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ABSTRACT

Introduction: Skin and soft structure infections
(SSTIs) caused by methicillin-resistant Staphylo-
coccus aureus (MRSA) pose serious health risks
and cause significant cost burdens, and a con-
clusive recommendation about antibiotics has
not yet been generated. Therefore, we per-
formed this updated network meta-analysis to
determine the preferred drug for the treatment
of MRSA-caused SSTIs.

Methods: We searched PubMed, Embase, and
Cochrane Library to identify any potentially
eligible randomized controlled trials (RCTs)
investigating the comparative efficacy and
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safety of any two of vancomycin, linezolid,
tedizolid, and daptomycin in MRSA-caused
SSTIs. All statistical analyses were conducted
with RevMan, ADDIS, and STATA software.
Results: Twenty eligible RCTs involving 7804
patients were included for the final analysis.
Direct meta-analysis suggested that linezolid
was superior to vancomycin in improving clin-
ical (odds ratio [OR], 1.46; 95% confidence
interval [CI], 1.07-1.99; P = 0.02) and microbi-
ological (OR, 1.89; 95% CI, 1.24-2.86;
P = 0.003) success, which were all confirmed by
network meta-analyses. No statistical differ-
ences were identified regarding other compar-
isons. Meanwhile, there were no significant
differences between any two antibiotics related
to safety. Moreover, ranking probabilities indi-
cated that linezolid had the highest probability
of being ranked best in terms of clinical and
microbiological success.

Conclusion: Based on the limited evidence,
linezolid may be a preferred antibiotic for the
treatment of MRSA-caused SSTIs because it
showed superiority in clinical and microbio-
logical success without difference regarding
safety.

Keywords: Skin and soft tissue infection;
Methicillin-resistant ~ Staphylococcus — aureus;
Systematic review; Network meta-analysis
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Twenty eligible RCTs involving 7804
patients were included for the final
analysis.

The study suggested that linezolid was
superior to vancomycin in improving
clinical success.

No statistical differences were identified
regarding other comparisons.

There were no significant differences
between any two antibiotics about safety.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14554872.

INTRODUCTION

Skin and soft tissue infections (SSTIs) are one of
the major threatening questions faced by
patients in both the community and hospital
settings [1]. It is reported that the methicillin-
resistant Staphylococcus aureus (MRSA) infections
account for > 60% of SSTIs in most institutions
[2]. Meanwhile, the incidence of infections
caused by MRSA has been sharply rising
recently [3, 4]. It is critically important that
SSTIs caused by MRSA are associated with
increased incidence of several complications,
which increase the mortality, length of hospital
(LOS), and total cost burden [5-7]. Obviously,
development of an effective treatment regime
for  MRSA SSTIs has become an urgent
challenge.

Orally or intravenously administered antibi-
otics still play a critical role in treating MRSA
infections, especially complicated SSTIs (cSSTIs)
[8]. As the gold standard regime, vancomycin

has been historically used to treat MRSA SSTIs
[6]; however, the emergence of vancomycin-re-
sistant S. aureus challenges the usage of this
regime [4, 9]. Therefore, several novel antibi-
otics have been introduced to combat the
evolving resistance of this challenging patho-
gen [8]. Of these antibiotics, linezolid, dapto-
mycin, and tedizolid have been approved to
treat MRSA infections [10].

Although some clinical studies have been
performed to investigate the role of linezolid,
daptomycin, and tedizolid in treating SSTIs
[11-13], conflicting results directly limited the
clinical decision. Several meta-analyses have
also been conducted to systematically deter-
mine the optimal regime for SSTIs; however, a
conclusive finding has not yet been generated
[1, 14-16]. Compared to traditional head-to-
head meta-analysis, which only can perform a
single comparison at a time, network meta-
analysis has been developed and then exten-
sively applied in practice because this method
can simultaneously combine multiple evidence
including direct and indirect evidence esti-
mated from the available direct comparisons to
generate more reliable and robust findings [17].
Although two network meta-analyses [14, 16]
have also partially considered this topic, we
must recognize that some limitations such as an
insufficient number of eligible studies have
impaired the reliability and robustness of
pooled results. Therefore, we performed this
updated network meta-analysis to compare
these four different antibiotics including van-
comycin, linezolid, tedizolid, and daptomycin
used for the treatment of MRSA SSTIs to further
determine which should be preferentially
prescribed.

METHODS

We designed and then performed the current
network meta-analysis according to the frame-
work proposed by the Cochrane Collaboration
[18]. However, we did not register the formal
protocol for this meta-analysis. Then, we
reported all findings in accordance with the
Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) for
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Network Meta-Analysis guidelines [19], sum-
marized in Table S1. In the current network
meta-analysis, no ethical approval or patient
informed consent was required because this
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

Identification of Studies

In the current network meta-analysis, we
assigned two independent reviewers to perform
a systematic search to identify any potentially
eligible studies in PubMed, EMBASE, and the
Cochrane Library from their inception to
October 2020. We combined the medical sub-
ject heading (MeSH) with text to construct the
search strategy and then modified it according
to the unique requirements of the individual
database. We summarized the details of search
strings of all targeted databases in Table S2. We
only considered the studies published in Eng-
lish and Chinese language for inclusion. More-
over, we also manually checked the references
of all included studies and meta-analyses
focused on the same topic to capture additional
eligible studies. Any divergences on identifica-
tion of studies were resolved based on the con-
sensus principle or by consulting a third senior
reviewer.

Selection Criteria

According to the previous meta-analysis [16],
we designed the following selection criteria: (1)
adult patients who were diagnosed with sus-
pected or confirmed MRSA-related infections;
(2) patients who were instructed to orally or
parenterally use antibiotics with anti-MRSA
activity; (3) only randomized controlled trials
(RCTs) were considered eligible. Moreover, we
only considered the latest study with more
sufficient data when a series of studies had been
published by the same research group based on
the same sample. We excluded studies when: (1)
they focused on the preventive effect of antibi-
otics on colonization or infection; (2) they were
designed to investigate the pharmacokinetic or

pharmacodynamic of antibiotics; (3) they only
investigated the pharmacoeconomics or
obtained pooled results of previous studies; (4)
they were reviews, editorials, letters, case
reports, conference abstracts, and cell and ani-
mal studies. Two reviewers independently
completed the process of selecting studies. Any
divergences about the selection of studies were
resolved based on the consensus principle or by
consulting a third senior reviewer.

Data Extraction

Two independent reviewers were assigned to
use a standard data extraction sheet to extract
essential information as follows: basic informa-
tion of studies including the lead author’s
name, publication year, country of the lead
author, study design (multiple or single center),
basic information of participants including
sample size (male/total) and mean age, basic
information on treatment regime including
details of treatment, treatment duration, and
outcomes, and details of risk of bias. Any
divergences were solved based on the consensus
principle or by consulting a third senior
reviewer.

Outcomes of Interest

In the current network meta-analysis, we con-
sidered clinical success, microbiological success,
and adverse events (AEs) including drug-related
AEs and serious AEs. Clinical success was eval-
uated to be cured and improved status at test of
cure (TOC) in the modified intention-to-treat
(mITT) population, which was defined as the
randomized patients receiving at least one dose
of the study drug. Cured was defined as resolu-
tion of the clinical signs and symptoms of
infection compared with baseline; improved
was defined as improvement in two or more,
but not all, clinical signs and symptoms of
infection compared with baseline [16].

Quality Assessment

Two reviewers used the Cochrane Risk of Bias
assessment tool [20] to independently assess the
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quality of individual studies using the following
six domains: random sequence generation;
allocation concealment; blinding of partici-
pants, personnel, and outcome assessors;
incomplete outcome data; selective reporting;
other bias. We labeled a study as low risk of bias
if all domains were fulfilled. We labeled a study
as high risk of bias if more than one of all
domains were not fulfilled. A study was labeled
with unclear risk of bias when there was not
sufficient information for determination. Any
divergences related to quality assessment were
resolved based on the consensus principle or by
consulting a third senior reviewer.

Statistical Analysis

In the current study, we simultaneously per-
formed head-to-head meta-analysis and net-
work meta-analysis to compare the comparative
effects of four different antibiotics. For head-to-
head meta-analysis, we adopted Review Man-
ager (RevMan) 5.3 (Cochrane Collaboration,
Copenhagen, Denmark) to complete all statis-
tical analyses based on the random-effects
model adopted by Der Simonian-Laired. We
calculated the odds ratio (OR) with 95% confi-
dence interval (CI) to express estimates because
all outcomes in the current study were
dichotomous data. We first qualitatively
inspected the heterogeneity across studies using
the Cochrane Q statistic (P value), and then we
used the I? statistic to quantitatively estimate
the proportion of heterogeneity except for ran-
dom error. If I? < 50% and P > 0.1, studies were
considered to be homogeneous. In contrast,
studies were defined as heterogeneous when
P? > 50% and P < 0.1.

After completing head-to-head meta-analy-
sis, we performed Bayesian network analysis
using the Aggregate Data Drug Information
System (ADDIS V.1.16.8, Drugis, Groningen,
NL), which was designed based on the Markov
Chain Monte Carlo (MCMC) method [21]. All
estimates were expressed as OR with 95% cred-
ible interval (Crl). We performed random effect
and consistency models based on the following
parameters: (1) 4 chains; (2) 20,000 tuning
iterations; (3) 50,000 simulation iterations; (4)

thinning interval of 10; (5) 10,000 inference
samples; (6) variance scaling factor of 2.5. We
used the Brooks-Gelman-Rubin method to
evaluate the convergence based on the poten-
tial scale reduction factor (PSRF). A PSRF close to
1 indicates that an approximate convergence
has been reached, while a PSRF of < 1.2 is con-
sidered acceptable. We did not assess the
inconsistencies between the direct and indirect
effect because no first loop was constructed in
the current study. Meanwhile, we also used
STATA software version 14.0 (Stata Corp LP,
College Station, TX, USA) to generate an evi-
dence plot. Finally, we used Microsoft Excel to
draw ranking probabilities for all the interven-
tions according to the results from ADDIS
software.

Publication Bias

We drew funnel plots regarding clinical and
microbiological success to qualitatively inspect
the possible presence of publication bias
because the accumulated eligible numbers of
analyzed studies for these two outcomes were all
> 10 [22].

RESULTS

Identification and Selection of Studies

We identified 1587 potentially eligible records
by searching PubMed, Embase, and Cochrane
Library from their inception to October 2020. A
total of 1251 unique records were retained after
removing duplicate records. After initially
checking the eligibility of the remaining records
based on title and abstract, 1188 ineligible
records were excluded. We obtained 63 full
texts to further check their eligibility. After
evaluating the full texts, 50 studies were exclu-
ded for several reasons such as ineligible design
and insufficient data, and then 13 eligible
studies were considered to be eligible for our
inclusion criteria. We also checked the reference
lists of meta-analyses focused on the same topic
and then added an additional seven eligible
studies. Therefore, we finally included 20
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1587 records were identified after searching
PubMed (n=246), EMBASE (n=1081), and
CENTRAL (n=260)

7 records were added after
checking topic-related meta-
analyses

A 4

1251 records were remained after removing
duplicates

A 4

63 records were remained after

initially checking title and abstract

A 4

63 full-text articles were

1188 records were excluded for the
following two reasons:
Unrelated to topic (n=1177)
Meta-analysis (n=11)

assessed for eligibility

A 4

13 studies were included
for analysis

A 4

20 studies were included
in the meta-analysis

50 studies were excluded for the
following reasons:
Ineligible control (n=5)
Ineligible design (n=4)
Ineligible outcomes (n=1)
Ineligible participant (n=4)
Unrelated to topic (n=3)
Review and meta-analysis (n=8)
Conference abstract (n=4)
Preliminary analysis (n=1)
Post-hoc analysis (n=5)
Letter (n=1)
Editorial (n=1)
Duplicate record (n=1)
Unrelated to topic (n=12)

Fig. 1 Flow diagram of searching and selecting studies. We searched the Cochrane Library to identify potentially eligible
studies indexed in CENTRAL. CENTRAL, Cochrane Central Register of Controlled Trials

eligible studies [11-13, 23-39] for the final
analysis. The identification and selection of
studies are shown in Fig. 1.

Basic Characteristics of Eligible Studies

These 20 eligible studies were published
between 2001 and 2019. The total sample size of
individual studies was between 50 and 1180,

with a total sample size of 7804. Of these 20
eligible studies, 12 [11, 27-37] investigated the
comparative efficacy between linezolid and
vancomycin, 5 [12, 23-26] focused on dapto-
mycin vs. vancomycin, and 3 [13, 38, 39]
compared tedizolid with linezolid. Although
one study [11] had a three-arm design, treat-
ment regimes in two arms fullfilled our inclu-
sion criteria. Most of the eligible studies
[11, 23-29, 32-38] (15 RCTs) had a multicenter
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design, and two studies [12, 30] definitively
reported having a single-center design; the
remaining 3 studies [13, 31, 39] did not report
their design. Most studies (16 RCTs) were per-
formed in the USA except for four studies that
were performed in Japan [23, 28], Israel [34],
and China [38], respectively. Details about these
20 eligible studies are summarized in Table 1.

Risk of Bias

Among the 20 included studies, 11
[11-13, 24, 26, 34-39] definitively reported the
methods for generating random sequences such
as computerized randomization, 6 studies
[11-13, 25, 34, 39] performed appropriate allo-
cation concealment, 8 studies
[11, 13, 33-37, 39] correctly blinded participats,
personnel, and outcome assessor, and only 1
study [29] had a high risk of bias related to
incomplete outcome data. All studies were rated
as having a low risk of bias in selective reporting
and other bias. Overall, the level of risk of bias
among all studies was considered to be low to
moderate. The summary of the risk of bias is
given in Figure S1.

Clinical Success

A total of 12 studies [11, 27-37], 5 studies
[12, 23-26], and 3 studies [13, 38, 39] directly
investigated the clinical success of linezolid vs.
vancomycin, daptomycin vs. vancomycin, and
tedizolid vs. linezolid, respectively. The evi-
dence structure of these three comparisons is
given in Fig. 2. Direct meta-analysis indicated a
significant statistical difference between line-
zolid and vancomycin (OR, 1.46; 95% CI,
1.07-1.99; I* = 49%, P = 0.02), and the remain-
ing two comparisons including daptomycin vs.
vancomycin and tedizolid vs. linezolid were not
significantly different. The pooled results of the
three comparisons in terms of clinical success
are given in Fig. 3.

We also performed network meta-analysis to
turther investigate the comparative efficacy of
these four antibiotics. The pooled result from
the network meta-analysis based on the con-
sistency model suggested that linezolid was

superior to vancomycin in improving clinical
success (OR, 1.59; 95% CrI, 1.12 to 2.52), which
was consistent with the finding of direct meta-
analysis. The comparative efficacy of other
remaining comparisons was not significantly
different, which was also consistent with the
findings of direct meta-analysis. All results of
network meta-analysis of clinical success are
summarized in Fig. 4A.

We generated ranking probabilities of all
antibiotics in terms of clinical success. Results
indicated that tedizolid had the highest proba-
bility of being ranked first, followed by line-
zolid, vancomycin, and daptomycin. The plot
of rankings of all antibiotics is delineated in
Fig. 5A.

Microbiological Success

A total of 11 studies [11, 27-33, 35-37], 3
studies [23, 25, 26], and 2 studies [38, 39]
directly investigated the microbiological success
of linezolid vs. vancomycin, daptomycin vs.
vancomycin, and tedizolid vs. linezolid,
respectively. Direct meta-analysis suggested
that linezolid was superior to vancomycin in
improving microbiological success (OR, 1.89;
95% CI, 1.24-2.86; I* = 68%, P = 0.003); how-
ever, no statistical difference was detected when
daptomycin was compared to vancomycin or
tedizolid related to linezolid. The pooled results
of the three comparisons of linezolid vs. van-
comycin, daptomycin vs. vancomycin, and
tedizolid vs. linezolid in terms of microbiologi-
cal success are delineated in Fig. 6.

We performed network meta-analysis to
further confirm the findings from direct meta-
analysis. Network meta-analysis based on the
consistency model also indicated an improve-
ment in microbiological success when linezolid
was compared with vancomycin (OR, 1.95; 95%
Crl, 1.14-3.34), which was consistent with the
finding of direct meta-analysis. Meanwhile, no
statistical difference was detected regarding the
remaining comparisons, which were also con-
sistent with the findings of direct meta-analysis.
All results of network meta-analysis of micro-
biological success are summarized in Fig. 4B.
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We generated ranking probabilities of all
antibiotics in terms of microbiological success.
Results indicated that linezolid had the highest
probability of being ranked first, followed by
tedizolid, vancomycin, and daptomycin. The
plot of rankings of all antibiotics is delineated in
Fig. 5B.

Drug-Related Adverse Events

A total of seven studies [27-29, 31-33, 36],
seven studies [23, 25], and two studies [38, 39]
directly investigated the drug-related AEs of
linezolid vs. vancomycin, daptomycin vs. van-
comycin, and tedizolid vs. linezolid, respec-
tively. Direct meta-analysis did not suggest
statistical difference among these three com-
parisons including linezolid vs. vancomycin,
daptomycin vs. vancomycin, and tedizolid vs.
linezolid in terms of drug-related AEs. The
pooled results are given in Fig. 7.

Network meta-analysis was also performed to
further confirm the findings from direct meta-
analysis in terms of this outcome and obtained
results consistent with direct meta-analysis. All
results of network meta-analysis of drug-related
AEs are summarized in Fig. 4C.

We generated ranking probabilities of all
antibiotics in terms of drug-related AEs. Results
indicated that daptomycin had the highest
probability of being ranked first, followed by
linezolid, vancomycin, and tedizolid for
increasing the risk of drug-related adverse
events. The plot of rankings of all antibiotics is
delineated in Fig. SC.

Serious Adverse Events

A total of seven studies [29, 31-36], one study
[23], and two studies [13, 38] directly investi-
gated the serious AEs of linezolid vs. van-
comycin, daptomycin vs. vancomycin, and
tedizolid vs. linezolid, respectively. Direct meta-
analysis did not detect a statistical difference
among these three comparisons including line-
zolid vs. vancomycin, daptomycin vs. van-
comycin, and tedizolid vs. linezolid, which are
delineated in Fig. 8.

Linezolid

Vancomycin

Fig. 2 Evidence structure of clinical success. The size of
the node corresponds to the accumulated sample size of
the individual antibiotic, and the thickness is positively
associated with the accumulated number of eligible studies
for individual comparison

Network meta-analysis based on the consis-
tency model was also performed to further
investigate the comparative efficacy of these
four antibiotics and also suggested no statistical
difference among all direct and indirect com-
parisons on serious AEs (Fig. 4D).

Ranking probabilities of all antibiotics were
calculated to determine the ranking of individ-
ual antibiotics in terms of serious AEs. Results
indicated that vancomycin had the highest
probability of being ranked best, followed by
linezolid, tedizolid, and daptomycin, for
increasing the risk of serious AEs. The plot of
rankings of all antibiotics is delineated in
Fig. 5D.

Publication Bias and Network
Inconsistency

We did not adopt the split-node method to
check the network inconsistency because no
first loop was constructed in the current net-
work meta-analysis. However, the accumulated
number of eligible studies for clinical success
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Experimental Control
Study or Subgrou Events Total Events Total Weight
1.1.1 Linezolid vs. Vancomycin

Itani, et al., 2010 219 239 193 220 11.4%
Jaksic, et al., 2006 171 185 158 177 9.7%
Kingsley, et al., 2016 21 34 21 32 6.5%
Kohno, et al., 2007 39 62 15 30 7.7%
Lin, et al., 2008 31 33 19 26 3.0%
Rubinstein, et al., 2001 15 23 7 9 26%
Sharpe, et al., 2005 29 30 12 30 1.9%
Stevens, et al., 2002 59 98 53 85 11.6%
Weigelt, et al., 2005 130 142 124 146  9.4%
Wunderink, et al., 2003 135 256 128 245 16.2%
Wunderink, et al., 2008 20 30 10 20 5.3%
Wunderink, et al., 2012 95 165 81 174 14.7%
Subtotal (95% CI) 1297 1194 100.0%

Total events 964 821
Heterogeneity: Tau? = 0.12; Chi? = 21.48, df = 11 (P = 0.03); I = 49%
Test for overall effect: Z = 2.40 (P = 0.02)

1.1.2 Daptomycin vs. Vancomycin

Aikawa, et al., 2013 45 55 16 19 11.3%
Katz, et al., 2008 27 37 31 35 13.9%
Kauf, et al., 2015 68 81 50 65 32.1%
Pertel, et al., 2009 22 28 16 22 13.2%
Shaw, et al., 2015 15 50 14 50 29.5%
Subtotal (95% CI) 251 191 100.0%

Total events 177 127
Heterogeneity: Tau? = 0.01; Chi* = 4.08, df =4 (P = 0.39); = 2%
Test for overall effect: Z = 0.20 (P = 0.84)

1.1.3 Linezolid vs. Tedizolid

Lv, etal., 2019 35 51 49 64 36.6%
Moran, et al., 2014 44 53 44 56 27.2%
Prokocimer, et al., 2013 75 88 77 90 36.2%
Subtotal (95% CI) 192 210 100.0%
Total events 154 170

Heterogeneity: Tau? = 0.00; Chi2 = 1.16, df = 2 (P = 0.56); |12 = 0%
Test for overall effect: Z = 0.31 (P = 0.76)

Fig. 3 Forest plot of clinical success

and microbiological success was > 10; thus, we
drew the funnel plot to qualitatively inspect
whether publication bias was present or not.
The funnel plot did not provide evidence of
publication bias (Figure S2 and S3).

DISCUSSION

Methicillin-resistant  Staphylococcus  aureus
(MRSA)-complicated SSTIs have been a threat-
ening challenge worldwide, and oral or intra-
venous use of antibiotics remains the gold
standard for this condition [8]. Although several

Odds Ratio
M-H. Random, 95% CI

5.71[1.07, 30.40]

43.50 [5.21, 363.52]

Odds Ratio
M-H. Random, 95% CI

1.53[0.83, 2.82] 7
1.47[0.71, 3.03] ]
0.85[0.31, 2.31] -
1.70 [0.70, 4.10] 7

0.54 [0.09, 3.21]

0.91[0.50, 1.66] —
1.92[0.91, 4.05]
1.02[0.72, 1.45] -1
2.00 [0.63, 6.38] —
1.56 [1.01, 2.39]
1.46 [1.07, 1.99]

T

w‘

0.84[0.21, 3.46]
0.35[0.10, 1.24]
1.57 [0.69, 3.59] T
1.38 [0.37, 5.06]
1.10 [0.46, 2.62]
1.05 [0.65, 1.69]

0.67 [0.29, 1.53]
1.33[0.51, 3.48] —re
0.97 [0.42, 2.24]
0.92 [0.56, 1.53]

0.01 0.1 1 10 100
Favours [control] Favours [experimental]

clinical studies and meta-analyses have been
performed to investigate the comparative effi-
cacy and safety of different antibiotics for the
treatment of MRSA infection, no definitive
conclusion has been obtained. The current
network meta-analysis aimed to determine the
comparative efficacy and safety of vancomycin,
linezolid, tedizolid, and daptomycin. The direct
meta-analysis indicated that linezolid is associ-
ated with improved clinical and microbiological
success compared to vancomycin, which is fur-
ther established in network meta-analysis. For
the other comparisons, no statistical difference
was detected regarding all outcomes.
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Daptomycin
0.61 (0.25,1.32) Linezolid
0.58 (0.17,1.73) | 0.93 (0.42,2.10) Tedizolid
A | 098(0.48,1.93) | 1.59 (1.12,2.52) | 1.72(0.72,4.41) Vancomycin
Daptomycin
0.29 (0.08, 1.03) Linezolid
0.32 (0.05,1.92) | 1.11(0.33,3.90) Tedizolid
B | 0.55(0.17,1.82) | 1.95(1.14,3.34) | 1.75(0.46, 6.89) Vancomycin
Daptomycin
0.91 (0.25, 3.64) Linezolid
0.94 (0.22,4.91) | 1.03 (0.51,2.22) Tedizolid
C | 1.09(0.34,4.09) | 1.19(0.79,1.91) | 1.15(0.49, 2.80) Vancomycin
Daptomycin
0.45 (0.09, 2.27) Linezolid
0.50 (0.09,3.90) | 1.26 (0.48, 3.50) Tedizolid
D | 0.38(0.08,1.73) | 0.87(0.51,1.25) | 0.69(0.21, 1.95) Vancomycin

Fig. 4 Network meta-analysis of outcomes. The bold number indicates significant differences. A Clinical success.
B Microbiological success. C Drug-related AEs. D Serious AEs. AEs, adverse events

To date, the four most recent meta-analyses
[15, 16, 40, 41] investigated the role of the four
antibiotics we focused on in the current net-
work meta-analysis. In 2018, Li et al. [41] pub-
lished a traditional direct meta-analysis of 11
RCTs to investigate the efficacy and safety of
linezolid compared with other treatments for
SSTIs and found linezolid was significantly
superior to vancomycin in treating SSTIs, con-
sistent with our finding. In fact, however, only
eight eligible studies investigating comparative
efficacy and safety between linezolid and van-
comycin among adult patients were included
after excluding a study focused on children [42].
In 2016, Liu et al. [40] performed a trial

sequential meta-analysis to investigate the
comparative efficacy and safety of daptomycin
versus other antibiotics for SSTIs and found an
equal potential of treating SSTIs between dap-
tomycin and control antibiotics, which was also
consistent with our finding. Although eight
eligible studies were pooled in Liu’s meta-anal-
ysis, the comparators among three studies were
not vancomycin [43] or not only vancomycin
[44, 45], which may limit the understanding of
practitioners and decision makers of the true
role of daptomycin in MRSA SSTIs compared to
vancomycin. In 2019, Lan et al. [15] compared
the efficacy and safety between tedizolid and
linezolid for acute bacterial skin and skin
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Fig. 5 Rank probability of all treatments for outcomes.
A Clinical success; B microbiological success; C drug-
related AEs; D serious AEs. For positive outcomes
including clinical success and microbiological success,
ranking first indicates the highest probability of improving

structure infection (ABSSSI) and found a com-
parable efficacy and safety between these two
antibiotics, which was further confirmed in our
network meta-analysis. However, in this meta-
analysis performed by Lan et al. [46], one study
did not separately report infection caused by
MRSA. In the same year, Zhang et al. [16] used
the network meta-analysis method to investi-
gate the comparative efficacy and safety of 16
antibiotics for the treatment of cSSTIs and
hospital-acquired  or  ventilator-associated
pneumonia. In this study, the authors found
that linezolid was associated with clinical cure
compared to vancomycin; however, no statisti-
cal difference between tedizolid and van-
comycin was found. Unfortunately, some
potentially eligible studies [11, 12, 30, 38] did
not show any comparison of these three direct
comparisons. Compared to the previous four

effectiveness. For negative outcomes including drug-related
AEs and serious AEs, ranking first indicates the highest
probability of increasing the risk of AEs. AEs, adverse
events

meta-analyses, the current network meta-anal-
ysis included more eligible studies and specifi-
cally investigated the role of each one of all four
targeted antibiotics among patients with sus-
pected or proven MRSA SSTIs. As a result, more
comprehensive and robust evidence was gener-
ated from our network meta-analysis for evi-
dence-based decisions.

Although the current network meta-analysis
had several strengths such as a more compre-
hensive literature search, some limitations also
must be further interpreted. First, no con-
structed first loop was identified, and thus some
pooled results in the network meta-analysis
were only generated from indirect evidence,
which may impair the robustness of our find-
ings. Second, treatments duration among eligi-
ble studies were different from one to another;
however, we did not perform subgroup analysis
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Experimental Control Odds Ratio Odds Ratio
r r Even Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 Linezolid vs. Vancomycin
Itani, et al., 2010 205 240 152 221 12.9% 2.66 [1.68, 4.20] -
Jaksic, et al., 2006 41 71 29 58 10.7% 1.37[0.68, 2.75] i
Kingsley, et al., 2016 20 25 23 26 4.9% 0.52[0.11, 2.46] D
Kohno, et al., 2007 49 62 9 30 82% 8.79 [3.26, 23.71] -
Lin, et al., 2008 25 31 17 24 6.4% 1.72[0.49, 6.00] -1
Sharpe, et al., 2005 29 30 23 30 3.0% 8.83[1.01, 76.96]
Stevens, et al., 2002 49 99 47 91 11.9% 0.92[0.52, 1.62] I
Weigelt, et al., 2005 124 140 97 145 11.4% 3.84[2.05,7.17] —
Wunderink, et al., 2003 47 76 42 79 11.3% 1.43[0.75, 2.71] T
Wunderink, et al., 2008 13 30 9 20 7.1% 0.93[0.30, 2.92] — 1
Wunderink, et al., 2012 60 102 53 109 12.1% 1.51[0.88, 2.60] I
Subtotal (95% Cl) 906 833 100.0% 1.89 [1.24, 2.86] <>
Total events 662 501
Heterogeneity: Tau? = 0.29; Chi? = 30.81, df = 10 (P = 0.0006); I* = 68%
Test for overall effect: Z = 2.98 (P = 0.003)
1.2.2 Daptomycin vs. Vancomycin
Aikawa, et al., 2013 31 55 16 19 324% 0.24 [0.06, 0.93] - &
Katz, et al., 2008 23 37 29 35 36.1% 0.34[0.11, 1.02] - &
Pertel, et al., 2009 16 22 7 14  31.5% 2.67 [0.65, 10.88] —
Subtotal (95% CI) 114 68 100.0% 0.58 [0.15, 2.32] —el—
Total events 70 52
Heterogeneity: Tau? = 1.06; Chi? = 7.00, df =2 (P = 0.03); I?=71%
Test for overall effect: Z = 0.77 (P = 0.44)
1.2.3 Linezolid vs. Tedizolid
Lv, etal., 2019 40 51 51 64 51.3% 0.93[0.38, 2.29]
Moran, et al., 2014 43 53 43 56 48.7% 1.30 [0.51, 3.28]
Subtotal (95% CI) 104 120 100.0% 1.09 [0.57, 2.09]
Total events 83 94
Heterogeneity: Tau? = 0.00; Chi?=0.26, df =1 (P = 0.61); I?=0%
Test for overall effect: Z = 0.27 (P = 0.79)
0.01 0.1 1 10 100

Fig. 6 Forest plot of microbiological success

to further investigate the impact of this factor
on the pooled result. Third, study designs
among the included studies were also different
from one to another, which may also negatively
affect the robustness of our pooled results
because subgroup analysis was not performed.
Certainly, we must interpret that limited data
reduce the possibility of performing subgroup
analysis in this network meta-analysis. Never-
theless, our study provided some promising
findings for clinical decisions and further study
designs although all results were generated from
limited data. Finally, our network meta-analysis
did not indicate whether patients receive an
appropriate dose of vancomycin throughout the

Favours [control] Favours [experimental]

therapy to maintain the serum concentrations
in the correct range or to prevent toxicity.

CONCLUSIONS

In summary, linezolid may be the preferred
antibiotic for the treatment of MASR-related
infection based on the limited evidence in order
to improve the clinical and microbiological
success and does not increase the incidence of
drug-related and serious AEs. However, more
high-quality studies must be performed to
accurately determine the optimal treatment
option.
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Experimental Control
r r Even Total Events Total Weigh

1.3.1 Linezolid vs. Vancomycin

Itani, et al., 2010 123 537 113 515 22.9%
Jaksic, et al., 2006 52 303 72 300 19.5%
Kohno, et al., 2007 16 100 7 51 7.7%
Lin, et al., 2008 18 71 12 71 9.7%
Stevens, et al., 2002 44 240 18 220 14.3%
Weigelt, et al., 2005 131 592 121 588 23.2%
Wunderink, et al., 2008 4 30 2 20 2.7%
Subtotal (95% Cl) 1873 1765 100.0%
Total events 388 345

Heterogeneity: Tau? = 0.09; Chi? = 15.35, df =6 (P = 0.02); I?=61%
Test for overall effect: Z = 0.98 (P = 0.33)

1.3.2 Daptomycin vs. Vancomycin

Aikawa, et al., 2013 19 88 6 22 755%
Pertel, et al., 2009 3 50 1 50 24.5%
Subtotal (95% Cl) 138 72 100.0%
Total events 22 7

Heterogeneity: Tau? = 0.22; Chiz = 1.27,df =1 (P = 0.26); I?=21%
Test for overall effect: Z = 0.07 (P = 0.94)

1.3.3 Linezolid vs. Tedizolid

Lv, etal., 2019 61 292 47 297 48.4%
Moran, et al., 2014 68 331 81 327 51.6%
Subtotal (95% Cl) 623 624 100.0%
Total events 129 128

Heterogeneity: Tau? = 0.13; Chi? = 4.18, df = 1 (P = 0.04); I = 76%
Test for overall effect: Z=0.14 (P = 0.89)

Fig. 7 Forest plot of drug-related AEs

Experimental

bgroup n ota

1.4.1 Linezolid vs. Vancomycin

Jaksic, et al., 2006 37 303 48 300 23.8%
Lin, et al., 2008 8 71 5 71 3.9%
Rubinstein, et al., 2001 63 203 65 193 28.4%
Stevens, et al., 2002 64 240 56 220 28.9%
Weigelt, et al., 2005 2 592 8 588 22%
Wunderink, et al., 2003 3 256 6 245 27%
Wunderink, et al., 2008 19 74 23 72 10.1%
Subtotal (95% Cl) 1739 1689 100.0%
Total events 196 21

Heterogeneity: Tau? = 0.00; Chi? = 6.15, df =6 (P = 0.41); I?=2%
Test for overall effect: Z = 1.30 (P = 0.19)

1.4.2 Daptomycin vs. Vancomycin

Aikawa, et al., 2013 6 88 4 22 100.0%
Subtotal (95% Cl) 88 22 100.0%
Total events 6 4

Heterogeneity: Not applicable
Test for overall effect: Z=1.60 (P =0.11)

1.4.3 Linezolid vs. Tedizolid

Lv, etal., 2019 11 292 8 297 67.2%
Prokocimer, et al., 2013 5 331 4 335 32.8%
Subtotal (95% Cl) 623 632 100.0%

Total events 16 12
Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 1 (P = 0.90); I? = 0%
Test for overall effect: Z = 0.80 (P = 0.42)

Fig. 8 Forest plot of serious AEs
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