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ABSTRACT Novel therapies for methicillin-resistant Staphylococcus aureus (MRSA)
bloodstream infection (BSI) are needed in the setting of reduced antibiotic susceptibilities and therapeutic failure. Ceftaroline is a cephalosporin antibiotic with MRSA
activity. Although not FDA approved for MRSA BSI, ceftaroline has generated much
interest as a potential treatment option. However, detailed descriptions of its use in
this setting remain limited. To address this, we conducted a retrospective, multicenter, observational study of adult patients with MRSA BSI treated with at least 72
h of ceftaroline from 2011 to 2015. Safety outcomes were examined in the overall
cohort, while efﬁcacy outcomes were examined among patients who had not
cleared their BSI prior to ceftaroline initiation. Data were also stratiﬁed by ceftaroline
monotherapy or combination therapy. Predictors of clinical failure on ceftaroline
treatment were also sought. Overall, 211 patients were included in the safety population; Clostridium difﬁcile infection, rash, and neutropenia occurred in 6 patients
(2.8%), 7 patients (3.3%), and 3 patients (1.4%), respectively. Clinical success was observed in 86 (68.3%) of the 126 patients included in the efﬁcacy population. The
monotherapy and combination therapy subgroups had similar proportions of patients experiencing success (69.7 and 64.9%, respectively). The median BSI durations
post-ceftaroline treatment were 2 days (interquartile range, 1 to 4 days) for monotherapy and 3 days (interquartile range, 1.5 to 5 days) for combination therapy.
Higher acute physiology and chronic health evaluation II scores and comorbid malignancy independently predicted treatment failure. Ceftaroline appears effective for
MRSA BSI as both monotherapy and combination therapy. However, comparative
studies are needed to further delineate the role of ceftaroline in MRSA BSI treatment.
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M

ethicillin-resistant Staphylococcus aureus (MRSA) continues to be a tremendous
public health issue, causing a range of infections in both community and health
care settings (1). MRSA is estimated to result in more than 80,000 invasive infections
and 11,000 deaths in the United States annually (1). Bloodstream infections (BSIs)
caused by MRSA have been associated with substantial morbidity, mortality, and health
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care costs (2–4). Although vancomycin is considered the treatment of choice for MRSA
BSI, treatment failure, the emergence of reduced-vancomycin-susceptibility phenotypes such as heterogeneous vancomycin-intermediate Staphylococcus aureus, and
adverse drug reactions necessitate alternative treatment options. (5–7) Daptomycin is
currently the primary alternative to vancomycin for MRSA BSI, but its use is not without
limitations (5, 8–11). Interactions with pulmonary surfactant render daptomycin ineffective for BSI secondary to a respiratory source (12). Daptomycin-nonsusceptible
Staphylococcus aureus has also emerged, along with descriptions of daptomycin failure
following vancomycin failure (13–15). Collectively, the limitations of these two
standard-of-care agents for MRSA BSI demonstrate the urgent need for additional
evidence-based antibiotic therapies.
Ceftaroline fosamil, the prodrug of ceftaroline, is a cephalosporin antibiotic with
potent bactericidal Gram-positive activity (16). To date, it is the only beta-lactam
antibiotic commercially available in the United States with inherent activity against
MRSA. Although not FDA labeled for Staphylococcus aureus BSI, ceftaroline fosamil, here
called ceftaroline, has garnered considerable interest for the treatment of MRSA BSI
(17). However, currently reported data examining the effectiveness and safety of
ceftaroline speciﬁc for MRSA BSI are limited. Most investigations are limited by small
sample sizes and frequently describe the use of ceftaroline in combination with other
MRSA-active therapies for treatment-refractory BSI (17–24). Therefore, this analysis
sought to provide a detailed, multicenter description of the clinical characteristics and
outcomes of patients with MRSA BSI treated with ceftaroline as monotherapy or
combination therapy. As a secondary objective, we also sought to explore factors
independently associated with clinical failure among patients treated with ceftaroline
for MRSA BSI.
RESULTS
In total, 211 patients received ceftaroline for ⱖ72 h for MRSA BSI during the study
period and were included in the safety population. A complete description of patient
baseline demographics and clinical characteristics of this population are displayed in
Table S1 in the supplemental material. Ceftaroline was administered every 8 h in 108
(51.2%) patients and was given in combination with another MRSA-active antibiotic in
46 (21.8%) patients. The median inpatient duration of ceftaroline therapy was 11 days
(interquartile range [IQR], 5 to 15 days). Inpatient adverse reactions were uncommon,
with Clostridium difﬁcile infection, rash, and neutropenia occurring in 6 patients (2.8%),
7 patients (3.3%), and 3 patients (1.4%), respectively. Among the three patients experiencing neutropenia, two were receiving 600 mg ceftaroline every 8 h, while one was
receiving 400 mg every 12 h. The times from ceftaroline initiation to neutropenia onset
were 13, 20, and 15 days, respectively.
Patient characteristics and outcomes of the 126 patients included in the efﬁcacy
population are shown in Table 1. The most common MRSA BSI sources were lower
respiratory tract (32.5%) and infective endocarditis (24.6%). Ceftaroline was the second
(54.0%) or third (35.7%) directed therapy in a majority of cases, and the median BSI
duration pre-ceftaroline treatment was 3 days (IQR, 2.0 to 6.3 days). The most common
reasons for ceftaroline use were perceived failure of prior therapy as documented by
the treating physician (53.2%) and elevated vancomycin MIC (19.8%). Clinical success
was observed for 86 (68.3%) of the patients in the efﬁcacy population, with 28 (22.2%)
experiencing in-hospital mortality.
Table 1 also displays the characteristics and outcomes of the monotherapy and
combination therapy subgroups within the efﬁcacy population. Patient characteristics
in these subgroups were largely similar to those of the overall cohort. The most
common BSI source for the 89 patients receiving monotherapy was lower respiratory
tract (35.2%), whereas infective endocarditis and lower respiratory tract (29.7% each)
were most common among the 37 combination therapy patients. Ceftaroline monotherapy was predominantly used as the second directed therapy (54.0%), with a median
BSI duration pre-ceftaroline treatment of 3 days (IQR, 2 to 5.5 days). In contrast,
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TABLE 1 Baseline demographics, clinical characteristics, and outcomes of the efﬁcacy population
Value for group

Comorbidities and past medical history
No. of patients with comorbidity or past medical history (%)
Prior antibiotics (90 days)
Prior MRSA infection (1 yr)
Obesity
Diabetes mellitus
Chronic kidney disease
Chronic hemodialysis
Liver disease
Intravenous drug user
Malignancy
HIV/AIDS
Neutropeniaa
Median Charlson comorbidity index (IQR)
Clinical characteristics
No. of patients in intensive care unit (%)b
Median APACHE II score (IQR)b
No. (%) of patients with:
Lower respiratory tract source
Infective endocarditis source
Bone/joint source
Intravenous catheter source
Skin/soft tissue source
Other source
Polymicrobial BSI
Vancomycin-susceptible strainc
Daptomycin-susceptible strainc,d
Ceftaroline-susceptible straine
Treatment information
No. (%) of patients with:
Infectious diseases consultf
Source control pursuedg
Prior directed therapy with vancomycin
Prior directed therapy with daptomycin
Ceftaroline dosing frequency
Every 8 h
Every 12 h
Every 24 h
Ceftaroline dose
600 mg
400 mg
300 mg
200 mg
Median ceftaroline inpatient duration (days) (IQR)
No. (%) of patients receiving combination therapy with:
Daptomycin
Vancomycin
Gentamicin
Rifampin

Overall
(n ⴝ 126)

Monotherapy
(n ⴝ 89)

Combination therapy
(n ⴝ 37)

59 (45.5–66.8)
70 (55.6)

59 (48–67)
50 (56.2)

57 (45–66.5)
20 (54.1)

86 (68.3)
34 (27.0)
1 (0.8)
5 (4.0)

62 (69.7)
21 (23.6)
1 (1.1)
5 (5.6)

24 (64.9)
13 (35.1)
0
0

83 (65.9)
30 (23.8)
13 (10.3)

52 (58.4)
26 (29.2)
11 (12.4)

31 (83.8)
4 (10.8)
2 (5.4)

33 (26.2)
20 (15.9)
48 (38.1)
47 (37.3)
34 (27.0)
26 (20.6)
20 (15.9)
24 (19.0)
7 (5.6)
8 (6.3)
3 (2.4)
3 (2–5)

24 (27.0)
14 (15.7)
37 (41.6)
34 (38.2)
25 (28.1)
19 (21.3)
13 (14.6)
14 (15.7)
4 (4.5)
3 (3.4)
2 (2.2)
3 (2–5)

9 (24.3)
6 (16.2)
11 (29.7)
13 (35.1)
9 (24.3)
7 (18.9)
7 (18.9)
10 (27.0)
3 (8.1)
5 (13.5)
1 (2.7)
3 (2–5)

45 (35.7)
16 (12–22)

31 (34.8)
16 (12–22)

14 (37.8)
16 (13–22)

41 (32.5)
31 (24.6)
26 (20.6)
20 (15.9)
11 (8.7)
22 (17.5)
10 (7.9)
125 (99.2)
116 (96.7)
94 (96.9)

30 (33.7)
20 (22.5)
20 (22.5)
16 (18.0)
9 (10.1)
14 (15.7)
6 (6.7)
88 (98.9)
80 (96.4)
70 (95.9)

11 (29.7)
11 (29.7)
6 (16.2)
4 (10.8)
2 (5.4)
8 (21.6)
4 (10.8)
37 (100.0)
36 (97.3)
24 (100.0)

113 (93.4)
42 (34.7)
107 (84.9)
48 (38.1)

79 (91.9)
28 (32.9)
74 (83.1)
22 (24.7)

34 (97.1)
14 (38.9)
33 (89.2)
26 (70.3)

66 (52.4)
54 (42.9)
6 (4.8)

52 (58.4)
33 (37.1)
4 (4.5)

14 (37.8)
21 (56.8)
2 (5.4)

76 (60.3)
19 (15.1)
11 (8.7)
20 (15.9)
13 (5–21)

55 (61.8)
14 (15.7)
8 (9.0)
12 (13.5)
13 (5–22)

21 (56.8)
5 (13.5)
3 (8.1)
8 (21.6)
14 (4–17)

28 (22.2)
3 (2.4)
3 (2.4)
5 (4.0)

28 (75.7)
3 (8.1)
3 (8.1)
5 (13.5)
(Continued on following page)
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Parameter
Demographics
Median age (yr) (IQR)
No. of male patients (%)
No. of patients of race (%)
African American
Caucasian
Hispanic/Latino
Other
No. of patients in hospital system (%)
Detroit Medical Center
UF Health-Shands Hospital
Henry Ford Hospital
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TABLE 1 (Continued)
Value for group
Parameter
Outcomes
No. of patients achieving clinical success (%)
No. of patients with in-hospital mortality (%)
No. of patients with cleared BSI on ceftaroline (%)
Median BSI duration post-ceftaroline initiation (days) (IQR)
Median length of stay post-ceftaroline initiation (days) (IQR)

Overall
(n ⴝ 126)

Monotherapy
(n ⴝ 89)

Combination therapy
(n ⴝ 37)

86 (68.3)
28 (22.2)
115 (91.3)
3 (1–4)
12 (8–20)

62 (69.7)
17 (19.1)
79 (88.8)
2 (1–4)
12 (8–18)

24 (64.9)
11 (29.7)
36 (97.3)
3 (1.5–5)
15 (8.5–22.5)

as an absolute neutrophil count of ⬍500 cells/mm3 at ceftaroline initiation.
the time of the index culture.
cSusceptibility determined by Microscan, Vitek 2, BD Phoenix, or Etest.
dDaptomycin susceptibility were available for 120, 83, and 37 patients in the efﬁcacy population and the monotherapy and combination therapy subgroups,
respectively.
eCeftaroline susceptibility was determined by Etest for 97, 73, and 24 patients in the efﬁcacy population and the monotherapy and combination therapy subgroups,
respectively.
fInfectious diseases consult status known for 121, 86, and 35 patients in the efﬁcacy population and the monotherapy and combination therapy subgroups,
respectively.
gPursuit of source control known for 121, 85, and 36 patients in the efﬁcacy population and the monotherapy and combination therapy subgroups, respectively.
aDeﬁned
bAt

DISCUSSION
Given the widespread burden of MRSA BSI on the health care system and the
limitations of current standard therapies, this analysis sought to assess ceftaroline as a
potential treatment option. The results suggest the ceftaroline is effective and safe for
MRSA BSI when given as monotherapy or in combination with other MRSA-active
antibiotics. Clinical success was observed in nearly 70% of patients, and BSI clearance
while receiving ceftaroline occurred in more than 90% of patients. Ceftaroline was the
second or third directed therapy in the vast majority of included patients, and perceived failure of prior therapy was the documented reason for ceftaroline use in more
than half of these patients. Thus, these results primarily represent ceftaroline as
“salvage” therapy.
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ceftaroline combination therapy was the third directed regimen in most cases (69.6%),
with a corresponding median BSI duration pre-ceftaroline treatment of 4 days (IQR, 2.5
to 9 days). Daptomycin was the most common combination agent, received by 33
(71.7%) of the patients in the combination therapy subgroup. Clinical success was
observed in 62 patients (69.7%) and 24 patients (64.9%) in the monotherapy and
combination therapy groups, respectively. Bloodstream infection clearance with ceftaroline monotherapy occurred in 79 (88.8%) patients, with a median BSI duration
post-ceftaroline treatment of 2 days (IQR, 1 to 4 days). Among patients in the combination therapy group, clearance with ceftaroline occurred in 36 (97.3%) patients, and
the median BSI duration post-ceftaroline treatment was 3 days (IQR, 1.5 to 5 days). The
time to BSI clearance post-ceftaroline initiation in both the monotherapy and combination therapy subgroups is plotted in Fig. 1.
Bivariate comparisons between patients experiencing success and those experiencing failure in the efﬁcacy population are shown in Table S2 in the supplemental
material. No difference in ceftaroline MICs was noted between those experiencing
success or failure when ceftaroline MIC was modeled continuously (median, 0.5 mg/liter
[IQR, 0.5 to 1 mg/liter] versus 0.5 mg/liter [IQR, 0.5 to 1 mg/liter]; P ⫽ 0.621) or ordinally
(see Fig. S1 in the supplemental material). Also, the proportion of patients experiencing
clinical success did not vary across ceftaroline dosing frequencies overall or when
stratiﬁed by renal function (Table S3). Based on bivariate analyses, acute physiology and
chronic health evaluation II (APACHE II) score, comorbid malignancy, lower respiratory
tract BSI source, bone/joint BSI source, and ceftaroline dose in milligrams were entered
into the multivariable logistic regression model as factors associated with failure. The
results of the ﬁnal multivariable logistic regression model are listed in Table 2. APACHE
II score and malignancy were independently associated with failure.
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FIG 1 Kaplan-Meier curves for the time to clearance of bloodstream infection post-ceftaroline initiation
in the efﬁcacy population. (A) Ceftaroline monotherapy; (B) ceftaroline combination therapy.

These results are consistent with data from previous observational studies of MRSA
BSI treated with ceftaroline, the majority of which demonstrated success in 70% of
cases or more, with a limited number of adverse effects (17–21, 23, 24). Due to the
robust sample size, the present study is able to build upon previously reported
observational data by evaluating the outcomes of patients receiving ceftaroline mono-

TABLE 2 Multivariable logistic regression analysis of factors independently associated with
treatment failure with ceftaroline in the efﬁcacy populationa
Variable
APACHE II score
Malignancy
Lower respiratory tract source
Bone/joint source

Odds
1.100
6.000
2.632
0.442

ratio (95% CI)
(1.037–1.166)
(1.111–32.405)
(1.198–5.783)
(0.153–1.274)

Ceftaroline dose
600 mg
400 mg
300 mg
200 mg

3.856 (1.350–11.017)
2.892 (0.785–10.651)
2.314 (0.814–6.577)

Adjusted odds ratio
(95% CI)
1.093 (1.044–1.145)
3.127 (1.009–9.686)

⫽ 0.574 as determined by a Hosmer-Lemeshow goodness-of-ﬁt test and a variance inﬂation factor of ⬍3
for all variables included for model entry. CI, conﬁdence interval.

aP

February 2017 Volume 61 Issue 2 e02015-16

aac.asm.org 5

Zasowski et al.

Antimicrobial Agents and Chemotherapy

February 2017 Volume 61 Issue 2 e02015-16

Downloaded from http://aac.asm.org/ on October 18, 2019 by guest

therapy and combination therapy separately. Although direct comparison with standard MRSA BSI therapies is necessary before a ﬁrm conclusion on the efﬁcacy of
ceftaroline can be drawn, crude comparisons with data from previous studies place
these results into context. Despite the fact that ceftaroline was the second or third
directed therapy in most patients in this study, the observed clinical success and
mortality rates compare favorably to those for vancomycin (6). This echoes the ﬁndings
of a small comparative analysis of ceftaroline and vancomycin treatment for MRSA BSI
(23). Comparison with data from previous daptomycin studies is challenging due to the
exclusion of BSI secondary to pneumonia from these studies (9–11). One-third of this
cohort was comprised of patients with a lower respiratory tract source of infection,
which carries a high risk of mortality (25, 26). Nonetheless, the proportion of patients
who experienced failure was similar to that in a recently reported evaluation of
daptomycin for MRSA BSI (11). Collectively, these ﬁndings suggest that ceftaroline has
promise for MRSA BSI treatment.
Another notable ﬁnding is the time to BSI clearance observed following ceftaroline
initiation. Clearance following the initiation of ceftaroline as monotherapy or in combination occurred in 50% of patients within 3 days and in more than 80% of patients
within 7 days. This ﬁnding is consistent with data from previous ceftaroline observational studies and resembles the time to MSSA BSI clearance by beta-lactams (22–24).
Clinical data suggest that beta-lactams provide quicker BSI clearance than does vancomycin for staphylococcal BSI (8, 27). A potential explanation for this ﬁnding is the
ability of beta-lactams, including ceftaroline, to sensitize Staphylococcus aureus to
killing by human cationic host defense peptides (HDPs) of the innate immune system
(24, 28, 29). This interaction is likely mediated by enhanced cationic HDP cell membrane
binding through increased membrane negativity and is analogous to the mechanism of
synergy observed between daptomycin and ceftaroline (29, 30).
This analysis also explored factors associated with treatment failure. Not surprisingly,
higher APACHE II scores and comorbid malignancy were independently associated with
treatment failure. No relationship between ceftaroline MIC or ceftaroline dosing frequency and failure was observed. Although the 600-mg dose of ceftaroline was
associated with success in bivariate analyses, it was not associated with success after
multivariable regression. However, these ﬁndings should be interpreted with great
caution. The ceftaroline MIC distribution was narrow (MIC50, 0.5 mg/liter; MIC90, 1
mg/liter), and there was a limited number of isolates with MICs at (21 isolates) or above
(3 isolates) the Clinical Laboratory Standards Institute susceptibility breakpoint of 1
mg/liter (31). Part of the rationale for more aggressive every-8-h dosing is to optimize
the likelihood of achieving an adequate time that the free-drug concentration exceeds
the MIC for isolates at the susceptibility breakpoint (1 mg/liter) (32). Thus, it is possible
that there were too few infections truly necessitating more aggressive dosing in this
cohort to detect a difference in outcomes across dosing paradigms. It should also be
noted that although we attempted to account for patient-speciﬁc ceftaroline clearance
by stratifying by creatinine clearance, this is merely a crude exploratory analysis. This
cannot replace a careful exposure-response analysis that would require pharmacokinetic sampling and known ceftaroline MICs for all patients. As such, the optimal dosing
paradigm for ceftaroline remains undeﬁned, but given the observed tolerability of this
regimen, it is reasonable to employ every-8-h dosing for difﬁcult-to-treat infections.
There are numerous considerations to bear in mind when interpreting these results.
This was a retrospective study, and the ﬁndings are subject to the caveats associated
with this study design. The primary concern is missing data due to incomplete
documentation in the medical record. To address this, we selected objective and easily
measureable outcomes, such as all-cause mortality and BSI duration. Study data were
limited to inpatient records; thus, efﬁcacy and safety endpoints reﬂect short-term data.
Notably, neutropenia may be underrepresented, considering that this reaction is known
to occur with prolonged ceftaroline administration (33). This analysis included three
academic medical centers, and it is unclear if these ﬁndings apply to other sites with
differing patient populations and practice patterns. Ceftaroline was predominantly
aac.asm.org 6
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given as the second or third directed therapy. Given the impact that prior therapy could
have on infection and the organism, it is unclear if the observed outcomes, particularly
BSI duration post-ceftaroline treatment, would be consistent if ceftaroline was given at
the onset of MRSA BSI. Finally, it is important to note that susceptibility testing was not
done centrally but at each individual hospital microbiology laboratory. MIC determinations were not done via broth microdilution according to Clinical and Laboratory
Standards Institute guidelines, which is used for establishing susceptibility breakpoints.
In conclusion, ceftaroline was well tolerated and demonstrated favorable clinical
response rates for MRSA BSI as monotherapy or combination therapy. Clearance of
bloodstream infection was rapid following the initiation of ceftaroline treatment in the
majority of patients with an active BSI at the start of ceftaroline therapy. This ﬁnding,
along with previously reported observational data, demonstrates the viability of ceftaroline as a potential treatment option for MRSA BSI. This includes BSI secondary to
high-inoculum sources, such as infective endocarditis and pneumonia, and following a
perceived failure of prior therapy. With the limited number of cases where ceftaroline
was used as the initial antibiotic therapy, its merit as a ﬁrst-line agent remains unclear.
However, these data suggest that ceftaroline is ready for direct comparative study with
the current standard of care for MRSA BSI.
MATERIALS AND METHODS
Study design and population. This was a retrospective, multicenter, observational study conducted
between 2011 and 2015 at the Detroit Medical Center, the Henry Ford Health System, and the University
of Florida Health-Shands Hospital. Patients aged 18 years and older with at least one positive blood
culture for MRSA meeting CDC BSI criteria and receiving at least 72 h of ceftaroline were included (34).
This study was approved by the institutional review board at each institution, and a waiver of informed
consent was granted.
Patient data elements and collection. Eligible subjects were identiﬁed by screening a list of all
patients receiving ceftaroline at each institution during the study period. Patient data were extracted
from the medical record by trained reviewers using a structured data collection form within REDCap
(Research Electronic Data Capture) (Vanderbilt University), an electronic data capture tool hosted at
Wayne State University (35). Data elements included patient demographics, past medical history,
comorbid conditions, hospitalizations in the past year, receipt of systemic antibiotics in the past 90 days,
surgery, chemotherapy/radiation therapy, or receipt of immunosuppressive medications in the past 30
days. The degree of patient comorbidity was quantiﬁed by using the Charlson comorbidity index (36).
Severity of illness was quantiﬁed by using the APACHE II score, using the worst parameters within 24 h
of the index MRSA blood culture (37, 38). The source(s) of MRSA BSI was based on the treating physicians’
notes and available clinical and diagnostic data. Microbiological data, including antibiotic susceptibilities
determined by MicroScan, Vitek II, BD Phoenix, and/or Etest, were collected from the medical record.
Polymicrobial BSI was deﬁned as the isolation of an additional pathogen satisfying CDC BSI criteria within
24 h of the index MRSA BSI isolate (34). Treatment data, including infectious disease team consultation,
source control attempt(s), and antimicrobial treatment data including associated laboratory data, were
documented. Combination therapy was deﬁned as the receipt of concurrent MRSA-active therapy with
ceftaroline for ⱖ24 h.
Outcomes. The primary outcome of interest was clinical success deﬁned as BSI clearance, cessation
of BSI signs and symptoms (i.e., fever and leukocytosis) by the end of therapy or discharge (whichever
was sooner), and the patient being alive at hospital discharge. Patients not classiﬁed as having success
were considered to have experienced treatment failure. Secondary outcomes included all-cause inhospital mortality, BSI clearance and duration post-ceftaroline initiation, and hospital length of stay
post-ceftaroline initiation. Clearance of bloodstream infection was deﬁned as a series of two consecutive
negative blood cultures, with the date of clearance being considered the day of the ﬁrst negative culture.
Safety outcomes included speciﬁc, a priori-deﬁned inpatient adverse drug reactions, including rash,
Clostridium difﬁcile-associated diarrhea, and neutropenia, after the ﬁrst dose of ceftaroline. Neutropenia
was objectively deﬁned as a decrease in the neutrophil count to ⬍1,500 cells/mm3 or a ⬎50% decrease
from the baseline (ﬁrst ceftaroline dose) if the baseline was ⱕ1,500 cells/mm3 from the ﬁrst dose to 72
h after the last ceftaroline dose (39).
Data analysis. Patients were grouped into two populations for data analysis: a safety population
consisting of all included patients and an efﬁcacy population consisting of patients who had not cleared
their BSI prior to the receipt of the ﬁrst ceftaroline dose. Each of these populations was analyzed as a
whole and further stratiﬁed by whether ceftaroline was received as monotherapy or within a combination regimen. For the purposes of this analysis, combination therapy was deﬁned as the receipt of a
concomitant MRSA-active antibiotic(s) for ⱖ24 h. Descriptive statistics, including baseline and clinical
characteristics, and outcomes were generated for each population and subgroup. The time to BSI
clearance post-ceftaroline initiation was plotted by using Kaplan-Meier estimation.
Secondary, exploratory analyses were also conducted on the efﬁcacy population to examine factors
associated with clinical failure. The relationship between ceftaroline MIC and clinical failure was examFebruary 2017 Volume 61 Issue 2 e02015-16
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ined by modeling the ceftaroline MIC as both continuous and ordinal data via the Mann-Whitney U test
and chi-squared test/Fisher’s exact test, respectively. Clinical success by ceftaroline dosing frequency was
examined via Pearson’s chi-squared test/Fisher’s exact test while stratifying by the FDA-labeled renal
dose adjustment categories. Independent predictors of treatment failure were sought through multivariable logistic regression analysis conducted in the efﬁcacy population. Variables were selected for the
regression model based on bivariate comparisons between patients experiencing clinical success and
those experiencing failure by Pearson’s chi-squared test or Fisher’s exact test and Student’s t test or the
Mann-Whitney U test as appropriate. Variables associated with failure at a P value of ⬍0.2 in bivariate
analyses with biological plausibility were entered into the logistic regression model simultaneously and
removed in a backward, stepwise fashion, being retained in the model if the adjusted P value was ⬍0.1.
Model ﬁt was assessed with the Hosmer-Lemeshow goodness-of-ﬁt test; models with a nonsigniﬁcant
result were considered adequate. Multicolinearity of candidate regression models was assessed via the
variance inﬂation factor, with values of ⬍3 being considered acceptable. All calculations were performed
by using SPSS Statistics, IBM SPSS software, version 22.0 (IBM Corp., Armonk, NY), with P values of ⬍0.05
being considered signiﬁcant.
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