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Introduction
In recent years, also considering the progressive increase in 
antimicrobial resistance, there have been developed and 
approved new antibiotics for the therapy of pneumonia, includ-
ing severe forms.

The treatment of pneumonia caused by multidrug-resistant 
(MDR) Gram-negative pathogens, like Klebsiella pneumoniae, 
Pseudomonas aeruginosa, and Acinetobacter baumannii, was based 
on an empiric antibiotic not displaying in vitro activity.1-3 
Considering the lack of novel therapeutic options, many thera-
pies and antibiotic combinations were widely used in the set-
ting of carbapenem resistance, but the mortality rates remained 
very high.4 Of importance, over 30% of cases of hospital-
acquired pneumonia (HAP) are caused by methicillin-resistant 
Staphylococcus aureus (MRSA)5,6; vancomycin still is considered 
the first option for the treatment of MRSA pneumonia, but its 
role is debated for the risk of nephrotoxicity and the limited 
lung penetration. For these reasons, therapeutic drug monitor-
ing (TDM) is necessary to achieve an adequate plasma concen-
tration.7,8 In the setting of severe MRSA pneumonia, the role 
of linezolid was widely assessed9 although some limits in its use 
are represented by side effects like hematological alterations 
and drug interactions with selective serotonin reuptake inhibi-
tors and other drugs with serotonergic activity.10

Then, the high reported rates of treatment failure caused by 
administration of inadequate antibiotic treatment lead to 
increased morbidity and mortality, prolonged length of hospital 
stay, and, not less importantly, an increase in healthcare costs.11,12

The aim of this review is to analyze the characteristics of 
new approved antibiotics for the treatment of pneumonia due 
also to MDR pathogens. This review is focused on the spec-
trum of activities and the possible role in daily clinical practice. 
Finally, the characteristics of the drugs under development are 
briefly reported (see also Table 1).

Ceftobiprole
Ceftobiprole is a cephalosporin of a new generation with broad-
spectrum action, showing in vitro activity against Gram-positive 
and Gram-negative strains; it was approved in Europe for the 
treatment of adults with HAP, but it did not receive approval for 
the treatment of ventilator-associated pneumonia (VAP). 
Moreover, ceftobiprole was approved for the treatment of com-
munity-acquired pneumonia (CAP).13 The in vitro activity 
includes MRSA, H. influenzae (comprising b-lactamase-pro-
ducing strains), M. catarrhalis, K. pneumoniae, and E. coli. It is 
also reported good activity against P. aeruginosa. Of note, the in 
vitro activity against S. aureus strains resistant to vancomycin and 
linezolid has been reported. Finally, ceftobiprole shows no activ-
ity against Acinetobacter spp. and extended-spectrum beta-lacta-
mases (ESBLs)-producing Enterobacterales. Ceftobiprole exerts 
its antibacterial activity through the inhibition of transpeptidase 
activity and binding to penicillin binding proteins (PBPs),14 an 
essential component for synthesis of the peptidoglycan layer of 
bacterial cell walls.

Of interest, studies about PK/PD showed that 500 mg every 
8 hours dosage is considered the optimal dosage to provide 
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activity against Gram-positive strains.15 Two trials evaluated its 
clinical efficacy for the treatment of patients with HAP or 
CAP.16,17 Ceftobiprole was non-inferior to ceftazidime plus 
linezolid in patients with HAP and to ceftriaxone ± linezolid 
in patients with severe CAP in phase III trials. Compared to 
ceftazidime plus linezolid, ceftobiprole did not show non-infe-
riority in the subgroup of patients with VAP, with the exclusion 
of this indication. Ceftobiprole achieved a cure rate of 76.4% 
compared with that of 79.3% for ceftriaxone/linezolid group 
[95% CI: −9.3% to 3.6%].

Finally, ceftobiprole showed good safety as demonstrated by 
adverse events (AEs) related to treatment and occurring in 
patients with HAP or CAP. Most frequent AEs included diar-
rhea, infusion site reactions, nausea, vomiting, hepatic enzyme 
elevation, and hyponatremia. However, ceftobiprole showed a 
good profile of tolerance in all clinical experiences reported in 
the literature.

Of importance, dose adjustment is required for patients 
with moderate or severe renal impairment and for patients with 
end-stage renal disease: 500 mg every 12 hours for creatinine 
clearance from 30 to 50 ml/min, 250 mg every 12 hours for cre-
atinine clearance <30 ml/min. Dose adjustment is required 
also for hemodialysis.

Ceftaroline
Ceftaroline is a novel cephalosporin displaying in vitro activity 
against the most common bacterial pathogens associated with 
pneumonia. The prodrug ceftaroline fosamil has been approved 
for the treatment of CAP and acute bacterial skin and skin 
structure infections (ABSSSI). Of interest, it shows activity 
against MRSA, meticillin-resistant coagulase-negative staphy-
lococci, penicillin-resistant Streptococcus pneumoniae, and van-
comycin-resistant Enterococcus faecalis. Of importance, activity 
is reported against Gram-negative pathogens, no ESBL-
producing. No activity was reported against E. faecium.

Its approval in CAP treatment was based on 2 Phase 3 mul-
tinational, randomized controlled trials: FOCUS 1 
(Clinicaltrials.gov, Identifier NCT00621504) and FOCUS 2 
(Clinicaltrials.gov, Identifier NCT00509106), in which cef-
taroline fosamil 600 mg was administered every 12 hours. In 
these trials, ceftaroline demonstrated non-inferiority compared 
to ceftriaxone 1 g every 24 hours, with a better outcome (in 
both trials) in clinical cure rates at the test-of-cure (TOC) visit 
for patients treated with ceftaroline fosamil.18,19 Ceftaroline 
fosamil 600 mg every 12 hours was tested and demonstrated 
superiority to ceftriaxone (2 g every 24 hours)20 in another ran-
domized controlled trial with PORT class 3-4 CAP 
(Clinicaltrials.gov, Identifier NCT01371838). Of importance, 
in these trials no definitive data about MRSA pneumonia were 
discussed, considering also that MRSA patients in intensive 
care units were not included.21 However, 2 recent meta-analy-
ses highlighted the superior role of ceftaroline to ceftriaxone 
for the treatment of MRSA.22,23

In the CAPTURE study, real-world observational data sup-
ported the use of ceftaroline as an alternative to ceftriaxone for 
the empirical treatment of adult patients hospitalized with 
CAP, considering also its safety profile.24,25 In the CAPTURE 
study was evaluated the outcome of patients who were excluded 
in the original Phase 3 trials in a noncomparative fashion, pro-
viding valuable informations about ceftaroline use in special 
populations such as MRSA CAP, elderly, critically ill patients, 
and those with renal failure.

Of interest, recent experience on ceftaroline in the setting of 
severe CAP was reported in Italy and Spain.26

Ceftazidime/avibactam
Ceftazidime is an old third-generation cephalosporin, admin-
istered intravenously and bound to a variety of PBPs including 
the PBP3 of Gram-negative bacteria, including Pseudomonas 
aeruginosa. Avibactam is a non-beta-lactam semisynthetic with 
beta-lactamase inhibitor action that differs from other beta-
lactamase inhibitors (like sulbactam, clavulanic acid, and tazo-
bactam) in structure, mechanism and spectrum of inhibition.27 
The main mechanism of action is represented by its in vitro 
activity against ESBL and Klebsiella pneumoniae carbapene-
mase (KPC), AmpC, and OXA-48 enzymes; however, no 
activity is reported against MBLs strains or against OXA-type 
carbapenemases expressed by Acinetobacter spp.28

Ceftazidime/avibactam (CAZ-AVI) is licensed for the 
treatment of HAP and VAP29 caused by carbapenem-resistant 
Enterobacterales (CRE), both in empiric or targeted therapy, 
and in critically ill patients. CAZ-AVI can therefore be consid-
ered as an important alternative to the use of colistin in the 
treatment of infections caused by KPC strains, comprising 
patients with primary and secondary bacteremia.30,31 In addi-
tion, data about PK/PD of CAZ-AVI confirmed the good lung 
penetration as demonstrated by the levels reported in the epi-
thelial lung fluid (ELF), representing about 30-35% of the 
plasma concentration. In clinical trials, CAZ-AVI at the dos-
age of 2000 mg/500 mg every 8 hours achieved the optimal PK/
PD target in patients with HAP. Thus, CAZ-AVI represents 
an important option in critically ill patients with HAP caused 
by MDR Gram-negative strains.32

In clinical trials, CAZ-AVI was considered overall well tol-
erated with the most common adverse events represented by 
abdominal pain, nausea, vomiting, and constipation, and infu-
sion-site reactions.33,34

Ceftolozane/tazobactam
Ceftolozane/tazobactam is a new beta-lactam/beta-lactamase 
inhibitor combination that shows its action by bactericidal 
activity through inhibition of bacterial cell wall synthesis, bind-
ing PBPs. Ceftolozane is an inhibitor of PBP3 with higher 
affinity for PBP1b if compared with other beta-lactam agents; 
its property gives to ceftolozane/tazobactam a peculiar action 
against AmpC β-lactamases in P. aeruginosa.35 In combination 
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with tazobactam, ceftolozane showed enhanced activity against 
ESBL-producing Enterobacterales.36

Ceftolozane/tazobactam was recently licensed for the treat-
ment of pneumonia at a dosage of 3 g every 8 hours, expanding 
its previous indications. Ceftolozane/tazobactam confirmed its 
specific action in severe infections caused by MDR and exten-
sively drug-resistant (XDR)37,38 P. aeruginosa. Studies showed 
also that ceftolozane/tazobactam has a high cure rate in 
patients with pulmonary infections and cystic fibrosis, with 
excellent safety and tolerability.39 Furthermore, ceftolozane/
tazobactam showed a good ELF penetration like CAZ-AVI, 
confirming its role for the treatment of severe pneumonia.40 A 
Phase III trial (ASPECT-NP) assessed the efficacy of ceftolo-
zane/tazobactam (3 g every 8 hours) compared with mero-
penem (1 g every 8 hours) for the treatment of HAP. In this 
trial were also included VAP caused by P. aeruginosa 
(Clinicaltrials.gov, Identifier NCT02070757). At 28 days, 87 
(24%) patients in the ceftolozane/tazobactam group and 92 
(25.3%) in the meropenem group died [95% CI −5.1 to 7.4]. 
At the test-of-cure visit, 197 (54%) patients in the ceftolozane/
tazobactam group and 194 (53%) in the meropenem group 
were clinically cured [95% CI −6.2 to 8.3]. Ceftolozane/tazo-
bactam was thus noninferior to meropenem in terms of both 
28-day all-cause mortality and clinical cure at the test of cure.

Of importance, recent studies reported the clinical experi-
ence of ceftolozane/tazobactam for the treatment of MDR-P 
aeruginosa infections.41 Considering data from clinical trials, 
ceftolozane/tazobactam (like other cephalosporins) showed a 
good safety profile.

Of interest, in a Phase 3 trial of patients with intra-abdom-
inal infections was reported a moderate renal impairment 
(CrCl 30-50 ml/minute), and was reported a lower cure rate in 
the ceftolozane/tazobactam plus metronidazole group com-
pared to the meropenem group (48% vs 69.2%, respectively). 
This decreased cure rate, especially in the subgroup of patients 
⩾65 years, compared to younger ones (69% vs 82%, respec-
tively), was also considered directly secondary to changes in 
renal clearance. To date, FDA included a warning for the use of 
ceftolozane/tazobactam in patients with impaired renal func-
tion, monitoring creatinine’s levels.42

Meropenem/vaborbactam
Vaborbactam (VAB) is a β-lactamase inhibitor that belongs to 
a novel class A and class C; this drug in combination with 
meropenem (MER) has been evaluated for the therapy of 
patients with severe infections caused by resistant Gram-
negative pathogens, especially Enterobacterales.43 Of interest, 
VAB is a cyclic boronic acid pharmacophore with a potent 
inhibition of serine β-lactamases due to the high affinity 
between the serine-based active sites of beta-lactamases and 
boronates; its characteristic leads to the formation of a covalent 
complex and inhibition of beta-lactamases enzymes.44,45 
Particularly, VAB was found to be very effective in reducing 

MIC50 of meropenem from 32 to 0.06 µg/ml and MIC90 from 
32 to 1 µg/ml in a study encompassing 991 isolates of KPC-
producing Enterobacterales collected between 2014 and 
2015.44

A phase 1 study in healthy adult subjects evaluated the 
safety, tolerability, and pharmacokinetics of VAB following sin-
gle and multiple ascending doses (Clinicaltrials.gov, Identifier 
NCT01751269). Of importance, VAB showed a favorable 
safety profile in the absence of serious AEs. The most common 
mild AEs were mainly represented by headache and infusion-
site reactions.46

In 2017, FDA approved MER/VAB for the treatment of 
cUTIs based on the results of TANGO-1 trial: MER/VAB 
(2 g/2 g every 8 hours) was compared with piperacillin/tazobac-
tam (4 g/0.5 g every 8 hours) and showed non-inferiority for 
the treatment of cUTI and acute pyelonephritis in adult 
patients (Clinicaltrials.gov, Identifier NCT02166476).

Finally, in a new trial MER/VAB is compared to the best 
available therapy for the treatment of infections due to CRE 
(Clinicaltrials.gov, Identifier NCT02168946) about its efficacy, 
safety and tolerability.

Omadacycline
Among the new compounds, omadacycline (OMC) represents 
the first aminomethylcycline that was developed for human 
use. Aminomethylcyclines are semisynthetic antibiotics strictly 
derivated from tetracycline.47 For this reason, as for tetracy-
cline, efflux pump and ribosomal protection associated with 
modifications in the chemical structure are considered the 
main important characteristics of OMC. About the microbio-
logical profile, OMC demonstrated in vitro activity against 
common etiologies of CAP like methicillin-resistant staphylo-
cocci, penicillin-resistant streptococci, Gram-negative strains, 
and atypical bacterial pathogens.48

The most important study for OMC evaluation was the 
Omadacyline for Pneumonia Treatment In the Community 
(OPTIC) study. In this trial, intravenous once-daily oral OMC 
was compared for efficacy and safety to oral moxifloxacin 
(MOX) administered once daily in patients with CAP. In the 
Phase 3 OPTIC study, OMC resulted noninferior to moxi-
floxacin for the treatment of patients with CAP.49 Based on 
FDA endpoints, the clinical response rates were very high and 
OMC resulted generally safe and well tolerated. Omadacycline 
was noninferior to moxifloxacin for an early clinical response 
(81.1% and 82.7%, respectively; difference, −1.6 percentage 
points; 95% 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).

The safety profile was similar to moxifloxacin but with a 
lower incidence of diarrhea (of importance no cases of C. dif-
ficile infection were reported). Based on the aforementioned, 
OMC is considered clinically effective and attractive as 
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once-daily option for the treatment of patients with commu-
nity onset of pneumonia.

Solithromycin
Solithromycin is a fourth-generation macrolide antibiotic, pre-
cisely a fluoroketolide. In phase 2 and 3 trials, solithromycin was 
tested for its use in patients with CAP documented by S. pneu-
moniae, H. influenzae, and atypical pathogens. Of interest, these 
trials evaluated also strains showing resistance to other macrolide 
antibiotics. Five days of solithromycin (800 mg once on day 1, 
400 mg once daily thereafter) were compared to 5 days of levo-
floxacin (750 mg once daily) in patients with CAP in a phase 2, 
randomized, double-blind, controlled trial50; moreover, the 
SOLITAIRE-ORAL phase 3 trial was performed comparing 
solithromycin for 5 days to 7 days of moxifloxacin 400 mg once 
daily.51 Early clinical response in the intention-to-treat (ITT) 
population was observed in 333/426 (78.2%) patients in the 
solithromycin group and 338/434 (77.9%) patients in the moxi-
floxacin group. Moreover, a non-inferiority of solithromycin 
group was reported in early clinical response (solithromycin 326 
[80.9%], moxifloxacin 330 [81.1%], difference −0.19, 95% CI 
−5.8 to 5.5). In this trial, a significant rate of aminotransferase 
elevation with ALT levels greater than 3 times the upper limit of 
normal was reported in 22 (5.4%) patients of the solithromycin 
group and only in 14 (3.3%) patients receiving moxifloxacin, and 
AST greater than 3 times upper limit of normal in 10 (2.5%) 
patients treated with solithromycin compared to 8 (1.9%) 
patients of moxifloxacin arm.

Of interest, in another Phase III, randomized study (named 
SOLITAIRE-IV) solithromycin was compared to moxifloxa-
cin52 with the option to switch to oral therapy based on prede-
fined criteria. These drugs were intravenously administered at 
the dose of 400 mg once daily, while oral therapy was in line 
with the dosage of SOLITAIRE-ORAL trial that included 
the 800 mg loading dose as the first dose. Of importance, in the 
solithromycin group was not reported ALT and AST elevation 
in treated patients. For this reason, safety concerns about 
solithromycin and hepatotoxicity were resolved, and solithro-
mycin may find a place as a first-line therapy for the treatment 
of patients with CAP or as a second-line therapy for patients 
with previous antibiotic failure.

Telavancin
Telavancin belongs to the class of new lipoglycopeptides (such 
as dalbavancin) with peculiar PK/PD characteristics showing a 
rapid, concentration-dependent activity with bactericidal 
action against Gram-positive strains, including VRE and 
MRSA.53,54 Telavancin action is based on 2 different mecha-
nisms of action: inhibition of bacterial wall synthesis (transgly-
cosylation and transpeptidation) and disruption of bacterial 
membrane function.55 Of interest, the most important PK/PD 
studies showed a very good concentration in ELF of this drug, 
with a AUCELF approximately of 75% of the free AUCplasma.56

Telavancin is currently approved by EMA for the treatment 
of adult patients with suspected or documented MRSA etiology 
in HAP and VAP, mainly in the setting of patients showing pre-
vious treatment failure or where other therapies are not suitable.

In 2 Phase 3, randomized, double-blinded studies (ATTAIN 
studies) were reported non-inferiority of telavancin (10 mg/kg 
every 24 hours) versus vancomycin (1 g every 12 hours) for the 
treatment of HAP.57 The mortality difference was 21.5% versus 
16.6% (95% CI −0.7% to 10.6%) for the NCT00107952 trial 
and 18.5% versus 20.6% (95% CI −7.8% to 3.5%) for the 
NCT00124020 trial. However, in a systematic review and meta-
analysis of data about patients with ABSSSI and HAP reported 
for telavancin a higher risk of nephrotoxicity and potential seri-
ous AEs, if compared to vancomycin.58 Particularly, a higher 
mortality rate was observed in patients with HAP with moder-
ate-to-severe renal impairment compared to vancomycin.59

Finally, it is important to underline that in a post hoc analysis 
of data from the 2 Phase 3 ATTAIN trials, analyzing the subset 
of patients without severe renal impairment or preexisting acute 
renal failure, telavancin results were similar to vancomycin in the 
clinical and safety outcomes of treatment groups.60 Then, the 
indication now is to use telavancin only for patients with normal 
renal function, monitoring creatinine’s clearance.61

Lefamulin
Lefamulin belongs to the class of pleuromutilin antibiotics, 
approved by FDA as the therapy of patients with CAP, as 
intravenous and oral formulations.62-64 Lefamulin exhibits a 
peculiar mechanism of action through inhibition of protein 
synthesis by binding to the peptidyl transferase center of the 
50s bacterial ribosome, thus preventing the binding of tRNA 
for peptide transfer.

The microbiological profile of lefamulin is expressed by 
activity against Gram-positive and pathogens typically associ-
ated with community-onset pneumonia, like Streptococcus pneu-
moniae, Haemophilus influenzae, and atypical pathogens like 
Mycoplasma pneumonia, Legionella pneumophila, and 
Chlamydophila pneumoniae. Of importance, lefamulin shows a 
therapeutic activity that includes MRSA and VRE.

Lefamulin was tested in Phase 2 trials and resulted well toler-
ated at an IV dose of 150 mg twice daily or an oral dose of 600 mg 
twice daily. In the multinational Phase 3 trial named Lefamulin 
Evaluation Against Pneumonia 1 (LEAP 1) was compared 
about efficacy and safety with moxifloxacin associated or not 
with linezolid for the treatment of CAP (Clinicaltrials.gov, 
Identifier NCT02559310). Lefamulin was noninferior to moxi-
floxacin for early clinical response (87.3% vs 90.2%, respectively; 
difference −2.9%, 95%CI −8.5 to 2.8) and investigator assess-
ment of clinical response (mITT, 81.7% vs 84.2%, respectively; 
difference −2.6%, 95% CI −8.9 to 3.9; CE, 86.9% vs 89.4%, 
respectively; difference −2.5%, 95% CI −8.4 to 3.4).

In LEAP 2 trial (completed in 2018) oral lefamulin was com-
pared about safety and efficacy with oral moxifloxacin used in 
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monotherapy (Clinicaltrials.gov, Identifier NCT02813694).65,66 
Early clinical response rates were 90.8% with lefamulin and 
90.8% with moxifloxacin (difference, 0.1% [1-sided 97.5% CI, 
−4.4% to ∞]). Rates of investigator assessment of clinical response 
success were 87.5% with lefamulin and 89.1% with moxifloxacin 
in the modified ITT population (difference, −1.6% [1-sided 
97.5% CI, −6.3% to ∞]) and 89.7% and 93.6%, respectively, in 
the clinically evaluable population (difference, −3.9% [1-sided 
97.5% CI, −8.2% to ∞]) at test of cure.

Antimicrobial compounds under development
A high number of new compounds for the treatment of patients 
with CAP and/or HAP are in the final stages of development 
(see Table 2 and Figure 1). The most important characteristics of 
these new drugs are represented by novel mechanisms of action 
and microbiological efficacy, including a broad spectrum activity 
against multidrug resistant pathogens mainly represented by 
ESBL-producing strains, CRE, and carbapenem-resistant 
Acinetobacter baumannii, which still represent a major challenge 

for management and treatment in clinical practice due to the 
lack of therapeutic options.

Moreover, these drugs are probably characterized by favorable 
toxicity profiles compared with old drugs currently used in clini-
cal practice. Furthermore, the availability of oral formulations 

Table 2. Characteristics of antibiotics under development for the treatment of pneumonia.

DRUg SPECTRUM of ACTIVITy ADMINISTRATIoN

Cefiderocol ESBl strains
CRE also including MBl
MDR Pseudomonas spp
Carbapenem-resistant Acinetobacter spp S. maltophilia

2 g every 8 h, intravenous

Tedizolid gram-positive also including MRSA and linezolid-resistant strains 200 mg every 24 h, intravenous or oral

Imipenem/relebactam gram negatives pathogens including AmpC, ESBl, KPC.
No activity is reported against MBl and oXA enzymes

500 mg/250-125 mg every 6 h, intravenous

Plazomicin gram positives including MRSA
gram negatives strains including ESBl, CRE (KPCs, oXA)
MDR Pseudomonas spp
MDR Acinetobacter spp
No activity is reported against MBl

15 mg/kg every 24 h, intravenous

Iclaprim MRSA
gram-negative bacteria including Haemophilus influenzae and 
Moraxella catarrhalis

80 mg every 12 h, intravenous

Aztreonam/avibactam Enterobacterales including oXA48- and MBl-producing strains.
limited activity against A. baumannii and P. aeruginosa

6500 mg ATM/2167 mg AVI every 24 h on 
Day 1 followed by 6000 mg ATM/2000 mg 
AVI every 24 h, intravenous

Ceftaroline/avibactam MRSA, ESBl- and KPC-producing Enterobacterales 600/600 mg q24h, IV

Eravacycline MRSA
vancomycin-resistant enterococci Enterobacterales including 
ESBl, KPC and oXA enzymes

1 mg/kg every 12 h, intravenous

Delafloxacin MRSA
penicillin-resistant and levofloxacin-resistant S. pneumoniae,
Streptococcus pyogenes
Enterococci
gram-negative pathogens including quinolone- susceptible  
P. aeruginosa Anaerobes

300 mg every 12 h, intravenous
450 mg every 12 h, oral

Murepavadin Pseudomonas aeruginosa
Stenotrophomonas maltophilia Burkholderia cepacia
Enterobacterales
A. baumannii
gram-positive bacteria

Not defined

Abbreviations: CRE, carbapenem-resistant Enterobacterales; ESBl, extended-spectrum beta-lactamases; KPC, Klebsiella pneumoniae carbapenemase; MDR, 
multidrug-resistant; MRSA, methicillin-resistant Staphylococcus aureus; NDM, new Delhi metallo-beta-lactamase.

Figure 1. Indications of new approved antibiotics for pneumonia and list 

of compounds under development.
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could be another important advantage in the use of these drugs, 
with the potential for an early oral switch even in infections due 
to resistant pathogens. This list includes: new mechanisms of 
action, like cefiderocol, iclaprim, and murepavadin, or evolution 
of well-known mechanisms, like plazomicin (aminoglycoside), 
ceftaroline/avibactam, aztreonam/avibactam and imipenem/rel-
ebactam (Beta-lactams/beta-lactamases inhibitors), delafloxacin 
(fluoroquinolones), tedizolid (oxazolidinone), eravacycline 
(fluorocycline).67,68

Conclusion
A high number of new drugs were recently approved for the 
treatment of pneumonia, including severe forms of community, 
hospital and ventilator-associated.

The most attractive characteristic of new drugs is repre-
sented by the broad spectrum of activity against MDR patho-
gens, in particular ESBL-producing Enterobacterales and 
CRE, which still represent a major threat in clinical practice, 
considering the lack of therapeutic options. Moreover, these 
new antibiotics in most cases are characterized by favorable 
toxicity profiles compared with old drugs that are currently 
used in clinical practice. Some of the new antimicrobials will be 
also available as oral formulations, with the potential for oral 
shift even in infections due to resistant pathogens.
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