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ABSTRACT

Introduction and aim. Nowadays, the increasing resistance of bacteria is a concerning and

challenging issue in terms of effective treatment of bacterial infections. The amount of

available antibiotics has been quite constant for many years. The search for substances

alternative to older classes of drugs, among which resistance is growing, has been ongoing

for years. One of the newly introduced available alternatives is lefamulin. The aim of this

paper is to present the potential benefits of its use in comunity-acquired bacterial pneumonia

(CABP).

Material and methods. A review of the available literature was performed by searching the

PubMed and GoogleScholar databases using the following key words: lefamulin; BC3781;

pleuromutilin; CABP; community acquired pneumonia.
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Analysis of literature. Lefamulin is a bacteriostatic antibiotic from the group of

pleuromutilins, which has a unique mechanism of action consisting in binding to the bacterial

50S ribosomal subunit in the peptidyl transferase center. Thanks to this, it rarely causes

resistance among other groups of antibiotics and is characterized by a safe action profile. Its

spectrum of action includes bacteria causing CABP. In phase III studies, the efficacy of

lefamulin monotherapy was comparable to that of moxifloxacin with or without linezolid in

CABP. Thanks to broad spectrum of action its usefulness may also extend to treatment of

methicillin-resistant Staphylococcus aureus, vancomycin-resistant Enterococcus faecium, and

multidrug-resistant organisms associated with sexually transmitted infections, e.g., Neisseria

gonorrhoeae, Mycoplasma genitalium, although more additional clinical and

pharmacodynamic data is needed.

Conclusion. Lefamulin is a promising addition to the antibiotic armamentarium for treating

CABP. Its unique mechanism of action, activity against typical and atypical bacteria, flexible

dosing options, and favorable safety profile make it a beneficial choice for clinicians.

Keywords. lefamulin; BC3781; pleuromutilin; CABP; pneumonia; community acquired

pneumonia

Introduction

Pleuromutilins are natural compounds that inhibit growth of S. aureus and were first

identified in the 1950s from the edible fungus Clitopilus scyphoides.1

The first pleuromutilin approved for human use was retapamulin, a topically applied

lipophilic ointment, registered in 2007 for the treatment of impetigo caused by methicillin-

sensitive strains of S. aureus (MSSA) or Streptococcus pyogenes.1-3 The first systemically

administered antibiotic from the pleuromutilin group is called lefamulin.4 Its mechanism of

action involves inhibiting the synthesis of bacterial proteins by binding to the A and P sites of

the bacterial 50S ribosomal subunit, creating interference with peptidyl transferase. This

inhibition leads to the prevention of peptide bond formation and elongation of the chain.5,6

This mechanism results in a low occurrence of cross-resistance to other commonly used

antibiotic groups,5 including β-lactams, macrolides, tetracyclines, oxazolidinones, and

fluoroquinolones.7 In vitro studies have shown the development of resistance due to various

point mutations in the ribosomal proteins within the domain V of 23S rRNA, which can

affect the structure of the peptidyl transferase center (PTC).8 The most common mechanism

of resistance involves mutations in 23S rRNA and includes the genes rplC and rplD, which

encode the ribosomal proteins L3 and L4, respectively. Mutations in these genes can cause
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conformational changes in the PTC, making it difficult for pleuromutilins to properly position

themselves in the matched binding pocket of the A and P sites.7,8

Aim

The aim of this paper is to present lefamulin as novel antibiotic and to find data upon its

effectiveness in bacterial infections.

Material and methods

A review of the available literature was performed by searching the PubMed and

GoogleScholar databases using the following key words: lefamulin; BC3781; pleuromutilin;

CABP; community acquired pneumonia.

Analysis of literature

Spectrum of action

Lefamulin has a broad spectrum of antibacterial activity, especially against Gram-positive,

some Gram-negative and atypical bacteria. The in vitro activity of lefamulin was evaluated

based on a global collection of pathogens available through the SENTRY Antimicrobial

Surveillance Program.9 The bacteria for which the antibiotic exhibited minimum inhibitory

concentrations required to inhibit the growth by 50% (MIC50) and 90% (MIC90)

respectively were as follows: Streptococcus pneumoniae (including multidrug-resistant

strains) 0.06/0.12 μg/ml, 100% growth inhibition at ≤1 μg/ml; methicillin-resistant

Staphylococcus aureus (MRSA) 0.06/0.12 μg/ml, 99.8% growth inhibition at ≤1 μg/ml;

Haemophilus influenzae 0.5/1 μg/ml, 93.8% growth inhibition at ≤1 μg/ml; and Moraxella

catarrhalis 0.6/0.12 μg/ml, 100% growth inhibition at ≤0.25 μg/ml.9 These results were

consistent with a previous analysis of SENTRY isolates from 2010 concerning community-

acquired bacterial pneumonia (CABP) and acute bacterial skin and its structure infections.

The analysis also revealed strong activity against other microorganisms, with MIC50/90 for

beta-hemolytic streptococci (0.03/0.03 μg/ml), group A/B streptococci (0.03/0.03 μg/ml),

viridans group streptococci (0.12/0.5 μg/ml), coagulase-negative staphylococci (0.06/0.12

μg/ml), and Enterococcus faecium (including vancomycin-resistant strains) (0.12/4 μg/ml).10,

11 Additional studies have also confirmed in vitro activity against common atypical pathogens,

including Legionella pneumophila (0.06/0.5 μg/ml), Mycoplasma pneumoniae (0.006/0.006

μg/ml), and Chlamydophila pneumoniae (0.02/0.04 μg/ml).12 In addition to typical pathogens

causing CABP, lefamulin also demonstrates activity against bacterial sexually transmitted
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infections (STI), including those caused by Neisseria gonorrhoeae (MIC50/90 = 0.12/0.5

μg/ml), Chlamydia trachomatis (MIC50/90 = 0.02/0.04 μg/ml), and Mycoplasma genitalium

(MIC50/90 = ≤0.008/0.06 μg/ml).13 Further analysis has shown activity against multidrug-

resistant isolates of gonococci.14 Lefamulin does not exhibit activity against

Enterobacteriaceae, non-lactose fermenting Gram-negative bacteria, E. faecalis,

Clostridioides difficile, and Bacteroides sp.15

Application in community-acquired bacterial pneumonia

Community-acquired bacterial pneumonia (CABP) is one of the leading causes of morbidity

and mortality worldwide as well as a major cause of hospitalizations. Pneumonia is an

inflammatory condition of the lung parenchyma characterized by infiltration of inflammatory

cells and exudate in the alveolar spaces. The main symptoms include cough, excessive

production and expectoration of sputum, chest pain, dyspnea, and signs of infection such as

fever and weakness. Respiratory dysfunction can lead to the development of ketoacidosis and

septic shock.16 Pneumonia can be classified into two groups: community-acquired (CAP),

when the infection occurs outside of hospital, and hospital-acquired, when the infection

occurs during a minimum of a 48 h hospital stay. It has been estimated that approximately 1

million people in Europe require hospitalization due to CABP each year. According to data

from the Central Statistical Office in Poland, pneumonia was the fourth leading cause of

death among the population aged ≥65 years in 2018 (approximately 5% of all deaths),

following cardiovascular diseases and cancer.17 Risk factors of pneumonia include age,

lifestyle, and certain comorbidities. Tobacco smoking, excessive alcohol consumption,

frequent contact with children, chronic obstructive pulmonary disease, and

immunosuppressive diseases such as human immunodeficiency virus (HIV)/acquired

immunodeficiency syndrome (AIDS) increase the chance of developing CABP.18 Children up

to 2 years of age and individuals over 65 years old are at a higher risk.19 The most common

bacteria causing CABP include Streptococcus pneumoniae, Mycoplasma pneumoniae,

Haemophilus influenzae, Staphylococcus aureus, Moraxella catarrhalis, Chlamydia

pneumoniae, and Legionella pneumophila. Among them, Streptococcus pneumoniae is the

most common pathogen causing the disease.20,21

Phase III studies "Lefamulin Evaluation Against Pneumonia 1 (LEAP 1)" and "Lefamulin

Evaluation Against Pneumonia 2 (LEAP 2)" were crucial in assessing the efficacy of

lefamulin compared to moxifloxacin in patients with community-acquired bacterial

pneumonia.
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LEAP 1 22 was conducted as a multicenter, randomized, double-blind, double-dummy, active-

controlled trial in parallel groups, in which 551 participants with CABP were randomly

assigned (1:1) to receive either lefamulin or moxifloxacin. Participants received lefamulin

intravenously at a dose of 150 mg every 12 hours, with the option to switch to oral form of

drug after six doses if pre-specified improvement criteria were met (n = 276), or

moxifloxacin intravenously at a dose of 400 mg every 24 hours (n = 275). Participants

receiving moxifloxacin also received linezolid intravenously at a dose of 600 mg every 12

hours if MRSA was suspected as causative agent. In such cases, placebo linezolid was added

to lefamulin. If MRSA was no longer suspected after the baseline culture, linezolid or

placebo was discontinued. The duration of therapy for participants ranged from 5 to 10 days.

To participate in the study, participants had to meet the following criteria: age above 18 years

old, radiographic evidence of pneumonia, pneumonia severity index (PSI/PORT score) class

III or higher, illness that occurred within 7 days of enrollment, and three or more CABP

symptoms (shortness of breath, new or worsening cough, purulent sputum production, chest

pain). Participants were excluded from the study if they fell into one of the following

categories: received antibiotic treatment for the current illness within 3 days of randomization,

were hospitalized for at least 2 days within 90 days of symptom onset, had confirmed or

suspected CABP caused by Pseudomonas aeruginosa or any Enterobacteriaceae bacteria, or

had a non-infectious cause of pulmonary infiltrates. At the beginning of the study, out of 551

participants, 86.7% were of White race, 7.9% were Yellow race, and 4.1% were of Black race;

43.5% of participants were aged 65 or older, and 59.8% were male. The primary endpoint for

the Food and Drug Administration FDA was achieving early clinical response (ECR), defined

as a significant improvement in health status occurring 96 ± 24 hours after the first dose of

the investigated drug. At the end of the study, the lefamulin group had an ECR of 87.3%

(241/276), and the moxifloxacin group showed an ECR of 90.2% (248/275). The difference

of -2.9% in ECR was not significant. The primary endpoint for the European Medicines

Agency (EMA) was investigator assessment of clinical response (IACR) in the test of cure

(TOC) (5-10 days after the last dose of the examined drug). Lefamulin was shown to be non-

inferior to moxifloxacin by EMA IACR asseessment. In the lefamulin-treated group, IACR

was 80.8% compared to 83.6% in the moxifloxacin-treated group. The difference of -2.8%

was not significant. Differences in ECR in the treatment of CABP in PORT risk class III and

IV were not significant. Due to the small sample size (<10), differences in ECR could not be

assessed in the II and V classes. Lefamulin met the criteria for equivalence in

pharmacotherapy compared to moxifloxacin.
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LEAP 2 23 was a randomized, multicenter, double-blind, double-dummy trial involving 738

participants divided into two groups. 370 participants with confirmed CABP received 600 mg

of lefamulin orally every 12 hours for 5 days, and 368 participants received 400 mg of

moxifloxacin orally every 24 hours for 7 days. The inclusion criteria for the study were

nearly identical to those defined in LEAP 1, namely: age above 18 years, radiographic

evidence of pneumonia, PORT risk class III or higher, illness that initially occurred within 7

days of enrollment, and three or more CABP symptoms (shortness of breath, new or

worsening cough, purulent sputum production, chest pain). Patients were excluded from the

study if they fell into any of the following categories: received antibiotic treatment for the

current illness within 3 days of randomization, were hospitalized for two or more days within

90 days of symptom onset, were at risk of a serious cardiac event, had serious liver diseases,

had confirmed or suspected CABP caused by MRSA, Pseudomonas aeruginosa, or any

Enterobacteriaceae bacteria, or had a non-infectious cause of pulmonary infiltrates. At the

start of the study, out of 738 participants, 73.7% were of White race, 13.5% were Asians,

11.2% were Hispanics, and 5.5% were of Black race. 37.5% of participants were aged 65 or

older, 52.4% were male, and 50.1% had renal impairment. The most reported pre-existing

conditions were hypertension (36.2%), asthma or chronic obstructive pulmonary disease

(16.7%), and diabetes (13.4%). The primary endpoint for the FDA was ECR at 96 hours (±24

hours) after receiving the first dose of either drug. Both treatment groups showed an ECR of

90.8%. The difference of 0.1% in ECR was not significant. Similarly to the LEAP 1 study,

the EMA endpoint (secondary in FDA) was IACR in TOC (5-10 days after the last dose). The

success rates of IACR were not significant and were 87.0% for lefamulin and 89.1% for

moxifloxacin. Lefamulin met the criteria for equivalence with moxifloxacin.

In August 2019, the U.S. FDA approved lefamulin for oral and intravenous administration in

adults with CABP for treatment.24

The potential clinical application of lefamulin in other bacterial infections.

MRSA

Lefamulin demonstrates high activity against MRSA with a reported MIC90 value of 0.12,9

however, clinical studies regarding its use in severe MRSA infections are lacking. It has been

found that lefamulin is more effective compared to vancomycin or linezolid in a murine

model of S. aureus peritonitis-induced bacteremia, which included MRSA.25 Furthermore,

lefamulin has shown comparable efficacy to daptomycin and vancomycin in reducing

bacterial burden against MSSA and has proven to be superior to linezolid and tigecycline.26

Other potential areas of clinical application may include prosthetic joint infections,
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osteomyelitis, orbital cellulitis, or chronic oral suppressive therapy, yet unfortunately, there is

a lack of data in this topic.

Vancomycin-resistant Enterococcus faecium

Infections caused by vancomycin-resistant E. faecium pose a continuous threat, considering

the limited number of antimicrobial agents effective in treating such infections and the

associated morbidity and mortality. Both strains resistant to daptomycin and linezolid, which

are considered first-line therapy, are spreading, especially among immunocompromised

patients and those previously treated with antibiotics.27, 28 The most common infections

caused by this pathogen include pneumonia, bacteremia, endocarditis, and urinary tract

infection. Lefamulin has shown strong activity against E. faecium, including vancomycin-

resistant strains (0.12/4 μg/ml).10, 11 However, before it can be used as targeted therapy for

enterococcal infections, additional clinical and pharmacodynamic data are needed to assess

its in vivo efficacy.

Neisseria gonorrhoeae and Mycoplasma genitalium

Antimicrobial-resistant N. gonorrhoeae is considered an urgent threat by the CDC due to its

ease of transmission, ability to develop resistance, and complications associated with

untreated infections.29 Lefamulin has exhibited minimal cross-resistance with gonococci

when tested against isolates resistant to macrolides, quinolones, and tetracyclines, which

certainly could be beneficial for global and public health in the future. The MIC50/90 for 251

N. gonorrhoeae strains ranged from 0.25/1 mg/l and was within the range of 0.004–2 mg/l.14

Further studies on the pharmacokinetics, pharmacodynamics, resistance, and clinical efficacy

of lefamulin may prove valuable in the treatment of multidrug-resistant N. gonorrhoeae.

Currently, there is a lack of clinical studies confirming the effectiveness of lefamulin in the

treatment of sexually transmitted infections.

Conclusion

Lefamulin is a promising addition to the antibiotic armamentarium for treating CABP. Its

unique mechanism of action, activity against typical and atypical bacteria, flexible dosing

options, and favorable safety profile make it a beneficial choice for clinicians.
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