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Objectives: Increasing the ceftaroline fosamil dose beyond 600 mg every 12 h may provide additional benefit for
patients with complicated skin and soft tissue infections (cSSTIs) with severe inflammation and/or reduced
pathogen susceptibility. A Phase III multicentre, randomized trial evaluated the safety and efficacy of ceftaroline
fosamil 600 mg every 8 h in this setting.

Methods: Adult patients with cSSTI and systemic inflammation or comorbidities were randomized 2:1 to intra-
venous ceftaroline fosamil (600 mg every 8 h) or vancomycin (15 mg/kg every 12 h) plus aztreonam (1 g every
8 h) for 5–14 days. Clinical cure was assessed at the test of cure (TOC) visit (8–15 days after the final dose) in the
modified ITT (MITT) and clinically evaluable (CE) populations. Non-inferiority was defined as a lower limit of the
95% CI around the treatment difference greater than –10%. An MRSA-focused expansion period was initiated
after completion of the main study. Clinicaltrials.gov registration numbers NCT01499277 and NCT02202135.

Results: Clinical cure rates at TOC demonstrated non-inferiority of ceftaroline fosamil 600 mg every 8 h versus
vancomycin plus aztreonam in the MITT and CE populations: 396/506 (78.3%) versus 202/255 (79.2%) patients
(difference 21.0%, 95% CI 26.9, 5.4) and 342/395 (86.6%) versus 180/211 (85.3%) patients (difference 1.3%,
95% CI 24.3, 7.5), respectively. In the expansion period, 3/4 (75%) patients treated with ceftaroline fosamil were
cured at TOC. The frequency of adverse events was similar between groups.

Conclusions: Ceftaroline fosamil 600 mg every 8 h was effective for cSSTI patients with evidence of systemic
inflammation and/or comorbidities. No new safety signals were identified.

Introduction
Complicated skin and soft tissue infections (cSSTIs) represent a
common cause of hospitalization.1 – 3 Due to the increasing preva-
lence of antibiotic resistance among both Gram-positive and
Gram-negative bacterial pathogens, cSSTIs are becoming increas-
ingly challenging to treat.4 Ceftaroline fosamil is approved in the
EU for the treatment of patients with community-acquired pneu-
monia (CAP) and cSSTI,5 and for similar indications elsewhere.

Approvals of the adult dose of ceftaroline fosamil for cSSTI
[600 mg every 12 h, administered by 1 h intravenous (iv) infusion]

were based on the Phase III CANVAS 1 and 2 trials (NCT00424190
and NCT00423657).2,3 In the individual trials and a pooled ana-
lysis, ceftaroline fosamil 600 mg every 12 h was non-inferior to
vancomycin plus aztreonam, and clinical cure rates at test of
cure (TOC) were similar between treatment groups in both the
clinically evaluable (CE) population (91%–93%) and the modified
ITT (MITT) population (85%–87%).2,3,6 Ceftaroline fosamil
600 mg every 12 h was generally well tolerated, with a safety
profile consistent with the cephalosporin class.2,3,7

Surveillance data indicate that in some Latin American,
European and Asian countries, the MIC90 of ceftaroline for MRSA
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is 2 mg/L;8 – 10 based on current CLSI and EUCAST susceptibility
breakpoints, such strains are considered non-susceptible to cef-
taroline fosamil 600 mg every 12 h.11,12 Moreover, severe sys-
temic inflammation can alter antibiotic pharmacokinetics (PK),
potentially compromising efficacy.13 An increased dose of cef-
taroline fosamil might provide additional benefit for such patients.

The CeftarOline versus Vancomycin and aztrEonam tReating
cSSTI (COVERS) trial evaluated the safety and efficacy of ceftaro-
line fosamil 600 mg every 8 h by 2 h iv infusion in patients with
cSSTI and extensive cutaneous involvement, including evidence
of systemic inflammation or underlying comorbidities associated
with impaired immune response.

Patients and methods

Ethics
The protocol was approved by each study site’s independent ethics com-
mittees/institutional review board, and the study was conducted in
accordance with the Declaration of Helsinki and the International
Conference on Harmonization/Good Clinical Practice. All patients provided
written informed consent.

Study design and participants
COVERS was a Phase III, prospective, multicentre, randomized, double-
blind, non-inferiority trial conducted at 111 centres in 28 countries
between May 2012 and June 2014. The complete inclusion/exclusion cri-
teria are available in the Supplementary data (available at JAC Online). Key
inclusion criteria: (i) age≥18 years; (ii) cSSTI [defined as extensive cellulitis,
major cutaneous abscess (limited to 30% of the population), burn infec-
tion, or traumatic/surgical wound infection with purulent drainage with
a minimum surface area of 75 cm2] of sufficient severity to warrant hos-
pitalization and≥5 days of parenteral antibacterial therapy; and (iii) one or
more signs of systemic inflammatory response [body temperature ≥38.0
or ≤36.08C, white blood cell count .12000 or ,4000 cells/mm3 or .10%
band forms (immature white blood cells), heart rate .90 beats/min and
respiratory rate .20 breaths/min after 10 min rest], and/or underlying
comorbidities associated with impaired immune response.

Key exclusion criteria: uncomplicated skin and soft tissue infections;
diabetic foot infections, decubitus ulcers, ulcers due to peripheral vascular
disease, necrotizing skin infection or sternal wound infections; or body
weight .130 kg.

Randomization and masking
Enrolled patients were assigned a unique randomization code using a cen-
tralized telephone/web-based interactive system. The randomization
sequence and treatment assignment were generated by a validated
computer-generated randomization schedule using a block size of six.
Patients were randomized 2:1 to receive ceftaroline fosamil (600 mg
every 8 h ) or vancomycin (weight-based dosing) plus aztreonam (1 g
every 8 h ) for 5–14 days. Patients and investigators were masked to treat-
ment allocation until study completion.

Procedures
All study treatments were administered iv for 5–14 days, ceftaroline fosa-
mil and vancomycin as 250 mL 2 h infusions and aztreonam as 100 mL
30 min infusions. Dosages were adjusted according to respective product
labelling and institutional practice guidelines (see Supplementary data for
further details).

Aztreonam could be discontinued at investigators’ discretion after
≥3 days if no Gram-negative bacteria were identified by microscopy or
culture. To maintain blinding, patients also received matching placebo

infusions with volume and infusion duration equivalent to the comparator
treatments.

Clinical assessments were conducted daily during the treatment period
until the end of treatment (EOT) evaluation (within 24 h of the last dose of
study treatment), at the TOC visit (8–15 days after the last dose of study
treatment) and at the late follow-up (LFU) visit (21–35 days after the last
dose of study treatment).

Assessments included evaluation of the signs and symptoms of cSSTI,
physical and laboratory examinations, skin infection site and blood collec-
tion for bacterial culture, and recording of adverse events (AEs). Clinical
cure was defined as resolution of signs and symptoms of skin infection
or improvement of signs and symptoms to such an extent that no further
antimicrobial therapy was necessary. Definitions of clinical failure and
indeterminate clinical outcomes are available as Supplementary data.

Patients considered clinically cured at TOC were assessed at LFU for
evidence of relapse (defined as a relapse of signs and symptoms of
cSSTI that required additional antimicrobial therapy) and recurrence and
reinfection (defined as isolation of a baseline or new pathogen, respect-
ively, from the original cSSTI site at the LFU visit).

Specimens for microbiological analysis were obtained from the primary
infection site at baseline, and after baseline (EOT, TOC and LFU visits) as
medically indicated. Specimens were obtained and processed according
to recognized methods.14,15

Blood samples for microbiological culture were obtained at baseline,
and, for patients with a positive result, repeated daily until negative.
Local laboratories and a central reference laboratory (Covance Central
Laboratory Services, IN, USA) performed the microbiological assessments.
All isolates were shipped to the central laboratory for confirmation of
genus/species and susceptibility testing using CLSI methodology.11,16

Per-patient microbiological response (definitions available as
Supplementary data) at the EOT and TOC visits was determined in the
microbiologically evaluable (ME) population.

Blood samples for PK analysis were collected over an 8 h period on
study Day 3 (exceptions were allowed for study sites without PK collection
facilities). Most patients underwent sparse blood sample collection (four
samples/patient); a subset underwent an intensive sample collection
(12 samples/patient). Plasma drug concentrations were determined by a
central laboratory (Covance Bioanalytical Laboratory, IN, USA) using vali-
dated methods. All samples were stored at 2708C until shipped to the cen-
tral laboratory.

Outcomes
The primary endpoint was the proportion of patients clinically cured at the
TOC visit in the co-primary CE and MITT populations (see Supplementary
data for definitions). Secondary endpoints included the following: clinical
response at TOC in the microbiological MITT (mMITT) and ME populations;
clinical and per-pathogen microbiological response at TOC (ME popula-
tion); clinical relapse and reinfection or recurrence at the LFU visit; the
PK profile of ceftaroline fosamil 600 mg administered as a 2 h iv infusion
every 8 h; and safety.

MRSA expansion period
An MRSA-focused expansion period was initiated following completion of
the main trial (further details are available as Supplementary data).

Statistical analysis
The sample size estimation assumed a clinical cure rate at TOC of 80% in
both treatment groups in the MITT population, a non-inferiority margin
of 10% and power of 90%. This gives a total sample size of 765 patients
(510 ceftaroline fosamil; 255 vancomycin plus aztreonam), which also
gives .90% power for the CE population assuming 85% clinically cured
in each group and a 20% non-evaluable rate. Approximately one-third
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of the way through the trial, a blinded review of evaluability and overall
cure rates (both treatments combined) was undertaken to ensure the
protocol assumptions held and the sample size was appropriate.

A two-sided 95% CI for the observed difference in the proportion of
patients clinically cured at the TOC visit was computed using Miettinen
and Nurminen’s unstratified method.17 Non-inferiority of ceftaroline
fosamil was defined as a lower limit of the 95% CI (corresponding to a
97.5% one-sided lower bound) greater than 210% for both the MITT
and the CE population. All statistical analyses were conducted using SAS
version 8.02 (SAS Institute, Cary, NC, USA). ClinicalTrials.gov registration
numbers: NCT01499277 (main study) and NCT02202135 (expansion period).

Results
In total, 802 patients were enrolled, 772 were randomized and
761 received study treatment (MITT and safety population:
ceftaroline fosamil, n¼506; vancomycin plus aztreonam,
n¼255) (Figure 1; see Table S1 for details of study sites and
total numbers of patients recruited by country). The CE population
comprised 606 patients (ceftaroline fosamil, n¼395; vancomycin
plus aztreonam, n¼211).

Demographic and baseline patient characteristics were well
balanced across groups (Table 1). Cellulitis (57.3%) and major
cutaneous abscess (21.3%) were the most common cSSTIs;
most infections (94.1%) were community acquired.

Baseline pathogens were comparable between treatment
groups, and were typical of cSSTI. The most frequently identified
pathogens (mMITT population) are shown in Table S2. In the

mMITT population, 223/384 (58.1%) patients had monomicrobial
infections caused by Gram-positive pathogens. The most com-
monly isolated pathogen (primary infection site or blood) was
Staphylococcus aureus [221/384 (57.6%); 168 MSSA and 54
MRSA (both MSSA and MRSA were isolated in one patient in
the vancomycin plus aztreonam group)]. Enterobacteriaceae
were isolated in 83/384 (21.6%) patients, including seven
ESBL-positive isolates.

In vitro activities of ceftaroline, vancomycin and aztreonam
against key baseline pathogens (mMITT population) are shown
in Table 2; .95% were susceptible to ceftaroline according to
CLSI breakpoints for ceftaroline fosamil 600 mg every 12 h11

(including MSSA and MRSA, for which all MIC values were
≤1 mg/L).

The proportion of patients clinically cured at the TOC visit is
shown in Figure 2. Non-inferiority of ceftaroline fosamil 600 mg
every 8 h versus vancomycin plus aztreonam was demonstrated,
with between-group differences (95% CI) for the MITT and CE
populations of 20.95% (–6.90, 5.41) and 1.27% (–4.32, 7.48),
respectively.

Clinical cure rates by infection type and in patients with mar-
kers of severe disease, including systemic inflammatory response
syndrome (SIRS), bacteraemia and elevated C-reactive protein
(CRP), were generally comparable between treatment arms, and
there were no meaningful shifts in clinical outcome by infection
type or disease severity parameters compared with the overall
MITT population (Table 3). Similar results were observed in the
CE population (data not shown). Clinical response rates in the

802 Patients enrolled

30 Not randomized

772 Randomly assigned

514 Assigned to

ceftaroline fosamil

506 Received

treatment

255 Received

treatment

439 Completed

study

226 Completed

study

258 Assigned to

vancomycin

+ aztreonam

3 Did not receive treatment

   2 withdrew from study

   1 no dosing data obtained

8 Did not receive treatment

   3 withdrew from study

   3 were screen failures

   1 met exclusion criterion of

       severe/life-threatening disease

   1 due to lack of assigned study

       treatment at the study centre

67 Discontinued treatment

     15 due to patient decision

     28 due to adverse events

     4 condition worsened

     7 lack of therapeutic response

     1 condition improved

     3 development of study-specific

        discontinuation criteria

     1 lost to follow-up

     8 for other reasons

29 Discontinued treatment

     6 due to patient decision

     11 due to adverse events

     1 condition worsened

     6 lack of therapeutic response

     3 development of study-specific

        discontinuation criteria

     1 lost to follow-up

     1 for other reasons

Figure 1. Trial profile.

COVERS Phase III trial of ceftaroline fosamil 600 mg every 8 h for cSSTI

3577

JAC

http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dkw333/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dkw333/-/DC1


mMITT and ME populations were consistent with the CE/MITT
co-primary analysis populations (Figure 2).

Clinical cure rates were generally similar across geographic
regions; however, they were lower in patients from Asian countries
[MITT, 66.9% and 73.0% (95% CI, 219.14, 8.29); CE, 76.3%
and 75.5% (95% CI, 212.83, 15.98) for ceftaroline fosamil and
vancomycin plus aztreonam, respectively] than in patients
from non-Asian regions [MITT, 81.9% and 81.3% (95% CI, 25.78,
7.76); CE, 89.9% and 88.6% (95% CI, 24.37, 7.93)]. This may partly
reflect the higher incidence of clinical failure resulting from discon-
tinuation of study therapy due to an AE in patients from Asian
countries [ceftaroline fosamil, 11/124 (8.9%); vancomycin plus
aztreonam, 4/63 (6.3%)] compared with non-Asian countries
[4/382 (1.0%) and 3/192 (1.6%), respectively].

Of all randomized patients, 2/772 (0.3%) were lost to
follow-up. Among patients who were clinically cured at TOC (CE
population), relapse at LFU occurred in 3/342 (0.9%) ceftaroline
fosamil and 3/180 (1.7%) vancomycin plus aztreonam patients.
No new infections, reinfections or recurrences of infection
occurred.

Microbiological responses were predominantly derived from
clinical responses; therefore, clinical and microbiological response
rates at TOC by baseline pathogen were similar. Clinical and micro-
biological response rates were similar across treatment groups for
patients with monomicrobial and polymicrobial infections, and for
those with key baseline pathogens, including MRSA (Table 4).

Clinical cure and favourable microbiological response rates by
ceftaroline MIC for key baseline pathogens are summarized for
the ceftaroline fosamil group in Tables S3 and S4.

Of the 514 ceftaroline fosamil-treated patients, 396 (77.0%)
were included in the PK population: 379 and 17 underwent sparse
and intensive sampling, respectively. Plasma concentration–time
profiles of ceftaroline, ceftaroline fosamil and the inactive meta-
bolite ceftaroline M-1 (intensive sampling group) are shown in
Figure 3. Geometric mean (% coefficient of variation; CV) areas
under the plasma concentration –time curve from zero to
the last measurable concentration (AUC0 – t) for ceftaroline,

Table 1. Demographic and baseline characteristics of enrolled patients
(MITT population)

Parameter

Ceftaroline
fosamil

(n¼506)

Vancomycin +
aztreonam
(n¼255)

Age, mean (SD), years 52.6 (16.5) 53.6 (16.3)

Age group, n (%)
,65 years 387 (76.5) 183 (71.8)
≥65 years 119 (23.5) 72 (28.2)

Sex, n (%)
Female 196 (38.7) 107 (42.0)
Male 310 (61.3) 148 (58.0)

BMI, mean (SD), kg/m2 27.6 (6.2) 27.5 (5.9)

Race, n (%)
white 341 (67.4) 160 (62.7)
black or African American 13 (2.6) 13 (5.1)
Asian 126 (24.9) 64 (25.1)
American Indian or Alaska Native 1 (0.2) 0
other 25 (4.9) 18 (7.1)

Type of infection, n (%)
cellulitis 300 (59.3) 136 (53.3)
traumatic or surgical wound infection 63 (12.5) 41 (16.1)
major cutaneous abscess 103 (20.4) 59 (23.1)
burn infection 38 (7.5) 18 (7.1)
other 2 (0.4) 1 (0.4)

Median lesion size, cm2 400.0 400.0

Comorbid conditions, n (%)
DM 84 (16.6) 38 (14.9)
PVD 27 (5.3) 11 (4.3)
DM and PVD 7 (1.4) 3 (1.2)
HIV infection 6 (1.2) 2 (0.8)
renal impairment 15 (3.0) 5 (2.0)
cirrhosis 1 (0.2) 2 (0.8)
malnutritiona 5 (1.0) 5 (2.0)
use of immunosuppressive agents 6 (1.2) 4 (1.6)
malignancy other than

non-melanoma skin cancers
12 (2.4) 5 (2.0)

Source of cSSTI infection, n (%)
community acquired 479 (94.7) 237 (92.9)
nosocomial 12 (2.4) 7 (2.7)
healthcare acquired 14 (2.8) 11 (4.3)
missing 1 (0.2) 0

SIRS, n (%) 199 (39.3) 105 (41.2)

Fever (.388C), n (%) 211 (41.7) 118 (46.3)

Heart rate .90 beats/min, n (%) 178 (35.2) 87 (34.1)

Respiratory rate .20 breaths/min, n (%) 119 (23.5) 57 (22.4)

Elevated WBCs (.12000 cells/mm3), n (%) 155 (30.6) 71 (27.8)

Low WBCs (,4000 cells/mm3), n (%) 10 (2.0) 6 (2.4)

Continued

Table 1. Continued

Parameter

Ceftaroline
fosamil

(n¼506)

Vancomycin +
aztreonam
(n¼255)

Presence of bacteraemia, n (%) 18 (3.6) 16 (6.3)

SIRS or bacteraemia, n (%) 208 (41.1) 113 (44.3)

CRP .50 mg/L, n (%) 317 (62.6) 148 (58.0)

At least one systemic sign at baselineb 312 (61.7) 166 (65.1)

Prior systemic antibiotics within 4 weeks of
first dose of study drug

240 (47.4) 116 (45.5)

DM, diabetes mellitus; PVD, peripheral vascular disease.
aMalnutrition was defined as baseline albumin ,0.25 g/L in the absence of
liver disease or baseline BMI ,17 kg/m2.
bSystemic signs at baseline: fever .388C, hypothermia ,368C, elevated
WBCs .12000 cells/mm3 or bands .10% at baseline.
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ceftaroline fosamil and ceftaroline M-1 were 58.2 (52.3), 1.7
(270.8) and 11.0 mg/L (27.8), respectively. Respective Cmax values
(%CV) were 19.1 (38.2), 1.1 (154.5) and 1.8 mg/L (36.6).

The study treatments were generally well tolerated, and AEs
were consistent with their known safety profiles. The incidence
of AEs (safety population) was similar in each group: 232/506
(45.8%) ceftaroline fosamil and 116/255 (45.5%) vancomycin
plus aztreonam recipients experienced one or more AEs. AEs
reported by ≥1% of patients in either group are shown in

Table 5. AEs were predominantly (.96%) of mild or moderate
intensity.

AEs were considered treatment-related (TRAEs) in 81/506
(16.0%) and 42/255 (16.5%) ceftaroline fosamil and vancomycin
plus aztreonam recipients, respectively. TRAEs reported in ≥1% of
patients were nausea, vomiting, drug eruption, diarrhoea (includ-
ing one case of Clostridium difficile colitis in one patient in the cef-
taroline fosamil group), rash, headache and infusion site phlebitis
in the ceftaroline fosamil group, and infusion site phlebitis,

Table 2. In vitro activity (MIC in mg/L) of study drugs against key baseline pathogens isolated from primary infection site or blood (mMITT population)

Ceftaroline Vancomycin

Number of isolatesa MIC range MIC50
b MIC90

b MIC range MIC50
b MIC90

b

Gram-positive pathogens
Staphylococcus aureus (total) 217 0.06–1 0.25 0.5 ≤0.25–1 0.5 1

MSSA 164 0.06–0.5 0.25 0.25 ≤0.25–1 0.5 1
MRSA 54 0.25–1 0.5 0.5 0.5–1 0.5 1

Streptococcus pyogenes 25 ≤0.008 ≤0.008 ≤0.008 ≤0.25 ≤0.25 ≤0.25
Streptococcus anginosus group 24 ≤0.008–0.03 0.03 0.03 0.5–1 0.5 1
Enterococcus faecalis 19 0.5–64 1 8 0.5–1 1 2
Streptococcus agalactiae 16 ≤0.008–0.15 0.15 0.15 ≤0.25–0.5 0.5 0.5
Streptococcus dysgalactiae 12 ≤0.008–0.06 ≤0.008 0.15 ≤0.25–1 ≤0.25 1

Ceftaroline Aztreonam

Number of isolatesa MIC range MIC50
b MIC90

b MIC range MIC50
b MIC90

b

Gram-negative pathogens
Escherichia coli 30 0.015 to .32 0.12 16 ≤0.03 to .32 0.12 4

ESBL negative 26 ≤0.03–8 0.06 1 ≤0.03–4 0.06 0.12
Klebsiella pneumoniae 12 0.06 to .32 0.25 .32 ≤0.03 to .32 0.06 .32

ESBL negative 8 0.06–2 NA NA ≤0.03–0.25 NA NA
Proteus mirabilis 11 0.03 to .32 0.06 0.12 ≤0.03–0.12 ≤0.03 0.12
Pseudomonas aeruginosa 9 1 to .32 NA .32 NA 8 NA
Klebsiella oxytoca 8 0.03–0.25 NA NA ≤0.03–0.25 NA NA
Morganella morganii 7 0.03–0.12 NA NA ≤0.03–0.12 NA NA

NA, not assessed because there were ,10 isolates.
aWhere there were multiple isolates for a single patient, the isolate with the highest MIC value was used. Isolates of both MSSA and MRSA from a single
patient were counted only once in the total for S. aureus.
bMIC50 and MIC90 calculated for isolates where n≥10.

396/506 (78.3%) vs 202/255 (79.2%)

Ceftaroline fosamil versus

vancomycin + aztreonam

342/395 (86.6%) vs 180/211 (85.3%)

199/248 (80.2%) vs 108/136 (79.4%)

163/181 (90.1%) vs 97/112 (86.6%)

MITT

CE

mMITT

ME

–20 –10 0

Difference in clinical cure rate (%)

Favours vancomycin + aztreonam Favours ceftaroline fosamil

10 20

Figure 2. Clinical cure rates at the TOC visit and 95% CIs for the between-group differences. Dashed line at 210% reflects non-inferiority margin; MITT
and CE are the primary analysis populations.
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headache, nausea, increased AST, increased hepatic enzyme,
increased ALT, constipation and pruritus generalized in the vanco-
mycin plus aztreonam group. TRAEs that differed in frequency by

≥1% between the ceftaroline fosamil and vancomycin plus
aztreonam groups were increased AST (0.6% and 1.6%, respect-
ively), increased hepatic enzyme (0.6% and 1.6%), infusion site

Table 3. Clinical cure rates by cSSTI infection type and disease severity (MITT population)

Ceftaroline fosamil n/N (%) Vancomycin+aztreonam n/N (%) Difference, % (95% CI)

cSSTI infection type
cellulitis 230/300 (76.7) 99/136 (72.8) 3.87 (–4.66, 13.09)
traumatic or surgical wound infection 49/63 (77.8) 36/41 (87.8) –10.03 (–24.14, 5.84)
major cutaneous abscess 83/103 (80.6) 49/59 (83.1) –2.47 (–14.18, 10.85)
burn infection 33/38 (86.8) 18/18 (100.0) –13.16 (–27.48, 5.48)

Disease severity
SIRS 168/199 (84.4) 83/105 (79.0) 5.37 (–3.45, 15.23)
bacteraemia 14/18 (77.8) 10/16 (62.5) 15.28 (–15.79, 44.58)
SIRS or bacteraemia 174/208 (83.7) 88/113 (77.9) 5.78 (–2.98, 15.43)
fever (temperature .388C) 179/211 (84.8) 104/118 (88.1) –3.30 (–10.60, 4.92)
≥2 severe local signsa 61/84 (72.6) 33/45 (73.3) –0.71 (–15.95, 16.16)
≤1 systemic signb 255/312 (81.7) 137/166 (82.5) –0.80 (–7.71, 6.79)
elevated WBCs (.12000 cells/mm3) 122/155 (78.7) 53/71 (74.6) 4.06 (–7.26, 16.75)
baseline CRP (mg/L)
≤50 149/178 (83.7) 83/100 (83.0) 0.71 (–8.04, 10.52)
.50 to ≤150 136/178 (76.4) 67/80 (83.8) –7.35 (–16.93, 3.77)
.150 105/139 (75.5) 49/68 (72.1) 3.48 (–8.75, 16.89)

≥2 severe systemic signsb or fever (.388C)
or elevated WBCs (.10000 cells/mm3)

343/432 (79.4) 174/219 (79.5) –0.05 (–6.40, 6.79)

aErythema, swelling, tenderness or warmth assessed by the investigator as ‘severe’.
bSystemic signs were fever .388C, hypothermia ,368C, elevated WBC count .12000 cells/mm3 or bands .10%.

Table 4. Favourable clinical and microbiological response at the TOC visit by key baseline pathogen from site of skin infection and infection composition
(ME population)

Favourable clinical response, n/N (%)a Favourable microbiological response, n/N (%)a

ceftaroline
fosamil (n¼181)

vancomycin+ aztreonam
(n¼112)

ceftaroline
fosamil (n¼181)

vancomycin+ aztreonam
(n¼112)

Gram-positive pathogens
Staphylococcus aureus

MSSA 88/94 (93.6) 49/57 (86.0) 91/94 (96.8) 49/57 (86.0)
MRSA 21/25 (84.0) 12/15 (80.0) 22/25 (88.0) 12/15 (80.0)

Streptococcus pyogenes 14/15 (93.3) 7/7 (100.0) 14/15 (93.3) 7/7 (100.0)
Streptococcus agalactiae 5/6 (83.3) 7/9 (77.8) 6/6 (100.0) 9/9 (100.0)
Streptococcus dysgalactiae 9/9 (100.0) 0 9/9 (100.0) 0
Enterococcus faecalis 4/6 (66.7) 4/5 (80.0) 5/6 (83.3) 4/5 (80.0)

Gram-negative pathogens
Escherichia coli 11/12 (91.7) 9/10 (90.0) 12/12 (100.0) 9/10 (90.0)
Klebsiella pneumoniae 5/7 (71.4) 3/4 (75.0) 6/7 (85.7) 3/4 (75.0)
Klebsiella oxytoca 4/4 (100.0) 1/1 (100.0) 4/4 (100.0) 1/1 (100.0)
Proteus mirabilis 6/7 (85.7) 2/2 (100.0) 6/7 (85.7) 2/2 (100.0)
Morganella morganii 4/4 (100.0) 2/2 (100.0) 4/4 (100.0) 2/2 (100.0)

Infection composition
monomicrobial 113/125 (90.4) 69/80 (86.3) 116/125 (92.8) 69/80 (86.3)
polymicrobial 50/56 (89.3) 28/32 (87.5) 51/56 (91.1) 29/32 (90.6)

aPercentages are based on total number in the treatment group with the baseline pathogen.
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phlebitis (1.0% and 2.0%), drug eruption (1.4% and 0%), rash
(1.2% and 0%) and constipation (0% and 1.2%). The frequency
of severe TRAEs was similar across groups [ceftaroline fosamil,
5/506 (1.0%); vancomycin plus aztreonam, 3/255 (1.2%)] and
comprised drug hypersensitivity, hypokalaemia, drug eruption,
urticaria and increased hepatic enzyme (ceftaroline fosamil),
and urticaria, toxic nephropathy and pyrexia (vancomycin plus
aztreonam).

Overall, 96/761 (12.6%) patients prematurely discontinued
treatment [ceftaroline fosamil, 67 (13.2%); vancomycin plus
aztreonam, 29 (11.4%)], of whom 32/506 (6.3%) and 11/255
(4.3%) patients, respectively, had one or more AEs leading to
discontinuation; these were considered treatment-related in 22
and 7 patients, respectively. AEs leading to discontinuation in
.1% of patients in either group were in the system organ classes
of disorders of skin and subcutaneous tissue [19/506 (3.8%)
versus 3/255 (1.2%)]; infections and infestations [5/506 (1.0%)
versus 1/255 (0.4%)]; and investigations [2/506 (0.4%) versus
3/255 (1.2%)].

The incidence of AEs representing rash events (including the
preferred terms dermatitis, dermatitis allergic, drug eruption, ery-
thema, generalized erythema, rash, rash erythematous, rash gen-
eralized, rash maculopapular, rash papular and rash pruritic) were
grouped together as an AE of special interest. Rash events were
reported more frequently for ceftaroline fosamil [44/506 (8.7%)]
than for vancomycin plus aztreonam [5.1% (13/255)]; .92%
were of mild or moderate intensity, and treatment-related rash
events occurred in 30/506 (5.9%) and 4/255 (1.6%) patients,
respectively. All rash events were reversible and none was asso-
ciated with Stevens–Johnson syndrome or toxic epidermal necro-
lysis. Rash events associated with ceftaroline fosamil were
typically described as maculopapular and were distributed over
the trunk and extremities; this is consistent with the pattern of
cephalosporin-induced rash.18

The imbalance in the frequency of rash was driven by the fre-
quencies of these events in patients from Asian sites: AEs of rash
occurred in 23/124 (18.5%) ceftaroline fosamil-treated patients
at Asian sites and 5/63 (7.9%) of vancomycin plus aztreonam reci-
pients. When Asian patients were excluded, the frequency of rash
was similar between groups [21/382 (5.5%) and 8/192 (4.2%),

respectively]. In the ceftaroline fosamil group, there was a
bimodal distribution in the time to onset of rash, with peaks at
Days 3–4 (early-onset events) and Days 8–9 (late-onset events).
The median duration of treatment in Asian patients in both treat-
ment groups was longer than in non-Asian patients (8.6 versus
6.8 days for ceftaroline fosamil; 8.8 versus 6.8 days for vancomy-
cin plus aztreonam). Among those who received treatment for
≥8 days, 17/85 (20.0%) of Asian patients and 11/151 (7.3%) of
non-Asian patients experienced late-onset rash. The incidence
of rash occurring during the first 7 days was much lower and in
line with that seen previously.2,3,19 Positive Coombs seroconver-
sion occurred in 146/452 (32.3%) patients in the ceftaroline fosa-
mil group at TOC; none of these patients showed evidence of
drug-induced haemolytic anaemia. A summary of AEs in the
MRSA-expansion period is presented in Table S5.

Discussion
These results provide valuable information regarding the potential
clinical utility of ceftaroline fosamil 600 mg every 8 h. The primary
efficacy endpoint was met, demonstrating the non-inferiority of
ceftaroline fosamil 600 mg every 8 h versus vancomycin plus
aztreonam in patients with cSSTI with evidence of systemic
inflammatory response or underlying comorbidities associated
with impaired immune response in the co-primary MITT and CE
populations.

Moreover, clinical cure rates at TOC among patients with evi-
dence of more severe disease at baseline (including SIRS, bacter-
aemia and elevated CRP) were generally comparable between
treatment groups, and were similar to the overall cure rate.
Clinical and microbiological cure rates (ME population) for key
cSSTI pathogens were generally comparable across treatment
groups. In line with previous surveillance studies20,21 and clinical
trials,2,3 the most commonly isolated pathogen was S. aureus.
Consistent with the previous trials,2,3 ceftaroline fosamil was
effective against infections caused by MRSA. However, relatively
few MRSA were isolated (13.8% in the mMITT population). This
may reflect the predominance of community-acquired infections
(94.7%; hospital-acquired infections would be unlikely to progress
untreated to such a stage that they met the stringent severity
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inclusion criteria for this study) and the small proportion (15.5%)
of patients from the USA (�60% of MRSA isolates were from
the USA).

Patients in COVERS had a larger area of cutaneous involvement
compared with CANVAS (median lesion size 400 versus 151 cm2),
and a greater proportion had evidence of systemic inflammation
(�40% versus 23% had SIRS). Despite the increase in dose from
600 mg every 12 h in CANVAS 1 and 2 to 600 mg every 8 h in
COVERS, overall clinical cure rates were somewhat lower in
COVERS compared with CANVAS. Nevertheless, clinical outcomes
among ceftaroline fosamil recipients with evidence of more
severe disease were generally comparable for COVERS and
CANVAS; clinical cure rates in patients with one or more systemic

signs, fever, elevated white blood cells (WBCs) or SIRS differed by
,5% across the trials.22 Moreover, per-pathogen clinical response
rates were also generally comparable across the three trials, and
MICs of .95% for isolated pathogens were within respective CLSI
susceptibility breakpoints for the ceftaroline fosamil dose of
600 mg every 12 h.23 Considered together, these data suggest
that ceftaroline fosamil 600 mg every 12 h is a robust treatment
for the majority of patients with cSSTI, including those with evi-
dence of SIRS or underlying comorbidities.

The PK profile of ceftaroline fosamil every 8 h was in line with
expectations. Geometric mean ceftaroline AUC and Cmax values
were within �10% –20% of those reported in Chinese and
Western healthy volunteers assessed after 8 days of ceftaroline
fosamil 600 mg every 8 h in 2 h infusions.19 A population PK
model that incorporated the patient PK data from COVERS was
used to analyse ceftaroline exposures: consistent with the clinical
efficacy findings, the PK profile of ceftaroline was unaffected by
the presence of one or more systemic signs of inflammation,
fever, elevated WBCs or SIRS.24 In Monte Carlo simulations,
ceftaroline fosamil 600 mg every 12 h provided exposures asso-
ciated with the plateau of dose–response for efficacy against
S. aureus (including MRSA) with MICs up to 2 mg/L,25 and ceftaro-
line fosamil 600 mg every 8 h achieved .95% target attainment
against S. aureus with MICs of 4 mg/L.26

The safety profile of ceftaroline fosamil 600 mg every 8 h was
similar to those in previous trials of 600 mg every 12 h,7,19,27,28

with no new safety signals identified. Rash was a common
cause of discontinuation, and occurred more frequently among
Asian patients than non-Asian patients treated with ceftaroline
fosamil. Median duration of ceftaroline fosamil treatment was
longer in Asian patients (8.6 days) compared with non-Asian
patients (6.8 days). However, even considering only those who
received treatment for ≥8 days, a greater proportion of Asian
patients (20.0%) relative to non-Asian patients (7.3%) had
late-onset rash. Hypersensitivity reactions are a well-documented
adverse effect associated with b-lactams, and regional variations
in usage may influence sensitization patterns.29,30 Rash events
were the most frequent AEs reported in a Phase I trial in
Chinese healthy volunteers, and occurred at a similar frequency
in patients receiving ceftaroline fosamil 600 mg every 12 or
8 h.19 Interestingly, the majority [9/16 (56.3%)] of these AEs
were late in onset (i.e. on or after study Day 7). In a similar
Phase I trial in Western healthy volunteers, a typical cephalosporin
maculopapular rash also occurred; however, the frequency and
intensity of rash AEs were higher in Chinese compared with
Western volunteers.19 It is possible that physiological differences
increase the propensity of Asian subjects to developing cutaneous
reactions to antibiotics.31

The frequency of a positive Coombs seroconversion test was
high (32.3% at TOC) in the ceftaroline fosamil group compared
with the CANVAS trials; this may reflect the dose and treatment
duration. Importantly, across the cephalosporin class, positive
Coombs seroconversion has low predictive value for drug-induced
haemolytic anaemia.32 Moreover, no associated cases of drug-
induced haemolytic anaemia were reported.

A key limitation was the absence of MRSA with ceftaroline MICs
of ≥2 mg/L (with the exception of one patient in the expansion
period). This appears surprising given that MRSA MIC90 values of
2 mg/L have been reported in some regions (e.g. Asia, Latin
America and some European countries) where the study was

Table 5. Adverse events with a total frequency ≥1% in either treatment
group categorized by MedDRA preferred term (safety population)

Patients, n (%)

Preferred term

Ceftaroline
fosamil

(n¼506)

Vancomycin+
aztreonam
(n¼255)

Patients with an adverse event with a
total frequency ≥1%

142 (28.1) 87 (34.1)

Nausea 20 (4.0) 11 (4.3)
Headache 17 (3.4) 12 (4.7)
Hypokalaemia 15 (3.0) 8 (3.1)
Vomiting 13 (2.6) 5 (2.0)
Diarrhoea 12 (2.4) 5 (2 0)
Anaemia 10 (2.0) 9 (3.5)
Dizziness 10 (2.0) 1 (0.4)
Rash 10 (2.0) 6 (2.4)
Constipation 9 (1.8) 8 (3.1)
Pyrexia 9 (1.8) 5 (2.0)
Drug eruption 8 (1.6) 0
Infusion site phlebitis 8 (1.6) 5 (2.0)
Insomnia 7 (1.4) 4 (1.6)
Oedema peripheral 7 (1.4) 4 (1.6)
Rash generalized 7 (1.4) 4 (1.6)
Alanine aminotransferase increased 6 (1.2) 4 (1.6)
Hypertension 6 (1.2) 8 (3.1)
Rash pruritic 6 (1.2) 0
Anxiety 5 (1.0) 3 (1.2)
Aspartate aminotransferase increased 5 (1.0) 5 (2.0)
Dyspnoea 5 (1.0) 3 (1.2)
Urticaria 5 (1.0) 3 (1.2)
Hepatic enzyme increased 4 (0.8) 7 (2.7)
Pruritus generalized 4 (0.8) 5 (2.0)
Asthenia 2 (0.4) 3 (1.2)
Diabetes mellitus 2 (0.4) 3 (1.2)
Oropharyngeal pain 2 (0.4) 4 (1.6)
Abdominal distension 1 (0.2) 4 (1.6)
Iron deficiency anaemia 1 (0.2) 3 (1.2)
Hypomagnesaemia 0 3 (1.2)
Pruritus 0 4 (1.6)
Type 2 diabetes mellitus 0 3 (1.2)
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conducted.8 – 10 The stringent study entry criteria (which followed
regulatory guidance),33 specifically the requirement for a large
area of infection involvement (minimum 75 cm2) and limiting
prior antibiotic exposure, may have biased recruitment towards
community-acquired infections, which typically involve MRSA
with ceftaroline MICs ≤1 mg/L.

In conclusion, ceftaroline fosamil 600 mg every 8 h was effect-
ive and generally well tolerated in the treatment of patients with
cSSTI characterized by large areas of body surface involvement
and evidence of systemic inflammation and/or underlying
comorbidities, and no new safety concerns were identified.
Importantly, disease severity did not appear to affect clinical
cure rates. Further evaluation is required to establish whether
ceftaroline fosamil every 8 h might extend coverage to S. aureus
with higher ceftaroline MICs.
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