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Abstract: This study aims to assess the efficacy and safety of doripenem on treating patients with
acute bacterial infections. The Pubmed, Embase, and Cochrane databases were searched up to April
2019. Only randomized clinical trials comparing doripenem and other comparators for the treatment
of acute bacterial infection were included. The primary outcome was the clinical success rate and
the secondary outcomes were microbiological eradication rate and risk of adverse events. Eight
randomized controlled trials (RCTs) were included. Overall, doripenem had a similar clinical success
rate with comparators (odds ratio [OR], 1.15; 95% CI, 0.79-1.66, 12 = 58%). Similar clinical success
rates were noted between doripenem and comparators for pneumonia (OR, 0.84; 95% CI, 0.46-1.53,
I? = 72%) and for intra-abdominal infections (OR, 1.00; 95% CI, 0.57-1.72). For complicated urinary
tract infection, doripenem was associated with higher success rate than comparators (OR, 1.89, 95%
CI, 1.13-3.17, I> = 0%). The pool analysis comparing doripenem and other carbapenems showed no
significant differences between each other (OR, 0.96, 95% CI, 0.59-1.58, I? = 63%). Doripenem also
had a similar microbiological eradication rate with comparators (OR, 1.08; 95% CI, 0.86-1.36, I? = 0%).
Finally, doripenem had a similar risk of treatment-emergent adverse events as comparators (OR, 0.98;
95% CI, 0.83-1.17, I? = 33%). In conclusion, the clinical efficacy of doripenem is as high as that of the
comparator drugs in the treatment of acute bacterial infection; furthermore, this antibiotic is as well
tolerated as the comparators.

Keywords: doripenem; acute bacterial infection; pneumonia; intra-abdominal infection; complicated
urinary tract infection

1. Introduction

Carbapenems, including imipenem and meropenem, remain the mainstay of treatment for
hospital-acquired infections, especially for the multidrug-resistant organism associated infections [1].
Doripenem is another important carbapenem, and has excellent bactericidal activity against most
nosocomial pathogens according to several in vitro studies [2-5]. A global surveillance showed that
doripenem was at least two-fold more potent in in vitro activities than imipenem and meropenem
against Pseudomonas aeruginosa—an important nosocomial pathogen [3]. For another notorious
pathogen—Acinetobacter baumannii, doripenem displayed comparable in vitro activities to imipenem
and meropenem [4]. Clinically, doripenem is approved for the treatment of patients with complicated
intra-abdominal infection (cIAI), complicated urinary tract infection (cUTI) and pyelonephritis, and
healthcare-associated pneumonia (HAP) including ventilator-associated pneumonia (VAP) in Europe
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and in other countries, other than United States. Although Qu et al. [6] conducted a meta-analysis of
doripenem for treating bacterial infections in 2015, only six clinical trials were enrolled and the number of
patients was limited. Since then, two more studies investigating the efficacy of doripenem in comparison
with other comparators were reported [7,8]. In Wagenlehner et al.’s study [7], 1033 randomized patients
were enrolled, and they did the comparison between doripenem and ceftazidime-avibactam for the
treatment of cUTI. In Oyake et al.’s study [8], they compared the empirical use of doripenem versus
meropenem for febrile neutropenia in patients with acute leukemia. These two studies provided
more patients and different types of infections compared to previse meta-analysis [6]. Therefore, we
could conduct a comprehensive review and updated meta-analysis to assess the efficacy and safety of
doripenem on treating patients with acute bacterial infections in comparison with other antibiotics,
especially imipenem and meropenem.

2. Methods

2.1. Study Search and Selection

Studies were identified by a systematic review of the literature in the PubMed, Embase, and
Cochrane databases until April 2019 using the following search terms—“doripenem,” “infection,” and
“randomized” (Appendix A). Studies were considered eligible for inclusion if they directly compared
the clinical effectiveness of doripenem with other antimicrobial agents in the treatment of adult
patients with acute bacterial infections. Studies were excluded if they focused on in vitro activity, or
pharmacokinetic-pharmacodynamic assessment. The articles of all languages of publication could
be included. Two reviewers (L-L.C. and Y.-H.C.) searched and examined publications independently.
When they had disagreement, the third author (C.-C.L.) resolved the issue in time. The following
data including year of publication, study design, type of infections, patients’ demographic features,
antimicrobial regimens, clinical and microbiological outcomes, and adverse events were extracted

from every included study.

2.2. Definitions and Outcomes

The primary outcome was overall clinical success with resolution of clinical signs and symptoms
of acute bacterial infection, or recovery to the pretreatment state at the end of treatment. Secondary
outcomes included the microbiological eradication rate and adverse events. A microbiological
eradication was defined as eradication (the baseline pathogen was absent) and presumed eradication
(if an adequate source specimen was not available to culture, but the patient was assessed as clinically
cured). Treatment-emergent adverse events were recorded, irrespective of causality. In addition, the
risk of discontinuing due to adverse event and the incidence of serious adverse events, and some
common events, including diarrhea, nausea, headache, constipation, and seizure were recorded.

2.3. Data Analysis

This study used the Cochrane risk of bias assessment tool to assess the quality of enrolled
randomized controlled trials (RCTs) and the risk of bias [9]. The software Review Manager, version 5.3,
was used to conduct the statistical analyses. The degree of heterogeneity was evaluated with the Q
statistic generated from the x? test. The proportion of statistical heterogeneity was assessed by the I?
measure. Heterogeneity was considered significant when the p-value was less than 0.10 or the I” was
more than 50%. The random-effects model was used when the data were significantly heterogeneous,
and the fixed-effect model was used when the data were homogenous. Pooled odds ratios (OR) and
95% confidence intervals (CI) were calculated for outcome analyses. Sensitivity analysis was performed
to ensure that the findings were not significantly affected by any individual study
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3. Results

3.1. Study Selection and Characteristics

The search program yielded 499 references, including 263 from Pubmed, 170 from Embase, and 66
from Cochrane database. Then, 258 articles were screened after excluding 241 duplicated articles. Finally,
a total of eight RCTs [7,8,10-15] fulfilling the inclusion criteria were included in this meta-analysis
(Figure 1). All of studies were designed to compare the clinical efficacy and safety of doripenem
with other antibiotics for patients with acute bacterial infection (Table 1) [7,8,10-15]. During the
initial enrollment, doripenem and comparators were applied to 1736 and 1763 patients, respectively.
Six studies [7,10-13,15] of them were multicenter studies. Three studies [10-12] focused on pneumonia,
including two [12,16] on ventilator-associated pneumonia and one [10] on nosocomial pneumonia.
Two studies focused on complicated urinary tract infections (cUTI) [7,13] and intra-abdominal infections
(IAI) [14,15]. Only one study investigated febrile neutropenia [8]. Five studies [8,11,12,14,15] compared
doripenem with other carbapenems including imipenem in three studies [11,12,14] and meropenem
in two studies [8,15]. The regimen of doripenem was 1 g every eight hours in two studies [8,11] and
500 mg every eight hours in the other six studies [7,10,12-15]. For the two studies using double dose
of doripenem (1 g every eight hour), the study drug (doripenem or meropenem) was used for at
least five days in one study [8] and another one [11] compared seven-day doripenem versus 10-day
imipenem-cilastatin. Figure 2 shows the analyses of risk of bias.
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Figure 1. Flowchart of the study selection process.
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Table 1. Characteristics of included studies.

40f10

Reference RCT Study Design Duration Study Population No. of Patients Age of the Patients Dose Regimen
Doripenem Comparator Doripenem Comparator Doripenem Comparator
[10] iﬁﬂgﬁ::ﬁgﬁen_labd’ 2004-2006 Nosocomial pneumonia 225 223 57.5 59.3 Doripenem 500 mg every 8 h Zl]};f;agl}lllm/tazobactam 458
Prospective, multicenter, Complicated
[15] randomized, 2004-2006 -omp L . 237 239 46.9 46.4 Doripenem 500 mg every 8h  Meropenem 1.0 g every 8 h
double-blind intra-abdominal infection
Prospective, multicenter, . . . . .
[12] randomized, open-label  2004-2006 Ventilator-associated 262 263 507 503 Doripenem 500 mg every 8h  [Tipenem/cilastatin 1 g every
trial pneumonia 8 h or 500 mg every 6 h
[13] Prospective, mulicente, 20032006 Complicated UTI 377 376 512 511 Doripenem 500 mg every 8 h 25::3212)$Cln 250 mg
Randomized, Ventilator-associated Imipenem/cilastatin 1 g ever
[1] double-blind, multicenter ~ 2008-2011 : 115 112 57.5 54.6 Doripenem 1 g every 8 h P gevery
trial pneumonia 8h
Randomized n-label Moderate or severe acute Imipenem/cilastatin 500 m:
[14] ol omized, Open-label 50102013 cholangitis or 62 65 74 73 Doripenem 500 mg every 8 h evefe seh crias &
cholecystitis Y
Randomized, L .
[7] multicenter, double-blind, 2012-2014 Complicated UTI 393 417 53.3 514 Doripenem 500 mg every 8 h Ceftazidime-avibactam 2000
trials mg/500 mg every 8 h
Febrile neutropenia in
Randomized, open-label patlents' with acute .
[8] 2011-2013 leukemia or 65 68 57 56 Doripenem 1 g every 8 h Meropenem 1.0 g every 8 h

prospective trial MDS-refractory

anemia with excess blasts

MDS, myelodysplastic syndrome; UTI, urinary tract infection; RCT, randomized controlled trial.



J. Clin. Med. 2019, 8, 958 50f 10

« | Other bias

Chastre et al, 2008

Kollefet al, 2012

Lucastietal, 2008

-~

Naber et al, 2009

) . . . « | Allocation concealment (selection bias)

-~

Oyake etal, 2019

-~

Rea-Neto et al,2008

®
® 0O 0O O S S | @ vindingofpaticipants and personnel (performance bias)

Tazuma et al, 2015

. . . =9 . . . . Selective reporting (reporting bias)
-

. . . ) . . . . Blinding of outcome assessment {(detection bias)
® O OO O S | @ Incomplete outcome data (attrition bias)

. . . . . ‘ . « | Random sequence generation {(selection bias)

Wagenlehner et al, 2016

Figure 2. Risk of bias per study and domain.

3.2. Clinical Success

Overall, doripenem had a similar clinical success rate with comparators (OR, 1.15; 95% CI,
0.79-1.66, I> = 58%, Figure 3). Sensitivity analysis after randomly deleting an individual study each
time to reflect the influence of the single data set to the pooled OR showed similar findings in most
occasions. There was only one exception, when we deleted Kollef et al.’s study [11], doripenem
showed better clinical success rate than other comparators in the pool analysis of the remaining seven
studies [7,8,10,12-15] (OR, 1.33; 95% CI, 1.03-1.72, 2= 0%). In the different subgroup of patients with
pneumonia, cUTI, and intra-abdominal infection, similar clinical success rates were noted between
two different regimens for pneumonia (OR, 0.84; 95% CI, 0.46-1.53, = 72%) and for IAI (OR, 1.00;
95% CI, 0.57-1.72). For cUTI, doripenem was associated with a higher success rate than comparators
(OR, 1.89, 95% CI, 1.13-3.17, I2 = 0%). Three studies [11,12,14] compared the effect of doripenem and
imipenem, and there was no difference in terms of clinical success rate between these two regimens
(OR, 0.76; 95% CI, 0.38-1.55, I? = 66%). Two studies [8,15] compared doripenem and meropenem, their
clinical success rates were similar (OR, 1.31, 95% CI, 0.75-2.28, I> = 34%). The pool analysis of these
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five studies comparing doripenem and other carbapenems showed no significant differences between
each other (OR, 0.96, 95% CI, 0.59-1.58, I> = 63%).

Doripenem Comparator Odds Ratio Odds Ratio
Study or Subgrou Events Total Fwents Total Weight M-H. Random. 95% CI M-H. Random, 95% CI
Chastre et al, 2008 86 126 79122 154% 1.17 [0.69, 1.99] 1
Kollefetal, 2012 47 115 BY 112 154% 0.46[0.27,0.79] -
Lucasti etal, 2008 163 188 161 186 14.2% 1.01 [0.56, 1.84] -t
Maber et al, 2009 272 286 240 266 12.9% 210[1.07,4.12] —
Oyake etal, 2019 39 a14] il 68 126% 1.79 [0.90, 3.56] T
Rea-Meto et al, 2008 109 134 95 119 137% 1.10 [0.59, 2.06] -
Tazuma et al, 2014 54 58 B0 G4 51% 0.80[0.21, 3.79] - T
Wagenlehner et al, 2016 407 M7 378 393 10.8% 1.62 [0.72, 3.64] T
Total (95% CI) 1389 1330 100.0% 1.15[0.79, 1.66]
Total events 1177 1111 ) ) ) )
e Tal® = = - - = I } T t {
Heterogeneity, Tau®= 016, Chi*=16.73, df=7 (P =002}, F=58% 0.01 0 ] 10 100

Testfor overall effect 2= 0.73 (F = 0.47) Favours dofipenem  Favours comparator

Figure 3. Overall clinical success rates of doripenem and comparators in the treatment of acute
bacterial infections.

3.3. Microbiological Eradication

Only six studies [7,10,12—-15] reported the data of microbiological eradication rate, and the pool
analysis showed that doripenem had a similar microbiological eradication rate with comparators (OR,
1.08; 95% CI, 0.86-1.36, I2 = 0%, Figure 4). Sensitivity analysis showed similar results. In the different
subgroup of patients with pneumonia and IAl, similar microbiological eradication rates were found
for both regimens (for pneumonia, OR, 1.25; 95% CI, 0.79-1.97, I? = 0%; for IAI, OR, 1.04; 95% CI,
0.49-2.17, I = 54%). While comparing doripenem and other carbapenems in the pool analysis of four
studies [7,12,14,15], the microbiological eradication rates were similar between these two regimens
(OR, 1.13; 95% CI, 0.85-1.51, I? = 0%).

Doripenem Comparator Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Chastre et al, 2008 80 116 71 110 163% 1.22[070,217] T
Lucasti et al, 2008 89 163 73 186 24.5% 1.37[0.88,217] ™
Maber etal, 2009 230 280 M 265 293% 0.92[0.59,1.43] —a—
Rea-Meta et al, 2008 71 84 57 83 Ta% 1.30[0.58, 2.97] I
Tazuma etal, 2015 24 42 36 6 TTI% 0.62[0.24,1.67] - 1
Wagenlehneretal, 2016 M5 4F 3rd 393 147% 0.91[0.49,1.71] T
Total (95% Cl) 1102 1053 100.0%  1.08 [0.86, 1.36]
Total events a94 g4z ) .

Heterogeneity, Chi*= 3.9, df =8 (F=061), F=0% ' T

ot ! 0.01 04 1 10 100
Testfor overall effect. 2= 0.67 (P = 0.50) Favours daripenern  Favours comparator

Figure 4. Overall microbiological eradication rates of doripenem and comparators in the treatment of
acute bacterial infections.

3.4. Adverse Events

Six studies [7,8,11,13-15] reported the incidence of treatment-emergent adverse events, the
doripenem had a similar risk with other antibiotics (OR, 0.98; 95% CI, 0.83-1.17, 12 = 33%, Figure 5).
Serious adverse events were reported in six studies [7,10,12-15], the overall incidence was similar
between doripenem and other antibiotics (OR, 1.06; 95% CI, 0.85-1.31, I? = 43%). Six studies [7,10,12-15]
reported the risk of discontinuing drug due to adverse event, the risk was similar between doripenem
and comparators (OR, 0.75, 95% CI, 0.35-1.61, 2= 61%). Regarding some common adverse events,
doripenem was associated with the similar risk as comparators in terms of diarrhea (OR, 0.91, 95% CI,
0.64-1.28, I? = 0%) in the pool analysis of eight studies [7,8,10-15], nausea (OR, 0.93, 95% ClI, 0.45-1.93,
2 = 62%) among five studies [11-15], headache (OR, 1.10, 95% ClI, 0.82-1.48, 2 = 0%) among three
studies [13-15], and constipation (OR, 0.96, 95% CI, 0.61-1.52, 2 = 0%) among three studies [11,13,14].
In the pooled analysis of four studies [10,12,13,15] that reported the risk of seizure, doripenem was
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associated with a similar lower risk as comparators (OR, 0.37, 95% CI, 0.15-0.92, I? = 0%). Moreover,
no seizure attack was reported to be related to doripenem in these four studies [10,12,13,15].

Doripenem Comparator Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kollef etal, 2012 106 114 107 112 33% 0.A5[0.18,1.70] I
Lucasti et al, 2008 195 235 184 238 11T% 1.38[0.87,2.18] T
Maber etal, 2009 240 37g 222 T2 30.3% 1.19[0.89, 1.60] ™
Oyake etal, 2019 25 ot 28 68  B.3% 0.89[0.45,1.749] T
Tazuma etal, 2015 2 g0 2 65 0.7% 1.08[0.14, 7.596] - ]
Wagenlehner etal, 2016 198 5049 185 511 47.8% 0.758[0.61,1.03] L
Total (95% CI) 1360 1364 100.0%  0.98 [0.83, 1.17] L
Total events 726 T8 ) . .

Heterogeneity: Chi*= 7.43, di= 5 (P = 0.19); F= 33% F

14 K 0.01 01 1 10 100
Testfor overall effect: 2= 013 (F = 0.85) Favours [experimental] Favours [control]

Figure 5. Risk of treatment-emergent adverse events of doripenem and comparators in the treatment
of acute bacterial infections.

4. Discussion

This meta-analysis based on eight RCTs found that doripenem had a similar clinical success rate
of treating acute bacterial infections with other comparators. The similar efficacy in terms of clinical
response and microbiological eradication was found between doripenem and other carbapenems,
including meropenem and imipenem. In addition, this result was not affected by the different types
of infections—pneumonia, cUTI, or IAls. Even for several specific types of infection—cholangitis,
cholecystitis, appendicitis, lower urinary tract infection, and acute pyelonephritis—no statistical
differences in terms of clinical efficacy was found between doripenem and comparators in the included
studies [13-15]. In fact, in addition to Kollef et al.’s study [11], that showed doripenem was found to
have non-significant higher rates of clinical failure and mortality compared to imipenem [7,10,12-15].
The difference between Kollef et al.’s study [11] and the other seven studies [7,10,12-15] may be
explained by the fact that Kollef et al. compared a fixed seven-day course of doripenem with a fixed
10-day course of imipenem-cilastatin for treating VAP. Seven days of antibiotic treatment may have
been too short for the patients with VAP, so the clinical outcome of VAP treated with a seven-day course
of doripenem was worse than with a 10-day course of imipenem-cilastatin. In this meta-analysis, while
we did sensitivity analysis after deleting this negative study [11] for doripenem, we found that the
pooled analysis of the other seven studies [7,8,10,12-15] showed that doripenem was associated with
better clinical outcome than comparators. Although this finding hints that the effect of doripenem
may be better, or at least as good as, other antimicrobial agents in the treatment of acute bacterial
infections, if doripenem can be used as long as the comparators, we still need further study to confirm
this issue. Before that, the findings of this meta-analysis indicate that the clinical efficacy of doripenem
is not inferior to other antimicrobial agents in the treatment of acute bacterial infections. Finally,
several studies [16-18] demonstrated that doripenem was associated with lower medical resource
utilization and hospital cost in the treatment of HAP and VAP versus comparators, including imipenem.
Overall, doripenem could be both a life- and cost-saving antibiotic and could be recommended as
the appropriate antibiotic in the treatment of acute bacterial infections, including pneumonia, cUTI,
and cJAL

In this meta-analysis, we also compared the microbiological response of doripenem with other
antibiotics for acute bacterial infection. Overall, we found the microbiological eradication rates were
similar between doripenem and comparators. Moreover, a similar trend was noted in the sensitivity
analysis and subgroup analysis of pneumonia and IAls. Finally, doripenem was comparable to other
carbapenems, including imipenem and meropenem, in terms of microbiological eradication rate in the
subgroup analysis. All these findings may be well explained by previous in vitro studies [3,4,19-21]
that showed doripenem had a greater or similar in vitro activity against bacteria, including multi-drug
resistant organisms. In this meta-analysis, we did not assess we did not evaluate the association between
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in vitro activity and the in vivo response of different organisms, especially for antibiotic-resistant
pathogens, because the associated information was limited. However, this meta-analysis demonstrates
that doripenem is comparable to other antimicrobial agents in both the clinical and microbiological
responses of treating acute bacterial infections.

In addition to the assessment of clinical efficacy and microbiological eradication, the safety issue is
another important concern in the treatment of acute bacterial infection by doripenem. In this analysis,
the risks of overall treatment-emergent adverse effects, common adverse effects (diarrhea, nausea,
headache and constipation), serious adverse effects, and the risk of discontinuing the drug due to
adverse effects were similar between doripenem and comparators. Seizure is another important
concern for patients using carbapenems. In this meta-analysis, four studies [10,12,13,15] reported
the incidence of seizure, and the doripenem group had a lower risk of seizure than comparators.
Moreover, although six seizure events were reported in this meta-analysis, all these events occurred in
patients with underlying risk factors and were not clearly related to doripenem. Therefore, all these
findings indicate that doripenem may be as safe as conventional regimens in the treatment of acute
bacterial infections.

This meta-analysis has several limitations. First, we did not evaluate the effect of doripenem
and comparators against specific organisms in each type of bacterial infection and the confounding
effect of the antibiotic resistance of these pathogens. Besides, the immune status and the age effect
were not assessed in this meta-analysis due to limited information. Second, the use of doripenem for
treating pneumonia remains a serious concern due to the negative findings of Kolleff et al.’s study [11]
that showed a shorter course (seven days) of doripenem was associated with a worse outcome than
a longer course (10 days) of imipenem for patients with VAP. However, doripenem was commonly
used for treating pneumonia in many countries [22], and several studies [10,12,23-25] showed the
clinical outcomes of pneumonia treated by doripenem were favorable. In the subgroup analysis of
this meta-analysis, we found the clinical and microbiological responses of doripenem for treating
pneumonia were as good as comparators. But, as only three RCTs [10-12] focusing on pneumonia
were enrolled in this meta-analysis, the number of studies is limited, thus further study is warranted to
clarify this issue.

In conclusion, based on the analysis of eight RCTs, no differences in terms of clinical success and
microbiological eradication rates were found between doripenem and comparators in the treatment of
acute bacterial infections. Moreover, doripenem was well tolerated and had comparable safety profiles
to other antimicrobial agents.

Author Contributions: Conceptualization, I.-L.C., Y.-H.C. and C.-C.L.; formal analysis, L-L.C. and Y.-H.C.;
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Appendix A : List of Terms of the Search Strategy

Pubmed

1. “doripenem” [MeSH Terms]
2. “doripenem” [All Fields]
3.10R2

4. “infection” [MeSH Terms]
5. “infection” [All Fields]
6.40R5

7. “randomized” [All Fields]
8. “randomised” [All Fields]
9.70R 8

10. 3 AND 6 AND 9

Embase
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. “doripenem”/exp
. “doripenem”
10R2

. “infection”

. “randomized”

. “randomised”
.50R 6

.3AND4 AND?7
Cochrane

1. doripenem
2. infection
3. #1 AND #2
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