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Abstract: The Clinical Assessment Program and Teflaro® Utilization Registry (CAPTURE)
is a multicenter study evaluating the clinical use of ceftaroline fosamil in patients with
community-acquired bacterial pneumonia (CABP) or acute bacterial skin and skin structure
infection. Data were collected between August 2011 and February 2013, from 398 evaluable
patients receiving treatment at 33 sites in the USA. This manuscript presents data collected
from patients with CABP who received care in an intensive care unit (ICU) or in general
medical wards (35% and 64% of evaluable patients, respectively). The majority of ICU and
general medical ward patients had underlying comorbidities (78% and 74%, respectively),
with structural lung disease being the most common (42% in the ICU and 40% in general
medical wards). Patients admitted to the ICU had a longer duration of stay, a longer duration
of symptoms before treatment, and a longer duration of ceftaroline fosamil therapy than did
general medical ward patients. Most patients treated in the ICU and in general medical wards
were given ceftaroline fosamil as second-line therapy (87% and 80%, respectively). The overall
rate of clinical success for patients treated with ceftaroline fosamil was 68% in the ICU and
85% in the general medical wards. Clinical success for patients receiving ceftaroline fosamil
as a second-line agent was 84% in the ICU and 86% in general medical wards. These findings
indicate that ceftaroline fosamil is a viable treatment option for CABP, both in the ICU and
in general medical wards.
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Introduction

Community-acquired bacterial pneumonia (CABP) remains a significant cause of mor-
bidity and mortality in adults.! The initial clinical assessment defining disease severity
is an important factor in determining optimal management, including antimicrobial
treatment options and location of care (ie, outpatient clinic, general medical ward, or
intensive care unit [ICU]). Between 10%—36% of patients with CABP require ICU
admission,>* and these patients have mortality rates of 21%—58%.*

Guidelines used to evaluate the severity of CABP include those published by a
joint committee from the Infectious Diseases Society of America (IDSA) and the
American Thoracic Society (ATS).> The IDSA/ATS consensus guidelines defined
the major criteria for severe CABP and/or the need for ICU admission as patients in
septic shock needing vasopressors or patients with acute respiratory failure requiring
intubation.

Ceftaroline is a cephalosporin with broad-spectrum in vitro activity against mul-
tiple species of gram-positive and common gram-negative bacteria.®® Some of these
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bacteria, such as Streptococcus pneumoniae, Staphylococcus
aureus, and Haemophilus influenzae, have been associated
with severe CABP requiring admission to the ICU.’ In addi-
tion, resistant phenotypes of the gram-positive pathogens,
for example, methicillin-resistant S. aureus (MRSA) and
penicillin-resistant S. pneumoniae, remain susceptible to
ceftaroline in vitro.” Similar to other cephalosporins, ceftaro-
line does not possess in vitro activity against gram-negative
organisms that produce extended-spectrum B-lactamases.

Ceftaroline is bactericidal in vitro by irreversibly binding
penicillin-binding proteins (PBPs) to inhibit the biosynthesis
of the bacterial cell wall. In addition, ceftaroline exhibits high
binding affinity to PBPs in S. aureus (PBP1, -2 and -3), MRSA
(PBP2A), and S. pneumoniae (PBP2X, -2A and -2B).1°

Ceftaroline is the active form of the prodrug, ceftaroline
fosamil (Forest Laboratories, LLC, New York, NY, USA),
which was approved by the Food and Drug Administration
(FDA) in 2010 for the indications of CABP and acute bacterial
skin and skin structure infections, in the USA,'" and by the
European Medicines Agency for similar indications. The rec-
ommended dosage of ceftaroline fosamil in patients =18 years
of age is 600 mg every 12 hours, by intravenous (IV) injection;
however, dose adjustment of ceftaroline fosamil is required in
the setting of moderate-to-severe renal impairment. Ceftaroline
fosamil demonstrated noninferiority compared with ceftriax-
one in two Phase III clinical studies in patients with CABP.!>"14
In both studies, ceftaroline fosamil was well-tolerated, with a
safety profile similar to that of ceftriaxone.'*'?

The Clinical Assessment Program and Teflaro® Utiliza-
tion Registry (CAPTURE) is a multicenter registry study
providing information on the routine clinical use of ceftaro-
line fosamil in the USA. This manuscript describes the use
of ceftaroline fosamil among patients with CABP admitted
to the ICU, and those treated in general medical wards.

Methods

Study design
The objectives of CAPTURE were to determine patient,
disease, and pathogen characteristics in patients diagnosed
with CABP; to characterize the location of care and usage of
ceftaroline fosamil; and to assess clinical response to treat-
ment with ceftaroline fosamil. All study centers providing
CAPTURE data were located in the USA. The data collected
between August 2011 and February 2013 are presented for
patients who received treatment for CABP in the ICU or in
general medical wards.

CABP was defined as an acute illness with signs and
symptoms consistent with a lower respiratory tract infection,

and imaging consistent with bacterial pneumonia. ICU
patients were defined as hospitalized patients who received
any care in an ICU, and general medical ward patients were
defined as hospitalized patients who received no ICU care.

Male and female patients who were enrolled had to
be =18 years of age and have received treatment with ceftaro-
line fosamil for CABP. The study protocol initially required
that patients had to receive treatment with two or more con-
secutive IV doses of ceftaroline fosamil. Subsequently, in
August 2012, a protocol amendment increased the required
number of consecutive doses of ceftaroline fosamil to four or
more doses. Patient data were collected =30 days after the
end of IV ceftaroline fosamil administration. Patients were
excluded from the study if their charts were missing details
of dosing with ceftaroline fosamil or discharge information.
A further exclusion criterion was the previous extraction of
data from a patient’s chart.

Ethics statement

This study was approved by the Institutional Review Board
or ethics committee at each US study center providing data
and was conducted in compliance with the International
Conference on Harmonisation E6 Good Clinical Practice
guidance.'®

Patient populations

All patients meeting the inclusion criteria and no exclusion
criteria were defined as the enrolled population, and the eval-
uable population was defined by whether a clinical response
(success or failure) was determined. Clinical success was
defined as clinical cure with no further need for antibiotic,
or clinical improvement with switch to oral antibiotic. Clini-
cal failure was defined as discontinuation due to an adverse
event or insufficient therapeutic effect, and switch to another
IV antibiotic. In some cases, following a review of informa-
tion where the patient was confirmed to be improving upon
discontinuation of ceftaroline fosamil (with no evidence of
failure), the clinical response was deemed as successful.

Data collection and analysis

As CAPTURE is a retrospective registry study collecting data
on the contemporary clinical use of ceftaroline fosamil, no
formal randomization or comparator group was included nor
was the study powered for statistical inference. Categories of
data collected included patient demographics, relevant medi-
cal history, disease characteristics, location of care, pathogens
isolated, and antibiotic usage. For CABP patients, relevant
medical history included congestive heart failure, stroke, lung
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cancer, structural lung disease, gastroesophageal reflux, chronic
sinusitis, prior pneumonia, alcoholism, and smoking.

Data were collected by random selection and review of
patient charts identified from pharmacy listings in the ICU
or in the general medical wards. Data were summarized
using descriptive statistics: mean, standard deviation (SD),
median, and range for continuous variables; frequencies (n)
and percentages for categorical variables. Data analyses were
performed using SAS® Software Version 9.2 (SAS Institute
Inc., Cary, NC, USA).

Results

Sites and CABP patient populations
Between August 2011 and February 2013, 33 centers in the
USA contributed CABP data to the CAPTURE study. The
total number of enrolled patients with CABP was 418, of
which 398 were evaluable (95%). The evaluable population
was the focus of the data presented here.

Location of care

At the time of receiving ceftaroline fosamil therapy, 138
evaluable CABP patients were admitted to the ICU (35%)
and 256 were treated in general medical wards (64%). Two
patients received outpatient parenteral antimicrobial therapy
or home IV therapy with ceftaroline fosamil, and information
on location of care was missing for a further two patients,
therefore, these four patients were excluded from this
analysis. The mean (£ SD) duration of patient stay was 21.1
(£21.5) days for the ICU patients and 11.1 (£10.3) days for
patients treated in general medical wards. The median values
for duration of stay were 14.0 days among ICU patients and
8.0 days among patients who received care in the general
medical wards.

Patient demographics, medical history,

and disease characteristics
The majority of patients with CABP who received care in
an ICU were aged <65 years (57%) and were male (59%)

(Table 1). Most of the patients treated in general medical
wards were aged =65 years (53%) and were female (55%).
In the ICU, 78% of patients had relevant medical histories
compared with 74% of patients in general medical wards.
Structural lung disease was the most common underlying
comorbidity (42% in the ICU and 40% in general medical
wards) (Table 2). Other common comorbidities included
smoking, congestive heart failure, gastroesophageal reflux,
and prior pneumonia (18%—31%, in both the ICU and gen-
eral medical wards). Of the ICU patients with a history of
smoking, 58% were current smokers. Of the patients in the
general medical wards with a history of smoking, 44% were
current smokers.

The mean (+ SD) duration of symptoms prior to treatment
was 5.9 (£7.7) days for ICU patients and 3.4 (£5.0) days for
general medical ward patients. On the day of diagnosis, the
majority of patients in the ICU and in the general medical
wards had two or more signs and symptoms of CABP (88%
and 85%, respectively).

The most prevalent sign and symptom was dyspnea,
regardless of location of care (79% in ICU and 71% in gen-
eral medical wards). There was usually a higher frequency
of each sign and symptom in the ICU than in general medi-
cal wards, for example, dyspnea (shown above), abnormal
auscultatory findings (59% and 51%, respectively), sputum
production (41% and 39%, respectively), and cyanosis (9%
and 6%, respectively). The frequency of cough was 52% in
the ICU and 66% in general medical wards, and for pleu-
ritic chest pain, was 17% in the ICU and 27% in the general
medical wards.

At the end of treatment with ceftaroline fosamil there
was a decrease in the percentage of patients with each sign
and symptom, when compared with those on the day of
diagnosis (Figure 1).

Pathogens isolated
Pathogens were isolated from 59% of patients treated in the
ICU and 29% of patients treated in general medical wards.

Table | Baseline demographic data for evaluable CABP patients treated in the ICU (n=138) and in general medical wards (n=256)

Demographic category Subcategory ICU General medical ward
Sex, n (%) Male 82 (59.4) 115 (44.9)
Age at baseline (years) Mean (SD) 61.6 (17.3) 64.7 (17.9)
Median (range) 61.0 (19.0-96.0) 66.0 (23.0-99.0)
Age group (years), n (%) <40 15(10.9) 25 (9.8)
40 to under 65 64 (46.4) 95 (37.1)
65 to under 80 33 (23.9) 71 (27.7)
=80 26 (18.8) 65 (25.4)

Abbreviations: CABP, community-acquired bacterial pneumonia; ICU, intensive care unit; SD, standard deviation.
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Table 2 Relevant medical history for evaluable CABP patients treated in the ICU (n=138) and in general medical wards (n=256)

ICU, n (%)

General medical ward, n (%)

Any relevant medical history® 107 (77.5) 190 (74.2)
Structural lung disease 58 (42.0) 102 (39.8)
Smoking 43 (31.2) 70 (27.3)
Congestive heart failure 30 (21.7) 49 (19.1)
Gastroesophageal reflux 30 (21.7) 61 (23.8)
Prior pneumonia 25 (18.1) 72 (28.1)
Alcoholism 12 (8.7) 15(5.9)
Stroke 10 (7.2) 21 (8.2)
Lung cancer 2(1.4) 14 (5.5)
Chronic sinusitis 1 (0.7) 5(2.0)

Notes: *For the remainder of patients, relevant medical history was either not present or not available. These categories are not mutually exclusive, and patients may have

had more than one comorbidity.

Abbreviations: CABP, community-acquired bacterial pneumonia; ICU, intensive care unit.

Among the ICU patients with pathogens isolated, S. aureus
was the organism most commonly recovered (57%, compris-
ing 41% MRSA and 16% methicillin-susceptible S. aureus
[MSSA]), followed by S. pneumoniae (12%). When patho-
gens were recovered from patients in the general medical
wards, S. aureus was also most frequently isolated organism
(52%, comprising 39% MRSA and 13% MSSA), followed
by S. pneumoniae (8%).

Antibiotic usage

Patients were treated with ceftaroline fosamil for a mean
(£ SD) duration of 6.6 (4.7) days in the ICU and 5.9 (#4.1)
days in general medical wards. The number of mean (+ SD)
doses of ceftaroline fosamil given to patients treated in the
ICU was 11.8 (£9.3) compared with 10.3 (£8.2) mean doses
for patients treated in the general medical wards.

= |[CU o General medical ward
% change
—60 -50 —40 -30 —20 -10 0

|
h*‘ Dyspnea

Abnormal auscultatory findings

|
4“ Cough

Sputum production

Iﬁ Pleuritic chest pain
ﬁ Cyanosis
|

Figure | Change in clinical signs and symptoms at the end of treatment versus
the day of diagnosis for evaluable CABP patients treated in the ICU (n=138) and in
general medical wards (n=256).

Notes: These categories are not mutually exclusive, and patients may have had
more than one sign or symptom.

Abbreviations: CABP, community-acquired bacterial pneumonia; ICU, intensive
care unit.

The majority of ICU and general medical ward patients
had received other antibiotics before treatment with ceftaro-
line fosamil (87% and 80%, respectively) (Table 3). The most
common types of prior antibiotics given to ICU patients were
glycopeptides (40%), followed by other cephalosporins and
quinolones (37% each). Other cephalosporins were the prior
antibiotics most frequently administered to general medical
ward patients (38%), followed by quinolones (27%) and
macrolides (25%).

Ceftaroline fosamil was given as monotherapy to 32%
of ICU patients and to 35% of patients in general medical
wards. The remaining patients were treated with ceftaroline
fosamil as concurrent therapy. When ceftaroline fosamil
was given concurrently, quinolones were the most com-
monly coadministered antibiotics among ICU patients
(26%), followed by macrolides (21%) (Table 3). Among
general medical ward patients, ceftaroline fosamil was most
commonly coadministered with macrolides and quinolones
(25% and 20%, respectively). Other antibiotics given con-
currently with ceftaroline fosamil in both locations of care
included other cephalosporins, glycopeptides, and penicil-
lins (6%—15%).

After ceftaroline fosamil treatment, ICU and general
medical ward patients were most commonly switched to
quinolones (15% in each location of care) (Table 3).

Clinical response

The rates of clinical success with ceftaroline fosamil were
68% in the ICU patients and 85% among patients in general
medical wards. In the ICU, clinical success was 56%, 69%,
and 90%, respectively, among patients with MRSA, MSSA,
or S. pneumoniae. The rates of clinical success in the general
medical wards were 76%, 80%, and 83%, respectively, for
patients with MRSA, MSSA, or S. pneumoniae.
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Table 3 Antibiotic usage for evaluable CABP patients treated in the ICU (n=138) and in general medical wards (n=256)

Antibiotic therapy*

ICU, n (%) General medical ward, n (%)

Prior to ceftaroline fosamil (all antibiotics)
Glycopeptides
Other cephalosporins
Quinolones
Macrolides
Penicillins
Other antibiotics®
Concurrently with ceftaroline fosamil (all antibiotics)
Quinolones
Macrolides
Glycopeptides
Other cephalosporins
Penicillins
Other antibiotics®
Subsequent to ceftaroline fosamil (all antibiotics)
Quinolones
Penicillins
Other antibiotics®

120 (87.0) 205 (80.1)
55 (39.9) 61 (23.8)
51 (37.0) 96 (37.5)
51 (37.0) 68 (26.6)
39 (283) 64 (25.0)
35 (25.4) 40 (15.6)
73 (52.9) 80 (31.3)
94 (68.1) 167 (65.2)
36 (26.1) 52 (20.3)
29 (21.0) 65 (25.4)
21 (15.2) 20 (7.8)
13 (9.4) 15 (5.9)

8 (5.8) 16 (6.3)
48 (34.8) 72 (28.1)
60 (43.5) 125 (48.8)
20 (14.5) 39 (15.2)
8 (5.8) 16 (6.3)
57 (41.3) 105 (41.0)

Notes: “These categories are not mutually exclusive, and patients may have received more than one antibiotic class. Data are only presented when >5% of patients in both
locations of care were receiving a named antibiotic class. *Other antibiotics administered to patients included carbapenems, lincosamides, oxazolidinones, sulfa antibiotics,

and tetracyclines, as well as other antibiotics that were not categorically defined.

Abbreviations: CABP, community-acquired bacterial pneumonia; ICU, intensive care unit.

Clinical success was similar among patients receiv-
ing ceftaroline fosamil as first-line therapy or second-line
therapy in the ICU (61% and 69%, respectively) and in the
general medical wards (84% and 86%, respectively). For
patients receiving ceftaroline fosamil as monotherapy, clini-
cal success was observed in 72% of ICU patients and 81%
of patients in general medical wards. For patients treated
with ceftaroline fosamil as concurrent therapy, the rates of
clinical success were 66% in the ICU and 88% in general
medical wards.

A total of seven patients discontinued treatment with
ceftaroline fosamil because of adverse events (2%); four
of these patients were treated in the ICU, and three were in
general medical wards.

Hospital discharge

After receiving ceftaroline fosamil, 50% of ICU patients
were transferred to another care facility (including general
medical ward, nursing home, rehabilitation facility, or skilled
nursing facility) compared with 27% of general medical
ward patients. The proportion of ICU patients discharged
to home was 39%, and was 71% among general medical
ward patients.

A total of eight patients died; six of these patients were
being treated in the ICU, and two patients were in gen-
eral medical wards (4% and 1%, respectively). Nine ICU
patients and three general medical ward patients had missing

information on their destination upon discharge (7% and
1%, respectively).

Discussion

Patient demographic data from the CAPTURE study showed
that 59% of CABP patients treated in the ICU were male, with
structural lung disease cited as the most frequent comorbidity
(42%), followed by smoking (31%) and congestive heart fail-
ure (22%). These findings are supported by those from a US
study comparing patients with CABP admitted to the ICU ver-
sus those who received care in general medical wards.!” The
authors reported that ICU patients with CABP were mostly
men (88%) and had comorbidities such as chronic obstructive
pulmonary disease (35%), smoking (32%), or congestive heart
failure (21%). ICU patients in CAPTURE had a longer dura-
tion of stay than did general medical ward patients. Restrepo
and Anzeuto'® also found that patients with CABP requiring
ICU admission had a longer duration of hospitalization than
did those treated in general medical wards.

Clinical success among patients treated with ceftaroline
fosamil was lower in the ICU (68%) than in the general
medical wards (85%). Even though patients in both locations
of care had comparable frequencies of underlying comor-
bidities, the severity of those comorbidities, and potentially,
the severity of disease, may have been greater among ICU
patients than those in general medical wards. In addition,
patients in the ICU commonly had a higher frequency of
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each sign and symptom upon diagnosis than did patients
in the general medical wards. Restrepo et al'” concluded
that ICU patients presented with more severe disease than
did patients in general medical wards, based on pneumonia
severity index scoring.'” The CAPTURE study did not collect
the results of such scoring systems as a means of comparing
disease severity in patients since these scores are intended
for use upon admission, whereas the majority of patients in
CAPTURE received ceftaroline fosamil subsequent to the
time of admission.

Changes in the management of CABP over the last
20 years indicate that the initial focus of disease treatment
has shifted from diagnostic microbiological testing to
early and empiric antimicrobial therapy.?’ Principles on the
appropriateness of antimicrobial use have been discussed
since the discovery of these lifesaving agents, and the need
is ever more urgent in the era of increasing antimicrobial
resistance. A known modifiable risk factor in dealing
with the issue of resistance is the judicious prescribing
of antimicrobial therapy. Many institutions have imple-
mented antimicrobial stewardship programs to optimize
favorable clinical outcomes, to improve patient safety,
and to decrease the costs associated with indiscriminate
antimicrobial use.?!

In the treatment of CABP, severity of illness and loca-
tion of care are the major determinants of the antibiotics
that should be prescribed to patients. In the IDSA/ATS
consensus guidelines, the empiric therapy recommended
for CABP patients admitted to the ICU is combination
therapy comprising a B-lactam plus either a macrolide or a
fluoroquinolone.’ In the CAPTURE study, the majority of
patients received other antibiotics prior to treatment with
ceftaroline fosamil, and this likely represents second-line
or use as salvage therapy.

One multicenter study compared the efficacy of levofloxa-
cin monotherapy with the combination therapy of cefotaxime
and ofloxacin among ICU patients with CABP, in France,
Tunisia, and South Africa.? In this study and that of Restrepo
etal'’ S. pneumoniae was the pathogen most frequently iden-
tified among CABP patients (27% and 8%, respectively),
whereas in the CAPTURE study, S. aureus was the organism
most often recovered. The difference between the most preva-
lent pathogen encountered in CAPTURE likely reflects the
prescribing practices of clinicians in switching to ceftaroline
fosamil upon the detection of S. aureus after diagnostic testing.
S. aureus is also commonly identified in patients with struc-
tural lung disease,’ which was the most frequent comorbidity
among ICU and general medical ward patients in CAPTURE

(42% and 40%, respectively). The contrast between the most
prevalent pathogens recovered in each study may also indicate
changing epidemiology since the studies by Restrepo et al'’
and Leroy et al?? which most commonly identified S. pneu-
moniae, were conducted several years ago. Furthermore, the
microbiological confirmation of S. pneumoniae can be difficult
due to its fastidious nature, which may result in a low yield of
this organism in culture.?®

The CAPTURE data showed that MRSA was isolated
more frequently than MSSA. If community-acquired MRSA is
suspected or identified as the causative pathogen of CABP for a
patient in the ICU, then vancomycin or linezolid may be admin-
istered as part of the currently recommended empiric therapy.
In CAPTURE, ICU patients had received glycopeptides (40%)
and oxazolidinones (3%) prior to ceftaroline fosamil, which
suggests that they were used as therapy for MRSA.

Registry studies such as CAPTURE, which are based
on the collection of data from patient charts, have limita-
tions, including the retrospective study design, and the lack
of randomization or a comparator group to control possible
bias. These studies do, however, describe multiple informa-
tive factors relating to patient and disease demographics,
antibiotic treatment, and clinical response. These types of
studies also describe current clinical use.

Data collected from the CAPTURE study indicated that
ceftaroline fosamil was used in treating CABP in the ICU and
in general medical wards, including patients with underlying
comorbidities and those who had received prior antibiotics.
These findings further describe the use of ceftaroline fosamil
in contemporary clinical practice, for the treatment of patients
hospitalized with CABP.
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