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Abstract: Ceftobiprole is a fifth-generation cephalosporin approved by European and American regu-
latory agencies for the treatment of community-acquired pneumonia (CAP) and hospital-acquired
pneumonia (HAP). Ceftobiprole administration is useful in severe CAP as well as HAP where the
potential is to save other β-lactams including carbapenems or linezolid/vancomycin in clinical prac-
tice. The aim of this study was to report the real-world evidence of ceftobiprole in patients with CAP
and HAP in a single center. In this retrospective study, we included 159 patients with CAP or HAP:
105 (66%) had CAP and 54 (34%) had HAP. The median age was 70 years (IQR 60–77), the median
Charlson Comorbidity Index was 5 (IQR 3–7.5) and baseline INCREMENT ESBL score was 8 (IQR
6–11). Ceftobiprole was mostly given as a combination treatment (77%) or as a carbapenem-sparing
strategy (44%). There were no differences in mortality between shorter and longer duration of
treatment (<7 days compared with ≥7 days (HR 1.02, C.I. 0.58–1.77, p = 0.93) or between first-line
(HR 1.00, C.I. 0.46–2.17, p = 0.989) and second-line therapy. Ceftobiprole use in CAP or HAP in the
real world is effective as a first- and second-line treatment as well as a carbapenem-sparing strategy.
Further studies are needed to explore the full potential of ceftobiprole, including its real-world use in
antimicrobial stewardship programs.

Keywords: ceftobiprole; antimicrobial stewardship; carbapenem-sparing; glycopeptide-sparing;
internal medicine

1. Introduction

Ceftobiprole is a fifth-generation cephalosporin approved by European Medicines
Agency (EMA) and the Food and Drug Administration (FDA) for the treatment of commu-
nity-acquired pneumonia (CAP) and hospital-acquired pneumonia (HAP) [1,2]. Cefto-
biprole has shown non-inferiority versus ceftriaxone in a double-blinded, multicenter,
randomized trial with linezolid in case of high risk of methicillin-resistant Staphylococ-
cus aureus (MRSA) or ceftriaxone-resistant Streptococcus pneumoniae in CAP [1,3] and in
a double-blinded, multicenter, randomized study versus ceftazidime with linezolid in
HAP [2]. It has a bactericidal activity against Gram-positive bacteria, including MRSA,
most Enterobacterales, and some Pseudomonas aeruginosa strains, whereas it is usually not
active against Gram-negative bacteria producing extended-spectrum β-lactamases (ESBL),
serine and metallo-carbapenemases [4–8].

More precisely, the in vitro activity of ceftobiprole demonstrates potent binding against
PBPs of Gram-positive bacteria (GPB), including those with decreased β-lactam sensitivity,
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such as PBP2x and PBP2b in PRSP, and PBPa, which confers methicillin resistance in
S. aureus strains. In vitro bactericidal activity against MRSA strains showed similar or
superior kinetics to those of vancomycin and linezolid. Furthermore, recent findings
from phase III ceftobiprole SSTIs and pneumonia clinical trials showed promising activity
on MRSA isolates, including Panton–Valentine-leukocidin-positive strains, with a slight
variation according to SCCmec or clone type [9].

As previously mentioned, ceftobiprole retains activity against a wide spectrum of
Gram-negative bacteria (GNB) and is stable against a wide variety of β-lactamases. Be-
ing similar to ceftriaxone, cefepime, and ceftazidime [9]; the class A β-lactamases PC1
staphylococcal penicillinase, TEM, some SHV types, and the K1 β-lactamase of Klebsiella
oxytoca have no lytic enzymatic action against ceftobiprole. The drug is degraded by both
extended-spectrum β-lactamases (ESBLs) and serine-carbapenemases. Class B, several
class C chromosomal AmpC-type β-lactamases, and some class D β-lactamases, have lytic
action on ceftobiprole’s structure [9].

Ceftobiprole use in severe CAP relies on its MRSA activity and Gram-negative cov-
erage, even on monotherapy, such as post-influenza bacterial pneumonia or COVID-19-
related cases, especially in elderly and comorbid patients with malignancies, diabetes,
obesity, or chronic obstructive pulmonary disease (COPD) [9–12]. Moreover, in HAP,
ceftobiprole warrants a good spectrum for pathogens where low to medium MDR risk is
expected with the advantage in safety as compared to oxazolidinones or glycopeptides that
might precipitate anemia, thrombocytopenia, and renal failure especially in frail comorbid
patients [9].

In a recent experience in a multicentric Italian study, ceftobiprole was a safe and
effective therapeutic choice in patients with different syndromes. It was mostly used as
empiric therapy, in combination with other drugs, including carbapenems, and as a second-
line therapy [13]. The aim of this single-center retrospective study is to provide a real-world
experience with ceftobiprole in CAP and HAP.

2. Patients and Methods

An observational retrospective study has been conducted in A.O.U. Città della Scienza
e della Salute, “Molinette” Hospital, Turin, Italy, including all patients with a clinical diag-
nosis of community-acquired pneumonia (CAP) or hospital-acquired pneumonia (HAP)
according to ATS and ERS/ESICM/ESCMID/ALAT definitions [13–16] that were treated
with ceftobiprole in internal medical wards (IMWs), including infectious diseases, pul-
monology, and COVID-19 dedicated wards, before and during the COVID-19 pandemic.
Clinical diagnosis was made with signs and symptoms and imaging; microbiological stud-
ies were recorded when available. The primary endpoints were in-hospital mortality and
30-day mortality or 3-month re-admission. Secondary endpoints evaluated were predictors
of in-hospital mortality and 7-day mortality, 14-day mortality, or 30-day mortality.

2.1. Inclusion Criteria

All patients with a clinical diagnosis of pneumonia who received ceftobiprole for at
least 48 h between 1 October 2019 and 30 June 2022, as found with the hospital’s admission
and discharge databases as well as the records of the Hospital Pharmacy were included.
Patients admitted to the Intensive Care Unit and surgical wards have been excluded.
This study did not involve a pharmacological intervention. The treatments were always
prescribed by the attending physicians according to their clinical practice.

2.2. Data Collection

Medical files and records have been retrospectively reviewed to confirm the diagnosis
of CAP and HAP. Data collection included demographic characteristics and comorbidities
(i.e., age, sex, ethnicity, days of hospitalization [dates of admission and discharge], risk
factors for MRSA pneumonia or multidrug resistant (MDR) pathogens, INCREMENT-ESBL
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score [17], CURB-65 and PSI score [18,19], PITT score [20–23], and Charlson Comorbidity
Index [24–28]).

Moreover, data on ceftobiprole monotherapy or combination therapy, first-line or
following-lines treatment, before or following treatment with activity against ESBL or
MRSA have also been collected. Primary endpoints were in-hospital mortality and 30-day
mortality or 3-month re-admission. Secondary endpoints evaluated were predictors of
in-hospital mortality and 7-day, 14-day, or 30-day mortality.

The definitions of the terms used In this study are as follows: Nosocomial infection:
onset > 72 h after hospitalization; Sepsis/septic shock: refractory hypotension and end-
organ perfusion dysfunction despite adequate fluid resuscitation; Immunedepression:
congenital or acquired immunodeficiency or receipt of immunosuppressive treatment.

2.3. Risk Factor for MRSA

To date there are no clinical scores to predict the risk of MRSA infection or pneumonia
except from local epidemiology, previous antibiotic treatments, device implants, and recent
hospital stay [25]. We consider MRSA risk factors: previous MRSA colonization, presence
of Gram-positive cocci in blood cultures or sputum, recent hospitalization or antibiotic
treatment, necrotizing pneumonia, recent influenza, dialysis, and invasive procedures such
as central-line catheter positioning or surgery.

2.4. INCREMENT-ESBL Score

Variables included in the INCREMENT-ESBL score were age > 50 years (OR = 2.63;
95% CI: 1.18–5.85; 3 points), infection due to Klebsiella spp. (OR = 2.08; 95% CI: 1.21–3.58;
2 points), source other than urinary tract (OR = 3.6; 95% CI: 2.02–6.44; 3 points), fatal
underlying disease (OR = 3.91; 95% CI: 2.24–6.80; 4 points), Pitt score > 3 (OR = 3.04; 95 CI:
1.69–5.47; 3 points), severe sepsis or septic shock at presentation (OR = 4.8; 95% CI: 2.72–8.46;
4 points), and inappropriate early targeted therapy (OR = 2.47; 95% CI: 1.58–4.63; 2 points).
High mortality rates (45.9%) were reported in those patients with scores ≥ 11 [17].

2.5. CURB-65 Score [18]

The CURB-65 can stratify the 30-day risk of mortality in patients with CAP. Included
variables were: confusion; BUN > 19 mg/dL (>7 mmol/L urea); respiratory rate ≥ 30;
systolic BP < 90 mmHg or diastolic BP ≤ 60 mmHg; and age ≥ 65 years old.

2.6. PSI Score [19]

The PSI score is able to stratify the 30-day risk of mortality in patients with CAP.
Included variables were: age (years), sex, nursing home resident, neoplastic disease, liver
disease history, CHF history, cerebrovascular disease history, renal disease history, altered
mental status, respiratory rate ≥ 30 breaths/min, systolic blood pressure < 90 mmHg,
temperature < 35 ◦C (95 ◦F) or >39.9 ◦C (103.8 ◦F), pulse ≥ 125 beats/min, pH < 7.35,
BUN ≥ 30 mg/dL or ≥11 mmol/L, sodium < 130 mmol/L, glucose ≥ 250 mg/dL or
≥14 mmol/L, hematocrit < 30%, partial pressure of oxygen < 60 mmHg or <8 kPa, and
pleural effusion on x-ray.

2.7. PITT Score [20–23]

The Pitt bacteremia score is widely used in infectious disease research as a severity of
acute illness index. It ranges from 0 to 14 points, with a score ≥ 4 commonly used as an
indicator of critical illness and increased risk of 30-day mortality. Included variables were:
body temperature, mechanical ventilation, cardiac arrest, intravenous vasopressor, systolic
blood pressure, hypotensive episode, and mental state.

2.8. Charlson Comorbidity Index [24–28]

The Charlson Comorbidity Index predicts 10-year survival in patients with multiple
comorbidities. Included variables were: age, myocardial infarction; congestive heart failure,
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peripheral vascular disease, history of a cerebrovascular accident with minor or no residua
and transient ischemic attacks, chronic cognitive deficit, COPD, connective tissue disease,
history of treatment for ulcer disease or history of ulcer bleeding, liver diseases, diabetes
mellitus, hemiplegia, moderate or severe chronic kidney disease, solid tumor, leukemia,
lymphoma, and AIDS.

2.9. Statistical Analysis

Data was collected in an Excel spreadsheet and analyzed using STATASe for Mac,
version 17. Continuous variables are reported as mean (standard deviation) or median
(interquartile range). Categorical variables are reported as absolute number (percentage).
Demographic and clinical characteristics of patients were summarized through absolute
frequencies and percentages for the qualitative variables and through the percentiles
(median, first quartile-third quartile) for the quantitative variables. To evaluate the primary
outcome of in-hospital mortality and early re-admission from the use of ceftobiprole among
CAP and HAP patients as carbapenem-, oxazolidinone-, or glycopeptide-sparing strategies,
we used Cox regression and Mantel–Haenszel uni- and multi-variate models. Kaplan–
Meier estimates have been used to compare overall survivals according to different use of
ceftobiprole. As a secondary outcome, a logistic multivariable regression model was built
to predict mortality risk selecting a priori clinically relevant predictors. Variable selection
was also guided by computation of the Spearman modified correlation coefficient and
knowledge of the international literature [29]. Discrimination and calibration of the model
was computed. The discrimination ability was measured using the C-index. The calibration
was visually assessed by evaluating the plot of the observed vs. predictive probability of
death after 5000 replications using the bootstrapping procedure.

3. Results

Baseline characteristics are reported in Table 1. Among the 159 included patients, the
majority were male (107; 67%), the median age was 70 years (IQR 60–77); there were 105
(66%) CAP and 54 (34) HAP. IMWs were the most frequent ward of admission (49; 30%),
followed by hematology (29; 18%), emergency medicine (19; 12%), and cardiology (15;
9%). In thirty patients (19%) pneumonia represented a coinfection or superinfection of a
concomitant COVID-19. An immune-depressing factor was present in 74 (46%) patients, as
detailed in Table 1. Risk factors MRSA were a previous hospitalization within 90 days in
90 patients (56%) and a preliminary positive smear for Gram-positive cocci on sputum or
bronchoalveolar lavage or blood cultures by the time of the start of ceftobiprole therapy in
34 patients (20%). The median Charlson Comorbidity Index was 5 (IQR 3–7.5) and baseline
CURB-65, PSI, PITT score, and INCREMENT-ESBL have been calculated and reported in
Table 1.

Table 1. Baseline characteristics of patients (n = 159).

Baseline Characteristics N (%) or Median (IQR)

Age (years) 70 (60–77)

Male gender 107 (67%)

CAP 105 (66%)

HAP 54 (34%)

Ward of admission
Internal Medicine 49 (30%)
Hematology 29 (18%)
Emergency Medicine 19 (12%)
Cardiology 15 (9%)
Geriatrics 6 (4%)
Respiratory Medicine 5 (4%)
Other 36 (23%)
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Table 1. Cont.

Baseline Characteristics N (%) or Median (IQR)

COVID-19 pneumonia 30 (19%)

Immunedepressed patients 74 (46%)
Hematological disease 33 (21%)
Immunomodulatory drugs 12 (8%)
Solid organ transplant 12 (8%)
Chemotherapy 15 (9%)
HIV 2 (1%)

Baseline risk factors for MRSA
None 12 (7.5%)
At least one 147 (92.5%)

Colonization 9 (6%)
Previous infection 8 (5%)
Gram positive cocci on sputum/BAL 34 (21%)
Recent influenza 32 (20%)
Previous hospitalization within 90 days 90 (56%)
Necrotizing pneumonia 5 (4%)
Empyema 6 (4%)
Immunedepression 74 (46%)
Dialysis 2 (1%)

Blood cultures
Positive 33 (21%)
Negative 126 (79%)
Not performed 0 (0%)

Broncho alveolar lavage
Positive 20 (13%)
Negative 37 (8%)
Not performed 102 (79%)

Sputum
Positive 5 (3%)
Negative 15 (9%)
Not performed 139 (88%)

Urinary antigen for S. pneumoniae and Legionella pneumophilia
Positive 5 (3%)
Negative 136 (86%)
Not performed 18 (11%)

Nasal swab for MRSA
Positive 3 (2%)
Negative 45 (28%)
Not performed 111 (70%)

Rectal swab for ESBL or CPE
Positive 12 (8%)
Negative 70 (44%)
Not performed 77 (48%)

CURB65 in CAP
0–1 93 (58%)
2 52 (32%)
≥3 14 (9%)

PSI in CAP
I/II 8 (5%)
III 8 (5%)
IV 55 (34%)
V 55 (34%)
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Table 1. Cont.

Baseline Characteristics N (%) or Median (IQR)

Pitt score
<4 122 (77%)
≥4 37 (23%)

Charlson Comorbidity Index (CCI) 5 (3–7.5)

INCREMENT-ESBL Score 8 (6–11)
0–8 74 (46%)
11–14 80 (50%)
>15 5 (3%)

3.1. Characteristics of Treatment with Ceftobiprole

Data regarding treatment with ceftobiprole are shown in Table 2. The median duration
of treatment was 10 days (IQR 7–12). First- and second-line treatments were given in 42
(26%) and 117 (74%) patients, respectively, with carbapenem-sparing regimen as the main
underlying reason for the choice (i.e., low risk of ESBL etiology or de-escalation with clinical
improvement after 48 h) in 71 patients (44%); other reasons were escalation for clinical
severity in 14 patients, previously treated with ceftriaxone or piperacillin/tazobactam (9%),
and targeted therapy after blood cultures results in 32 patients (20%).

Table 2. Characteristics of treatment with ceftobiprole.

Treatment with Ceftobiprole N (%) or Median (IQR)

Duration of treatment (days) 10 (7; 12)

First-line therapy 42 (26%)

Second-line therapy 117 (74%)
Carbapenem-sparing 71 (44%)
Escalation for clinical severity 14 (9%)
Targeted therapy 32 (20%)

Monotherapy 38 (23%)

Combination therapy with: 121 (77%)
Levofloxacin or azithromycin 94 (59%)
Anti-ESBL antibiotic, e.g., Fosfomycin 12 (8%)
Linezolid/daptomycin/vancomycin 4 (2%)
Metronidazole 11 (7%)

3.2. Primary and Secondary Endpoints
3.2.1. Risk Factors for In-Hospital Mortality and In-Hospital Mortality or 3-Month
Re-Admission

Regarding primary endpoints, in-hospital mortality rate was 25% (41). At univariate
analysis, risk factors for in-hospital mortality and composite outcome in-hospital mortality
or 3-month re-admission are presented in Table 3. Age (HR 1.02, C.I. 1.01–1.04, p = 0.01), PSI
(HR 1.01, C.I. 1.003–1.01, p = 0.003), congestive heart failure (HR 1.95, C.I. 1.15–3.2, p = 0.01),
solid neoplasia (HR 1.23, C.I. 1.10–1.36, p < 0.001), and septic shock at onset (HR 5.72, C.I.
3.22–10.1, p < 0.0001) emerged as directly associated risk factors for in-hospital mortality.
Regarding the composite outcome in-hospital mortality OR 3-month re-admission, directly
associated risk factors were PSI (HR 1.40, C.I. 1.01–1.95, p = 0.03), congestive heart failure
(HR 1.73, C.I. 1.09–2.72, p = 0.01), solid neoplasia (HR 1.18, C.I. 1.07–1.3, p < 0.001), and
septic shock at onset (HR 3.49, C.I. 2.2–5.55, p < 0.0001). Regarding secondary endpoints,
the 7-day mortality was 4% (7), the 14-day mortality was 7% (11), and the 30-day mortality
was 14% (23).
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Table 3. Crude effect on mortality and mortality and 3-month re-admission.

Crude Effect on Mortality Crude Effect on Mortality and 3-Month
Re-Admission

HR p Value C.I. 95% HR p Value C.I. 95%

Age 1.02 0.01 1.01–1.04

Male gender 1.22 0.48 0.69–2.11

PSI/PORT 1.01 0.003 1.003–1.01 1.40 0.03 1.01–1.95

Ceftobiprole in combination therapy 0.82 0.21 0.61–1.11 0.91 0.47 0.72–1.16

Ceftobiprole as first line therapy 1.38 0.31 0.73–2.62 1.01 0.715 0.65–1.8

Positive blood cultures 1.35 0.33 0.73–2.48 1.53 0.10 0.91–2.57

C reactive protein 1.00 0.18 0.99–1.004 1.01 0.375 0.99–1.00

Procalcitonin 0.98 0.46 0.92–1.03 1.00 0.481 0.98–1.02

CAP/HAP 0.93 0.79 0.53–1.61 0.96 0.88 0.59–1.55

Immunedepression 1.007 0.91 0.87–1.15 1.00 0.99 0.88–1.13

COVID-19 0.98 0.89 0.76–1.25 1.06 0.54 0.87–1.30

Congestive heart failure 1.95 0.01 1.15–3.2 1.73 0.01 1.09–2.72

TIA/Stroke 1.69 0.19 0.76–3.76 1.71 0.13 0.85–3.46

COPD 0.95 0.88 0.50–1.81 1.03 0.11 0.59–1.77

Renal failure 1.35 0.37 0.68–2.65 1.34 0.31 0.75–2.39

Solid neoplasia 1.23 <0.001 1.10–1.36 1.18 0.001 1.07–1.3

Lymphoma 0.56 0.23 0.22–1.43 0.38 0.03 0.15–0.95

Septic shock at onset 5.72 <0.0001 3.22–10.1 3.49 <0.001 2.2–5.55

In the multivariate analysis model, included variables were INCREMENT-ESBL
score > 11, CAP versus HAP, COVID-19, and immunedepression. INCREMENT-ESBL
score > 11 was significantly associated with incremental risk both for in-hospital mortal-
ity (HR 3.96, C.I. 2.21–7.09, p < 0.0001) and composite outcome (HR 3.24, C.I. 1.90–5.5,
p < 0.0001) (Table 4).

Table 4. Adjusted effect on mortality and mortality and 3-month re-admission.

Adjusted Effect on Mortality Adjusted Effect on Mortality and 3-Month
Re-Admission

aHR p Value C.I. 95% aHR p Value C.I. 95%

INCREMENT ESBL score > 11 3.96 <0.0001 2.21–7.09 3.24 <0.0001 1.90–5.5

CAP/HAP 0.84 0.47 0.47–1.5 0.98 0.95 0.59–1.61

COVID-19 0.93 0.71 0.71–1.21 0.98 0.83 0.78–1.22

Immunedepression 1.56 0.11 0.90–2.6 1.43 0.13 0.89–2.3

3.2.2. Overall Survival Estimates in Ceftobiprole Use

The Kaplan–Meier estimator showed how the overall survival and the composite
outcome were stronger with ceftobiprole as primary therapy or as carbapenem-sparing
regimen (Figures 1 and 2).
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However, no statistically significant differences for mortality amongst ceftobiprole
use as first-line (HR 1.00, C.I. 0.46–2.17, p = 0.989) therapy compared to ceftobiprole use as
second-line therapy [either after a carbapenem or anti-MRSA agent (HR 1.34, C.I. 0.54–3.35,
p = 0.52) or a second line with other combination treatment (HR 0.53, C.I. 0.14–2.04,
p = 0.364)] were reported. Moreover, no statistically significant differences were reported
when a duration of treatment < 7 days was compared to a duration of treatment ≥ 7 days
(HR 1.02, C.I. 0.58–1.77, p = 0.93).

Based on the available data, we built a prognostic model to assess which patients
may benefit from sparing strategies based on nomogram risk assessment. Figure 3 is a
visual tool that could help in assessing risk for mortality of each admitted patient based
on some easy-to-collect variables (calibration plot is reported in Figure 4). Each variable
is related to a specific score, and the sum of them (i.e., using the “points” and the “total
points” lines) allows the clinician to obtain the overall probability of mortality (i.e., the
bottom line, “probability”). This plot shows the differences between risk of mortality and
actual events, by showing the prediction on the x axis and the outcome on the y axis. The
actual data used for building the calibration are shown as small vertical lines in the upper
part of the Figure 4. C-index was 72.18% [30].
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4. Discussion

Cephalosporins have evolved greatly in the past decade through the creation of new-
generation molecules with wide-spectrum activity. These new compounds theoretically
permit a sparing approach in various antimicrobial classes, such as glycopeptides, lipo-
glycopeptides, and aminoglycosides, and they favor molecules with a good safety profile.
Ceftobiprole medocaril has been approved for the treatment of adult CAP and HAP (ex-
cluding ventilator-acquired pneumonia) in 12 European countries, as well as in Canada
and Switzerland.

We presented here a large real-world, single-center cohort of patients with pneumonia
who were treated with ceftobiprole, which is characterized by a median age of 70 years and a
median Charlson Comorbidity Index of 5, with an overall low mortality rate. Two thirds of
patients had CAP. These findings, together with a majority of patients with an INCREMENT-
ESBL score > 11, characterize a population with a high grade of comorbidities and with a
high risk for mortality, consistent with the therapeutic choice of ceftobiprole. Few real-life
studies reported ceftobiprole as a feasible option in patients with several comorbidities and
polypharmacological therapies [31,32].

The majority of patients were admitted to IMWs and 20% were admitted to hematology,
thus involving a proportion of immunedepressed patients. Only a small proportion of
patients had concomitant COVID-19, which might have represented a predisposing factor
for bacterial pulmonary co-infections or superinfections including those sustained by
MDR pathogens [33–35]. Regarding risk factors for MRSA pneumonia, the vast majority
of patients, more than 90%, had at least one recognized risk factor for MRSA as recent
hospitalization, immune-depression, and recent influenza. Of note, five patients were
affected by necrotizing pneumonia, of which there were three CAP cases treated with
first-line ceftobiprole, and all patients survived.

Interestingly, blood cultures were performed in all cases with a 20% of positive result,
which is a microbiological diagnostic rate well-described in the literature for pneumonia
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that usually has a low detection of pathogens [15–17,32]; nonetheless, the risk of performing
an elevated number of blood cultures needs also to be taken into consideration.

Of note, first-line treatment with ceftobiprole was associated with better survival
than escalation or targeted second-line regimens were, although there were no significant
differences in the primary outcome. This is a new finding compared to other real-life
studies, in which ceftobiprole in pluripathological patients was mostly used as a rescue
therapy or sequential treatment [31,36].

A major feature of this study was the application of a carbapenem-sparing strategy
with ceftobiprole and, indeed, the survival curves were consistent with the best results
obtained with first-line treatment or carbapenem-sparing treatment. Indeed, our results
represent the first evidence of ceftobiprole in this setting and it is different from the first
perspective in a recent multicenter Italian study where ceftobiprole combination treatment
was mainly given with carbapenems [13].

In terms of outcomes, the mortality rate was 25%, similar to another experience in
which in-hospital mortality in CAP and HAP was around 30% [35]. Among baseline
factors, solid tumor, congestive heart failure, and concomitant septic shock were directly
associated with mortality and mortality or three-month re-admission, underlining the
impact of patient comorbidities and clinical severity on outcome.

Only in a small proportion of cases clinicians associate the use of ceftobiprole with an
anti-ESBL agent (8%), reflecting the confidence they have in this molecule as an alternative
to carbapenems in HAP even in a setting with relatively high INCREMENT-ESBL scores;
and, at the same time, considering the Italian epidemiological situation. Interestingly, we
did not demonstrate a difference in mortality when ceftobiprole was used as the first line
of treatment or as de-escalation from carbapenem or glycopeptide/oxazolidinone in CAP
and HAP.

Moreover, even though not statistically significant, patients who received ceftobiprole
as a first-line treatment or as a carbapenem-sparing strategy showed a better outcome
compared to those who received ceftobiprole as a second-line regimen for any other reason.
In particular, the highest excess of mortality was observed when ceftobiprole was used in
as a second-line treatment for escalation for clinical severity, maybe because these patients
had a poor clinical response or somehow more serious illness conditions.

Despite that the INCREMENT-ESBL score has been validated as a predictor of mor-
tality in bloodstream infections sustained by EBSL [17], we applied, for the first time,
this score in the setting of CAP-HAP and we demonstrated that an INCREMENT-ESBL
score > 11 emerged as an independent predictor of both mortality and mortality or three-
month re-admission. Therefore, we can speculate on the utility of the INCREMENT-ESBL,
to early-identify patients who, from a stewardship perspective, may benefit either from
ceftobiprole-sparring regimens, i.e., with fosfomycin, sparing either carbapenems or per-
haps vancomycin or linezolid [37,38].

Lastly, we built a bedside prognostic model to assess which patients may benefit
from sparing strategies based on a nomogram risk assessment. Despite the need of an
external validation of this model in different cohorts, this is a visual tool that could help
clinicians in assessing the risk of mortality for each admitted patient based on some easy-
to-collect variables.

Several limitations of our study need to be pointed out. First, the lack of a control
group and the single-center treatment experience might affect the strength of the evidence
of these findings. Moreover, we did analyze CAP and HAP, which were treated with combo
or monotherapy. Finally, different survival rates for treatment regimens using Kaplan–
Meier estimates might have been confounded by age and comorbidity distribution, which
also directly affect the outcomes.

Nonetheless, these real-life data confirm a valid role for this molecule in the treatment
of CAP and HAP from a stewardship perspective and the possible use of INCREMENT-
ESBL scores outside the setting of bloodstream infections. In conclusion, bearing in mind
the limitations, these results could suggest a role for ceftobiprole for CAP and HAP as a
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stewardship tool to reduce the use of carbapenems as well as anti-MRSA agents, reducing
the risk of mortality and side effects even in patients with several risk factors.

Author Contributions: Conceptualization, S.C.; Methodology, E.E.P.; Validation, E.E.P.; Formal
analysis, M.C. and E.E.P.; Investigation, I.D.B., M.C. and N.S.; Data curation, I.D.B., C.G. and S.S.;
Writing—Original draft, S.C., I.D.B. and S.S.; Writing—Review & editing, E.E.P., E.L. and F.G.D.R.;
Supervision, M.P. and F.G.D.R.; Project administration, C.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This study was supported by “Fondi ex 60%” Dipartimento di Scienze Mediche, Università
degli studi di Torino, Italy (project number PIVE_RILO_22_01).

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Nicholson, S.C.; Welte, T.; File, T.M.; Strauss, R.S.; Michiels, B.; Kaul, P.; Balis, D.; Arbit, D.; Amsler, K.; Noel, G.J. A Randomised,

Double-Blind Trial Comparing Ceftobiprole Medocaril with Ceftriaxone with or without Linezolid for the Treatment of Patients
with Community-Acquired Pneumonia Requiring Hospitalisation. Int. J. Antimicrob. Agents 2012, 39, 240–246. [CrossRef]
[PubMed]

2. Awad, S.S.; Rodriguez, A.H.; Chuang, Y.-C.; Marjanek, Z.; Pareigis, A.J.; Reis, G.; Scheeren, T.W.L.; Sanchez, A.S.; Zhou, X.; Saulay,
M.; et al. A Phase 3 Randomized Double-Blind Comparison of Ceftobiprole Medocaril versus Ceftazidime plus Linezolid for the
Treatment of Hospital-Acquired Pneumonia. Clin. Infect. Dis. 2014, 59, 51–61. [CrossRef] [PubMed]

3. Eshwara, V.; Mukhopadhyay, C.; Rello, J. Community-Acquired Bacterial Pneumonia in Adults: An Update. Indian J. Med. Res.
2020, 151, 287. [CrossRef] [PubMed]

4. Bäckström, T.; Panagiotidis, G.; Beck, O.; Asker-Hagelberg, C.; Rashid, M.-U.; Weintraub, A.; Nord, C.E. Effect of Ceftobiprole on
the Normal Human Intestinal Microflora. Int. J. Antimicrob. Agents 2010, 36, 537–541. [CrossRef] [PubMed]

5. Pfaller, M.A.; Flamm, R.K.; Duncan, L.R.; Streit, J.M.; Castanheira, M.; Sader, H.S. Antimicrobial Activity of Ceftobiprole and
Comparator Agents When Tested against Contemporary Gram-Positive and -Negative Organisms Collected from Europe (2015).
Diagn. Microbiol. Infect. Dis. 2018, 91, 77–84. [CrossRef] [PubMed]

6. Hamed, K.; Engelhardt, M.; Jones, M.E.; Saulay, M.; Holland, T.L.; Seifert, H.; Fowler, V.G., Jr. Ceftobiprole versus Daptomycin
in Staphylococcus Aureus Bacteremia: A Novel Protocol for a Double-Blind, Phase III Trial. Future Microbiol. 2020, 15, 35–48.
[CrossRef]

7. Torres, A.; Mouton, J.W.; Pea, F. Pharmacokinetics and Dosing of Ceftobiprole Medocaril for the Treatment of Hospital- and
Community-Acquired Pneumonia in Different Patient Populations. Clin. Pharmacokinet. 2016, 55, 1507–1520. [CrossRef] [PubMed]

8. Rodvold, K.A.; Nicolau, D.P.; Lodise, T.P.; Khashab, M.; Noel, G.J.; Kahn, J.B.; Gotfried, M.; Murray, S.A.; Nicholson, S.;
Laohavaleeson, S.; et al. Identifying Exposure Targets for Treatment of Staphylococcal Pneumonia with Ceftobiprole. Antimicrob.
Agents Chemother. 2009, 53, 3294–3301. [CrossRef] [PubMed]

9. Lupia, T.; Corcione, S.; Mornese Pinna, S.; De Rosa, F.G. New Cephalosporins for the Treatment of Pneumonia in Internal Medicine
Wards. J. Thorac. Dis. 2020, 12, 3747–3763. [CrossRef]

10. Giacobbe, D.R.; De Rosa, F.G.; Del Bono, V.; Grossi, P.A.; Pea, F.; Petrosillo, N.; Rossolini, G.M.; Tascini, C.; Tumbarello, M.; Viale,
P.; et al. Ceftobiprole: Drug Evaluation and Place in Therapy. Expert Rev. Anti-Infect. Ther. 2019, 17, 689–698. [CrossRef]

11. Cillóniz, C.; Dominedò, C.; Garcia-Vidal, C.; Torres, A. Ceftobiprole for the Treatment of Pneumonia. Rev. Esp. Quimioter. 2019, 32
(Suppl. S3), 17–23.

12. Liapikou, A.; Cillóniz, C.; Torres, A. Ceftobiprole for the Treatment of Pneumonia: A European Perspective. Drug Des. Dev. Ther.
2015, 9, 4565–4572. [CrossRef]

13. Gentile, I.; Buonomo, A.R.; Corcione, S.; Paradiso, L.; Giacobbe, D.R.; Bavaro, D.F.; Tiseo, G.; Sordella, F.; Bartoletti, M.; Palmiero,
G.; et al. CEFTO-CURE Study: CEFTObiprole Clinical Use in Real-LifE—A Multi-Centre Experience in Italy. Int. J. Antimicrob.
Agents 2023, 62, 106817. [CrossRef] [PubMed]

14. Torres, A.; Niederman, M.S.; Chastre, J.; Ewig, S.; Fernandez-Vandellos, P.; Hanberger, H.; Kollef, M.; Li Bassi, G.; Luna, C.M.;
Martin-Loeches, I.; et al. International ERS/ESICM/ESCMID/ALAT Guidelines for the Management of Hospital-Acquired
Pneumonia and Ventilator-Associated Pneumonia. Eur. Respir. J. 2017, 50, 1700582. [CrossRef] [PubMed]

15. Woodhead, M.; Blasi, F.; Ewig, S.; Garau, J.; Huchon, G.; Ieven, M.; Ortqvist, A.; Schaberg, T.; Torres, A.; van der Heijden, G.;
et al. Guidelines for the Management of Adult Lower Respiratory Tract Infections—Full Version. Clin. Microbiol. Infect. 2011, 17,
E1–E59. [CrossRef]

16. Fine, M.J.; Auble, T.E.; Yealy, D.M.; Hanusa, B.H.; Weissfeld, L.A.; Singer, D.E.; Coley, C.M.; Marrie, T.J.; Kapoor, W.N. A Prediction
Rule to Identify Low-Risk Patients with Community-Acquired Pneumonia. N. Engl. J. Med. 1997, 336, 243–250. [CrossRef]

https://doi.org/10.1016/j.ijantimicag.2011.11.005
https://www.ncbi.nlm.nih.gov/pubmed/22230331
https://doi.org/10.1093/cid/ciu219
https://www.ncbi.nlm.nih.gov/pubmed/24723282
https://doi.org/10.4103/ijmr.IJMR_1678_19
https://www.ncbi.nlm.nih.gov/pubmed/32461392
https://doi.org/10.1016/j.ijantimicag.2010.07.021
https://www.ncbi.nlm.nih.gov/pubmed/20926263
https://doi.org/10.1016/j.diagmicrobio.2017.12.020
https://www.ncbi.nlm.nih.gov/pubmed/29395713
https://doi.org/10.2217/fmb-2019-0332
https://doi.org/10.1007/s40262-016-0418-z
https://www.ncbi.nlm.nih.gov/pubmed/27272266
https://doi.org/10.1128/AAC.00144-09
https://www.ncbi.nlm.nih.gov/pubmed/19451287
https://doi.org/10.21037/jtd-20-417
https://doi.org/10.1080/14787210.2019.1667229
https://doi.org/10.2147/DDDT.S56616
https://doi.org/10.1016/j.ijantimicag.2023.106817
https://www.ncbi.nlm.nih.gov/pubmed/37061102
https://doi.org/10.1183/13993003.00582-2017
https://www.ncbi.nlm.nih.gov/pubmed/28890434
https://doi.org/10.1111/j.1469-0691.2011.03672.x
https://doi.org/10.1056/NEJM199701233360402


Microorganisms 2024, 12, 725 13 of 13

17. Palacios-Baena, Z.R.; Gutiérrez-Gutiérrez, B.; Calbo, E.; Almirante, B.; Viale, P.; Oliver, A.; Pintado, V.; Gasch, O.; Martínez-
Martínez, L.; Pitout, J.; et al. Empiric Therapy with Carbapenem-Sparing Regimens for Bloodstream Infections due to Extended-
Spectrum β-Lactamase-Producing Enterobacteriaceae: Results from the INCREMENT Cohort. Clin. Infect. Dis. 2017, 65,
1615–1623. [CrossRef]

18. Bartlett, J.G.; Dowell, S.F.; Mandell, L.A.; File, T.M.; Musher, D.M.; Fine, M.J. Practice Guidelines for the Management of
Community-Acquired Pneumonia in Adults. Clin. Infect. Dis. 2000, 31, 347–382. [CrossRef]

19. Elshamly, M.; Nour, M.; Omar, A. Clinical Presentations and Outcome of Severe Community-Acquired Pneumonia. Egypt. J.
Chest Dis. Tuberc. 2016, 65, 831–839. [CrossRef]

20. Korvick, J.A.; Bryan, C.S.; Farber, B.; Beam, T.R.; Schenfeld, L.; Muder, R.R.; Weinbaum, D.; Lumish, R.; Gerding, D.N.; Wagener,
M.M. Prospective Observational Study of Klebsiella Bacteremia in 230 Patients: Outcome for Antibiotic Combinations versus
Monotherapy. Antimicrob. Agents Chemother. 1992, 36, 2639–2644. [CrossRef]

21. Al-Hasan, M.N.; Baddour, L.M. Resilience of the Pitt Bacteremia Score: 3 Decades and Counting. Clin. Infect. Dis. 2019, 70,
1834–1836. [CrossRef] [PubMed]

22. Henderson, H.; Luterbach, C.L.; Cober, E.; Richter, S.S.; Salata, R.A.; Kalayjian, R.C.; Watkins, R.R.; Doi, Y.; Kaye, K.S.; Evans, S.;
et al. The Pitt Bacteremia Score Predicts Mortality in Nonbacteremic Infections. Clin. Infect. Dis. 2019, 70, 1826–1833. [CrossRef]

23. Roth, J.; Tschudin-Sutter, S.; Dangel, M.; Frei, R.; Battegay, M.; Widmer, A. Value of the Pitt Bacteraemia Score to Predict Short-Term
Mortality in Staphylococcus Aureus Bloodstream Infection: A Validation Study. Swiss Med. Wkly. 2017, 147, w14482. [CrossRef]
[PubMed]

24. Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C. Ronald. A New Method of Classifying Prognostic Comorbidity in
Longitudinal Studies: Development and Validation. J. Chronic Dis. 1987, 40, 373–383. [CrossRef] [PubMed]

25. Abe, Y.; Shigemura, K.; Yoshida, H.; Fujisawa, M.; Arakawa, S. Risk Factors for Anti-MRSA Drug Resistance. Int. J. Antimicrob.
Agents 2012, 40, 423–426. [CrossRef]

26. Charlson, M.E.; Carrozzino, D.; Guidi, J.; Patierno, C. Charlson Comorbidity Index: A Critical Review of Clinimetric Properties.
Psychother. Psychosom. 2022, 91, 8–35. [CrossRef]

27. Lagergren, J.; Brusselaers, N. The Charlson Comorbidity Index in Registry-Based Research. Methods Inf. Med. 2017, 56, 401–406.
[CrossRef]

28. Tuty Kuswardhani, R.A.; Henrina, J.; Pranata, R.; Anthonius Lim, M.; Lawrensia, S.; Suastika, K. Charlson Comorbidity Index
and a Composite of Poor Outcomes in COVID-19 Patients: A Systematic Review and Meta-Analysis. Diabetes Metab. Syndr. Clin.
Res. Rev. 2020, 14, 2103–2109. [CrossRef]

29. Harrell, F.E. Regression Modeling Strategies; Springer: New York, NY, USA, 2001. [CrossRef]
30. Steyerberg, E.W. Clinical Prediction Models; Springer: New York, NY, USA, 2009. [CrossRef]
31. Hidalgo-Tenorio, C.; Pitto-Robles, I.; Arnés García, D.; de Novales, F.J.M.; Morata, L.; Mendez, R.; de Pablo, O.B.; López de

Medrano, V.A.; Lleti, M.S.; Vizcarra, P.; et al. Cefto Real-Life Study: Real-World Data on the Use of Ceftobiprole in a Multicenter
Spanish Cohort. Antibiotics 2023, 12, 1218. [CrossRef]

32. Oliva, A.; Savellon, G.; Cancelli, F.; Valeri, S.; Mauro, V.; Aronica, R.; Romani, F.; Mastroianni, C.M. Real-Life Experience in the Use
of Ceftobiprole for the Treatment of Nosocomial Pneumonia: A Case Series. J. Glob. Antimicrob. Resist. 2021, 26, 52–54. [CrossRef]

33. Shbaklo, N.; Corcione, S.; Vicentini, C.; Giordano, S.; Fiorentino, D.; Bianco, G.; Cattel, F.; Cavallo, R.; Zotti, C.M.; De Rosa,
F.G. An Observational Study of MDR Hospital-Acquired Infections and Antibiotic Use during COVID-19 Pandemic: A Call for
Antimicrobial Stewardship Programs. Antibiotics 2022, 11, 695. [CrossRef] [PubMed]

34. De Benedetto, I.; Lupia, T.; Shbaklo, N.; Bianchi, A.; Concialdi, E.; Penna, M.; Corcione, S.; De Rosa, F. Prognostic Evaluation of
Acinetobacter Baumannii Ventilatorassociated Pneumonia in COVID-19. Infez. Med. 2022, 30, 570–576. [CrossRef] [PubMed]

35. Hespanhol, V.; Bárbara, C. Pneumonia Mortality, Comorbidities Matter? Pulmonology 2020, 26, 123–129. [CrossRef] [PubMed]
36. Crapis, M.; Venturini, S.; Della Siega, P.; Tonizzo, M.; Garlatti, E.; Rosa, R.D.; Basso, B.; Pontoni, E. Ceftobiprole and Pneumonia

in Adults Admitted to the Emergency Department Is It Time to Assess a New Therapeutic Algorithm? J. Chemother. 2021, 33,
174–179. [CrossRef] [PubMed]

37. Cairns, K.A.; Rawlins, M.D.M.; Unwin, S.D.; Doukas, F.F.; Burke, R.; Tong, E.; Henderson, A.J.; Cheng, A.C. Building on
Antimicrobial Stewardship Programs through Integration with Electronic Medical Records: The Australian Experience. Infect.
Dis. Ther. 2021, 10, 61–73. [CrossRef]

38. Lupia, T.; Pallotto, C.; Corcione, S.; Boglione, L.; De Rosa, F.G. Ceftobiprole Perspective: Current and Potential Future Indications.
Antibiotics 2021, 10, 170. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/cid/cix606
https://doi.org/10.1086/313954
https://doi.org/10.1016/j.ejcdt.2016.06.002
https://doi.org/10.1128/AAC.36.12.2639
https://doi.org/10.1093/cid/ciz535
https://www.ncbi.nlm.nih.gov/pubmed/31219546
https://doi.org/10.1093/cid/ciz528
https://doi.org/10.4414/smw.2017.14482
https://www.ncbi.nlm.nih.gov/pubmed/28804865
https://doi.org/10.1016/0021-9681(87)90171-8
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1016/j.ijantimicag.2012.07.005
https://doi.org/10.1159/000521288
https://doi.org/10.3414/ME17-01-0051
https://doi.org/10.1016/j.dsx.2020.10.022
https://doi.org/10.1007/978-1-4757-3462-1
https://doi.org/10.1007/978-0-387-77244-8
https://doi.org/10.3390/antibiotics12071218
https://doi.org/10.1016/j.jgar.2021.04.016
https://doi.org/10.3390/antibiotics11050695
https://www.ncbi.nlm.nih.gov/pubmed/35625339
https://doi.org/10.53854/liim-3004-12
https://www.ncbi.nlm.nih.gov/pubmed/36482960
https://doi.org/10.1016/j.pulmoe.2019.10.003
https://www.ncbi.nlm.nih.gov/pubmed/31787563
https://doi.org/10.1080/1120009X.2020.1821486
https://www.ncbi.nlm.nih.gov/pubmed/32996844
https://doi.org/10.1007/s40121-020-00392-5
https://doi.org/10.3390/antibiotics10020170

	Introduction 
	Patients and Methods 
	Inclusion Criteria 
	Data Collection 
	Risk Factor for MRSA 
	INCREMENT-ESBL Score 
	CURB-65 Score B18-microorganisms-2940093 
	PSI Score B19-microorganisms-2940093 
	PITT Score B20-microorganisms-2940093,B21-microorganisms-2940093,B22-microorganisms-2940093,B23-microorganisms-2940093 
	Charlson Comorbidity Index B24-microorganisms-2940093,B25-microorganisms-2940093,B26-microorganisms-2940093,B27-microorganisms-2940093,B28-microorganisms-2940093 
	Statistical Analysis 

	Results 
	Characteristics of Treatment with Ceftobiprole 
	Primary and Secondary Endpoints 
	Risk Factors for In-Hospital Mortality and In-Hospital Mortality or 3-Month Re-Admission 
	Overall Survival Estimates in Ceftobiprole Use 


	Discussion 
	References

