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Objectives: We previously demonstrated that ceftaroline enhances daptomycin against MRSA in vitro. However,
prolonged combination therapy is clinically undesirable and possibly unnecessary. The purpose of this study was
to determine if this combination could be de-escalated to a single agent without compromising efficacy.

Methods: We investigated the following simulated regimens against two clinical, daptomycin-non-susceptible
MRSA isolates in an in vitro pharmacokinetic/pharmacodynamic hollow-fibre model over 192 h: 600 mg of cef-
taroline every 12 h (fCmax 17.0 mg/L, t1

2
2.66 h); 10 mg/kg/day daptomycin (fCmax 11.3 mg/L, t1

2
8 h); 6 mg/kg/day

daptomycin (fCmax 7.5 mg/L, t1
2

8 h); ceftaroline+daptomycin; and ceftaroline+daptomycin de-escalated to cef-
taroline, daptomycin or drug-free simulations.

Results: Daptomycin and ceftaroline MICs were 2 and 2 and 0.5 and 1 mg/L for strains R6063 and R5563, respect-
ively. Ceftaroline+daptomycin (6 or 10 mg/kg/day) achieved a .5 log10 cfu/mL reduction within 96 h against
both strains. Bacterial counts remained ,1.5 log10 cfu/mL from 96 to 192 h regardless of de-escalation to either
agent. There were no significant differences between combination or de-escalation regimens for either organism
at either daptomycin dose. All combination/de-escalation to monotherapy regimens resulted in significantly
improved activity compared with drug-free control, ceftaroline or daptomycin monotherapy (P,0.01).

Conclusions: These findings confirm that ceftaroline+daptomycin is a potent combination against MRSA. The
high degree of bactericidal activity observed with this combination appears sufficiently robust to allow for
de-escalation to a single agent without bacterial regrowth. The equivalent activity observed with ceftaroline+
daptomycin (6 and 10 mg/kg/day) suggests this combination could also be daptomycin sparing. Further research
is warranted to optimize dose and de-escalation timing.
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Introduction
Due to increasing rates of failure for MRSA bacteraemia, the
guidelines have recommended combination therapy for refrac-
tory cases.1 Combinations of b-lactams+daptomycin against
Staphylococcus aureus have demonstrated a synergistic effect
that appears to be the result of changes in the cell surface
charge, leading to increased daptomycin binding and depolariza-
tion.2 – 6 Because ceftaroline demonstrates activity against MRSA,
it represents a unique b-lactam option to utilize in combination
with daptomycin. However, keeping patients on prolonged com-
bination therapy could lead to adverse drug events, drug interac-
tions and increased cost. Therefore, the objective of this
study was to determine whether ceftaroline+daptomycin

could be de-escalated to a single agent for the treatment of
S. aureus.

Materials and methods

Bacterial strains
Two clinical MRSA bloodstream isolates (R6063 and R5563) from the
Anti-Infective Research Laboratory were evaluated. Both strains are cef-
taroline susceptible and daptomycin non-susceptible.

Antimicrobials
Daptomycin (Cubist Pharmaceuticals, Lexington, MA, USA) and vancomy-
cin (Sigma Chemical Co., St Louis, MO, USA) were purchased commercially.
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Analytical ceftaroline powder was provided by Forest Laboratories
(New York, NY, USA).

Susceptibility testing
The MICs of the study antimicrobials were determined in duplicate accord-
ing to CLSI guidelines.7 Glycopeptide heteroresistance was analysed by
modified population analysis as previously described.8

In vitro pharmacokinetic/pharmacodynamic model
A previously described in vitro pharmacokinetic/pharmacodynamic
hollow-fibre model consisting of a two-compartment chamber (C3008;
Fiber Cell Systems, Frederick, MD, USA) was utilized for all experiments.9,10

The apparatus was pre-filled with medium and antibiotics were adminis-
tered as boluses over a 192 h time period with a target inoculum of
�1×107 cfu/mL. The antibiotic regimens evaluated were as follows: simu-
lations of 600 mg of ceftaroline fosamil every 12 h (fCmax 17.04 mg/L,
average t1

2
2.66 h, protein binding 20%), 10 mg/kg daptomycin every

24 h (fCmax 11.3 mg/L, average t1
2

8 h, protein binding 92%) and 6 mg/kg
daptomycin every 24 h (fCmax 7.51 mg/L, average t1

2
8 h, protein binding

92%).11,12 Simulated regimens included ceftaroline+daptomycin for
8 days, ceftaroline+daptomycin for 4 days followed by daptomycin for
4 days, ceftaroline+daptomycin for 4 days followed by ceftaroline
for 4 days and ceftaroline+daptomycin for 4 days followed by no antimi-
crobials for 4 days. Daptomycin 10 and 6 mg/kg every 24 h were
evaluated. Supplemental daptomycin was added at an appropriate rate
to ceftaroline combination models to compensate for the higher flow
rate required to simulate ceftaroline clearance.13 Models were performed
in duplicate to ensure reproducibility.

Pharmacodynamic analysis
Samples from each model were collected at 0, 4, 8, 24, 48, 72, 96, 100,
104, 120, 144, 168 and 192 h in duplicate and diluted in cold 0.9% saline.
Colony counts were determined using an automatic spiral plater (WASP;
DW Scientific, West Yorkshire, UK) or by vacuum filtration, if the anticipated
dilution was near the MIC, to enumerate cfu/mL. For both methods, plates
were incubated at 358C for 24 h before colonies were counted and the
lower limit of detection was 1 log10 cfu/mL.

Pharmacokinetic analysis
Pharmacokinetic samples were obtained at 0.5, 4, 8, 24, 32, 48, 72, 96,
100, 104, 120, 144, 168 and 192 h to verify antimicrobial concentrations.
Ceftaroline concentrations were determined by bioassay as previously
described.2,9,10 Blank 0.25 inch discs were placed on pre-swabbed
(Bacillus subtilis ATCC 6633) agar plates and spotted with 10 mL of the
standards (1.88, 3.75, 7.5, 15 and 30 mg/L) or experimental samples.
Daptomycin concentrations were determined using a validated HPLC
assay that conforms to the guidelines set forth by the College of
American Pathologists.14,15 Both assays demonstrated an interday coeffi-
cient of variation ,5% for high, medium and low standards. The t1

2
, fCmax,

fCmin and AUC were calculated using PK Analyst (version 1.10; MicroMath
Scientific Software, Salt Lake City, UT, USA). The AUC was determined by
the trapezoidal method.

Resistance
Development of or increased resistance was evaluated at 192 h by plating
samples on agar containing 3×MIC of ceftaroline or daptomycin. If resist-
ance was detected, earlier time points were screened to determine the
time of resistance emergence. Plates were examined for growth after
48 h of incubation at 358C. The MICs for colonies capable of growing on
resistance plates were determined by broth microdilution.

Statistical analysis
Changes in cfu/mL at 96 and 192 h were compared by one-way analysis of
variance with Tukey’s post hoc test. All statistical analyses were performed
using SPSS statistical software (release 21.0; SPSS, Chicago, IL, USA).

Results

Susceptibility testing

The MIC results for the isolates tested are summarized in Table 1.
One isolate (R6063) was confirmed to be heterogeneous
vancomycin-intermediate S. aureus (hVISA) by population
analysis with a ratio to Mu3 of 0.99.

In vitro pharmacokinetic/pharmacodynamic model

The observed fCmax and t1
2

values for ceftaroline were
16.77+0.41 mg/L (targeted 17.04 mg/L) and 2.63+0.07 h (tar-
geted 2.66 h). The fT.MIC was maintained for 84.9% of the 12 h
dosing interval for R6063 and 100% for R5563. The observed
fCmax value for daptomycin was 11.02+0.21 mg/L (targeted
11.29 mg/L) for the 10 mg/kg regimens and 7.14+0.09 mg/L
(targeted 7.51 mg/L) for the 6 mg/kg regimens. The observed t1

2

values for 10 and 6 mg/kg/day daptomycin runs were 6.7+0.7
and 7.1+0.1 h (targeted 8 h), respectively.

The changes in log10 cfu/mL for the tested regimens against the
two strains are displayed in Figures 1 and 2. Against both strains,
ceftaroline in combination with either 6 or 10 mg/kg/day daptomy-
cin produced .5 log10 cfu/mL reductions by 96 h (4 days). This
bactericidal activity was maintained through 192 h (8 days) for
the combination regimen and with de-escalation to ceftaroline or
daptomycin at 10 or 6 mg/kg/day. Upon de-escalation to no anti-
microbial exposure, regrowth was noted within 8 h for both strains,
regardless of the initial daptomycin dose. Ceftaroline alone was
bactericidal with a 4.26+0.5 and 3.67+0.04 log10 cfu/mL reduc-
tion within 32 h against R5563 and R6063. Daptomycin monother-
apy was not bactericidal against either strain at either dose tested.
All combination and de-escalation to monotherapy regimens were
significantly more active than monotherapy regimens or growth
control at 96 and 192 h (P,0.001). No significant differences
between the combination or de-escalation simulations, regardless
of daptomycin dose, were observed. No organisms with increased
ceftaroline MIC values were recovered for ceftaroline or combin-
ation regimens. However, elevated daptomycin MICs were
observed as early as 24 h for both strains treated with daptomycin
monotherapy at either dose, with MICs as high as 16 and 8 mg/L for
R6063 and R5563, respectively.

Table 1. MICs for test isolates and post-drug-exposure resistant mutants

Isolate

MIC (mg/L)

ceftaroline daptomycin vancomycin

R6063 1 2 2 (hVISA)
T24 mutanta NC 16 NC

R5563 0.5 2 2 (VSSA)
T24 mutanta NC 8 NC

VSSA, vancomycin-susceptible S. aureus; NC, no change.
aMutant derived after 24 h of exposure to daptomycin monotherapy.
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Discussion
Resistance to glycopeptides and lipopeptides has emerged in
MRSA leading to increasing rates of clinical failures. With few
new antimicrobial agents in the pipeline, it is necessary to explore
potential combinations of currently available antimicrobials as an
alternative approach to fighting resistance. The MRSA guidelines

recommend that patients with refractory bacteraemia or those
who have failed vancomycin could receive a b-lactam in combin-
ation with high-dose daptomycin; however, duration of combin-
ation therapy or potential for de-escalation are not clearly
addressed.1 Currently, there are limited data to suggest that a
specific b-lactam in combination with daptomycin is superior to
another. Our data support the findings from previous studies
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Figure 1. In vitro hollow-fibre model results utilizing daptomycin dosages of 10 mg/kg. CPT, ceftaroline; DAP, daptomycin.
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suggesting that the combination of daptomycin+ceftaroline is
highly bactericidal even against strains with reduced susceptibility
to daptomycin.2 In addition, this combination appears to be bene-
ficial in decreasing the emergence or selection of resistant subpo-
pulations.6 Therefore, this combination may be of particular value
in the setting of difficult-to-treat infections where isolates with
reduced susceptibility to glycopeptides or lipopeptides have
emerged on therapy.

Our results suggest that the synergistic combination of
ceftaroline+daptomycin can be de-escalated to a single agent
with no loss of efficacy. This potential ability to de-escalate while
maintaining activity may provide clinicians with the option to discon-
tinue one agent due to adverse events, antimicrobial stewardship
considerations, cost limitations or challenging dosing strategies.
Furthermore, the finding that 6 mg/kg/day daptomycin+ceftaroline
was approximately equal to 10 mg/kg/day daptomycin, in terms of
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Figure 2. In vitro hollow-fibre model results utilizing daptomycin dosages of 6 mg/kg. CPT, ceftaroline; DAP, daptomycin.
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bactericidal activity, suggests a daptomycin-sparing effect.
Nevertheless, precaution is warranted since 6 mg/kg/day
daptomycin+ceftaroline de-escalated to daptomycin alone
allowed some minor regrowth. This finding may suggest that cef-
taroline is the more appropriate agent to de-escalate to in the set-
ting of daptomycin non-susceptibility. Potential limitations of this
study include the utilization of only two strains. Additionally, the
de-escalation at 4 days was somewhat arbitrary and the decision
to de-escalate in the clinical setting should be made cautiously
and based on clinical response.

In conclusion, we observed that the combination of ceftaroline
and daptomycin was rapidly bactericidal and prevented further
resistance to daptomycin. In addition, the ability to de-escalate
from this combination to monotherapy may facilitate the stream-
lining of patients’ antimicrobial therapy to more narrow-spectrum
regimens, potentially decreasing drug and hospital costs and
unnecessary antimicrobial exposure. Our data also indicate that
combination therapy may not be necessary for the entire course
of treatment. De-escalation therapy may be considered a reason-
able alternative to long-term combination therapy in patients
with early clinical response. However, additional investigation is
warranted to determine the optimal timing of de-escalation.
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