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Abstract

Objective: This study aims to systematically compare the efficacy and safety of linezolid
andvancomycinfor treatment of hospital-acquired pneumonia (HAP).

Methods: PubMed, EMbase, MEDLINE, The Cochrane Library, CNKI, VIP, and Wan Fang databases
were searched. Relevant conference proceedings in Chinese or English were manually searched.
Randomized controlled trials (RCTs) were included in this study. RevMan 5.2 software was applied to
do Meta-analysis.

Results: Totally 6088 patients with HAP in 7 RCTs were included. The meta-analysis results showed that
the response rates between Linezolid and Vancomycin had no significant difference [OR=1.11, 95% CI
0.98, 1.17), P=0.10]. As to pathogen eradication, the efficacy of linezolid or vancomycin had no
significant difference [OR=1.16, 95% CI (0.97, 1.40), P=0.10]. The exit event rate in trials induced by
linezolid or vancomycin had no significant difference (P=0.40), and the incidence of gastrointestinal
adverse events by linezolid or vancomycin was also not significantly different (P=0.18). The risk of renal
dysfunction was significantly higher in vancomycin group than in linezolid group [OR=0.51, 95% CI
(0.36, 0.73), P=0.0002], while the thrombocytopenia was significantly higher in linezolid group than in
vancomycin group [OR=1.27, 95% CI (1.03, 1.57), P=0.02].

Conclusion: The efficacy of linezolid and vancomycin was similar for treatment of HAP. The risk
dysfunction induced by linezolid was significantly lower than that byvancomycin, while the

thrombocytopenia caused by linezolid was significantly higher than that by vancomycin.
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Introduction

Hospital acquired pneumonia (HAP) can extend the hospital
stays of patients, which increases the medical cost for
treatment. HAP mortality is next only to cancer and
cerebrovascular diseases, which becomes the third cause of
death in patients [1]. Staphylococcus aureus is the most
common pathogen for HAP, accounting for 17% of isolated
pathogens in hospital-acquired infection surveillance, and
about 60% strains (such as methicillin-resistant Staphylococcus
aureus, MRSA) were methicillin-resistant among all isolated
Staphylococcus aureus [2].

In addition, increased mortality and morbidity is closely
relevant to the infection caused by drug resistant bacteria,
which increases the usage of medical resources and treatment
costs [3]. Vancomycin is one representative drug for treatment
of HAP caused by MRSA, but in recent years, some
vancomycin-resistant Staphylococcus aureus strains were
found in Japan and the United States [4], which presents new
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challenges for the treatment of HAP. Linezolid is a new
generation fully synthetic antibiotics belonging to
oxazolidinone class. Through binding to the 50S ribosomal
subunit in bacteria and inhibiting the formation of 70S
initiation complex, linezolid can play repression roles in the
initiation stage of protein translation in bacteria.

Linezolid has better efficacy and tolerability for HPA caused
by MRSA and other drug resistant bacteria [5]. However, it is
still controversial to evaluate whether the efficacy and safety of
linezolid is better than vancomycin. There are no specific
studies to compare the efficacy and safety between linezolid
and vancomycin for treatment of HAP. In this study, we
applied Cochrane systematic reviews to collect studies about
HAP treated by linezolid and vancomycin. Through objectively
evaluate the clinical effects of the two drugs, the results in this
study provides reliable evidence for clinical application.
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Material and Methods

Inclusion and exclusion criteria

Patients who were diagnosed with HAP based on American
Thoracic Society diagnostic criteria and hospital standards for
HAP [1] were included. The randomized controlled trials
(RCTs) were included whether they were blinded or not. For
the intervention measures, the treatment group received
linezolid while vancomycin was used in the control group, and
conventional internal medicine treatment was used at the same
time. The main endpoints include: (1) clinical cured rate:
defined as at least two items were improved in clinical baseline
symptoms and signs; (2) pathogen eradication rate; (3) hospital
mortality; (4) adverse events.

Search strategy

Computer-based retrieval method was applied to search
PubMed, EMbase, The Cochrane Library, CNKI, VIP, and
WanFang database. Relevant studies were included using the
following key words: “randomized controlled trial”,
“Staphylococcus”, “Gram-positive”, “infections”, “lungs”,
“respiratory”, “hospital-acquired”, “ventilator-associated and
nosocomial pneumonia”, “linezolid* or oxazolone*”,
“vancomycin”, and “glycopeptide”. And relevant conference
proceedings were manually searched. The time for all searched
publications was limited from date of database construction to
August 10, 2015, and no language limitation.

Data extraction and quality evaluation

Two researchers independently screened literature, extracted
trail associated data, and evaluate the quality of included
studies based on inclusion and exclusion criteria. Any
encountered discrepancies were resolved by discussion with a
third party. The main content for extraction from literatures
includes: clinical characteristic of patients (case number,
gender proportion, and average age), intervention characteristic
(intervention method, dosage, treatment course, and follow-up
time), trail endpoints (clinical cured rate, bacteria eradication
rate), mortality, and adverse events. Then the improved Jadad
rating scale was used to evaluate the risk of publication bias.

Statistical analysis

Meta-analysis was performed using the Cochrane
Collaboration Rev Man 5.2 software [6]. For enumeration data,
the Odds Ratio (OR) was used, while the weighted mean
difference (WMD) was applied for measurement data, and each
effect variable was expressed in 95% CI. A y>-test statistic was
performed to assess the heterogeneity among studies. When
12<50% and P>0.1, a fixed effects model was used to do
combined analysis. If heterogeneity was significant (12>50%
and P<0.1), subgroup analysis and sensitivity analysis were
used to detect the causes that may induce clinical or statistical
heterogeneity. If heterogeneity was still significant after
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excluding the interference by above factor, random effect
model was applied to do meta-analysis.

Results

Literature searching and screening

According to the searching strategy, 73 relevant literatures
were selected. After exclusion of 66 literatures whose
therapeutic effect index did not meet the criteria, 7 RCTs were
selected [6-13]. Totally 6088 patients were included, and the
procedure for searching and screening literatures was shown in
Figure 1.

Searched literature from Literatures from other
databases (n=70) resources (n=3)

Literatures after delete
redundance (n=66)

Pre-screening by reading title
and abstract (n=66)

Exclusion (n=56)
+ Review and case report (n=15)
+ Not meet inclusion criteria (n=41)

Screening by reading full-text
(n=38)

\ Exclusion (n=10)
l o pl data (n=2)

+ Not meet inclusion criteria (n=8)
‘ Included literature (n=7) ‘

Figure 1. Flowchart of literature searching and screening procedure.

Basic characteristic of included studies

Patients in 7 included RCTs were diagnosed with HAP, and 5
studies focused specifically on population with HAP
[6,9-11,14]. In the left 2 studies, we extracted associated
materials about HAP through subgroup analysis [7,8]. In Jaksic
et al. study [7], they mainly focused on patients with
neutropenia with fever, while patients with Gram-positive
infections were subjects in Lin et al. study [8]. The ages of
patients were more than 56 years old except Jaksic et al. study
[7] whose average age was less than 48 years old. The number
of clinical cure and the number of adverse events were reported
in all 7 studies. All studies reported there were no significant
differences between two groups through comparing the
baseline data. All 7 studies were multi-center, randomized
controlled studies, and no details about randomization method
and allocation concealment. The numbers of exit and lost
population were reported, and intention to treat (ITT) analysis
was used in all 7 studies. Double-blind method was used in all
7 studies, and the characteristics and JADAD score were
shown in Table 1.

Clinical cured rate analysis

The cure rate was compared in all 7 included studies [6-11,14]
between linezolid and vancomycin groups. Totally 6088
patients were included, among which 3093 cases were treated
with linezolid and 2995 cases were treated with vancomycin.
Meta-analysis results showed that the merged OR of clinical
cured rate between linezolid and vancomycin groups was 1.11
[95% CI (0.98, 1.17), P=0.10], and the difference was not
statistically significant (Figure 2). The results indicate that the
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treatment efficacy of linezolid for treatment HAP is not
superior to vancomycin.

Table 1. Characteristics of included studies and methodological quality assessment.

Included literature  Study design Group Cases Age (Year) Course of the Intervention method JADAD scoring
disease (Day)
[14] Randomize double- T 203 63 9.6 Linezolid+aztreonam 4
blind
C 193 61 8.9 Vancomycin+aztreonam
[6] Randomize double- T 321 63 9.5 Linezolid+aztreonam 3
blind
C 302 62 9.4 Vancomycin+aztreonam
[71 Randomize  double- T 304 48 11.4 Linezolid+Gram-negative coverage 4
blind
(¢} 301 47 11.5 Vancomycin +Gram-negative coverage
[8] Randomize  double- T 71 56.3 12.2 Linezolid +aztreonam 3
blind
C 71 59.6 10.7 Vancomycin+aztreonam
[9] Randomize double- T 1496 60.7 10 Linezolid +Gram-negative Coverage 4
blind
C 1454 61.6 10 Vancomycin +Gram-negative Coverage
[10] Randomize  double- T 101 59 NR Linezolid+aztreonam 3
blind
C 87 56 NR Vancomycin+aztreonam
[11] Randomize  double- T 597 60.5 NR Linezolid 4
blind
C 587 60.5 NR Vancomycin
Linezolid Vancomycin Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andrew 2015(13] 95 597 a1 587 153%  1.18(0.86,1.63] -
Jaksic 2006(9] 19 304 13 3 2.7% 1.48[0.72,3.05]
Lin 2008[10] 19 71 18 71 2.9%  1.08[0.51,2.28]
NCTO1561469 2013 [12] 85 1M 69 a7 26% 1.39[0.66, 2.92]
Rubinstein 2001[7] 71 203 62 183 9.2% 1.14[0.75,1.73]
YWunderink 2003[8) 114 321 11 302 16.4% 0,95 [0.68,1.31]
Wunderink 2012[11] 318 1496 285 1454 50.7% 1.11[0.93,1.32) -1
Total (95% CI) 3093 2995 100.0% 1.11[0.98, 1.26] ’
Total events 2 639

Heterogeneity: Chi*= 2.00, df=6 (P =092), F=0%
Test for overall effect Z=1.63 (P=0.10)

0507 1 15 2
Favours [Linezolid] Favours [Vancomycin]

Figure 2. Meta-analysis about clinical cured rate of linezolid and vancomycin to treat HAP.

Pathogen eradication rate comparison

The pathogen eradication rate was compared in 6 included
studies [6,9-11,14] between linezolid and vancomycin groups.
Totally 5483 patients were included, among which 2789 cases
were treated with linezolid and 2694 cases were treated with
vancomycin. Meta-analysis results showed that the merged OR
of pathogen eradication rate between linezolid and vancomycin
groups was 1.16 [95% CI (0.97, 1.40), P=0.10], and the
difference was not statistically significant (Figure 3). The
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results indicate that the pathogen eradication rate of linezolid
for treatment HAP is not superior to vancomycin.

Mortality in hospital

The mortality rate was compared in 6 included studies
[6-9,11,14] between linezolid and vancomycin groups. Totally
5900 patients were included, among which 2992 cases were
treated with linezolid and 2908 cases were treated with
vancomycin. Meta-analysis results showed that the merged OR
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of mortality between linezolid and vancomycin groups was
0.88 [95% CI (0.76, 1.03), P=0.10], and the difference was not
statistically significant (Figure 4). The results indicate that
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linezolid is not superior to vancomycin in decreasing mortality
rate for treatment HAP.

Linezolid Vancomycin Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andrew 2015[13] 35 597 26 587 11.4% 1.34 [0.80, 2.26] N
Lin 2008[10) 17 71 15 71 52% 1.18[0.53, 2.59] N B
NCT01561469 2013 [12] 76 101 69 87  8.4% 0.79[0.40,1.58] - 1
Ruhbinstein 2001[7] 36 203 28 183 10.9% 1.27[0.74,2.18] I
Wunderink 2003(8] 47 321 42 302 17.0% 1.06 [0.68, 1.66] N
Wunderink 2012[11) 135 1496 111 1454 471% 1.20 [0.92, 1.56] T
Total (95% CI) 2789 2694 100.0%  1.16[0.97, 1.40] >
Total events 346 291 ’ ' . .
Heterogeneity: Chi*=1.80, df=5 (P=0.88), F= 0% 02 05 1 3 :

Testfor overall effect: £=1.65 (P = 0.10)

Favours [Linezolid] Favours [Vancomycin)

Figure 3. Meta-analysis about pathogen eradiation rate by linezolid and vancomycin to treat HAP.

Linezolid Vancomycin Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andrew 2015[13] 42 597 39 587 10.3% 1.06 [0.68, 1.67] = e
Jaksic 2006([9) 17 304 23 301 6.1% 0.72[0.37,1.37] =
Lin 2008[10] 5 7 2 71 0.5% 2.61[0.49 13.94)] ]
Rubinstein 2001[7) 36 203 49 193 11.6% 0.63[0.39,1.03] = |
Wunderink 2003(8] 64 31 61 302 141% 0.98 [0.66, 1.46] 5
Wunderink 2012[11] 216 1496 235 1454 57.3% 0.88(0.72,1.07] |
Total (95% CI) 2992 2908 100,0%  0.88[0.76, 1.03] 4
Total events 380 409
Heterogeneity: Chi*= 4.77, df= 5 (P = 0.44); F= 0% D.iJz 0?1 . 1=D 510

Test for overall effect Z=1.63 (P=0.10)

Favours [Linezolid] Favours [Vancomycin]

Figure 4. Meta-analysis about mortality of linezolid and vancomycin to treat HAP.

Adverse events

Meta-analysis results about adverse events showed that the
merged OR of drug discontinuation due to adverse events
between linezolid and vancomycin groups was 0.89 [95%CI
(0.68, 1.17), P=0.40], and the difference was not statistically
significant. For gastrointestinal events, the merged OR
between linezolid and vancomycin was 1.46 [95%CI (0.84,
2.52), P=0.18], and there was no significant difference. The
renal failure in linezolid group was 1.93, which was
significantly lower than in vancomycin group (3.72%). And the
merged OR for renal failure was 0.51 [95% CI (0.36, 0.73),
P=0.0002]. The thrombocytopenia rate in linezolid group was
8.93, which was significantly higher than in vancomycin group
(7.21%). And the merged OR for thrombocytopenia was 1.27
[95% CI (1.03, 1.57), P=0.02], details was shown in Figure 5.

Sensitivity analysis

To ensure the stability of the conclusions, we applied
sensitivity analysis for evaluating the clinical cured rate for
linezolid and vancomycin to treat HAP. After excluding study
with small sample size [8], the pooled OR value 1.11 [95% CI
(0.98, 1.27), P=0.16]. So the conclusions did not change after
merging.
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Discussion

In this study, we systematically compare the treatment efficacy
between linezolid and vancomycin to treat HAP based on 7
included studies. The results showed that linezolid was not
superior to vancomycin in clinical cured rate, pathogen
eradiation rate, and other aspects. However, Logman [12],
Dodds [13], and Bounthavong [15] found that linezolid was
better than vancomycin for treatment of skin and soft tissue
infections, which may be caused by the different penetrability
of the two drugs. The penetration is good for linezolid in skin
and soft tissues with high tissue concentration, while
vancomycin has poor penetration in skin and soft tissue
[16,17]. Falagas et al. [18] have performed a meta-analysis
including 12 randomized control studies of linezolid, and
compared the therapeutic efficacies of linezolid and
glycopeptide/p-lactam antibiotics in the treatment of 6093
patients with Gram-positive cocci infection. They have found
that, linezolid is superior to glycopeptide/B-lactam antibiotics,
and linezolid is more efficient in the treatment of skin and soft
tissue infection and sepsis. However, no significant differences
have been observed between linezolid and glycopeptide/p-
lactam antibiotics in treating pneumonia. Moreover, another
meta-analysis has compared the therapeutic efficacies of
linezolid and vancomycin in the treatment of sepsis, and no
significant differences have been observed [19]. In another 3
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Meta-analysis [20-22], treatment efficacy for HAP induced by
Gram-positive cocci  bacteria between linezolid and
vancomycin. The results showed that there was no significant

Linezolid Vancomycin
Study or Subroup Events Total Events Total
1.4.1 Drug discontinuation due to adverse events

Wit

Andrew 2015[13] 4 547 7 587 6.3%
Lin 2008[10) 4 fal 8 M 68%
Rubinstein 2001[7] 9 203 14 183 12.3%
Wunderink 2003]8] aFr N 29 302 237%
Wunderink 2012[11] 54 1496 58 1454 S50.9%
Subtotal (95% CI) 2688 2607 100.0%
Total events 108 116

Heterogeneity: Chi®= 390, di=4 (P=042);F=0%

Testfor overall effect £= 0.85 (P = 0.40)

1.4.2 Gastrointestinal events

Andrew 201 3[13] 5 597 1 587 4.7%
Lin 2008[10) 6 fal 3 M 128%
Wunderink 2003]8] 9 203 5 193 228%
Wunderink 2012[11] 13 3 13 302 598%
Subtotal (95% CI) 1192 1153 100.0%
Total events 33 2

Heterogeneity: Chi*= 280, df= 3 (P=042), F= 0%

Testfor overall effect Z=1.34 (P =0.18)

1.4.3 Thrombocytopenia

Andrew 2015[13] a7 597 7 587 41.4%
Lin 2008[10) 2 fal 0 M 03%
Wunderink 2003]3] 12 3 10 302 63%
Wunderink 2012[11] 111 1486 87 1454 520%
Subtotal (95% CI) 2485 2414 100.0%
Total events 222 174

Heterageneity: Chi®= 0,88, df= 2 (P =083),F=0%

Testfor overall effect 2= 2.27 (P =0.02)

1.4.4 Renal Tailure

Andrew 2015[13] 22 1496 43 1454 4B82%
Lin 2008010 1 31 2 302 3%
Wunderink 2003]8] 1 fal 0 M 05%
Wiunderink 2012[11] 24 597 45 587 489%
Subtotal (95% CI) 2485 2414 100.0%
Total events 48 a0

Heterogeneity: Chi*=1.21, di= 2 (P=0.75), F=0%
Test for overall effect £= 3.71 (F = 0.0002)

Testfor suboroup differences: Chif= 21.44. df= 2 (P < 0000013, *= 86.0%

M-H, Fired, 95% CI

difference between 2 drugs, which was consistent with results
in our meta-analysis.

Odds Ratio Odds Ratio

M-H, Fixed, 95% CI

0.56 (018, 1.92]
0.47 [0.13,1.64]
0.59 [0.25, 1.40]
1.230.73, 2.05]
0.90 [0.62,1.32]
0.89 [0.68, 1.17]

—

4,95 [0.58, 42.49) T
2.08 [0.50, 8.72)
1.74[0.57, 5.30] .
054 [0.43, 2.06]
1.46 [0.84, 2.52]

1,280.93,1.78]
5.14 [0.24, 109.08]
1.1310.48, 2.66]
1.26 [0.94, 1.58)
1,27 [1.03, 1,571

0.4 [0.29, 0.82]
0.47 [0.04, 5.20
3.04 [0.12, 75.96]
0.50 [0.30, 0.84]
0.51 [0.36, 0.73]

ou| |8

0.002 01 1 10 500
Favours [Linezolid] Favours [Mancomyein)

Figure 5. Meta-analysis about adverse events of linezolid and vancomycin to treat HAP. Drug Discontinuation, gastrointestinal events,
thrombocytopenia, and renal failure were considered in the adverse events.

Beibei et al. [21] have compared the efficacies of linezolid and
vancomycin in the treatment of Gram-positive cocci infection-
caused pneumonia, bacteremia, and skin and soft tissue
infection, which is similar to this study regarding the
perspective and focus. However, based on their findings,
extensive reviewing and detailed retrieving of the literature
were performed in our study, finally including an enlarged
sample size of 6088 subjects, which might better reflect the
differences in efficacy between linezolid and vancomycin in
the treatment of hospital-acquired pneumonia. Another
randomized control study has shown that, linezolid has
significant advantages over vancomycin regarding the cure
rate, microbiologic clearance, and adverse effects in the
clinical treatment of MRSA pneumonia, which has been,
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however, questioned in the methodology and statistical
analysis [23]. Although the adverse events of two drugs had no
significant difference, we also found that renal failure rate in
linezolid group was significantly lower than that in
vancomycin group, which indicated that nephrotoxicity of
linezolid was lower than vancomycin. The reason may be that
linezolid had renal clearance and non-renal clearance ways
[24], so it had lower renal toxicity and good tolerability. And
the bioavailability of oral absorption for linezolid is 100%
compared to intravenous administration, and this oral
absorption feature can significantly shorten the hospital stay
for HAP patients [25]. In addition, thrombocytopenia rate in
linezolid was significantly higher than in vancomycin group. It
was reported that the thrombocytopenia may be associated with
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treatment course (usually more than 2 weeks) [26]. Platelet
number in majority of patients can return to normal or baseline
level. So it is necessary to pay more attention to blood routine
examination when applies linezolid in long treatment course.

The sensitivity analysis showed that the meta-analysis results
did not changed when we excluded the literature [8] with small
sample size, although it was not indicated whether this
literature has influence on final conclusion or not. For the
publication bias, it was difficult to generate funnel plot to
analyse bias as small number of literatures were included. But
as all included literatures were in English, and no more studies
in other languages were included, which may cause some bias
for searching results. And the low quality of literature results
may also influence the reliability of the conclusions.
Meanwhile it should be careful to apply the conclusion due to
the following methodological deficiencies: (1) We found most
studies did not descript the details about randomized method,
random allocation, and allocation concealment; (2) Only 1
study [9] mentioned the details, although all selected literatures
used double-blinding method, which may induce some bias
about implementation and measurement.

This meta-analysis may have some limitations: (1) Only 4
studies were specifically for HAP among 7 included studies,
and the data from the left 3 studies were extracted by subgroup
analysis, which induce small sample size, then may induce
some bias. (2) The clinical cured rate and other objective
indicators were lack for intention-to-treat patients after ending
of follow-up, which may weaken the proof intensity.
Therefore, large-scale RCTs specifically for HAP are necessary
if we want to improve the quality of the meta-analysis. And
more long-term follow-up and objective endpoints to evaluate
efficacy and safety should be considered when design the
randomized controlled trials.

In summary, current studies indicate that the treatment efficacy
of linezolid for HPA is similar to vancomycin. Considering the
better tolerance and smaller nephrotoxicity, linezolid may be a
better choice to replace vancomycin when treating
vancomycin-resistantpatients, severe patients, especially renal
insufficiency patients.
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