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ABSTRACT

Introduction: In three phase III randomized
controlled trials, ceftaroline fosamil was shown
to be non-inferior to vancomycin plus aztre-
onam for the treatment of complicated skin and
soft tissue infections (cSSTIs). This exploratory
analysis evaluated the impact of underlying
comorbidities on clinical outcomes in patients
with cSSTI pooled from these three studies.
Methods: CANVAS 1 and 2 and COVERS eval-
uated ceftaroline fosamil (600 mg every 12 h
[q12h]; 600 mg every 8 h [q8h; COVERS]) versus

vancomycin plus aztreonam (1 g q12h each
[CANVAS 1 and 2]; vancomycin 15 mg/kg q12h
and aztreonam 1 g q8h [COVERS]) in hospital-
ized adults with cSSTI. The primary efficacy
variable in each trial was clinical response at the
test-of-cure (TOC) visit. Subgroup analyses were
performed on the pooled clinically evaluable
(CE) population, exploring the impact of age
and various baseline comorbidities.
Results: Overall, 1808 patients were included
in the CE population (1005 ceftaroline fosamil;
803 vancomycin plus aztreonam). Clinical cure
rates at TOC were 89.7% (ceftaroline fosamil)
and 90.8% (vancomycin plus aztreonam) (dif-
ference [95% confidence interval] - 1.13
[- 3.87, 1.67]). Clinical response rates were
similar between treatment groups, regardless of
age (B 65 years or[65 years), and in subgroups
of patients with and without diabetes mellitus,
peripheral vascular disease, cancer/malignancy,
renal impairment, and obesity; within these
subgroups, efficacy and safety results were gen-
erally consistent with those of the overall cSSTI
population.
Conclusions: This analysis provides supportive
evidence of the efficacy of ceftaroline fosamil in
patients with cSSTI and underlying
comorbidities.
Trial Registration: CANVAS 1, NCT00424190
and CANVAS 2, NCT00423657 (both trials first
posted on ClinicalTrials.gov 18/01/2007);
COVERS, NCT01499277 (first posted on Clini-
calTrials.gov 26/12/2011).
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Key Summary Points

Why carry out this study?

Patients with complicated skin and soft
tissue infections (cSSTIs) frequently have
underlying comorbidities, which may
complicate or delay treatment response,
leading to increased risks of treatment
failure and mortality

This exploratory analysis evaluated the
impact of underlying comorbidities on
clinical outcomes in patients with cSSTI
treated with ceftaroline fosamil or
vancomycin plus aztreonam pooled from
three phase III randomized, controlled
studies

What was learned from the study?

Overall clinical and microbiological
response rates were similar for ceftaroline
fosamil and vancomycin plus aztreonam
and were generally similar between
treatment groups regardless of age or
comorbidity status

The pattern of adverse events within each
comorbidity subgroup was similar
between treatment groups

This pooled analysis provides supportive
evidence of the efficacy of ceftaroline
fosamil in patients with cSSTI with
underlying comorbidities

INTRODUCTION

Complicated skin and soft tissue infections
(cSSTIs), also known as acute bacterial skin and
skin structure infections (ABSSSIs), are among
the most common infections encountered in
the healthcare setting [1, 2]. Patients with cSSTI
frequently have underlying comorbidities [3, 4].

The presence of underlying comorbidities may
complicate or delay treatment response in
patients with cSSTI, leading to increased risks of
treatment failure and mortality [1, 4–6]. Con-
sequently, patients with comorbidities have
been shown to require significantly greater use
of healthcare resources, such as increased time
to clinical stability and longer hospital stay [4],
thus adding to the healthcare burden already
associated with cSSTI.

Management of cSSTI/ABSSSI typically
includes surgical debridement/draining and
antibiotic therapy. Antimicrobial treatment
options for cSSTI/ABSSSI cases involving possi-
ble/confirmed methicillin-resistant Staphylococ-
cus aureus (MRSA) include vancomycin,
linezolid, ceftaroline fosamil, and daptomycin
[2, 7].

In the pivotal phase III CANVAS 1 and 2
studies, ceftaroline fosamil 600 mg every 12 h
(q12h) by 1-h intravenous (IV) infusions (doses
adjusted for patients with moderate or severe
renal impairment) was shown to be non-inferior
to vancomycin plus aztreonam in hospitalized
adults with cSSTI [1, 8]. In a further phase III
randomized controlled study (COVERS), a 50%
higher dose of ceftaroline fosamil (600 mg every
8 h [q8h] by 2-h IV infusions, again adjusted for
renal function) was shown to be non-inferior to
vancomycin plus aztreonam in patients with
cSSTI with extensive cutaneous involvement,
including evidence of systemic inflammation or
underlying comorbidities associated with
impaired immune response [9].

A previous pharmacokinetic study in healthy
volunteers found, as expected, ceftaroline fos-
amil q8h dosing to result in increased drug
exposure and higher pharmacokinetic/pharma-
codynamic target attainment rates versus q12h
dosing, particularly with minimum inhibitory
concentrations[1 mg/l; however, high
interindividual variability in relevant pharma-
cokinetic parameters was observed. The clinical
implications of these findings were considered
limited, with q12h dosing deemed likely suffi-
cient for the treatment of infections caused by
the vast majority of pathogens [10]. Although
the CANVAS 1 and 2 and COVERS studies dif-
fered with respect to ceftaroline fosamil doses,
as well as with respect to patients’ overall
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disease severity and extent of comorbidities, a
comparative subgroup analysis demonstrated
generally equivalent outcomes for ceftaroline
fosamil q12h and q8h when patients with sim-
ilar comorbidities and/or disease severity were
compared [11]. In conjunction with the similar
study designs, this finding supports pooling of
the CANVAS and COVERS data for further
analysis.

The current exploratory analysis evaluated
the impact of underlying comorbidities on
clinical outcomes in patients with cSSTI pooled
from the CANVAS 1, CANVAS 2, and COVERS
studies.

METHODS

Study Design and Patient Population

The CANVAS 1 (NCT00424190), CANVAS 2
(NCT00423657), and COVERS (NCT01499277)
studies were all phase III, multicenter, ran-
domized, double-blind, comparative safety and
efficacy trials of IV ceftaroline fosamil vs. van-
comycin plus aztreonam for the treatment of
adults with cSSTI (Table S1 in the Supplemen-
tary Material). Ethics approval of the study
protocols and any amendments from the rele-
vant IRB/IECs, and written informed consent,
were obtained for each trial [1, 8, 9], and all
trials were conducted in accordance with the
Helsinki Declaration of 1964, and its later
amendments.

Full details of the methods used in each of
the studies have been previously described
[1, 8, 9]. In brief, CANVAS 1 and 2 included
patients with cSSTI (defined as deep extensive
cellulitis, major cutaneous abscess needing sur-
gical drainage, or infected wound, ulcer, or
burn) requiring hospitalization and C 5 days of
parenteral antibiotic therapy. Inclusion criteria
for COVERS were similar to the CANVAS stud-
ies, but in addition required cSSTI with sur-
rounding area of erythema, edema, and/or
induration with a surface area C 75 cm2, and
patients had to have one or more sign/symptom
of systemic inflammation or comorbidities. In
COVERS, patients with diabetic foot infections
were excluded. Full eligibility criteria for each of

the studies are provided in the Supplementary
Material.

In each of the three studies, patients were
randomized to receive ceftaroline fosamil or
vancomycin plus aztreonam for 5–14 days.
Randomization and blinding information is
provided in the Supplementary Material. Details
of the treatment regimens and the numbers of
patients included in the studies are provided in
Table S1 in the Supplementary Material. An
overview of study design is shown in Fig. S1 in
the Supplementary Material.

Assessments

In each study, the primary endpoint was clinical
cure at the test-of-cure (TOC) visit (8–15 days
after last dose of study drug), in the modified
intention-to-treat (MITT) and clinically evalu-
able (CE) populations. Per-pathogen microbio-
logical response rates were assessed at TOC for
the microbiological MITT (mMITT) population.
Safety assessments included adverse event (AE)
monitoring, vital signs, physical examinations,
and clinical chemistry/laboratory tests up to the
late follow-up visit (21–35 days after the last
dose of study drug) in the safety population.
Definitions of analysis populations are provided
in the Supplementary Material.

Statistical Analysis

Statistical methods for the key primary and
secondary endpoints and safety assessments,
including sample size calculations and non-in-
feriority, have been reported previously [1, 8, 9].

Exploratory subgroup analyses assessing the
impact of baseline characteristics and comor-
bidities on clinical outcomes at TOC were per-
formed for the pooled CE population.
Subgroups were defined programmatically from
patients’ baseline information and medical
history as recorded in the study case report
forms and included age group (B 65 years
or[65 years) and presence/absence of diabetes
mellitus, peripheral vascular disease (PVD),
cancer/malignancy, renal impairment (mild
impairment/normal renal function: estimated
creatinine clearance [CLCR][50 ml/min;
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moderate impairment: CLCR[30 to B 50 ml/
min; severe impairment: CLCR[ 20 to B 30 ml/
min), and body mass index (BMI;\18.5 kg/
m2, C 18.5 to\25 kg/m2, C 25 to\ 30 kg/m2,
and C 30 kg/m2).

The 95% CIs for the observed difference in
the outcome measure between the ceftaroline
fosamil and vancomycin plus aztreonam groups
were calculated using the method of Miettinen
and Nurminen [12].

RESULTS

Patient Characteristics and Baseline
Pathogens

Patient disposition is shown in Fig. S2 in the
Supplementary Material. The pooled MITT
population included 2139 patients (ceftaroline
fosamil, n = 1199; vancomycin plus aztreonam,
n = 940 [difference in numbers between the two
groups is a result of the 2:1 ceftaroline fosamil:
vancomycin plus aztreonam randomization
ratio in the COVERS study]). One patient in the
CANVAS 2 study who was randomized to
receive ceftaroline fosamil was given van-
comycin plus aztreonam in error. Per protocol,
this patient was grouped according to actual
treatment received in the safety population,
which thus comprised 2139 patients (ceftaro-
line fosamil, n = 1198; vancomycin plus aztre-
onam, n = 941). The pooled CE population
included 1808 patients (ceftaroline fosamil,
n = 1005; vancomycin plus aztreonam,
n = 803). Baseline and demographic character-
istics were generally similar between treatment
arms (Table 1).

The most frequently isolated pathogens at
baseline (infection site and blood) were methi-
cillin-sensitive S. aureus (MSSA; 352/787 [44.7%]
and 319 [48.4%] for ceftaroline fosamil and
vancomycin plus aztreonam, respectively),
MRSA (210/787 [26.7%] and 174 [26.4%],
respectively), and Streptococcus pyogenes (81/787
[10.3%] and 69/659 [10.5%], respectively).
In vitro activity of the most common baseline
pathogens (isolated from C 10 patients in either
treatment group) to ceftaroline fosamil and

vancomycin or aztreonam is summarized in
Table 2.

Clinical Outcomes

Overall clinical cure rates at TOC (CE popula-
tion) were similar for ceftaroline fosamil
(n = 901/1005 [89.7%]) and for vancomycin
plus aztreonam (n = 729/803 [90.8%]); differ-
ence (95% CI) - 1.13% (- 3.87, 1.67). Clinical
cure rates at TOC were similar for ceftaroline
fosamil and vancomycin plus aztreonam,
regardless of age or comorbidity status (Fig. 1).
However, in patients with cancer/malignancy,
clinical cure rates were 88.9% (n = 24/27) for
ceftaroline fosamil vs. 78.9% (n = 15/19) for
vancomycin plus aztreonam (difference [95%
CI] 9.94% [- 11.66, 34.31]). In patients without
cancer/malignancy, cure rates were 89.7%
(n = 877/978) vs. 91.1% (n = 714/784), respec-
tively (treatment difference [95% CI] - 1.40%
[- 4.15, 1.41]).

In patients with moderate renal impairment,
clinical cure rates were 84.8% (n = 39/46) for
ceftaroline fosamil vs. 78.4% (n = 29/37) for
vancomycin plus aztreonam (difference [95%
CI]: 6.40% [- 10.43, 24.29]) (Fig. 1).

In patients with BMI\ 18.5 kg/m2, clinical
cure rates were 69.2% (n = 18/26) for ceftaroline
fosamil vs. 90.9% for vancomycin plus aztre-
onam (n = 10/11) (difference [95% CI]
- 21.68% [- 44.09, 10.98]). Respective clinical
cure rates for BMI C 18.5 to\ 25 kg/m2 were
91.0% (n = 312/343) vs. 89.9% (n = 232/258)
(difference [95% CI] 1.04 [- 3.66, 6.06]), for
BMI C 25 to\ 30 kg/m2 90.9% (n = 288/317)
vs. 93.6% (n = 263/281) (difference [95% CI]
- 2.74 [- 7.14, 1.66]), and for BMI C 30 kg/m2

89.2% (n = 281/315) vs. 88.5% (n = 223/252)
(difference [95% CI] 0.71 [- 4.47, 6.15]) (Fig. 1).

Overall favorable microbiological response
rates for the most commonly isolated patho-
gens at TOC (mMITT population) were similar
for ceftaroline fosamil and vancomycin plus
aztreonam (MSSA: 318/352 [90.3%] and
283/319 [88.7%], respectively; MRSA: 178/210
[84.8%] and 135/174 [77.6%], respectively; and
S. pyogenes: 72/81 [88.9%] and 64/69 [92.8%],
respectively). Favorable microbiological
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Table 1 Baseline demographic characteristics and comorbidities (CE population)

Number (%) of patients

Ceftaroline fosamil
(n = 1005)

Vancomycin 1 aztreonam
(n = 803)

Total
(N = 1808)

Demographic characteristic

Age (years)

Mean 49.7 50.2 49.9

Median (range) 16.9 (18–93) 16.5 (18–96) 16.7 (18–96)

Age group (years), n (%)

C 18 to\ 65 805 (80.1) 626 (78.0) 1431 (79.1)

C 65 to\ 75 112 (11.1) 114 (14.2) 226 (12.5)

C 75 88 (8.8) 63 (7.8) 151 (8.4)

Sex, n (%)

Female 372 (37.0) 322 (40.1) 694 (38.4)

Comorbidity/analysis subgroup, n (%)

Age[ 65 years 188 (18.7) 162 (20.2) 350 (19.4)

Diabetes mellitus 173 (17.2) 139 (17.3) 312 (17.3)

Peripheral vascular disease 113 (11.2) 94 (11.7) 207 (11.4)

Cancer/malignancy 27 (2.7) 19 (2.4) 46 (2.5)

Renal status (estimated CLCR, ml/min)a

Severe impairment ([ 20

to B 30)

4 (0.4) 1 (0.1) 5 (0.3)

Moderate impairment ([ 30

to B 50)

46 (4.6) 37 (4.6) 83 (4.6)

Mild impairment or normal

([ 50)

946 (94.1) 759 (94.5) 1705 (94.3)

Body mass index (kg/m2)b

\ 18.5 26 (2.6) 11 (1.4) 37 (2.0)

C 18.5 to\ 25 343 (34.1) 258 (32.1) 601 (33.2)

C 25 to\ 30 317 (31.5) 281 (35.0) 598 (33.1)

C 30 315 (31.3) 252 (31.4) 567 (31.4)

CE clinically evaluable, CLCR creatinine clearance
aData not collected for nine patients in the ceftaroline group and six patients in the vancomycin plus aztreonam group
bData not collected for four patients in the ceftaroline group and one patient in the vancomycin plus aztreonam group
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Table 2 In vitro activity of ceftaroline, vancomycin, and aztreonam against pathogens isolated from patients with cSSTI
(mMITT population)

Baseline pathogen Ceftaroline (N = 787) Vancomycin (N = 659) Aztreonam (N = 659)

Isolates
(n)

MIC
range

MIC90 Isolates
(n)

MIC
range

MIC90 Isolates
(n)

MIC
range

MIC90

Gram-positive organisms

Staphylococcus aureus 535 0.06 to 2 0.5 461 B 0.25

to 2

1 – – –

MSSA 105 0.06 to

0.5

0.25 59 B 0.25

to 1

1 – – –

MRSA 32 0.25 to 1 1 22 0.5 to 1 1 – – –

Streptococcus pyogenes 80 B 0.004

to

0.008

B 0.008 68 B 0.25

to 1

0.5 – – –

Streptococcus
dysgalactiae

13 B 0.004

to

0.008

0.008 17 0.25 to

0.5

0.25 – – –

Enterococcus faecalis 41 0.25 to 64 8 33 0.5 to 2 2 – – –

Streptococcus
agalactiae

30 B 0.008

to

0.015

0.015 29 B 0.25

to 0.5

0.5 – – –

Streptococcus anginosus
group

24 B 0.004

to

0.008

0.03 3 0.5 to

0.5

0.5 – – –

Streptococcus
dysgalactiae subspecies
dysgalactiae

11 B 0.008

to

0.015

0.015 1 1 to 1 1 – – –

Finegoldia magna 13 B 0.06

to 64

0.5 1 0.25 to

0.25

0.25 1 32 to 32 32

Gram-negative organisms

Escherichia coli 42 0.015

to[ 32

16 – – – 31 B 0.03

to 0.5

0.12

Acinetobacter
calcoaceticus

10 2 to[ 32 [ 32 – – – 5 1 to[ 32 [ 32

Klebsiella pneumoniae 26 0.03

to[ 32

[ 16 – – – 23 B 0.03

to[ 32

[ 32

Klebsiella oxytoca 18 0.03 to

0.25

0.25 – – – 9 B 0.03

to 0.5

0.5
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response rates were generally consistent within
and between age and comorbidity subgroups
(Table 3). Given that in each of the individual
studies microbiological outcomes were largely
inferred from clinical outcomes, the results for
ME population were generally similar to those
of the mMITT population.

Safety

Mean (standard deviation [SD]) study duration
of exposure (safety population) was 8.27 (3.3)
days for ceftaroline fosamil and 8.31 (3.3) days
for vancomycin plus aztreonam, and exposures
were generally consistent within and between
age comorbidity subgroups. AEs and serious AEs
up to the late follow-up visit are summarized in
Table 4. Overall, treatment-emergent AEs were
reported in 541/1198 (45.2%) patients treated
with ceftaroline fosamil and 442/941 (47.0%)
patients treated with vancomycin plus aztre-
onam (Table 4). The most frequently reported
AEs were nausea (occurring in 61/1198 [5.1%]
patients treated with ceftaroline fosamil and
46/941 [4.9%] patients treated with

vancomycin plus aztreonam) and pruritis (oc-
curring in 24/1199 [2.0%] and 61/940 [6.5%]
patients, respectively).

Results from evaluation of vital signs, phys-
ical examinations, and clinical chemistry/labo-
ratory tests were generally similar between
treatment groups and within age and comor-
bidity subgroups.

DISCUSSION

This exploratory analysis evaluated the impact
of a range of comorbidities on clinical outcomes
in patients with cSSTI pooled from three phase
III randomized controlled studies. The high
proportions of patients with comorbidities,
such as diabetes mellitus, PVD, and obesity, are
considered representative of patients typically
seen in clinical practice [3, 4].

Overall clinical cure rates at TOC (CE popu-
lation) were similar for ceftaroline fosamil
monotherapy (89.7%) and for vancomycin plus
aztreonam combination therapy (90.8%), and
were similar regardless of comorbidity status,
and consistent with results in the CE and MITT

Table 2 continued

Baseline pathogen Ceftaroline (N = 787) Vancomycin (N = 659) Aztreonam (N = 659)

Isolates
(n)

MIC
range

MIC90 Isolates
(n)

MIC
range

MIC90 Isolates
(n)

MIC
range

MIC90

Proteus mirabilis 23 B 0.008

to[ 16

[ 16 – – – 27 B 0.03

to 16

0.25

Enterobacter cloacae 11 0.06 to 1 1 – – – 19 B 0.03

to[ 32

16

Pseudomonas
aeruginosa

32 1 to[ 32 [ 16 – – – 26 1 to[ 32 [ 32

Morganella morganii 15 0.03

to[ 16

[ 16 – – – 10 B 0.03

to 4

4

Includes pathogens isolated from C 10 patients in either treatment group. MIC range and MIC90 are in mg/l
The mMITT population consisted of patients in the MITT population who met the minimal disease criteria and had C 1
bacterial pathogen
cSSTI complicated skin and soft tissue infection, MIC minimum inhibitory concentration, MIC90 minimum inhibitory
concentration required to inhibit the growth of 90% of organisms, mMITT microbiological modified intention to treat,
MRSA methicillin-resistant Staphylococcus aureus, MSSA methicillin-sensitive Staphylococcus aureus, n number of isolates,
N number of patients
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populations in the individual trials [1, 8, 9].
Moreover, favorable microbiological response
rates were generally comparable across comor-
bidity subtypes for key cSSTI pathogens,
including S. aureus.

Presence of comorbidities may increase the
likelihood of acquiring a cSSTI and have an
impact on the progression and course of the
condition as well as its response to treatment
[5]. Comorbidities associated with impaired
immune response include critical illness, elderly
age, immunocompromised state, hepatic and
renal disease, vascular insufficiency, and
malignancy [5, 9, 13, 14]. Such comorbidities

represent risk factors for potentiation of cSSTI
and poor wound healing. Moreover, severe sys-
temic inflammation can affect antibiotic phar-
macokinetics, potentially negatively affecting
efficacy [15].

In patients with diabetes mellitus or PVD,
the ability of some antibiotics to penetrate soft
tissues may be compromised, resulting in a
lower drug concentration reaching the site of
infection. It has previously been hypothesized
that poor soft tissue distribution of vancomycin
in patients with diabetes mellitus has been
responsible for treatment failure in some
patients [16–18]. Clinical cure response rates at

Fig. 1 Clinical cure rates at TOC by baseline age, BMI,
and comorbidity subgroups in patients with cSSTI (CE
population)a. BMI body mass index, CE clinically evalu-
able, CLCR creatinine clearance, cSSTI complicated skin

and soft tissue infection, PVD peripheral vascular disease,
TOC test of cure. aValues above bars represent treatment
differences (95% CI)
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Table 3 Per-pathogen favorable microbiological response rates at TOC for the most commonly isolated pathogens overall,
by baseline age, and comorbidity subgroups in patients with cSSTI (mMITT population)

Subgroup Pathogen Patients, n/N (%)

Ceftaroline
fosamil
(n = 787)

Vancomycin 1 aztreonam
(n = 659)

Age B 65 years MSSA 261/292 (89.4) 222/253 (87.7)

MRSA 161/192 (83.9) 123/159 (77.4)

S. pyogenes 66/75 (88.0) 57/61 (93.4)

Age[ 65 years MSSA 57/60 (95.0) 61/66 (92.4)

MRSA 17/18 (94.4) 12/15 (80.0)

S. pyogenes 6/6 (100) 7/8 (87.5)

Diabetes mellitus: no MSSA 271/303 (89.4) 240/273 (87.9)

MRSA 164/193 (85.0) 124/158 (78.5)

S. pyogenes 67/76 (88.2) 62/66 (93.9)

Diabetes mellitus: yes MSSA 47/49 (95.9) 43/46 (93.5)

MRSA 14/17 (82.4) 11/16 (68.8)

S. pyogenes 5/5 (100) 2/3 (66.7)

Peripheral vascular disease: no MSSA 271/303 (89.4) 240/273 (87.9)

MRSA 164/193 (85.0) 124/158 (78.5)

S. pyogenes 67/76 (88.2) 62/66 (93.9)

Peripheral vascular disease: yes MSSA 47/49 (95.9) 43/46 (93.5)

MRSA 14/17 (82.4) 11/16 (68.8)

S. pyogenes 5/5 (100) 2/3 (66.7)

Cancer/malignancy: no MSSA 308/342 (90.1) 279/315 (88.6)

MRSA 174/206 (84.5) 130/168 (77.4)

S. pyogenes 72/81 (88.9) 64/69 (92.8)

Cancer/malignancy: yes MSSA 10/10 (100) 4/4 (100)

MRSA 4/4 (100) 5/6 (83.3)

S. pyogenes 0 0

Severe renal impairment (CLCR[ 20 to B 30 ml/min) MSSA 0 0

MRSA 0 0

S. pyogenes 0/1 (0) 0

Moderate renal impairment (CLCR[ 30 to B 50 ml/min) MSSA 13/13 (100) 10/12 (83.3)

MRSA 4/5 (80.0) 4/6 (66.7)

S. pyogenes 3/3 (100) 2/2 (100)
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TOC were similar for ceftaroline fosamil and
vancomycin plus aztreonam in patients with
and without diabetes mellitus and in those with
and without PVD.

Renal impairment is associated with impair-
ment of host defenses [19]. Furthermore, drug
pharmacokinetics are often affected by
impaired renal clearance [14]. Of the small
proportions of patients with moderate renal
impairment (CLCR[30 to B 50 ml/min), clini-
cal cure rates for patients treated with ceftaro-
line fosamil were 84.8% (n = 39/46) and for
patients treated with vancomycin plus aztre-
onam were 78.4% (n = 29/37).

Patients with malignancy are highly suscep-
tible to infection [13], and both hematological

and solid tumors have been shown to influence
the cSSTI disease course [20]. Among patients
with malignancy, 24 of 27 (88.9%) patients
treated with ceftaroline fosamil and 15 of 19
(78.9%) patients treated with vancomycin plus
aztreonam were cured, although the small
patient numbers limit the interpretation of
these results. Previous studies have suggested
that patients with certain malignancies may
require much higher dosages of vancomycin
than those with no known with malignancy to
achieve therapeutic drug plasma concentrations
[21–23]. However, these studies, and other lit-
erature on treatment of infections in patients
with malignancy, included patients with vary-
ing levels of neutropenia. As patients with

Table 3 continued

Subgroup Pathogen Patients, n/N (%)

Ceftaroline
fosamil
(n = 787)

Vancomycin 1 aztreonam
(n = 659)

Mild renal impairment or normal (CLCR[ 50 ml/min) MSSA 302/336 (89.9) 271/304 (89.1)

MRSA 173/203 (85.2) 129/165 (78.2)

S. pyogenes 68/77 (88.3) 62/67 (92.5)

BMI\ 18.5 kg/m2 MSSA 11/13 (84.6) 2/3 (66.7)

MRSA 0/2 (0) 2/3 (66.7)

S. pyogenes 5/5 (100) 1/1 (100)

BMI C 18.5 to\ 25 kg/m2 MSSA 131/146 (89.7) 199/116 (85.3)

MRSA 61/72 (84.7) 38/54 (70.4)

S. pyogenes 33/39 (84.6) 36/39 (92.3)

BMI C 25 to\ 30 kg/m2 MSSA 91/101 (90.1) 107/113 (94.7)

MRSA 54/61 (88.5) 49/58 (84.5)

S. pyogenes 24/26 (92.3) 18/19 (94.7)

BMI C 30 kg/m2 MSSA 85/92 (92.4) 75/87 (86.2)

MRSA 62/73 (84.9) 46/59 (78.0)

S. pyogenes 10/11 (90.9) 9/10 (90.0)

BMI body mass index, CLCR creatinine clearance, cSSTI complicated skin and soft tissue infection, mMITT microbiological
modified intention to treat, MRSA methicillin-resistant Staphylococcus aureus, MSSA methicillin-sensitive Staphylococcus
aureus, S. pyogenes Streptococcus pyogenes, TOC test of cure
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neutropenia (\ 500 neutrophils/mm3) were
excluded from the CANVAS and COVERS trials,
comparisons with results from the literature
should be made with caution.

Obesity and low antibiotic dosage at dis-
charge are associated with cSSTI onset and
clinical failure at hospital discharge [24, 25]. In
addition, higher BMI may result in lower rela-
tive doses of an antibiotic that are not adjusted
for body weight [17], potentially leading to less
optimal clinical outcomes [26, 27]. However,
model-based predictions of multiple ceftaroline
fosamil doses have indicated adequate target
attainment achievement with time-dependent
pharmacodynamics [28]. Currently, there is no
evidence for worse clinical outcomes in obese
vs. non-obese patients with cSSTI using stan-
dard doses of ceftaroline fosamil [28]. In the
present analysis, favorable clinical response
rates at TOC were similar for ceftaroline and
vancomycin plus aztreonam in patients with
and without obesity.

Regardless of comorbidity status, some
patients with cSSTI initially require empirical
antibiotic treatment providing polymicrobial
coverage [29]. Ceftaroline fosamil has a broad
spectrum of activity against clinically relevant
gram-positive strains, including MRSA, as well
as some gram-negative pathogens involved in
cSSTI [30, 31]. In the current pooled analysis,
patients with comorbidities that put them at
risk of treatment failure demonstrated similar

success rates in the ceftaroline fosamil and the
vancomycin plus aztreonam treatment groups,
with response rates generally consistent with
those of the overall cSSTI population of the
individual studies.

The lack of stratification for comorbidity at
randomization represents a limitation of this
analysis. Another limitation is the low numbers
of patients in the BMI\18.5 kg/m2, moder-
ate/severe renal impairment, and malignancy
subgroups, which make it difficult to draw
conclusions from these results. Additionally,
information regarding stability of the comor-
bidity, which may potentially impact response
to therapy, was not collected as part of the
current analysis.

Ceftaroline fosamil has been shown to have
a favorable safety profile [32]. Observations
from the CANVAS studies indicated that when
AEs did occur with ceftaroline fosamil they were
generally of mild intensity [1, 8]. No new safety
signals were reported for ceftaroline fosamil in
the CANVAS or COVERS studies [1, 8, 9]. In the
present analysis, the frequency of patients with
any AE within each comorbidity subgroup was
generally similar between those treated with
ceftaroline fosamil and vancomycin plus
aztreonam.

Table 4 Overview of AEs (safety population)

Number (%) of patients

Ceftaroline fosamil
(n = 1198)

Vancomycin 1 aztreonam
(n = 941)

AE category

Patients with C 1 AE 541 (45.2) 442 (47.0)

Any AE related to study drug 244 (20.4) 223 (23.7)

Any AE with outcome of death 8 (0.7) 3 (0.3)

Any SAE 56 (4.7) 41 (4.4)

Any AE leading to discontinuation of study drug 53 (4.4) 44 (4.7)

Any AE of severe intensity 40 (3.3) 37 (3.9)

AE adverse event, SAE serious adverse event
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CONCLUSIONS

In conclusion, this pooled analysis of three
randomized controlled trials provides support-
ive evidence of the efficacy of ceftaroline fos-
amil in patients with cSSTI with underlying
comorbidities.
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Österreicher Z, Zeitlinger M. Single- and repeated-
dose pharmacokinetics of ceftaroline in plasma and
soft tissues of healthy volunteers for two different
dosing regimens of ceftaroline fosamil. Antimicrob
Agents Chemother. 2016;60(6):3617–25.

11. Corey GR, Wilcox MH, Gonzalez J, et al. Ceftaroline
fosamil therapy in patients with acute bacterial skin
and skin-structure infections with systemic inflam-
matory signs: a retrospective dose comparison
across three pivotal trials. Int J Antimicrob Agents.
2019;53(6):830–7.

12. Miettinen O, Nurminen M. Comparative analysis of
two rates. Stat Med. 1985;4(2):213–26.

13. Kofteridis DP, Valachis A, Koutsounaki E, et al. Skin
and soft tissue infections in patients with solid
tumours. Scientific World J. 2012;2012:804518.

14. Maroz N, Simman R. Wound healing in patients
with impaired kidney function. J Am Coll Clin
Wound Special. 2013;5(1):2–7.

15. Pinder M, Bellomo R, Lipman J. Pharmacological
principles of antibiotic prescription in the critically
ill. Anaesth Intensive Care. 2002;30(2):134–44.

16. Skhirtladze K, Hutschala D, Fleck T, et al. Impaired
target site penetration of vancomycin in diabetic

Infect Dis Ther (2022) 11:217–230 229

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


patients following cardiac surgery. Antimicrob
Agents Chemother. 2006;50(4):1372–5.

17. Lipsky BA, Itani KM, Weigelt JA, et al. The role of
diabetes mellitus in the treatment of skin and skin
structure infections caused by methicillin-resistant
Staphylococcus aureus: results from three randomized
controlled trials. Int J Infect Dis. 2011;15(2):e140–6.

18. Eckmann C, Nathwani D, Lawson W, et al. Com-
parison of vancomycin and linezolid in patients
with peripheral vascular disease and/or diabetes in
an observational European study of complicated
skin and soft-tissue infections due to methicillin-
resistant Staphylococcus aureus. Clin Microbiol
Infect. 2015;21(Suppl 2):S33–9.

19. Pesanti EL. Immunologic defects and vaccination in
patients with chronic renal failure. Infect Dis Clin N
Am. 2001;15(3):813–32.

20. Tognetti L, Martinelli C, Berti S, et al. Bacterial skin
and soft tissue infections: review of the epidemiol-
ogy, microbiology, aetiopathogenesis and treat-
ment: a collaboration between dermatologists and
infectivologists. J Eur Acad Dermatol Venereol
JEADV. 2012;26(8):931–41.

21. Bury D, ter Heine R, van de Garde EMW, Nijziel MR,
Grouls RJ, Deenen MJ. The effect of neutropenia on
the clinical pharmacokinetics of vancomycin in
adults. Eur J Clin Pharmacol. 2019;75(7):921–8.

22. de Gatta MMF, Fruns I, Hernández JM, et al. Van-
comycin pharmacokinetics and dosage require-
ments in hematologic malignancies. Clin Pharm.
1993;12(7):515–20.

23. Hochart C, Berthon C, Corm S, et al. Vancomycin
serum concentration during febrile neutropenia in
patients with acute myeloid leukemia. Med Mal
Infect. 2011;41(12):652–6.

24. Theofiles M, Maxson J, Herges L, Marcelin A,
Angstman KB. Cellulitis in obesity: adverse

outcomes affected by increases in body mass index.
J Prim Care Community Health. 2015;6(4):233–8.

25. Halilovic J, Heintz BH, Brown J. Risk factors for
clinical failure in patients hospitalized with cel-
lulitis and cutaneous abscess. J Infect. 2012;65(2):
128–34.

26. Falagas ME, Athanasoulia AP, Peppas G, Karageor-
gopoulos DE. Effect of body mass index on the
outcome of infections: a systematic review. Obes
Rev. 2009;10(3):280–9.

27. Longo C, Bartlett G, Macgibbon B, et al. The effect
of obesity on antibiotic treatment failure: a histor-
ical cohort study. Pharmacoepidemiol Drug Saf.
2013;22(9):970–6.

28. Justo JA, Mayer SM, Pai MP, et al. Pharmacokinetics
of ceftaroline in normal body weight and obese
(classes I, II, and III) healthy adult subjects.
Antimicrob Agents Chemother. 2015;59(7):
3956–65.

29. Ramakrishnan K, Salinas RC, Agudelo Higuita NI.
Skin and soft tissue infections. Am Fam Physician.
2015;92(6):474–83.

30. Allergan. TEFLAROTM (ceftaroline fosamil) injec-
tion for intravenous (IV) use. 2020. https://www.
allergan.com/assets/pdf/teflaro_pi. Accessed 28 Apr
2021.

31. Pfizer. Zinforo 600 mg powder for concentrate for
solution for infusion: summary of product charac-
teristics. 2020. https://www.ema.europa.eu/en/
documents/product-information/zinforo-epar-
product-information_en.pdf. Accessed 28 Apr 2021.

32. Cheng K, Newell P, Chow JW, et al. Safety profile of
ceftazidime-avibactam: pooled data from the adult
phase II and phase III clinical trial programme.
Drug Saf. 2020;43(8):751–66.

230 Infect Dis Ther (2022) 11:217–230

https://www.allergan.com/assets/pdf/teflaro_pi
https://www.allergan.com/assets/pdf/teflaro_pi
https://www.ema.europa.eu/en/documents/product-information/zinforo-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/zinforo-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/zinforo-epar-product-information_en.pdf

	Impact of Underlying Comorbidities on Outcomes of Patients Treated with Ceftaroline Fosamil for Complicated Skin and Soft Tissue Infections: Pooled Results from Three Phase III Randomized Clinical Trials
	Abstract
	Introduction
	Methods
	Results
	Conclusions
	Trial Registration

	Introduction
	Methods
	Study Design and Patient Population
	Assessments
	Statistical Analysis

	Results
	Patient Characteristics and Baseline Pathogens
	Clinical Outcomes
	Safety

	Discussion
	Conclusions
	Acknowledgements
	References




