TOC - 0.95 (0.88, 1.02)
I T 1
0.5 1.0 1.5 2.0
Favors [OMA] Favors [LEF]

Figure 4. Lefamulin versus omadacycline in early clinical response and investigator-assessed clinical response at test
of cure in the overall population.

ECR: Early clinical response; IACR at TOC: Investigator-assessed clinical response at test-of-cure; LEF: Lefamulin; OMA:
Omadacycline; RR: Relative risk; Cl: Confidence interval.

Endpoints RR (95% CI)

TEAE leading to death — 0.67 (0.15, 3.02)

[ T T T 1
00 10 20 30 40 5.0
Favors [LEF] Favors [OMA]

Figure 5. Lefamulin versus omadacycline in TEAEs leading to death in the overall population.
LEF: Lefamulin; OMA: Omadacycline; RR: Relative risk; Cl: Confidence interval; TEAE: Treatment-emergent adverse
events.

Results in the overall population

Efficacy end points

Both LEF and OMA demonstrated high efficacy in clinical trials. In the overall population (Figure 4), comparable
efficacy of ECR (RR: 1.01, 95% CI: 0.93-1.09) and IACR at TOC (RR: 0.95, 95% CI: 0.88-1.02) was found
between LEF and OMA, with no statistically significant differences [17].

TEAE; leading to death

A numerical difference in the rate of TEAEs leading to deaths was observed, with LEF showing a lower point
estimate than OMA, but this difference did not reach statistical significance (RR: 0.67, 95% CI: 0.15-3.02)
(Figure 5). Furthermore, no treatment-related deaths occurred in the LEF trials [14,20], whereas the OMA trial
did not specify whether observed deaths were treatment related [16]. It is also noteworthy that 8 deaths in the
OMA trials all occurred in patients aged over 65. Collectively, these points suggest a potential trend toward a more
favorable safety profile regarding TEAEs leading to death for LEE However, these findings should be interpreted

with caution due to the low event rates and wide confidence intervals.

Results in subgroups

Subgroup analyses were performed for four predefined categories: age >65 years, renal impairment, history of
diabetes mellitus, and pathogen-specific groups. Pathogen-specific subgroups included Streprococcus pneumoniae,
macrolide-resistant S. pneumoniae, Haemophilus influenzae, and Mycoplasma pneumoniae. Efficacy end points were
analyzed across above mentioned subgroups; ITC of TEAFs leading to death was explored only for the subgroup
of patients aged > 65 years due to limited data.

Efficacy end points

In subgroup analyses of ECR (Figure 6), LEF showed a nonsignificant numerical favoring (RR > 1) across multiple
patient groups compared with OMA. These included patients aged 65 years or older, those with renal impairment
or with a history of diabetes mellitus, and those infected with common and atypical pathogens such as Streptococcus
pneuwmoniae (including macrolide-resistant strains) and Haemophilus influenzae. Of these, the largest numerical
difference was observed in patients with Haemophilus influenzae (RR: 1.24, 95% CI: 0.91-1.69). Despite these
consistent trends, none of the differences reached statistical significance.
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Subgroups

RR (95% CI)

Ages =65 years

Renal impairment
Diabetes mellitus history
Streptococcus pneumoniae
Macrolide-resistant SP ]
Haemophilus influenzae

Mycoplasma pneumoniae

[
0.5
Favors [OMA]

Subgroups

T 1
15 25
Favors [LEF]

1.10 (0.96, 1.25)
1.02 (0.90, 1.15)
1.18 (0.96, 1.44)
1.03 (0.84, 1.27)
1.07 (0.72, 1.60)
1.24 (0.91, 1.69)
1.15 (0.87, 1.54)

RR (95% CI)

Ages =65 years

Renal impairment
Diabetes mellitus history
Streptococcus pneumoniae
Macrolide-resistant SP
Haemophilus influenzae*

—

Mycoplasma pneumoniae

[
0.5
Favors [OMA]

Endpoints

1.0

T 1
1.5 2.0
Favors [LEF]

1.03 (0.90, 1.18)
0.99 (0.89, 1.10)
1.03 (0.86, 1.24)
1.04 (0.87, 1.24)
1.05 (0.58, 1.88)
1.28 (1.03, 1.60)*
0.91(0.73, 1.14)

RR (95% CI)

Figure 6. Lefamulin versus omadacycline in
early clinical response in different
subgroups.

Cl: Confidence interval; LEF: Lefamulin;
OMA: Omadacycline; RR: Relative risk; SP:
Streptococcus pneumoniae.

Figure 7. Lefamulin versus omadacycline
in investigator-assessed clinical response at
test of cure in different subgroups.

*p < 0.05 showed statistically significant
differences between the groups.

Cl: Confidence interval; LEF: Lefamulin;
OMA: Omadacycline; RR: Relative risk; SP:
Streptococcus pneumoniae.

TEAE leading to
death (aged =65 years)

0.74 (0.15, 3.66)  Figure 8. Lefamulin versus omadacycline in
TEAEs leading to death in elderly.

LEF: Lefamulin; OMA: Omadacycline; RR:
Relative risk; Cl: Confidence interval; TEAE:

Treatment-emergent adverse events.

T T T T 1
0.0 1.0 2.0 3.0 4.0 5.0
Favors [LEF] Favors [OMA]

In the analysis of IACR at TOC (Figure 7), a statistically significant superiority of LEF over OMA was observed
exclusively in patients infected with Haemophilus influenzae (RR: 1.28, 95% CI: 1.03-1.60). However, the results
for other subgroups did not reach statistical significance and the RR estimates showed variability. Specifically, the
results demonstrated a numerical favored OMA (RR <1) in two subgroups: patients with renal impairment and
those infected with Mycoplasma pneuwmoniae. In the remaining subgroups, there was a numerical trend favoring
LEF (RR >1).

TEAE; leading to death

For patients aged 65 years or older (Figure 8), the RR of TEAEs leading to death in the LEF compared with the
OMA was 0.74 (95% CI: 0.15-3.66) which was not statistically significant.

Discussion

CABP, a highly prevalent infectious disease, continues to pose a substantial public health burden. It is characterized
by worsening hospitalization and mortality rates, particularly affecting vulnerable groups such as infants and the
elderly (5]. Meanwhile, AMR has emerged as an increasingly severe global public health issue. Annually, an estimated
4.95 million deaths are associated with resistant infections [32]. China faces a critical AMR crisis, with staggering
resistance rates (up to 91.3% for macrolides and 89% for tetracyclines) against key Streptococcus pneumoniae strains,
driven by overuse of existing antibiotics and a lack of novel agents [71. This situation is particularly concerning for
high-risk populations, such as the elderly and individuals with comorbidities, who remain in urgent need of safer
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and more effective treatment regimens for CABP 33-35]. Consequently, addressing the AMR challenge and the
therapeutic unmet need in CABP underscores the urgent necessity of developing new antibiotics.

However, most antibiotics approved for the treatment of CABP in mainland China were introduced several
decades ago. Commonly guideline-recommended agents (6], such as moxifloxacin (approved in 2003), levofloxacin
(approved in 2004), and cephalosporins (e.g., ceftriaxone, approved in 1991), exemplify this trend [36). Only
three new antibiotics have been specifically approved for CABP in mainland China since 2020: LEF, OMA,
and ceftobiprole medocaril sodium. Among these, LEF and OMA are the most comparable, given their similar
antibacterial spectra and availability in both intravenous and oral formulations, enabling sequential therapy.

Over the past 5 years, there has been a focus on indirectly treatment comparison of empirical antibiotic
treatments for adult CABP, with a primary focus on quinolones, macrolides and B-lactams [37-41], while investigations
into tetracycline-class agents are limited. Only two studies [42,43] have compared doxycycline, a long-established
tetracycline, and have shown no significant difference in clinical cure rates compared with fluoroquinolones or
macrolides. There is a significant evidence gap regarding the comparative efficacy and safety of newly approved
antibiotics for CABP, particularly within key subgroups defined by baseline patient characteristics or specific
pathogens. Therefore, it is imperative to conduct comparative studies to assess the value of these novel antibiotics
such as LEF and OMA, to generate robust evidence and inform clinical practice.

This study represents the first ITC to evaluate the comparative efficacy of the novel antibiotics LEF and OMA
in patients with CABP, and an earlier version of this work was presented in abstract form at ISPOR [17). Both LEF
and OMA demonstrated high ECR and IACR at TOC in treating CABP patients, with no statistic significant
difference observed for the primary end points or in most subgroups. Notably, LEF demonstrated significantly
superior JACR at TOC in patients with Haemophilus influenzae compared with OMA, suggesting that LEF was
associated with better clinical outcomes in this subgroup. Furthermore, point estimates indicated a numerical trend
favoring LEEF, particularly for ECR, whereas OMA showed numerical advantages in a few subgroups for IACR at
TOC. These observations are likely related to the noninferiority design of the included trials, which may limit
the ability to detect statistically significant differences between treatments. Additionally, these findings provide a
valuable evidence base that can inform health technology assessment evaluations of novel antibiotics and offer
insights for the development of clinical guidelines, thereby supporting healthcare decision-making. However, given
the limited subgroup sizes, these observations should be interpreted with caution. Additional real-world evidence
from observational studies, head-to-head trials, or expanded pooled analyses would be valuable to complement
these findings and provide further comparative insights.

Subgroup analyses provide clinically relevant insights beyond aggregate efficacy estimates. Specific patient popu-
lations including the elderly [44], those with renal impairment (45], and individuals with diabetes [46], representing not
only high-risk prognostic groups but also key factors influencing clinicians’ treatment selections. Elderly patients
often present with challenges such as high rates of polypharmacy, longer drug half-lives and diminished organ
function, which collectively lead to poor drug tolerance. Similarly, patients with renal impairment frequently expe-
rience metabolic disorders, malnutrition and weakened immune resistance, complicating their treatment. Diabetic
patients, on the other hand, have high blood glucose levels that not only weaken their immune system but also
promote pathogen growth, resulting in more severe infections. These risk factors collectively necessitate alternative
therapeutic approaches with improved safety and efficacy profiles. Consequently, the subgroup findings from this
study can provide a reference for the future clinical use of LEF and OMA, thereby helping to optimize personalized
treatment strategies for high-risk patients, including the elderly and those with comorbidities.

Pathogen-specific subgroup analyses further provide valuable reference for treatment strategies. Pathogens play
a crucial role in the development of CABP and can greatly impact treatment outcomes. Rising resistance in
Streptococcus pneumoniae has reached a critical threshold in China, particularly to second-generation cephalosporins,
macrolides, and tetracyclines alarmingly high, with resistance rates reaching 39.9%-50.7% (61, 88.1%-91.3% (6],
and 89% (7] respectively. Furthermore, the annual detection rate of Haemophilus influenzae has shown an upward
trend [(47], which predominantly affects elderly patients who are at a higher risk of CABP, severe outcomes, and
negative effects on their quality of life after admission, a trend that cannot be ignored [48]. A multicenter prospective
study conducted in China revealed that Mycoplasma pneumoniae (11.05%), Haemophilus influenzae (10.67%),
Klebsiella pneuwmoniae (10.43%) and Streptococcus pneumoniae (7.43%) were the top four pathogens with the
highest detection rates [4]. Thus, this study focused on subgroup analysis of these common pathogens in China.
Klebsiella pnewmoniae was not included in the comparison due to a lack of reported data. However, the sample size
within these specific-pathogens subgroup was limited, and aside from the result suggesting the superior efficacy of
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LEF for Haemophilus influenzae infections in the IACR analysis, no other statistically significant differences were
observed. These findings highlight the need for future analyses with more robust datasets.

This study also compared TEAE leading to death between LEF and OMA. In two phase III RCTs of LEE, no
treatment-related deaths occurred. In the OPTIC phase III RCT of OMA observed an imbalance in mortality,
with 8 deaths (2%) in the OMA group compared with 4 deaths (1%) in the moxifloxacin group [16]. The difference
in mortality rates between the two groups was not explained, nor was it clarified whether it was related to OMA
treatment [49]. The OMA label includes a warning to closely monitor CABP patients’ clinical response, especially
those at higher risk of death [49]. Currently, neither LEF nor OMA has black box warnings for safety risks [49,50]. As
more clinical data accumulates, further research on safety characteristics in special populations, such as the elderly
and those with comorbidities, is warranted.

Overall, both LEF and OMA are effective and safe treatment options for patients with CABP. Their introduction
into China is expected to increase the diversity of antibiotics available, contributing to the mitigation of the serious
public health threat posed by AMR. LEF is the first pleuromutilin antibiotic approved for systemic use in humans
and is recognized by WHO as an innovative agent. It possesses a novel mechanism that is distinct from other classes,
which has the potential to delay the development of resistance. Similarly, OMA, as a modernized tetracycline, may
have a lower likelihood of resistance compared with traditional tetracyclines. Thus, prospective surveillance of
resistance patterns and investigation of the relationship between novel mechanisms and resistance rates warrant
further study.

This study has several limitations. First, the small sample size in subgroup analyses may make it difficult to
achieve statistical significance [51], and results should be interpreted cautiously. Second, given the lack of individual
patient data, this study used the Bucher method rather than a Matching-Adjusted Indirect Comparison (MAIC),
limiting our ability to formally balance effect modifiers across trials. Although we qualitatively assessed transitivity
by comparing key design features, baseline severity, comorbidities and end point definitions, the analysis remained
restricted to aggregate data. Consequently, residual confounding from unmeasured or inconsistently reported effect
modifiers cannot be fully excluded. Third, the evidence synthesis was based on systematic search conducted up to
March 2024, which aligns with reporting standards. Upon finalizing the manuscript, the OPTIC-2 (phase I1Ib)
trial results became publicly available. As this trial may further inform the comparison anchored to moxifloxacin,
these data should be included in future analyses to improve the completeness of evidence. Finally, given the limited
subgroup sample sizes and lack of multiple-testing adjustment, these analyses are susceptible to false-positive
findings. Thus, any significant subgroup signals should be considered as exploratory. Further clinical research on
LEF and OMA is needed to generate additional data for comprehensive evaluation.

Conclusion

Both LEF and OMA have demonstrated comparable efficacy and safety profile in treating patients with CABP,
with no statistically significant differences in the primary end points. Subgroup analysis showed that LEF was
significantly superior to OMA in terms of IACR at TOC in patients infected with Haemophilus influenzae. In other
subgroups, including elderly patients, those with comorbidities, or patients with other specific pathogen infections,
no statistically significant results were found. LEF exhibited numerical advantages in most subgroups, particularly
for ECR, while OMA showed numerical benefits in a few subgroups for IACR at TOC. These findings should
be interpreted with caution due to limited data. The introduction of novel antibiotics, such as LEF and OMA, in
China represents an important development for public health. This expansion of available treatments is crucial to
combat the growing threat of antimicrobial resistance, thereby providing patients with more promising therapeutic
options. Additional head-to-head comparison or real-world evidence is needed to guide research and optimize
CABP treatment strategies.
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Summary points

e Community-acquired bacterial pneumonia (CABP) remains a major health concern, especially among elderly and
high-risk populations in China.

e Rising antimicrobial resistance among CABP pathogens has limited the effectiveness of traditional antibiotics.

Lefamulin (LEF) and omadacycline (OMA) are newly approved antibiotics in China for CABP treatment, LEF

belongs to a novel chemical class while OMA is a third-generation tetracycline.

The comparative effectiveness between LEF and OMA remains unknown due to the lack of head-to-head trials.

This study aims to compare the efficacy and safety of LEF and OMA in treating CABP patients.

A systematic review identified three pivotal studies that met the inclusion criteria.

An indirect treatment comparison was conducted. The results showed both LEF and OMA demonstrated similar

efficacy and safety in CABP, with no statistically significant differences observed in the intention-to-treat

population.

e LEF exhibited numerical advantages in most subgroups, particularly for ECR, while OMA showed numerical
benefits in a few subgroups for investigator-assessed clinical response at test of cure.

e LEF showed statistically significant superiority over OMA in patients infected with Haemophilus influenzae.

e LEF and OMA are effective and safe options for CABP patients, their introduction expands treatment options for
CABP and may help address the challenge of antimicrobial resistance in China.
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