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Abstract: Doripenem is a carbapenem bactericidal agent that demonstrates in vitro activity against a wide variety of Gram-negative 
and Gram-positive pathogens. In vitro data show that doripenem combines the intrinsic activity of meropenem against Gram-negative 
pathogens with the intrinsic activity of imipenem against Gram-positive pathogens. The availability of doripenem is particularly wel-
come in the current setting of increased resistance among Gram-negative pathogens including Pseudomonas aeruginosa, Acinetobacter 
species, and extended-spectrum β-lactamase-producing Enterobacteriaceae. Characteristic of doripenem is its potent activity against 
P. aeruginosa with a minimum inhibitory concentration (MIC) necessary for the inhibition of 90% of all isolates (MIC90) of 4 µg/mL, 
a value that is 2 to 4 times lower than the corresponding MIC90 values of meropenem and imipenem. Doripenem was shown to be 
noninferior to other commonly used antibiotics in phase 3 clinical trials and is currently approved for the treatment of complicated 
intra-abdominal infection and complicated urinary tract infection, and in some countries for the treatment of nosocomial pneumonia, 
including ventilator-associated pneumonia. Intravenous (IV) infusions of doripenem can be either 1 hour or for longer durations of 
4 hours. Overall, IV doripenem is safe and well tolerated, with a limited propensity to induce seizures compared with other carbapenems. 
Doripenem may represent a valuable option when carbapenem therapy is warranted for the treatment of serious infection, particularly 
in cases in which the etiology is a drug-resistant, Gram-negative pathogen.
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Introduction
Doripenem is a synthetic, parenteral antibiotic member 
of the carbapenem class of β-lactams that is available 
for use when a broad-spectrum antimicrobial agent is 
warranted.1–12 It demonstrates potent activity against 
Gram-negative and Gram-positive aerobic and anaer-
obic organisms.1–4,6–8,10,11,13 Doripenem is currently 
indicated in the United States (US) for treatment of 
adults with complicated intra-abdominal infection 
(cIAI) and complicated urinary tract infection (cUTI), 
including pyelonephritis, by 1-hour intravenous (IV) 
infusion.2–7,9,10,14 In the European Union and other 
countries in Europe, the Americas, and Asia Pacific, 
doripenem carries these indications, in addition to an 
indication for nosocomial pneumonia (NP), including 
ventilator-associated pneumonia (VAP), with infu-
sion times of 1 hour or 4 hours. Use for NP is cur-
rently being evaluated in the US.2,4,6–9 It is marketed 
in these countries under the names DORIBAX®, 
DORIPREX®, and DURAPTA®. It is also marketed 
under the name FINIBAX® in Japan.

Doripenem demonstrates particularly potent anti-
microbial activity against infections caused by Pseu­
domonas aeruginosa.1–4,8,11,13 Among carbapenems, 
doripenem is more potent against P. aeruginosa than 
imipenem and meropenem, and it exhibits lesser pro-
pensity for development of resistant strains.1,2,4,7–11,13

Doripenem is generally well tolerated with com-
mon adverse reactions, including headache, nausea, 
diarrhea, and rash.2–5,7–10 It has a lower propensity to 
induce seizures compared with imipenem, which may 
be particularly advantageous for use in the intensive 
care unit where patients generally have more pre-
disposing conditions for seizures and/or impaired 
or fluctuating renal function, which may increase 
plasma concentrations and also predispose to seizures 
if appropriate dose adjustments are not made.2,4,5,7–10

An important property of doripenem is its lon-
ger stability in solution than imipenem or mero-
penem; this allows the drug to be administered for 
extended infusion durations (4 hours), thus optimiz-
ing pharmacokinetic/pharmacodynamic parameters 
to target less susceptible pathogens.15 Doripenem is 
the first antibiotic that we are aware of for which stan-
dard and extended infusion times have been formally 
evaluated in registrational clinical trials, with market-
ing approval granted for 2 different infusion times 
(1 hour and 4 hours).

This review was based on information collected 
from a search initially conducted in and updated 
through December 2009 that was directed at identify-
ing publications in English involving doripenem. The 
following databases were used: Medline (PubMed), 
EMBASE (English language), and Google Scholar. 
The following Web sites were used: American Soci-
ety for Microbiology, European Society of Clinical 
Microbiology and Infectious Diseases, Infectious 
Disease Society of America, National Guidelines 
Clearinghouse, and the Society of Critical Medicine. 
Additional references were obtained from published 
reference lists.

Physical, Chemical, and 
Pharmaceutical Properties
The chemical name for doripenem (formerly S-4661)16,17 
is (4R, 5S, 6S)-3-[((3S,5S)-5-[[(aminosulfonyl)amino]
methyl]-3-pyrrolidinyl)thio]-6-[(1R)-1-hydroxyethyl]-
4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-
carboxylic acid monohydrate (Fig. 1).18 The molecular 
formula for doripenem is C15H24N4O6S2⋅H2O with a 
molecular weight of 438.52.2 Doripenem for IV injec-
tion is supplied as a single-use vial containing 500 mg of 
sterile powder,18 constituted with H2O or 0.9% sodium 
chloride and transferred to an IV bag containing either 
normal saline or 5% dextrose.18

For carbapenems, near maximal cell killing occurs 
at 40% of the dosing interval.19–26 Among the strat-
egies for achieving this goal is extending the time 
over which the infusion occurs.15 This requires that 
a carbapenem remain stable from the time it is pre-
pared for infusion until the end of the infusion peri-
od.15 Stability studies demonstrate that doripenem 
5 mg/mL is stable and retains its potency for up to 
12 hours in 0.9% sodium chloride injection solution, 
which suggests it can be used for standard 1-hour 
and extended 4-hour IV infusions.15 In various infu-
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Figure 1. Chemical structure of doripenem monohydrate.18
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sion bags (polyvinyl chloride [PVC], PVC with vial 
adapter, and polyethylene [PE]), doripenem concen-
tration decreased from initial values by ,5%.15 For 
example, in the PE bag, the mean maximal change 
from the initial doripenem concentration in 0.9% 
sodium chloride was −4.5% after 12 hours in room 
conditions.15

These data show that doripenem is stable for lon-
ger periods of time than other carbapenems. Mero-
penem constituted in 0.9% sodium chloride is stable 
for 4 hours at room temperature.27 Imipenem and 
cilastatin, constituted in either 0.9% sodium chloride 
or 5% dextrose solution, is stable for 4 hours at room 
temperature.28 Ertapenem constituted in 0.9% sodium 
chloride is stable for 6 hours at room temperature.29

Doripenem has demonstrated increased in vitro 
stability toward hydrolysis by the renal enzyme 
dehydropeptidase-1 (DHP-1) as compared to other 
carbapenems; the presence of a 1-β-methyl base may 
be partially responsible for the comparative stability 
against DHP-1.30

Investigators have developed rapid and simple 
high-performance liquid chromatography (HPLC) 
methods for the detection of serum doripenem.31,32 
Kurihara et al31 developed an HPLC assay method 
with good recovery rates and intra-assay reproducibil-
ity with detection limits of the carbapenems as low as 
20 to 40 ng/mL. This methodology would allow for 
monitoring of doripenem serum level doses, such that 
adjustment of doses could be made according to phar-
macokinetic/pharmacodynamic analyses.31

Nonclinical/Mechanism of Action 
with Emphasis on the Microbial 
Mechanism of action and Resistance
Mechanism of action
The mechanism of action of doripenem is to inhibit 
bacterial cell wall synthesis and promote cell death 
via transpeptidation that acts to inhibit peptidoglycan 
synthesis.2 This is accomplished by doripenem bind-
ing to penicillin-binding proteins (PBPs).2 Carbapen-
ems can be differentiated based on their interaction 
with essential PBPs.33 Doripenem has high affinity for 
the PBPs of many bacterial species (e.g. PBP1, PBP2, 
and PBP4) of Staphylococcus aureus that is gener-
ally comparable to other carbapenems.2 However, 
carbapenems have low affinity for PBP2A (MecA) 

and, consequently, show reduced activity against 
methicillin-resistant S aureus (MRSA).2 Davies et al34 
and others35 have shown that doripenem exhibits high 
affinity for PBP2 and PBP3 in P. aeruginosa and for 
PBP2 in Escherichia coli. Doripenem is thought to 
have improved antipseudomonal activity compared 
with imipenem based on greater potency in binding 
to the PBPs.34

Recent data determining the crystal structure of 
PBPs complexed with carbapenems have yielded 
information concerning their structural interac-
tion.36 Yamada et al36 examined crystal structures 
of biapenem and tebipenem complexed with the 
trypsin-digested forms of PBPs 2X and 1A from the 
Streptococcus pneumoniae R6 strain. They observed 
hydrophobic interactions between the C-2 side chains 
of the carbapenems with Trp374 and Thr526 in PBP 
2X and with Trp411 and Thr543 of PBP 1A. These 
interactions are proposed to have common features of 
carbapenems, based on similar interactions observed 
with meropenem and imipenem complexes.36

Bacterial resistance mechanisms  
that affect doripenem
Bacterial resistance mechanisms to doripenem may 
occur through several mechanisms that include drug 
inactivation by carbapenem-hydrolyzing enzymes, 
mutant or acquired PBPs, decreased outer membrane 
permeability, and active efflux processes.2 Gram-
positive pathogens express resistance to carbapen-
ems primarily through altered target PBPs which 
exhibit lower drug affinity, whereas Gram-negative 
pathogens affect resistance to carbapenems primarily 
via production of β-lactamase inactivating enzymes 
and decreased drug permeability.33 Carbapenems 
can be separated from other β-lactams by their abil-
ity to overcome resistance mechanisms associated 
with extended spectrum β-lactamase (ESBL) and/or 
AmpC cephalosporins.33 Doripenem, in particular, 
appears to be a potent carbapenem against multidrug 
resistant (MDR) pathogens.37

In a recent in vitro study conducted with Gram-
negative isolates (n = 805) obtained from Brazilian 
private hospitals, doripenem was found to exert potent 
activity against Enterobacteriaceae (including ESBL 
and AmpC producers) and showed greater activity 
than meropenem against imipenem-resistant P. aerug­
inosa.38 In AmpC, ESBL-producing and carbapenem 
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reduced-susceptibility E. coli isolates obtained from 
12 sentinel hospitals across Canada from January 
2007 through December 2008, doripenem exhibited 
potent in vitro activity that was comparable to that 
observed with meropenem.39

Doripenem is not hydrolyzed by most β-lactamases 
(classes A, C, and D).2 For example, doripenem and 
other carbapenems are the drugs of choice for ther-
apy of infections by ESBL-producing members of 
the Enterobacteriaceae family, including the class 
A CTX-M-type β-lactamase, as its catalytic activity 
is insufficient to confer resistance to carbapenems.40 
For SHV-1 class A β-lactamases, crystallization stud-
ies performed with meropenem have shown that 
meropenem induces β-lactamase conformational 
changes and hydrogen bond rearrangements that 
cause catalytically impaired enzymes.41 However, 
doripenem and other carbapenems are vulnerable 
to metallo-β-lactamases. For example, Castanheira 
et al42 demonstrated resistance among P. aeruginosa 
strains of metallo-β-lactamase clones (VIM-2, -5, -6, 
-11, as well as VIM-18) in India. In recent studies 
of Pseudomonas putida isolates, the production of 
IMP-1 type metallo-β-lactamase was found to be the 
most critical factor in the development of high-level 
resistance to carbapenems.43 Carbapenem resistance 
in clinical isolates of P. putida was associated with 
the expression of intI-1 and intI-3 integrase genes and 
a decreased expression of the porin gene (oprD).43

Mushtaq et al44 examined the in vitro activity of 
doripenem against isolates, mutants, and transconju-
gants of Enterobacteriaceae and Acinetobacter spp. 
with known β-lactamases and β-lactamase expres-
sion. MICs of doripenem for Klebsiella isolates with 
ESBLs, plasmid-mediated AmpC enzymes, or hyper-
produced K1 β-lactamase were similarly distributed 
for all groups compared with control isolates. Like-
wise, MICs of doripenem were minimally changed 
between wild-type and Enterobacter isolates with 
derepressed AmpC β-lactamases. Derepression of 
AmpC in laboratory mutants of Citrobacter freundii, 
Enterobacter cloacae, Serratia marcescens, and Mor­
ganella morganii were not associated with increases 
in the MICs of doripenem. In E. coli transconju-
gates, none of the TEM, SHV, or OXA β-lactamase 
enzymes affected activity of doripenem or other car-
bapenems. In contrast, Acinetobacter spp. with car-
bapenemases were resistant to doripenem and to other 

carbapenems (MICs, 8 to .64 µg/mL). Overall, these 
data suggest that doripenem shares the excellent 
β-lactamase stability of existing carbapenems.44

Kaniga et al45 examined the prevalence and 
susceptibility to doripenem of ESBL-producing 
Enterobacteriaceae (ESBLE) and ciprofloxacin- 
resistant Enterobacteriaceae (CIPRE) from 6 dorip-
enem phase III clinical trials. Doripenem had gen-
erally very low MICs against ESBLE (98% had 
doripenem MIC # 2 µg/mL) and CIPRE (99% had 
carbapenem MIC # 4 µg/mL). Meropenem and 
doripenem were observed to be more potent than imi-
penem and ertapenem.45

In another study46 where 694 clinical isolates of 
P. aeruginosa were tested from 23 Japanese medi-
cal facilities, doripenem activity also correlated well 
with that of meropenem; however, doripenem had 
more potent in vitro activity against P. aeruginosa 
compared with other antimicrobial agents to which 
P. aeruginosa was resistant. Notably, doripenem 
demonstrated a 2-fold lower MIC90 than other 
carbapenems.

Although some cross-resistance may occur 
between carbapenems, some isolates resistant to 
other carbapenems may be susceptible to doripenem.2 
In AmpC-resistant subsets of Gram-negative patho-
gens (Enterobacter spp. [n = 34] and S. marcescens 
[n = 33]), Jones et al37 showed that doripenem, along 
with other carbapenems (i.e. imipenem and mero-
penem), exhibited greater enzyme stability (,4-fold 
increase in MIC vs. wild-type strains) vs. ertapenem 
(.16-fold increase in MIC vs. wild type strains). 
Moreover, against carbapenem-resistant strains of 
Acinetobacter spp. (n = 24), 20.8% of isolates showed 
a doripenem MIC # 4 compared with 16.7% for imi-
penem and only 4.2% for meropenem and 0% for 
ertapenem.

In addition, in clinical isolates (n = 12) of 
Acinetobacter baumannii that expressed the blaOXA-58 
gene, the percentage of isolates with a doripenem 
MIC . 8 µg/mL was much lower (33%) compared 
with imipenem (100%) and meropenem (100%).47 
Likewise, carbapenem-resistant strains (0% suscep-
tibility to ertapenem, imipenem, and meropenem) 
of P. aeruginosa were inhibited by 4 µg/mL dorip-
enem (22.4%).37 In a recent study, doripenem was 
shown to retain activity (MICs # 4 µg/mL) against 
a collection of 65 imipenem-resistant (MIC $ 16 µg/
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mL) clinical P. aeruginosa isolates that displayed 
resistance to imipenem via a combination of mecha-
nisms including active efflux, lack of expression of 
OprD, and elevated β-lactamase activity.48

There is a group of imipenem-resistant P. aerugi­
nosa mutants that are specifically resistant to car-
bapenems, but do not show cross resistance to other 
β-lactams or other antibiotics.49 This was shown to 
be likely due to a reduction in the porin OprD, a 
porin which is preferentially used by carbapenems 
as a means to enter the bacterial cell. Sakyo et al49 
examined the potency of doripenem, meropenem, 
and imipenem to prevent the emergence of carbapen-
em-resistant mutants in vitro. Carbapenem-resistant 
mutants of the strains were not selected on agar plates 
containing doripenem at a frequency of 10−9 per cell 
per generation, whereas mutants were selected on 
agar plates containing meropenem or imipenem at 
a frequency of ∼10−7 to 10−9 per cell per generation. 
Moreover, doripenem showed a narrower drug con-
centration range than those of meropenem to select 
for carbapenem-resistant mutants.

Zhanel et al50 showed in vitro that doripenem was 
less likely than meropenem or imipenem to select for 
spontaneous resistance in P. aeruginosa. Further, they 
showed that combining doripenem or meropenem 
with a second active antipseudomonal agent (i.e. 
polymyxin E, levofloxacin, tobramycin) was more 
effective at preventing resistance than either agent 
alone.50

In a recent study, an in vitro dilutional pharmacoki-
netic model of infection was used to simulate different 
T . MIC exposures and different dose fractionations 
to achieve different T . MIC exposures to assess 
the impact on P. aeruginosa population dynamics.51 
Interestingly, it was determined that dosing strategies 
designed to produce optimal antibacterial effect (i.e. 
multiple dosing to produce lower T . MIC values 
of 12.5% or 25%) paradoxically led to amplification 
of bacterial-resistant subpopulations. Thus, multiple 
exposures at T . MIC values below the 24-hour static 
effect amplify resistant populations, whereas multiple 
exposures at higher T . MIC (37.5%) optimized anti-
biotic effect and reduced resistant subpopulations.51

Crandon et al52 evaluated the efficacy of 1-g and 2-g 
human simulated prolonged infusions of doripenem 
(every 8 hours as a 4-hour infusion) against 18 P. 
aeruginosa isolates (15 MDR) in a neutropenic 

murine thigh model. To simulate human exposures 
in mice, each 8-hour dosing interval required 
8 individual doses. This constituted doses of 11, 4.5, 
9, 9, 9, 9, 1.5, and 0.75 mg/kg and 22, 9, 18, 18, 18, 
18, 3, and 1.5 mg/kg for the 1-g and 2-g dose regi-
mens, respectively, and were administered at 0, 0.5, 
1.5, 2.5, 3.5, 4.5, 6, and 7.5 h. Doripenem 1-g simula-
tions led to an approximately $2 log colony-forming 
unit (CFU) decrease for isolates with MICs of 2 µg/
mL to 8 µg/mL and with 2-g simulations for isolates 
with MICs of 2 µg/mL to 16 µg/mL when compared 
with 0-hour control animals. The 2-g dose simulation 
led to statistically greater efficacy for 3 of 8 isolates 
with MICs of 16 µg/mL and 32 µg/mL (P , 0.05).52

Use of doripenem in combination with an amino-
glycoside has been demonstrated to delay resistance 
selection in P. aeruginosa isolates.53 In strains of P. 
aeruginosa passaged over the course of 7 days that 
had MICs near the expected break point for doripenem 
(#4 µg/mL), gentamicin maintained or prolonged 
doripenem potency.53 Tanimoto et al54 showed that 
fluoroquinolones enhance the carbapenem resistance 
mutation rate in P. aeruginosa and that the highest 
mutation isolation frequency occurred during selec-
tion with meropenem, whereas doripenem inhibited 
mutant growth.

The emergence of blaKPC-containing Klebsiella 
pneumoniae (KPC-Kp) isolates with reduced suscep-
tibility to β-lactams is a concern.55 In an analysis of 
42 KPC-Kp isolates recovered from 2006 to 2007 
from the eastern US, it was found that MICs neces-
sary for the inhibition of 50% and 90% of all iso-
lates (MIC50/MIC90) were 4/32 mg/L for doripenem. 
Based on US FDA Enterobacteriaceae break points, 
all KPC-Kp isolates were doripenem-resistant and 
present a formidable therapeutic, diagnostic, and 
clinical challenge.55 In a recent study, the efficacy of 
high-dose doripenem (1 g and 2 g q8h) against KPCs 
was studied in a neutropenic murine thigh model.56 
Unlike that seen with P. aeruginosa, this regimen did 
not reduce bacterial density below the level of stasis, 
but did increase the static response to KPC isolates 
with MICs #16 µg/mL.56

Generally, resistance mechanisms that affect dori
penem are those that affect the carbapenem class. 
The common mechanisms of resistance include 
inactivation by carbapenem-hydrolyzing enzymes, 
mutant or acquired PBPs, decreased outer membrane 
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permeability, and active efflux processes. However, 
there are differences that can be seen among the car-
bapenems.2 For example, although cross-resistance 
may occur between carbapenems, some isolates 
resistant to other carbapenems may be susceptible 
to doripenem.2 Based on reduced incidence of bacte-
rial resistance, more reliance on carbapenems in the 
treatment of serious bacterial infections versus other 
antibiotic classes may be warranted. In particular, 
doripenem may stand out among other agents within 
the carbapenem class due to its broad spectrum of 
activity.57 Differences may also occur in the poten-
tial to select spontaneous resistance, with doripenem 
showing the lowest potential to develop resistance 
whether alone or in combination with other agents.50

Response to the effect of fluoroquinolones may 
differ. Tanimoto et al54 showed that fluoroquinolones 
enhanced the carbapenem resistance mutation rate 
in P. aeruginosa and that the highest mutation isola-
tion frequency occurred during selection with mero-
penem, whereas doripenem inhibited mutant growth. 
However, in spite of the differences, the presence of 
common mechanisms leading to carbapenem resis-
tance to include the emergence of new mechanisms 
such as the blaKPC-containing Klebsiella pneumo­
niae (KPC-Kp) isolates confirms that vigilance in 
monitoring bacterial resistance is warranted.55

Microbiology
Doripenem exhibits broad antibacterial potency 
against aerobic and anaerobic Gram-positive and 
Gram-negative bacteria.44,47,58–72 The MIC90 for spe-
cies of interest are usually #1 µg/mL (Table 1). 
These include methicillin-susceptible staphylo-
cocci, S. pneumoniae (including penicillin-resistant 
strains [PRSP]), Enterobacteriaceae, Haemophilus 
influenzae, P. aeruginosa, Moraxella catarrhalis, cef-
tazidime-susceptible Acinetobacter spp, Bordetella 
spp, Bacteroides spp, Prevotella spp, Clostridium 
spp, and other Gram-positive anaerobes. Doripenem 
displays less activity against methicillin-resistant 
Staphylococcus aureus (MRSA) and Enterococ­
cus faecalis, and is inactive against most isolates of 
Enterococcus faecium, Corynebacterium spp, and 
Stenotrophomonas maltophilia. For Gram-positive 
species, the activity spectrum across carbapenems is 
that imipenem is slightly more active than doripenem, 
however, doripenem is more active than meropenem 

and ertapenem. For Gram-negative species, the 
activity spectrum across carbapenems is doripenem 
is similar to meropenem and similar to or more active 
than imipenem and ertapenem.37,72,73

Doripenem generally exhibits 2- to 4-fold greater 
activity vs. Pseudomonas isolates than imipenem and 
meropenem, including strains isolated from patients 
with cystic fibrosis.70,72 Castanheira et al74 showed 
2-fold greater potency with doripenem than imipenem 
using MIC90 results (8 and .8 µg/mL, respectively) 
inhibiting 77.2% of P. aeruginosa isolates (n = 9256) 
at #2 µg/mL vs. meropenem (73.3%) and imipenem 
(70.7%). In P. aeruginosa samples obtained from 
patients across hospitals in Canada, doripenem and 
meropenem showed comparable in vitro activity.75,76 
Likewise, in 69 P. aeruginosa isolates from South 
Wales, doripenem activity was similar to meropenem 
and superior to imipenem.77 As part of the 2006 to 
2008 Tracking Resistance in the United States Today 
(TRUST) surveillance study, among 7 antimicrobials 
tested, doripenem and meropenem showed the low-
est MIC50/90 values against 3111 P. aeruginosa isolates 
from either intensive care unit infections or hospital-
treated lower respiratory infections.78 In a 4-hospital 
system in San Diego, CA, doripenem showed compa-
rable in vitro activity compared with imipenem against 
P. aeruginosa isolates, in a setting where imipenem was 
more potent than doripenem against A. baumannii iso-
lates.79 Chen et al80 showed that doripenem had the low-
est MIC50 and MIC90 values for mucoid P. aeruginosa 
(8 µg/mL and 32 µg/mL, respectively) and nonmucoid 
P. aeruginosa (8 µg/mL and 64 µg/mL, respectively) 
isolates from patients with cystic fibrosis. In a recent 
study, doripenem was found to have comparable activ-
ity to meropenem and was more potent than imipenem 
against P. aeruginosa strains from sputum of patients 
with cystic fibrosis. However, for meropenem isolates 
with MICs .4 µg/mL, 32% showed doripenem MICs 
at least 2 dilutions lower.81

Similar to penicillins and cephalosporins, carbapen-
ems display a time-dependent killing and consequently 
the major pharmacokinetic/pharmacodynamic parame-
ter determining efficacy is T . MIC vs. common patho-
gens including S. aureus, S. pneumoniae, P. aeruginosa, 
and Enterobacteriaceae.82 Doripenem shows persistent 
postantibiotic effect (PAE) vs. S. aureus and P. aerugi­
nosa.72 Doripenem shows in vitro synergy with glyco-
peptide antibiotics (e.g. vancomycin) vs. MRSA.72
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Table 1. Activity of doripenem against Gram-positive and Gram-negative pathogens.72

Pathogen No. Isolates MIC90 (μg/mL)
Gram-positive pathogens
Streptococcus pneumoniae
  Penicillin susceptible 44, 16, 25 #0.008, 0.06, 0.008
  Penicillin intermediate 10, 23, 83 0.25, 0.25, 0.5
  Penicillin resistant 23, 122, 10 1, 1, 0.5
  Ceftriaxone resistant 11 1
  Macrolide resistant 20 1
Staphylococcus aureus
  Methicillin susceptible (MSSA) 157, 27, 30, 41 0.06, 0.1, 0.06, 0.03
  Methicillin resistant (MRSA) 18 8
Coagulase-negative staphylococcus
  Methicillin susceptible 73, 38, 19 0.06, 0.12, 0.06
  Methicillin resistant 75, 58 4, 16
Enterococcus faecalis 45, 20, 132, 54, 26 16, 8, 8, 12.5, 4
Gram-negative pathogens
Enterobacteriaceae
  Escherichia coli 68 1772 0.03
  Klebsiella pneumoniae 20, 10, 26, 31, 54, 20, 30 0.12, 0.06, 0.03, 

0.12, 0.20, 0.12, 0.06
  Proteus mirabilis 23, 22, 15, 54, 27, 10 0.12, 1, 1, 0.8, 0.5, 0.5
 S erratia marcescens 24, 21, 24, 54, 20, 30 0.5, 0.25, 0.12, 6.2, 

0.12, 0.25
 E nterobacteriaceae (ESBL-positive) 42 0.03
Non-Enterobacteriaceae
Pseudomonas aeruginosa 35, 150, 78, 54, 20, 15 0.5, 1, 1, 12.5, 1, 2
  Pseudomonas aeruginosa (CF-isolates) 82 2
Acinetobacter species 50 32
 � Acinetobacter baumannii (carbapenemase  

producers)
14 .64

 � Acinetobacter baumannii (ceftazidime- 
susceptible)

10, 20 1, 1

Stenotrophomonas maltophilia 54 .100
Haemophilus influenzae
  β-lactamase negative 99, 33, 10 0.5, 1, 0.25
  β-lactamase positive 28, 150 0.5, 0.25
Moraxella catarrhalis 33, 20, 46 0.03, #0.03, 0.03
Gram-positive anaerobes
Clostridium spp. 25, 16, 28, 13 2, 0.06, 2, 1
Propionibacterium spp. and 
Peptostreptococcus spp.

14 0.25

Gram-negative anaerobes
Bacteroides fragilis 116, 26, 22, 198, 60, 10 1, 0.5, 0.5, 1, 8, 0.25
Fusobacterium spp. 15, 27 1, 0.25
Prevotella spp. 20, 16 0.25, 0.5
Porphyromonas spp. 20, 17 0.5, 0.03
Abbreviations: MIC90, minimum inhibitory concentration necessary for the inhibition of 90% of all isolates; ESBL, extended spectrum β-lactamase; CF, 
cystic fibrosis.
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Recent studies suggest that combination therapy 
may be useful in eradicating infections caused by 
P. aeruginosa by providing a synergistic effect. Hilliard 
et al83 examined combination therapy with doripenem 
along with either amikacin, colistin, or levofloxacin in 
an in vivo mouse sepsis model of P. aeruginosa. The 
doripenem and levofloxacin combination showed the 
highest percentage of cumulative survival, suggesting 
in vivo synergy with these agents.83 Urban et al84 con-
ducted an in vitro study to determine the efficacy of 
double and triple synergistic antibiotic combinations 
along with doripenem (polymyxin B and rifampin) 
against MDR A. baumannii, P. aeruginosa, E. coli, 
and K. pneumoniae. Data showed that doripenem in 
combination polymyxin B and rifampin led to 100% 
bactericidal activity at ¼ MIC for P. aeruginosa, E. 
coli, and K. pneumoniae and 60% bactericidal activity 
for A. baumannii, despite resistance to doripenem and 
rifampin alone. In a separate study, subinhibitory con-
centrations of doripenem/amikacin and doripenem/
colistin displayed similar synergistic killing of strains 
of A. baumannii that was significantly greater than 
the synergistic killing observed with doripenem and 
levofloxacin (P , 0.05).85 Additionally, subinhibi-
tory levels of doripenem with levofloxacin, amikacin, 
and colistin yielded synergistic killing of $72% of 
25 P. aeruginosa strains at 12 and 24 hours.86 These 
data are encouraging, as they may lead to combina-
torial strategies of carbapenems and other antimi-
crobial agents to overcome infections with MDR 
organisms.84

Doripenem shares the broad antibacterial 
potency against aerobic and anaerobic Gram-posi-
tive and Gram-negative bacteria that is seen for the 
carbapenem class, yet there are differences among 
the carbapenems.44,47,58–72 A key difference is that dori
penem generally exhibits 2- to 4-fold greater activ-
ity vs. Pseudomonas isolates than imipenem and 
meropenem, including strains isolated from patients 
with cystic fibrosis.70,72 Doripenem shares a common 
characteristic of the penicillins, cephalosporins, and 
other carbapenems in its time-dependent killing and 
consequently the major pharmacokinetic/pharmaco-
dynamic index determining efficacy for these agents 
against common pathogens T . MIC.82 As seen with 
other carbapenems, doripenem shows a postantibi-
otic effect (PAE) vs. S. aureus and P. aeruginosa 
and synergy has been shown with other antibiotics 

vs. MRSA and MDR gram-negative pathogens to 
include E. coli, K. pneumoniae, A. baumannii, and 
P. aeruginosa.72,83,84

Pharmacokinetics and 
Pharmacodynamics of Doripenem
General concepts
Single- and multiple-dose IV doripenem pharmacoki-
netics have been investigated in studies conducted in 
both Western (Table 2) and Japanese subjects and are 
similar across populations.72,87 Doripenem exhibits 
predictable, linear, and time-independent pharmacoki-
netics.72 Doripenem pharmacokinetics were linear over 
a dose range of 125 mg to 1 g in Japanese subjects.72 In 
Western subjects, doripenem pharmacokinetics showed 
dose proportionality for doripenem 500 mg and 1 g.87 In 
general, steady-state exposures were predictable based 
on single-dose data and were reached by a second dose 
of doripenem 500 mg or 1 g over 1-hour infusion q8h. 
No apparent accumulation of doripenem in plasma with 
repeated dosing, consistent with its short terminal-phase 
elimination half-life (t½) (∼1 hr) relevant to the dosing 
interval (q8h or q12h) was observed.87

Pharmacokinetic/Pharmacodynamic 
Profile
Mean plasma doripenem area under the concentration-
versus-time curves (AUCs) following single doses of 
IV doripenem are shown in Figure 2.87 After infusion 

Table 2. Mean pharmacokinetic parameters of doripenem 
in healthy adult subjects.72

PK Parameters n Mean (SD)
Doripenem
  AUC (μg⋅h/mL) 50 36.0 (6.3)
  Cmax (μg/mL) 50 23.5 (7.5)
  t½ (h) 302 1.15 (0.499)
  CL (L/h) 279 15.9 (5.31)
  CLR (L/h) 127 10.3 (3.52)
  Ae(% Dose) 147 70.4 (18.4)
Doripenem-M-1
  Ae(% Dose) 116 15.4 (5.93)

Abbreviations: AUC, Area under the concentration-versus-time curve, 
Ae, total amount excreted as a percent of the administered dose; CL, 
total clearance; CLR, renal clearance; Cmax, maximum concentration; PK, 
pharmacokinetics; SD, standard deviation; t½, terminal-phase elimination 
half-life.
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of IV doripenem 500 mg, the mean peak plasma con-
centration (Cmax) was 23 µg/mL with an AUC0−∝ of 
36 µg⋅hr/mL.18 Binding to human plasma protein was 
minimal (8.1%) and was similar to that for mero-
penem (6.1%) and imipenem (4.7%).88 Median dori
penem apparent volume of distribution at steady state 
(Vdss) was 16.8 L, approximating extracellular fluid 
volume in humans.72

Based on 10 Japanese studies, doripenem pen-
etrated most tissues and fluids evaluated, with con-
centrations exceeding the MIC for most susceptible 
bacteria (1 µg/mL to 2 µg/mL); however, the clinical 
relevance has not been established.72 Doripenem 
penetrates into several body tissues, including those 
tissues at the site of infection for approved indica-
tions (Table 3).72 A microbiologically inactive dicar-
boxylic metabolite (doripenem-M-1) is formed by 
cleavage of the β-lactam ring, presumably by DHP-1 
(mean plasma doripenem-M-1; doripenem AUC 
ratio = 0.175).72 In healthy subjects, doripenem is rap-
idly eliminated from the plasma (mean t½ = 1 hour) 

independent of dose (500 mg or 1 g) and duration of 
infusion (1 or 4 hours).72,87,89 Doripenem clearance, 
approximately 16 L in healthy subjects, is reduced in 
elderly and renally impaired subjects. Doripenem is 
excreted mostly unchanged in the urine, with approx-
imately 70.4% and 15.4% of an administered dose 
recovered as doripenem and doripenem-M-1, respec-
tively.87 Doripenem is primarily eliminated through 
renal excretion by glomerular filtration and active 
tubular secretion, secondarily by DHP-1 metabolism 
to doripenem-M-1.72 Doripenem is not metabolized 
in the liver.72

Population Pharmacokinetic Analysis
Monte Carlo simulations for a 500-mg doripenem 
1-hour and 4-hour infusion have been performed 
using a population pharmacokinetic model and 
pathogen susceptibility data from clinical trials.72 
The details of the population PK and target attain-
ment analysis are being summarized in a separate 
manuscript.

0 1 2 3 4 5 6 7 8

50

40

30

20

10

0

500 mg x 0.5h (n = 12)

500 mg x 1h (n = 24)

500 mg x 4h (n = 24)

1000 mg x 1h (n = 12)

1000 mg x 4h (n = 12)

Time (hr)

Figure 2. Mean plasma doripenem concentration-versus-time curves following single doses, intravenous administration.87
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Table 3. Doripenem concentrations in tissue and fluid sites corresponding to approved indications.72

Tissue or  
fluid

Dose (mg) Infusion 
duration (h)

Number of  
samples or  
subjects

Sampling  
period

Conc. range 
(μg/mL or μg/g)

Tissue- or  
fluid-to-plasma 
concentration  
ratio (%) mean 
(Range)

Retroperitoneal  
fluid

250 
 
 
500

0.5 
 
 
0.5

9 
 
 
4

30–90 min 
 
 
90 min

3.15–52.4 
 
 
9.53–13.9

Range: 4.1 (0.5–9.7)  
at 0.25 h to 990  
(173–2609) at 2.5 h 
Range: 3.3 (0.0–8.1)  
at 0.25 h to 516  
(311–842) at 6.5 h

Peritoneal  
exudate

250 0.5 5 30–150 min 2.36–5.17 Range: 19.7 (0.00–47.3)  
at 0.5 h to 160  
(32.2–322) at 4.5 h

Gallbladder 250 0.5 10 20–215 min BQL-1.87 8.02 (0.00–44.4)
Bile 250 0.5 10 0–4 h BQL-15.4 117 (0.00–611)
Urine 500 

500
1 
1

118 
118

0–4 h 
4–8 h

623 (BQL-3360) 
47.1 (BQL-635)

– 
–

Abbreviations: BQL, below quantifiable limits; Conc., concentration.

In a separate Monte Carlo simulation analysis of 
carbapenems, Watanabe et al90 found that doripenem 
500 mg TID had an 88.9% probability of attaining 
a T . MIC target of 50% against P. aeruginosa. In 
a recent study by Ikawa et al91 prolonging the dori
penem infusion time was shown to be a more effec-
tive strategy than dose escalation to increase the 
break point (i.e. defined as the highest MIC value 
at which the target attainment probabilities were 
$90%). The pharmacokinetic/pharmacodynamic 
break point increased in the following order: 250 mg 
q12h , 250 mg q8h , 500 mg q8h , 1000 mg q8h 
(all 1-hour infusions) # 500 mg q8h , 1000 mg q8h 
(both 4-hour infusions). Shown in Figure 3 are the 
pharmacokinetic/pharmacodynamic target attainment 
for $35% time . MIC for selected doripenem regi-
mens infused over 0.5, 1, and 4 hours for subjects with 
normal renal function and different levels of renal 
impairment.92 These data suggest that when using the 
approved 500-mg dose of doripenem, a 4-hour infu-
sion will improve the probability of achieving a 35% 
T . MIC when the MIC of the infecting pathogen is 
suspected or confirmed to be 2 or more.

Mitropoulos et al93 examined the pharmacody-
namics of doripenem against imipenem-resistant 
P. aeruginosa in an in vitro model determining time-
kill profiles of various doripenem dosing regimens. 

Data showed that in vitro equivalent doripenem regi-
mens of 500 mg effectively resulted in 3-log reduc-
tion in bacterial burden of strains regardless of the 
infusion scheme used but with a 4-hour infusion pro-
viding the fastest reduction.93

Ullman et al94 recently used an in vitro pharma-
codynamic model to measure the effect of sequen-
tial dosing of colistin plus an extended infusion of 
doripenem (4-hour) against MDR A. baumannii and 
carbapenemase-producing K. pneumoniae. Nota-
bly, extended infusion with doripenem was found to 
achieve a 3-log kill of KPC-producing K. pneumoniae. 
Combination therapy was found to prevent colistin 
resistance of certain isolates and appeared to limit the 
regrowth at the end of 24 hours.94

Ikawa et al95 determined the bacteriostatic and 
bactericidal break points of doripenem for intra-
abdominal infections. Doripenem drug regimens 
with a minimal value of 0.25/0.5 h BID and a maxi-
mal value of 0.5 g/0.5 h TID were postulated to 
attain bacteriostatic break points of 2 and 8 µg/mL 
(the highest MIC value at which the probability of 
attaining the bacteriostatic target [20% T . MIC] 
in peritoneal fluid $80%), respectively, and bacte-
ricidal break points of 0.5 and 2 µg/mL (the high-
est MIC value at which the probability of attaining 
the bactericidal target [40% T . MIC] in peritoneal 
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fluid $80%), respectively. In comparing doripenem 
and other carbapenems, it was also determined that 
the dosing interval and infusion time were more criti-
cal than the daily dose for maximizing the pharmaco-
dynamics of time-dependent carbapenem activity.95 
Empirical studies showed that a 500-mg doripenem 
dose q8h was indicated to provide sufficient bacteri-
cidal exposure in the abdominal cavity of abdominal 
surgery patients and that doripenem penetrated into 
the peritoneal exudate rapidly and extensively—to 
an extent greater than or equal to that estimated 
from serum data.96 To attain a clinically acceptable 
probability of target attainment (PTA) in peritoneal 
fluid, it was estimated that doripenem 0.25 and 0.5 g 
TID (0.5-hour infusions) should be sufficient against 
pathogens, including E. coli, Klebsiella spp., and 
E. cloacae, but that doripenem 1 g TID (0.5-hour 
infusion) or extended infusion regimens (4-hour) 

would result in increased PTAs in peritoneal fluid 
against P. aeruginosa isolates.97

A multicenter, phase II, randomized, open-label, 
active-controlled study was performed to evalu-
ate the pharmacokinetics of a 1-g dosing regimen 
of doripenem in hospitalized patients with VAP.98 
Patients received doripenem 1 g administered q8h 
as a 4-hour infusion. Systemic exposure to dori
penem was slightly lower and doripenem-M-1 was 
slightly higher as compared with that observed 
in healthy subjects receiving a similar doripenem 
dose. Doripenem and doripenem-M-1 t½ was 
approximately 2-times longer in patients with VAP 
compared with healthy subjects. The doripenem 
Vdss displayed significant intersubject variability 
with a mean value approximately 2-fold higher 
than that observed in healthy subjects. Most nota-
bly, after administration of 1-g doripenem q8h, 
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Figure 3. Plots of the fractional pharmacokinetic/pharmacodynamic target attainment for several dosing regimens infused over 1 and 4 hours and histo-
gram of minimum inhibitory concentration distribution of doripenem against a variety of clinically relevant pathogens.92
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all patients achieved a target MIC of 4 µg/mL for 
35% T . MIC—a putative acceptable pharma-
codynamic surrogate end point for carbapenems 
in plasma to treat infections caused by pathogens 
deemed susceptible to doripenem.98

Special Populations
Renal impairment and dialysis
Doripenem AUC in subjects with mild, moderate, and 
severe renal impairment was 1.6-, 2.8-, and 5.1-fold 
greater as compared to healthy subjects.99 Doripenem 
t½ increased and clearance decreased with reduced 
renal function. Doripenem dosage adjustments in 
renally impaired subjects are recommended.18 If the 
creatinine clearance is $30 mL/min and #50 mL/min, 
the recommended dosage adjustment for doripenem 
is 250 mg IV over 1 or 4 hours q8h. If the creatinine 
clearance is .10 mL/min and ,30 mL/min, the rec-
ommended dosage of doripenem is 250 mg IV over 
1 or 4 hours q12h.18

The systemic exposure to doripenem in subjects 
with end-stage renal disease (ESRD) was approxi-
mately 3-fold higher after a single doripenem 500-mg 
dose was administered prior to a 4-hour hemodi-
alysis session, as compared to healthy subject data. 
The recovery of doripenem and doripenem‑M‑1 in 
the dialysate was approximately 52% of the dose, 
indicating that doripenem and doripenem‑M‑1 are 
readily removed during hemodialysis. The extent of 
systemic exposure to doripenem-M-1 was, however, 
15-fold greater in subjects with ESRD administered 
doripenem predialysis as compared with healthy sub-
jects.99 There is insufficient information to recommend 
dose adjustments in subjects on hemodialysis.18

The pharmacokinetics of single-dose doripenem 
500 mg over 1 hour also have been examined in 
subjects with ESRD undergoing continuous renal 
replacement therapy (CRRT), either continuous veno 
venous hemofiltration (CVVH) or continuous veno 
venous hemodiafiltration (CVVHDF).100 Mean dori
penem exposure in plasma was greater and doripenem 
t½ was approximately 4 times longer in subjects 
receiving CRRT, as compared to healthy subjects. 
The mean sieving coefficient (CVVH) and saturation 
coefficients (CVVHDF) for doripenem were 0.67 
and 0.76, respectively. The percentage of doripenem 
dose removed, as doripenem and doripenem-M-1, by 
CRRT was 38% for CVVH and 29% for CVVHDF. 

This recovery of drug in the ultrafiltrate or ultrafiltrate/
dialysate and the enhanced rate of reduction of plasma 
concentrations indicate that CRRT augments the total 
body clearance of doripenem in subjects undergo-
ing hemodialysis. These data suggest that doripenem 
dosing regimens will need to be adjusted in patients 
receiving CRRT.100

Age, Sex, and Race
No dosage adjustments are recommended for elderly 
subjects with normal renal function.18,101 No dos-
age adjustments are recommended based on sex and 
race.18,101

Cystic Fibrosis
The pharmacokinetics of doripenem and doripenem-
M-1 were investigated after a single 1-g and 2-g 
IV infusion to adult subjects with cystic fibrosis in 
stable condition not requiring hospitalization.102 
Doripenem’s potent antipseudomonal activity, rela-
tively low rate of spontaneous resistance mutations 
in Pseudomonas spp., and its stability in solution that 
allows it to be administered for long periods of infu-
sion (e.g. 4 hours) warrant its investigation in patients 
with cystic fibrosis, particularly with their propensity 
for respiratory infections with P. aeruginosa and 
Burkholderia cepacia. Based on Cmax and AUC, the 
exposure to doripenem and doripenem-M-1 were 
proportional to dose and were consistent with data 
observed with healthy subjects receiving the same 
doses. After a single administration of doripenem 
2 g, all subjects achieved 35% T . MIC at a target 
MIC = 16 µg/mL and one-third of subjects achieved 
35% T . MIC at a target MIC = 32 µg/mL.102 Evalu-
ation of pharmacokinetics in pediatric patients with 
cystic fibrosis is ongoing.

Pediatrics
The pharmacokinetics of doripenem after single-dose 
1-hour infusions to hospitalized children 3 months to 
less than 2 years of age (10 mg/kg dose), and in chil-
dren 2 years to less than 18 years (15 mg/kg dose; 
maximum 500 mg), have been investigated.103 Dori-
penem systemic exposure (AUC∞), was within the 
same range (mean approximately equal to 30 µg⋅h/mL 
after a single 10 mg/kg dose and 40 µg⋅h/mL after 
a single 15 mg/kg dose) as to what previously has 
been observed in healthy adult subjects after a single 
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doripenem 500-mg dose (AUC∞ mean approximately 
equal to 36 µg⋅h/mL; and range approximately equal 
to 23 µg⋅h/mL to 56 µg⋅h/mL). There was a decreas-
ing trend in weight-corrected systemic clearance with 
increasing age, approaching values observed in healthy 
adult subjects at the age of 15 to 18 years. Doripenem 
volume of distribution (Vdss) increased with age, but 
body-weight normalized volume of distribution (Vdss) 
was similar across all age groups. The doripenem t½ 
(approximately 1 h) was similar across all age groups 
and is consistent with historical data in healthy adult 
subjects. Doripenem-M‑1 exposure parameters fol-
lowed the same trends as doripenem.103

At the doses evaluated in the study in children, 
the pharmacokinetics and systemic exposure of 
doripenem and its major metabolite were within the 
range that was previously observed in studies con-
ducted in healthy adult subjects after a single dori
penem 500-mg dose administered over 1 hour. Phase 
3 studies in children with pneumonia, cIAI, and cUTI 
are planned.

Efficacy in Clinical Trials
Nosocomial pneumonia and  
ventilator-associated pneumonia
Two multicenter, prospective, randomized, open-
label, phase III trials were conducted to determine 
whether IV doripenem is noninferior to comparator 
agents for the treatment of patients with NP, includ-
ing VAP (Table 4).104,105 In the first study, patients with 
signs and symptoms of NP, including nonventilated 
patients and those with early-onset VAP (,5 days of 
ventilation), were eligible if they had been hospital-
ized for $48 hours or had been discharged within 
the past 7 days after being hospitalized $48 hours. 
Most patients did not require mechanical ventila-
tion (78.3%) and had an Acute Physiology and 
Chronic Health Evaluation (APACHE) II score of 
#15 at baseline (74.7%). Only 21.7% of patients 
had early-onset VAP and 9.9% of patients were bac-
teremic at baseline. Patients were stratified by geo-
graphic region, ventilation mode, and severity of 
illness (APACHE score #15 vs. .15). Patients were 
administered IV doripenem (500 mg q8h by 1-hour 
infusion) or IV piperacillin/tazobactam (4.5 g q6h 
by 30-minute infusion). After administration of IV 
drug for at least 72 hours, eligible patients could be 
switched to oral levofloxacin 750 mg qd. The total 

duration of antibiotic therapy (IV alone or IV/oral) 
was 7 to 14 days.105

Baseline lower respiratory tract isolates showed 
greater in vitro resistance to piperacillin/tazobac-
tam compared with doripenem. All of the isolates of 
P. aeruginosa (n = 20), K. pneumoniae (n = 17), E. coli 
(n = 13), and E. cloacae (n = 21) had MIC values to 
doripenem #4 mg/L, whereas only 66% (21/32) of 
P. aeruginosa, 46% (13/28) of K. pneumoniae, 88% 
(7/11) of E. coli, and 80% (4/6) of E. cloacae isolates 
were susceptible to piperacillin/tazobactam.105

In patients who were suspected to be infected with 
MRSA, vancomycin could be added at the discretion 
of the investigator and discontinued if MRSA was not 
confirmed by the culture results. Of clinically evalu-
able (CE) patients, only 13% in the doripenem arm 
and 18% in the piperacillin/tazobactam arm received 
vancomycin. The piperacillin/tazobactam product 
monograph recommends that patients at risk for 
P. aeruginosa receive an aminoglycoside. As such, 
amikacin was allowed for both treatment arms and 
could be discontinued if P. aeruginosa infection was 
not confirmed by culture results. Adjunctive amikacin 
therapy was administered to 78% of patients in the 
doripenem arm and 85% of patients in the piperacillin/
tazobactam arm; however, only 16% of patients had 
P. aeruginosa isolated at baseline.

The primary end point was the clinical cure rate 
in the CE and in the clinically modified intent-to-
treat (cMITT) population. The CE population met the 
protocol definition of NP, was compliant with study 
drugs, and had an outcome assessed at the test-of-cure 
(TOC) visit. The cMITT population met the clinical 
definition of pneumonia, had received at least 1 dose 
of study drug, and had $1 lower respiratory pathogen 
identified at baseline.

The clinical cure rates in the CE population at 
TOC were 81.3% (109/134) and 79.8% (95/119) 
in doripenem- and piperacillin/tazobactam-treated 
patients, respectively (difference, 1.5%, 95% CI: 
-9.1% to 12.1%). Likewise, in the cMITT popula-
tion, the clinical cure rates were 69.5% (148/213) for 
doripenem-treated patients and 64.1% (134/209) for 
the piperacillin/tazobactam arm (difference, 5.4%, 
95% CI: -4.1% to 14.8%). The clinical cure rates 
in various subgroups were generally comparable 
between the doripenem and piperacillin/tazobactam 
arms (Table 5).105,106 Overall, these data show that 
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Table 4. Efficacy of doripenem in patients with nosocomial pneumonia (including ventilator-associated pneumonia) 
complicated intra-abdominal infections, and complicated urinary tract infections.

Reference Study design Type of 
infection

Rea-Neto et al (DORI-09)105 Multicenter, randomized, open label NP
Chastre et al (DORI-10)104 Multicenter, randomized, open label VAP
Lucasti et al (DORI-07)110 Multicenter, double blind, randomized cIAI
Malafaia et al (DORI-08)111 Multicenter, double blind, randomized cIAI
Naber et al (DORI-05)113 Multicenter, double blind, randomized cUTI
Data on File (DORI-06)114 Open label, single arm of doripenem compared  

to the levofloxacin arm in DORI-05
cUTI

Treatment groups Clinical cure or success Bacteriologic eradication
Doripenem Comparator Doripenem Comparator

Rea-Neto et al105

Doripenem 500 mg q8h 
by a 1-hr infusion × 7–14 d

81.3% 
(109/134)

84.5% 
(71/84)

Piperacillin/tazobactam 
4.5 g q6h by 30-min infusion × 7–14 d

79.8% 
(95/119)

80.7% 
(67/83)

Chastre et al104

Doripenem 500 mg q8h 
by a 4-hr infusion × 7–14 d

68.3% 
(86/126)

73.3% 
(85/116)

Imipenem 500 mg q6h 
or 1000 mg q8h by 30- or 60-min 
infusions, respectively × 7–14 d

64.8% 
(79/122)

67.3% 
(74/110)

Lucasti et al110

Doripenem 500 mg q8h 
by 1-hr infusion × 5–14 d

85.9% 
(140/163)

85.3% 
(139/163)

Meropenem 1 g q8h by  
3- to 5-min bolus injection × 5–14 d

85.3% 
(133/156)

84.6% 
(132/156)

Malafaia et al111

Doripenem 500 mg q8h 
by 1-hr infusion × 5–14 d

83.3% 
(135/162)

83.3% 
(135/162)

Meropenem 1 g q8h by  
3- to 5-min bolus injection × 5–14 d

83.0% 
(127/153)

84.3% 
(129/153)

Naber et al113

Doripenem 500 mg q8h 
by 1-hr infusion × 10 d

95.1% 
(272/286)

82.1% 
(230/280)

Levofloxacin 250 mg qd 
by 1-hr infusion × 10 d

90.2% 
(240/266)

83.4% 
(221/265)

Data on file114

Doripenem 500 mg q8h 
by 1-hr infusion × 10 d

93.0% 
(239/257)

83.6% 
(209/250)

Levofloxacin arm from 
Naber study (DORI-05)

  90.2% 
(240/266)

  83.4% 
(221/265)

Abbreviations: cIAI, complicated intra-abdominal infection; cUTI, complicated urinary tract infection; NP, nosocomial pneumonia; VAP, ventilator-
associated pneumonia.
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doripenem is noninferior to piperacillin/tazobactam 
for the treatment of patients with NP.

Doripenem showed numerically higher, although 
not statistically significant, microbiologic eradica-
tion rates vs. piperacillin/tazobactam against the 
most commonly isolated Gram-negative pathogens 
including P. aeruginosa (doripenem, 83.3% [15/18]; 
piperacillin/tazobactam, 70.6% [12/17]); K. pneumo­
niae (doripenem, 78.6% [11/14]; piperacillin/tazobac-
tam, 63.6% [7/11]); and E. cloacae (doripenem, 100% 
[11/11], piperacillin/tazobactam, 83.3% [5/6]).

In the second study, hospitalized patients meet-
ing clinical and radiological criteria for VAP who 
had been mechanically ventilated for .24 hours or 
weaned from mechanical ventilation within the previ-
ous 72 hours and had a Clinical Pulmonary Infection 
Score (CPIS) $5, defined by the method described by 
Luna et al107 were enrolled.104 The majority of patients 
(60.9%) had late-onset VAP ($5 days), greater than one 
half of patients had an APACHE score .15 (51.6%), 
the CPIS was .7 in 37.9% of patients, and 9.7% of 
patients had bacteremia. Patients were stratified based 
on geographic region, duration of mechanical ventila-
tion, and APACHE II score. Patients were adminis-
tered IV doripenem (500 mg q8h by 4-hour infusion) 
or imipenem (either 500 mg q6h by 30-minute infu-
sion or 1000 mg q8h by 60-minute infusion). Total 
duration of IV study drug was for 7 to 14 days. All 
patients received IV study drug only; a switch to oral 
antibiotic therapy was not allowed.

Baseline lower respiratory tract pathogens showed 
doripenem MIC values #4 µg/mL for isolates of 
E. cloacae (n = 24), E. coli (n = 16), K. pneumoniae 
(n = 24), and P. aeruginosa (n = 28).104 Similarly, base-
line pathogens demonstrated susceptibility to imipenem 
for isolates of E. cloacae (n = 11), E. coli (n = 24), and 
K. pneumoniae (n = 20). In contrast, P. aeruginosa 
susceptibility to imipenem was 76% (19/25) with 3 
isolates (12%) showing a MIC of 8 µg/mL and 3 iso-
lates (12%) demonstrating a MIC of $16 µg/mL.104

Adjunctive anti-MRSA therapy with vancomycin 
was administered to comparable proportions of patients 
in each of the treatment arms (29% of doripenem-treated 
patients and to 28% of imipenem-treated patients).104 
Adjunctive antipseudomonal therapy with amikacin 
(or another aminoglycoside) was administered to 20% 
of the doripenem-treated patients and to 25% of the 
imipenem-treated patients.104 The primary end point 

was the clinical cure rates in the CE and cMITT popu-
lations as similarly defined in the NP study.104,105

In the CE population, the clinical cure rate for 
doripenem-treated patients was 68.3% (86/126) com-
pared with 64.8% (79/122) for the imipenem group 
(difference 3.5%; 95% CI: -9.1% to 16.1%). In the 
cMITT population, the clinical cure rates were 57.9% 
(119/206) and 58.7% (119/203) for doripenem- and 
imipenem-treated patients, respectively. Clinical cure 
rates at TOC were generally comparable between 
treatment arms for subgroups with .30 patients with 
a trend favoring doripenem in patients with higher 
APACHE II scores (.15) (Table 5). Based on these 
data, it may be concluded that doripenem is noninferior 
to imipenem for the treatment of patients with VAP.

The microbiologic eradication rates for common 
pathogens were generally higher with doripenem as com-
pared with imipenem including E. cloacae (doripenem, 
75.0% [12/16]; imipenem, 70.0% [7/10]), E. coli 
(doripenem, 75.0% [9/12]; imipenem, 58.8% [10/17]); 
K. pneumoniae (doripenem, 80.0% [12/15]; imipenem, 
60.0% [6/10]), and P. aeruginosa (doripenem, 65.0% 
[13/20], imipenem, 35.7% [5/14]). The clinical cure 
rate per P. aeruginosa infection was numerically higher 
for doripenem (80%, 16/20) compared with imipenem 
(42.9%, 6/14); the microbiologic cure rate was 65% 
(13/20) in doripenem-treated patients compared with 
35.7% (13/20) in imipenem-treated patients.104

The emergence of resistant P. aeruginosa isolates 
was less prevalent in doripenem-treated patients com-
pared with imipenem-treated patients.104 Respiratory 
tract specimens were obtained from all patients who 
remained intubated regardless of improving clini-
cal condition. Ten of 28 (35.7%) patients who had 
P. aeruginosa isolated at baseline with a doripenem 
MIC ,8 µg/mL had repeat cultures that showed 
P. aeruginosa with decreased susceptibility (i.e. 
increase in MIC $4 times the baseline MIC) com-
pared with 10 of 19 (53.0%) patients who had an 
imipenem MIC ,8 µg/mL at baseline who had repeat 
cultures with decreased susceptibility.104

Pooled Nosocomial Pneumonia  
and Ventilator-Associated  
Pneumonia Data
An additional post hoc analysis of pooled data obtained 
from the 2 NP studies described above demonstrated 
that doripenem was demonstrated to be noninferior to 
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Study 1 Study 2 Combined
studies

Combined studies
VAP only

Doripenem Comparator
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Difference, 3.5%
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Figure 4. Clinical cure rates among clinically evaluable patients with NP, 
including VAP.106

Abbreviations: CI, confidence interval; NP, nosocomial pneumonia; 
VAP, ventilator-associated pneumonia.

its comparator agents in clinical cure rates at TOC for 
the treatment of CE patients with NP/VAP.72 The clin-
ical cure rate was 75.0% (195/260) for doripenem-
treated patients compared with 72.2% (174/241) for 
the comparator group (Fig. 4).106 The clinical cure 
rates were demonstrably lower for study 2 than for 
study 1, a finding most likely due to the greater under-
lying severity of illness of patients in study 2 (61.9% 
late-onset VAP; 38.1% early-onset VAP; 52% with 
APACHE .15) compared with study 1 (78% no ven-
tilation; 22% early-onset VAP; 25% with APACHE 
.15). In a subgroup of patients from both studies 
with VAP, the clinical cure rates were similar for 
doripenem-treated patients (68.4%, 106/155) vs. the 
comparator group (63.5%, 94/148) (Fig. 4).

In patients with NP/VAP due to P. aeruginosa 
infection, the clinical success rate in the CE popu-
lation at TOC favored doripenem 81.6% (31/38) 
over comparator agents 57.6% (19/33) (difference 
24.0%; 95% CI: 3.1% to 44.9%).108 Similar trends 
were observed for microbiologic eradication rates 
in the CE population, with higher percentages 
observed for doripenem-treated patients (73.7%, 
28/38) compared with the comparator group 
(57.6%, 19/33) (difference 16.1%; 95% CI: -5.8% 
to 38.0%).108

Experience with a 1-g Dosing 
Regimen in Patients with  
Nosocomial Pneumonia
A phase II, multicenter, open-label, randomized, 
noncomparative study was conducted to deter-
mine the safety and efficacy of doripenem (1 g 
q8h by 4-hour infusion) in patients with NP, VAP, 

and health care-associated pneumonia (HCAP) 
enriched for Gram-negative pathogens includ-
ing P. aeruginosa.109 The clinical success rate 
was found to be similar to that observed in previ-
ously described NP/VAP populations treated with 
doripenem (500 mg q8h by 1-hour infusion).104,105 
The clinical success rate in the CE population at 
the TOC visit was 66.0% (35/53), 64.4% (38/59), 
and 50% (5/10) in the NP, VAP, and HCAP patient 
populations, respectively. Moreover, the clini-
cal success rate in subjects with infections due 
to P. aeruginosa (56%, 14/25) and A. baumannii 
(64.3%, 9/14) were comparable to that observed 
in the general population. No new safety findings 
associated with the 1-g dose of doripenem infused 
over 4 hours compared with findings in previous 
studies with 500-mg dose infusions in patients 
with NP/VAP were observed.104,105

Complicated Intra-Abdominal 
Infection
Two phase III, prospective, multicenter, randomized, 
double-blind, noninferiority studies were conducted 
to compare IV doripenem (500 mg q8h by 1-hour 
infusion) to meropenem (1 g q8h by IV bolus injected 
over 3 to 5 minutes) for the treatment of patients with 
cIAI.110,111 After receiving a minimum of 9 doses of 
IV study drug, patients could be switched to oral 
amoxicillin/clavulanate 875 mg/125 mg BID. The 
total duration of therapy was 5 to 14 days. The copri-
mary end points were the clinical cure rates in the 
microbiologically evaluable (ME) and the microbio-
logic modified ITT (mMITT) populations at the TOC 
visit (21 to 60 days after the last dose of study drug). 
The ME population consisted of patients who met the 
protocol-specified disease definition of cIAI, received 
an adequate course of study drug therapy, had a clini-
cal outcome assessed at the TOC visit, and had $1 
baseline pathogen isolated from an intra-abdominal 
culture that was susceptible to both IV study drugs. 
The mMITT population showed evidence of cIAI, 
received at least 1 dose of study drug, and had a base-
line pathogen identified, regardless of susceptibility 
to study drug.

In the ME population from the pooled studies, 
clinical cure rates were 84.6% (275/325) and 84.1% 
(260/309) for doripenem- and meropenem-treated 
patients, respectively (difference, 0.5%; 95% CI: -5.5% 
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to 6.4%).112 In the mMITT population from the pooled 
studies, clinical cure rates were 76.2% (301/395) 
for doripenem-treated patients and 77.3% (290/375) 
for the meropenem group (difference, -1.1%; 95% 
CI: -7.4% to 5.1%).112 The microbiologic cure rates 
in the ME population were 84.3% (274/325) for the 
doripenem group compared with 84.5% (261/309) 
for the meropenem group.112 The microbiologic cure 
rate against common causative pathogens responsible 
for cIAI for pooled study data were as follows (dori
penem and meropenem, respectively): E. coli (87.5%, 
189/216 vs. 84.4%, 168/199), K. pneumoniae (78.1%, 
25/32 vs. 95.0%, 19/20), B. fragilis (83.6%, 56/67 vs. 
79.4%, 54/68) and P. aeruginosa (85.0%, 34/40 vs. 
75.0%, 24/32).112 These data demonstrate that dori
penem (500 mg q8h) was therapeutically noninferior 
to meropenem (1 g q8h).112

As shown in the study by Lucasti et al110 clini-
cal cure rates between subgroups identified by such 
factors as APACHE II score or primary infection site 
were high in doripenem-treated patients and compa-
rable to meropenem. For example, clinical cure rates 
were comparable in patients with generalized perito-
nitis (doripenem, 90.5% [67/74]; meropenem, 88.7% 
[47/53]; difference, 3.1%) and with infections arising 
from the colon (doripenem, 78.1% [25/32]; mero-
penem, 75.0% [24/32]; difference, 1.9%).110

Complicated Urinary Tract Infection 
and Pyelonephritis
Two multinational phase III studies were conducted 
to compare the efficacy of at least 3 days of IV dori
penem or IV levofloxacin for the treatment of patients 
with cUTI or pyelonephritis.113,114 In the first study, 
a prospective, randomized, double-blind design was 
implemented to determine the effect of IV doripenem 
(500 mg q8h by 1-hour infusion) compared with IV 
levofloxacin (250 mg q24h by 1-hour infusion).113 The 
second study was a noncomparative study that tested 
doripenem (500 mg q8h by 1-hour infusion) with the 
levofloxacin comparator arm of the first study.114 Both 
studies followed identical clinical procedures and had 
the same inclusion and exclusion criteria as well as 
a uniform set of evaluability criteria.113,114 The total 
duration of therapy was 10 days and could be extended 
to 14 days in patients with bacteremia. After 3 days 
of IV study drug, patients in either treatment group 
had the option to switch to oral levofloxacin (250 mg 

q24h) if no fever was present for at least 24 hours, 
signs and symptoms of cUTI were absent or improved 
from baseline, and at least 1 urine culture showed 
no growth or a colony count of ,104 CFU/mL and 
no subsequent cultures grew a uropathogen at $104 
CFU/mL.

In the analysis of the pooled data from the 2 tri-
als, the microbiologic cure rate (i.e. eradication of 
baseline pathogens; ,104 CFU/mL) in the ME popu-
lation at TOC (6 to 9 days after the last dose of anti-
biotic) was 82.8% (439/530) and 83.4% (221/265) in 
the doripenem and levofloxacin groups, respectively 
(difference, -0.6%; 95% CI: -6.4% to 5.2%).115 Simi-
larly, clinical outcomes were comparable. In the CE 
population, the clinical cure rate was 94.1% (511/543) 
for doripenem-treated patients and 90.2% (240/266) 
for the levofloxacin group (difference, 3.9%; 95% CI: 
-0.5% to 8.2%). Microbiologic eradication rates in ME 
patients showed that doripenem effectively eradicated 
the most common uropathogens, including E. coli, 
K. pneumoniae, Proteus mirabilis, and P. aeruginosa. 
P. aeruginosa eradication by doripenem was 70.4% 
(19/27) compared to 71.4% (5/7) observed with levo-
floxacin.115 These data suggest that doripenem is thera-
peutically noninferior to levofloxacin for the treatment 
of patients with cUTI or pyelonephritis.

In patients with levofloxacin-resistant E. coli 
(MIC $8 mg/L) at baseline, eradication rates were 
superior in doripenem-treated patients (60.5%, 
26/43) compared with the levofloxacin group 
(28.6%, 6/21) (95% CI: 4.1% to 59.7%).115 Clinical 
cure rates in the CE population were 95.1% (39/41) 
for doripenem-treated patients vs. 50.0% (8/16) for 
levofloxacin-treated patients. These data suggest 
that as ESBL-producing strains and fluoroquinolone 
resistance rates increase,116,117 doripenem may become 
important as an empiric therapeutic option for the 
treatment of patients with cUTI and pyelonephritis.

Levofloxacin has a urinary excretion of approxi-
mately 80%, which is similar to that observed with 
doripenem.118,119 Urinary bactericidal titers (UBTs) 
and 24 hours area under the UBT vs. time curve 
(AUBT) of doripenem vs. IV levofloxacin were eval-
uated in a subset of 24 patients with cUTI or pyelo-
nephritis participating in the comparative phase III 
study previously described. Doripenem demonstrated 
excellent urinary bactericidal activity with the dose 
administered.
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Safety and Tolerability
The safety of the doripenem 500-mg q8h dosing 
regimen has been examined in 1817 patients with 
NP (including VAP), cIAI, and cUTI who received 
any dose or partial dose of doripenem in 7 clinical 
trials, including 6 phase III studies and 1 phase II 
study.120 Of these patients, 1555 patients were admin-
istered doripenem 500 mg q8h via 1-hour IV infu-
sion. The remaining 262 patients were administered 
doripenem 500 mg q8h via 4-hour IV infusion. Par-
enteral therapy with doripenem was followed by a 
switch to an oral antimicrobial agent in several of 
the trials including one NP trial, 2 cIAI trials, and 2 
cUTI trials.120

A total of 1325 patients were administered 1 of 
4 active comparator drugs (levofloxacin [n = 372], 
250 mg q24h via 1-hour IV infusion; meropenem 
[n = 469], 1 g q8h via IV bolus injection over 3 to 5 
minutes; piperacillin/tazobactam [n = 221], 4.5 g q6h 
via 30-minute IV infusion; and imipenem [n = 263], 
500 mg via q6h 30-minute IV infusion or 1 g q8h via 
1-hour IV infusion]).120

Treatment-emergent AEs (TEAEs) in dorip-
enem clinical trials are shown in Table 6.120 
TEAEs were defined as any adverse experiences 
that occurred or worsened during a patient’s par-
ticipation in a clinical trial. TEAEs did not neces-
sarily have a causal relationship with the study 
drug treatment. TEAEs with onset at or after the 
start of first study drug infusion and within 30 
days after administration of the last dose of study 
medication were reported. Study drug-related 
TEAEs were defined as any TEAE considered by 
the investigator to be possibly or probably related 
to the study drug.120

Generally, the incidence of any study drug-
related TEAE was similar in doripenem-treated 
patients (24.6%, 447/1817) compared with those 
who received an active comparator agent (21.7%, 
288/1325) (Table 6).120 The incidence of serious study 
drug-related TEAEs was generally low for doripenem 
(0.4%, 7/1817) as observed with its active compar-
ators (0.3%, 4/1325). The number of deaths was 
comparable between groups (doripenem 5.2%; com-
parator agents 6.7%). Discontinuation due to study 
drug-related TEAEs was similarly low for both the 
doripenem group (1.2%, 21/1817) and for the active 
comparator group (1.9%, 25/1325).120 Ta
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infection (0.8%), hypersensitivity reaction (0.7%), 
and Clostridium difficile colitis (0.5%).120

Seizures
The carbapenem group of β-lactams has been associ-
ated with neurotoxicity in animal and human studies 
with manifestations including myoclonus, confu-
sion, and seizures.121 Carbapenems are thought to 
produce seizures as a consequence of their effects on 
central neuroinhibitory tone.122 Namely, the binding 
of GABA, the principal inhibitory central nervous 
system (CNS) neurotransmitter, to receptor sites in 
the CNS is antagonized to varying degrees by differ-
ent carbapenems.123 In a comprehensive breakdown 
of seizures reported in clinical trials, the incidence 
of seizures during treatment of patients with infec-
tions other than meningitis was 0.37% (0.07% drug-
related) for meropenem (n = 5893) and 0.43% (0.23% 
drug-related for imipenem/cilastatin (n = 2567). The 
incidence of seizures in patients with infections other 
than meningitis agrees with that found in an earlier 
compilation of clinical trials (meropenem [n = 4748] 
0.46% total, 0.08% drug-related; imipenem/cilasta-
tin [n = 1802] 0.55% total, 0.28% drug-related).124 
US product labeling indicates consistently that 
the seizure rate for meropenem is 0.5% to 0.7% 

Table 7. Adverse drug reaction in phase II and III clinical trials of doripenem.120

Adverse  
reaction

Doripenem  
(n = 1817)

Levofloxacin 
(n = 372)

Meropenem 
(n = 489)

Piperacillin- 
tazobactam 
(n = 221)

Imipenem 
(n = 263)

Comparator  
agents 
combined  
(n = 1325)

OR  
(95% CI)a

Clostridium  
difficile colitis

9 (0.5) 0 (0) 0 (0) 2 (0.9) 6 (2.3) 8 (0.6) 0.8 (0.3–2.4)

Diarrhea 163 (9.0) 38 (10.2) 52 (11.1) 24 (10.9) 45 (17.1) 159 (12.0) 0.7 (0.6–0.9)
Headache 183 (10.1) 54 (14.5) 24 (5.1) 5 (2.3) 8 (3.0) 91 (6.9) 1.5 (1.2–2.0)
Hypersensitivity 12 (0.7) 3 (0.8) 2 (0.4) 1 (0.5) 0 (0) 6 (0.5) 1.5 (0.5–4.8)
Nausea 142 (7.8) 22 (5.9) 44 (9.4) 7 (3.2) 28 (10.6) 101 (7.6) 1.0 (0.8–1.4)
Oral candidiasis 23 (1.3) 0 (0) 8 (1.7) 1 (0.5) 6 (2.3) 15 (1.1) 1.1 (0.6–2.3)
Phlebitis 103 (5.7) 15 (4.0) 26 (5.5) 5 (2.3) 2 (0.8) 48 (3.6) 1.6 (1.1–2.3)
Pruritus 33 (1.8) 4 (1.1) 9 (1.9) 1 (0.5) 5 (1.9) 19 (1.4) 1.3 (0.7–2.4)
Rash 67 (3.7) 3 (0.8) 11 (2.3) 7 (3.2) 16 (6.1) 37 (2.8) 1.3 (0.9–2.1)
Vulvomycotic  
infection

14 (0.8) 4 (1.1) 2 (0.4) 0 (0) 1 (0.4) 7 (0.5) 1.5 (0.6–4.3) 

Notes: Data are no. (%) of patients, unless otherwise specified. Dosages were as follows: doripenem, 500 mg every 8 h via 1-h or 4-h infusion; levofloxacin, 
250 mg every 24 h via 1-h infusion; meropenem, 1 g every 8 h via 3–5-min bolus injection; piperacillin-tazobactam, 4.5 g every 6 h via 30-min infusion; and 
imipenem, 500 mg every 6 h via 30-min infusion or 1 g every 8 h via 1-h infusion. Patients from the phase 2 trial who received doripenem at a dosage of 
250 mg are not included in the calculation. Cl, confidence interval; OR, odds ratio. Data are from Ortho-McNeil-Janssen Scientific Affairs.
aPairwise comparison for doripenem vs. comparators combined, by exact estimate of OR.

Patients who received the longer infusion of 
doripenem 4-hour IV vs. the shorter infusion of 
1-hour IV exhibited a higher incidence of seri-
ous study drug-related TEAEs (1.9% vs. 0.1%), 
deaths (13.4% vs. 3.9%), and discontinuation due 
to study drug-related TEAEs (3.1% vs. 0.8%), but 
this is likely attributable to the fact that adminis-
tration of the longer duration doripenem infusion 
was restricted to a more severely ill population of 
patients with VAP.120 This is borne out by the fact that 
there were comparable incidences of these events in 
doripenem 4-hour IV-treated patients and the com-
parator group treated with imipenem for serious 
drug-related TEAEs (1.9% and 1.5%, respectively), 
deaths (13.4% and 12.2%, respectively), and discon-
tinuations due to study drug-related TEAEs (3.1% 
and 2.7%, respectively).120

Shown in Table 7 are adverse drug reactions 
(ADRs) assessed as being reasonably associated 
with the use of doripenem or comparator agents 
in phase II and III clinical trials as assessed by the 
sponsor.120 ADRs ($2%) associated with doripenem 
included headache (10.1%), diarrhea (9.0%), nausea 
(7.8%), phlebitis (5.7%), and rash (3.7%) (Table 7). 
Other doripenem-associated ADRs included pruri-
tus (1.8%), oral candidiasis (1.3%), vulvomycotic 
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compared with 0.4% for imipenem.125 In patients with 
meningitis, an infection associated with seizures, the 
incidence of seizures due to meropenem was 8.43% 
(0% drug-related).126 Formal studies in patients with 
CNS infections have not been performed with dori
penem, although there is a case report of one patient 
with ventriculitis due to imipenem- and meropenem-
resistant P. aeruginosa who was successfully treated 
with doripenem (1-g/1-hour infusions every 8 hours) 
and tobramycin (10 mg/d) without the occurrence of 
seizures or renal dysfunction.127

An in vitro study showed that doripenem exhibits 
lower affinity for GABA receptors than do meropenem, 
imipenem, and panipenem, as evidenced by lower 
inhibition of 3H-muscimol binding to GABA recep-
tors at all concentrations (0.3, 1, 3, and 10 mmol/L) 
in mouse cerebral cortical synaptic membranes.128 
In preclinical studies conducted in dogs, intracere-
broventricular (ICV) injection of doripenem 100, 
300, and 1000 µg/dog had no effects on electroen-
cephalogram (EEG) and behavior. In contrast, ICV 
injection of lower doses of imipenem (100 µg/dog) 
and meropenem (300 µg/dog) led to behaviors asso-
ciated with clonic convulsions. Similarly, IV injec-
tions of doripenem 100, 200, and 400 mg/kg did not 
affect EEG and behavior in rats, whereas imipenem/
cilastin 400/400 mg/kg led to seizure discharges in 
EEG and clonic convulsions. In mice, doripenem 
and meropenem 50 or 100 µg/mouse did not induce 
clonic convulsions, whereas imipenem, panipenem, 
and cefazolin induced a dose-dependent increase in 
convulsive activities.128

In clinical pharmacology studies of 8 trials with 
a total of 202 patients, none experienced seizures 
despite being treated with up to 1 g doripenem.122

Review of data from doripenem clinical trials and 
postmarketing surveillance support the low seizure-
inducing potential of doripenem.122 In phase III clini-
cal studies of 1332 patients with cIAI (n = 477) or 
cUTI (n = 855), no seizures were reported following 
treatment with doripenem 500 mg IV q8h. In studies 
conducted in patients with NP (DORI-09 including 
early-onset VAP and DORI-10 of VAP patients of both 
early and late onset) and a high seizure risk, the over-
all incidence of seizures during study therapy and in 
the 30-day period after therapy was relatively low in 
doripenem-treated patients (1.2%, 6/485) compared 
with that observed in piperacillin/tazobactam-treated 

patients (2.7%, 6/221) and imipenem/cilastatin-
treated patients (3.8%, 10/263). Of patients with 
seizure-predisposing conditions in DORI-10 (VAP 
study), 2.3% (3/131) of doripenem-treated patients 
had seizures vs. 8.6% (10/116) of imipenem-treated 
patients.122 These studies support preclinical studies 
that show doripenem has a lower propensity to induce 
seizures than imipenem. The lower seizure-inducing 
potential of doripenem may be particularly advanta-
geous for use in the ICU where patients generally 
have more predisposing conditions for seizures.

C. difficile Infection
C. difficile infection, a potentially fatal AE of virtually 
all antibiotic agents, is thought to occur by disrup-
tion of the indigenous microflora of the colon, allow-
ing for high concentrations of intestinal colonization 
with C. difficile.120,129 Doripenem has been identified 
as having good in vitro activity against C. difficile.129 
C. difficile infection has been found to be low among 
patients who received doripenem.120 The rate of 
C. difficile infection in doripenem-treated patients 
was 0.3% (5/1817) compared with 0.2% (3/1325) in 
those patients who received a comparator agent. The 
likelihood of developing study drug-related C. difficile 
infection in either group was not significantly differ-
ent (odds ratio, 1.2; 95% CI: 0.2–7.8).120

Liver Enzyme Abnormalities
The percentage of patients who met criteria for Hy’s 
high-risk classification (i.e. alanine aminotransferase 
[ALT] level .3 times the upper limit of normal and 
a bilirubin level .1.5 times the upper limit of nor-
mal, unless they had a concurrent alkaline phos-
phatase level .1.5 times the upper limit of normal) 
was very low (0.8%) for doripenem-treated patients 
(500 mg by 1-hour or 4-hour infusion).120 This level 
was within the range observed in comparator groups: 
meropenem, 0.4%; piperacillin/tazobactam, 1.3%; 
imipenem, 3.8%; and levofloxacin, 0%. However, 
all patients had underlying medical conditions that 
confounded interpretation of the drug-relatedness of 
these findings.

An increased hepatic enzyme level (ALT or 
aspartate aminotransferase level # the upper limit 
of normal at baseline and .5 times the upper limit 
of normal at the end of IV treatment) was observed 
as a doripenem-related AE for 1.1% (16/1817) of 
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patients vs. 1.1% (11/1325) for comparator agents.120 
Doripenem-related abnormal liver function tests 
were reported as AEs for 0.1% of patients (2/1817) 
compared with 1.5% (4/263) of imipenem-treated 
patients.120 These patients were in the VAP trial and 
were more critically ill than those in other trials with 
no abnormal liver function tests attributed to mero-
penem, piperacillin/tazobactam, and levofloxacin 
treatment.

Cardiotoxicity
Doripenem 500-mg and 1-g doses do not lead to QTc 
prolongation.18 Both preclinical and clinical data did 
not show potential for cardiotoxicity.

Drug-Drug Interactions
Drug-drug interactions with doripenem are not antici-
pated, aside from drugs that affect renal tubular secre-
tion (e.g. probenecid) or valproic acid. Reduction in 
valproic acid is a carbapenem class phenomenon 
thought to involve inhibiting the hydrolysis of val-
proic acid glucuronide to valproic acid.130 Plasma 
concentrations of valproic acid are reduced by 
coadministration of doripenem. Reduction in serum 
valproic acid concentrations to below the therapeutic 
concentration range (50 to 100 µg/mL) was observed 
by 12 hours after initiation of doripenem in healthy 
subjects coadministered both drugs. Patients with sei-
zure disorders controlled with valproic acid or sodium 
valproate may be at an increased risk for breakthrough 
seizures when treated with doripenem concomitantly. 
Alternative antibacterial and anticonvulsant thera-
pies or supplemental anticonvulsant therapy should 
be considered. A similar drug interaction involving 
other carbapenem antibacterials and valproic acid 
or sodium valproate has been described in published 
case reports. The pharmacokinetics of doripenem 
were unaffected by the coadministration of valproic 
acid (as expected).18 Coadministration of doripenem 
with probenecid results in increased plasma concen-
trations of doripenem and is not recommended.18

Health Economic Perspectives
Medical resource utilization data obtained from the 
Chastre et al104 VAP study previously described sug-
gest that doripenem is associated with economic and 
clinical benefits to patients and hospitals.131 In patients 
treated with doripenem, the median hospital length 

of stay (LOS) was 22 days (95% CI: 20 to 25 days) 
compared with 27 days (95% CI: 23 to 30 days) in the 
imipenem group.131 Kaplan-Meier time-to-discharge 
curves illustrate that a significant difference exists 
between the 2 groups, favoring early discharge in the 
doripenem group (P , 0.012). Favorable trends were 
particularly notable in patients with P. aeruginosa 
infection at baseline. Doripenem-treated patients com-
pared with imipenem-treated patients showed reduc-
tions in median LOS (24 vs. 37 days), median ICU 
LOS (15 vs. 17 days), and median time on mechani-
cal ventilation (7 vs. 13 days). Lo and colleagues132 
confirm these findings, suggesting the broad spectrum 
of activity and efficacy of doripenem contribute to 
relative cost benefits (including significantly reduced 
LOS and time needed on mechanical ventilation) that 
may make it the drug of choice in the treatment of 
serious nosocomial infections. Further studies with 
larger samples are warranted to test the hypothesis 
that doripenem improves medical resource utilization 
in VAP patients with P. aeruginosa infection.131

A pooled analysis of medical resource utilization 
data obtained from two separate randomized studies 
comparing doripenem and comparators in patients 
with VAP has been reported recently.133 Patients 
receiving doripenem were 1.3 times more likely to 
be weaned from mechanical ventilation (P , 0.006) 
or discharged from the hospital (P = 0.004) com-
pared with patients receiving comparator agents.133 
Although similar medical resource data were not col-
lected in studies of patients with IAI or UTI, given 
the lower overall cost of care for these patients and 
the greater availability of alternative therapies, sig-
nificant economic benefits of using doripenem may 
only be realized at the patient level, such as patients 
with UTI who are infected with ESBL-producing 
pathogens, where the administration of doripenem 
may offer clear benefit.115

Conclusions
The clinical data presented herein demonstrate that dorip-
enem, a newly approved carbapenem, is a useful new 
agent in the armamentarium of antimicrobials used to treat 
serious Gram-negative infections. This is a critical time in 
meeting the challenges associated with increasing preva-
lence of antimicrobial resistance, particularly highly drug-
resistant phenotypes mediated by AmpC β-lactamases, 
metallo-β-lactamases, extended-spectrum β-lactamases, 
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oxacillinases, and K. pneumoniae carbapenemases preva-
lent among Enterobacteriaceae and nonfermenting Gram-
negative bacilli. Doripenem has been shown to be highly 
active against susceptible P. aeruginosa and has been 
demonstrated to be advantageous when used alone or in 
combination with other agents against less susceptible or 
resistant strains of Pseudomonas and other Gram-nega-
tive pathogens.

Doripenem has been shown to be non-inferior to 
comparator agents for the treatment of adults with 
cUTIs and cIAIs. Doripenem (500 mg q8h by 1-hour 
and 4-hour IV infusion) has also been shown to lead 
to noninferior microbiologic and clinical outcomes 
to comparator agents (imipenem and piperacillin/
tazobactam) in patients with NP/VAP, including those 
patients with high APACHE II scores. Moreover, 
doripenem has been shown to generate favorable eco-
nomic consequences by significantly reducing both 
the duration of hospital stay and duration of mechani-
cal ventilation in patients with VAP vs. comparator 
agents. Doripenem (1 g q8h by 4-hour IV infusion) 
recently has been studied in patients with NP enriched 
for resistant Gram-negative pathogens including 
P. aeruginosa.

An important feature of doripenem among the car-
bapenems is its longer stability in solution, which allows 
the opportunity to administer the drug for extended 
infusion times (4 hours), thus optimizing pharma-
cokinetic/pharmacodynamic parameters to target less 
susceptible organisms. Doripenem represents the first 
antibiotic that we are aware of for which standard and 
extended infusion times have been formally evaluated 
in registrational clinical trials, and marketing approval 
has been granted for 2 different infusion times.

Doripenem is generally safe and well toler-
ated. Review of data from both clinical trials and 
postmarketing surveillance supports the low sei-
zure-inducing potential of doripenem. This may 
be particularly advantageous for use in the ICU 
where patients generally have more predisposing 
conditions for seizures and/or impaired or fluctu-
ating renal function which may increase plasma 
concentrations and also predispose to seizures if 
appropriate dose adjustments are not made. Studies 
are ongoing in special populations including pedi-
atric patients, and patients with cystic fibrosis, CNS 
infections, febrile neutropenia, and those in the ICU 
being treated with CRRT.

Acknowledgments
The authors would like to acknowledge medical writ-
ing support for the preparation of this article provided 
by Ira Mills, PhD, and Craig Ornstein, PhD, both of 
Advogent, Wayne, NJ. This assistance was funded 
by Ortho-McNeil Janssen Scientific Affairs, LLC, 
Raritan, New Jersey.

Disclosures
This manuscript has been read and approved by all 
authors. This paper is unique and is not under con-
sideration by any other publication and has not been 
published elsewhere. The authors are employees of 
Johnson & Johnson Pharmaceutical Research and 
Development, LLC. The peer reviewers of this paper 
report no conflicts of interest. The authors confirm 
that they have permission to reproduce any copy-
righted material.

References
	 1.	 Anderson DL. Doripenem. Drugs Today (Barc). 2006;42(6):399–404.
	 2.	 Dedhia HV, McKnight R. Doripenem: position in clinical practice. Expert 

Rev Anti Infect Ther. 2009;7(5):507–14.
	 3.	 Greer ND. Doripenem (Doribax): the newest addition to the carbapenems. 

Proc (Bayl Univ Med Cent). 2008;21(3):337–41.
	 4.	 Hagerman JK, Knechtel SA, Klepser ME. Doripenem: a new extended-

spectrum carbapenem antibiotic. Formulary. 2007;42(12):676–7, 682–8.
	 5.	 Hilas O, Ezzo DC, Jodlowski TZ. Doripenem (Doribax), a new carba

penem antibacterial agent. P&T. 2008;33(3):134–6,180.
	 6.	 Livermore DM. Doripenem: antimicrobial profile and clinical potential. 

Diagn Microbiol Infect Dis. 2009;63(4):455–8.
	 7.	 Matthews SJ, Lancaster JW. Doripenem monohydrate, a broad-spectrum 

carbapenem antibiotic. Clin Ther. 2009;31(1):42–63.
	 8.	 Paterson DL, Depestel DD. Doripenem. Clin Infect Dis. 2009;49(2):291–8.
	 9.	 Poulakou G, Giamarellou H. Doripenem: an expected arrival in the treat-

ment of infections caused by multidrug-resistant Gram-negative patho-
gens. Expert Opin Investig Drugs. 2008;17(5):749–71.

	 10.	 Schafer JJ, Goff DA, Mangino JE. Doripenem: a new addition to the 
carbapenem class of antimicrobials. Recent Pat Antiinfect Drug Discov. 
2009;4(1):18–28.

	 11.	 Walsh F. Doripenem: A new carbapenem antibiotic a review of com-
parative antimicrobial and bactericidal activities. Ther Clin Risk Manag. 
2007;3(5):789–94.

	 12.	 Bazan JA, Martin SI, Kaye KM. Newer beta-lactam antibiotics: dori
penem, ceftobiprole, ceftaroline, and cefepime. Infect Dis Clin North Am. 
2009;23(4):983–96, ix.

	 13.	 Doripenem: S 4661. Drugs R D. 2003;4(6):363–5.
	 14.	 Bhat S, Fujitani S, Potoski BA, et al. Pseudomonas aeruginosa infections 

in the Intensive Care Unit: can the adequacy of empirical beta-lactam anti-
biotic therapy be improved? Int J Antimicrob Agents. 2007;30(5):458–62.

	 15.	 Psathas PA, Kuzmission A, Ikeda K, Yasuo S. Stability of doripenem in 
vitro in representative infusion solutions and infusion bags. Clin Ther. 
2008;30(11):2075–87.

	 16.	 Iso Y, Irie T, Nishino Y, Motokawa K, Nishitani Y. A novel 1 beta-methyl-
carbapenem antibiotic, S-4661. Synthesis and structure-activity relation-
ships of 2-(5-substituted pyrrolidin-3-ylthio)-1 beta-methylcarbapenems. 
J Antibiot (Tokyo). 1996;49(2):199–209.

	 17.	 Iso Y, Irie T, Iwaki T, et al. Synthesis and modification of a novel 1 beta-
methyl carbapenem antibiotic, S-4661. J Antibiot (Tokyo). 1996;49(5): 
478–84.

http://www.la-press.com


Redman et al

224	 Clinical Medicine Reviews in Therapeutics 2010:2

	 18.	 Doribax™ (doripenem for injection) for Intravenous Infusion [package 
insert]. Raritan, NJ: Ortho-McNeil Pharmaceutical, Inc; 2009.

	 19.	 Drusano GL. Pharmacokinetics and pharmacodynamics of antimicrobials. 
Clin Infect Dis. 2007;45(Suppl 1):S89–95.

	 20.	 DeRyke CA, Banevicius MA, Fan HW, Nicolau DP. Bactericidal activities 
of meropenem and ertapenem against extended-spectrum-beta-lactamase-
producing Escherichia coli and Klebsiella pneumoniae in a neutropenic 
mouse thigh model. Antimicrob Agents Chemother. 2007;51(4):1481–6.

	 21.	 Drusano GL. Prevention of resistance: a goal for dose selection for antimi-
crobial agents. Clin Infect Dis. 2003;36(Suppl 1):S42–50.

	 22.	 Ong CT, Tessier PR, Li C, Nightingale CH, Nicolau DP. Compara-
tive in vivo efficacy of meropenem, imipenem, and cefepime against 
Pseudomonas aeruginosa expressing MexA-MexB-OprM efflux pumps. 
Diagn Microbiol Infect Dis. 2007;57(2):153–61.

	 23.	 Ludwig E, Konkoly-Thege M, Kuti JL, Nicolau DP. Optimising antibi-
otic dosing regimens based on pharmacodynamic target attainment against 
Pseudomonas aeruginosa collected in Hungarian hospitals. Int J Antimi­
crob Agents. 2006;28(5):433–8.

	 24.	 Dandekar PK, Maglio D, Sutherland CA, Nightingale CH, Nicolau DP. 
Pharmacokinetics of meropenem 0.5 and 2 g every 8 hours as a 3-hour 
infusion. Pharmacotherapy. 2003;23(8):988–91.

	 25.	 Santos FL, Eagye KJ, Kuti JL, Nicolau DP. Addressing resistance evo-
lution in Pseudomonas aeruginosa using pharmacodynamic modelling: 
application to meropenem dosage and combination therapy. Clin Micro­
biol Infect. 2007;13(6):579–85.

	 26.	 Kuti JL, Moss KM, Nicolau DP, Knauft RF. Empiric treatment of mul-
tidrug-resistant Burkholderia cepacia lung exacerbation in a patient with 
cystic fibrosis: application of pharmacodynamic concepts to meropenem 
therapy. Pharmacotherapy. 2004;24(11):1641–5.

	 27.	 Merrem IV [package insert]. Wilmington, DE: AstraZeneca Pharmaceuti-
cals; 2009.

	 28.	 Primaxin IV [package insert]. Whitehouse Station, NJ: Merck and Co., 
Inc.; 2009.

	 29.	 Invanz [package insert]. Whitehouse Station, NJ: Merck and Co., Inc.; 2009.
	 30.	 Mori M, Hikida M, Nishihara T, Nasu T, Mitsuhashi S. Comparative stabil-

ity of carbapenem and penem antibiotics to human recombinant dehydro-
peptidase-I. J Antimicrob Chemother. 1996;37(5):1034–6.

	 31.	 Kurihara Y, Kizu J, Hori S. Simple and rapid determination of serum 
carbapenem concentrations by high-performance liquid chromatography. 
J Infect Chemother. 2008;14(1):30–4.

	 32.	 Sutherland C, Nicolau DP. Development of an HPLC method for the 
determination of doripenem in human and mouse serum. J Chromatogr 
B Analyt Technol Biomed Life Sci. 2007;853(1–2):123–6.

	 33.	 Lister PD. Carbapenems in the USA: focus on doripenem. Expert Rev Anti 
Infect Ther. 2007;5(5):793–809.

	 34.	 Davies TA, Shang W, Bush K, Flamm RK. Affinity of doripenem and com-
parators to penicillin-binding proteins in Escherichia coli and Pseudomonas 
aeruginosa. Antimicrob Agents Chemother. 2008;52(4):1510–2.

	 35.	 Fujimura T, Kimura Y, Yoshida I, et al. In vitro antibacterial activity of 
doripenem, a novel parenteral carbapenem. Jpn J Chemother. 2005; 
53(Suppl 1):57–70.

	 36.	 Yamada M, Watanabe T, Baba N, Takeuchi Y, Ohsawa F, Gomi S. Crystal 
structures of biapenem and tebipenem complexed with penicillin-binding 
proteins 2X and 1A from Streptococcus pneumoniae. Antimicrob Agents 
Chemother. 2008;52(6):2053–60.

	 37.	 Jones RN, Sader HS, Fritsche TR. Comparative activity of doripenem and three 
other carbapenems tested against Gram-negative bacilli with various beta-lac-
tamase resistance mechanisms. Diagn Microbiol Infect Dis. 2005;52(1):71–4.

	 38.	 Gales AC, Cereda RF, Azevedo HD. Antimicrobial activity of doripenem 
(DOR) against gram-negative pathogens: results from INVITAA-DORI 
Brazilian study. Presented at: Interscience Conference on Antimicrobial 
Agents and Chemotherapy; September 12–15, 2009; San Francisco, CA.

	 39.	 Tailor F, Baudry PJ, Weshnoweski B, et al. Activity of doripenem (DOR) 
against molecularly characterized AmpC, ESBL producing and carba
penem reduced-susceptible (CRS) E. coli (EC) across Canada. Presented 
at: 49th Annual Interscience Conference on Antimicrobial Agents and 
Chemotherapy; September 12–15, 2009; San Francisco, CA.

	 40.	 Ishii Y, Galleni M, Ma L, Frere JM, Yamaguchi K. Biochemical char-
acterisation of the CTX-M-14 beta-lactamase. Int J Antimicrob Agents. 
2007;29(2):159–64.

	 41.	 Nukaga M, Bethel CR, Thomson JM, et al. Inhibition of class A 
beta-lactamases by carbapenems: crystallographic observation of two 
conformations of meropenem in SHV-1. J Am Chem Soc. 2008;130(38): 
12656–62.

	 42.	 Castanheira M, Bell JM, Turnidge JD, Mathai D, Jones RN. Carbapenem 
resistance among Pseudomonas aeruginosa strains from India: evidence 
for nationwide endemicity of multiple metallo-beta-lactamase clones 
(VIM-2, -5, -6, and -11 and the newly characterized VIM-18). Antimicrob 
Agents Chemother. 2009;53(3):1225–7

	 43.	 Kumita W, Saito R, Sato K, et al. Molecular characterizations of carbapenem 
and ciprofloxacin resistance in clinical isolates of Pseudomonas putida. J 
Infect Chemother. 2009;15(1):6–12.

	 44.	 Mushtaq S, Ge Y, Livermore DM. Comparative activities of doripenem 
versus isolates, mutants, and transconjugants of Enterobacteriaceae and 
Acinetobacter spp. with characterized beta-lactamases. Antimicrob Agents 
Chemother. 2004;48(4):1313–9.

	 45.	 Kaniga K, Redman R, Umeh O, Tong S-Y, Lee M, Friedland I. Prevalence 
and susceptibility to doripenem of extended-spectrum beta-lactamase pro-
ducers (ESBLs) and ciprofloxacin-resistant enterobacteriaceae (CIPRE) 
from 6 doripenem phase 3 clinical trials. Presented at: Interscience 
Conference on Antimicrobial Agents and Chemotherapy; October 25–28, 
2008; Washington, DC.

	 46.	 Fujimura T, Anan N, Sugimori G, et al. Susceptibility of Pseudomo-
nas aeruginosa clinical isolates in Japan to doripenem and other 
antipseudomonal agents. Int J Antimicrob Agents. 2009;34(6):523–8.

	 47.	 Marti S, Sanchez-Cespedes J, Alba V, Vila J. In vitro activity of doripenem 
against Acinetobacter baumannii clinical isolates. Int J Antimicrob Agents. 
2009;33(2):181–2.

	 48.	 Morrow BJ, He W, Queenan AM, Flamm RK, Lynch AS. Characterization of 
imipenem-resistant, doripenem-susceptible clinical isolates of Pseudomo-
nas aeruginosa. Presented at: Infectious Disease Society of America annual 
meeting; 2009 October 29-November 1; Philadelphia, PA.

	 49.	 Sakyo S, Tomita H, Tanimoto K, Fujimoto S, Ike Y. Potency of carbapen-
ems for the prevention of carbapenem-resistant mutants of Pseudomonas 
aeruginosa: the high potency of a new carbapenem doripenem. J Antibiot 
(Tokyo). 2006;59(4):220–8.

	 50.	 Zhanel GG, Vashisht V, Tam E, Hoban DJ, Karlowsky JA. Mutant preven-
tion concentrations of doripenem and meropenem alone and in combination 
with colistin (polymyxin E), levofloxacin and tobramycin in Pseudomonas 
aeruginosa. Can J Infect Dis Med Microbiol. 2009;20(suppl A):67A–71A.

	 51.	 Bowker KE, Noel AR, Tomaselli SG, Elliott HC, MacGowan AP. Phar-
macodynamics of emergence of resistance to doripenem in Pseudomonas 
aeruginosa studied in an in vitro pharmacokinetic model. Presented at: 
49th Annual Interscience Conference on Antimicrobial Agents and Che-
motherapy; 2009 September 12–15; San Francisco, CA.

	 52.	 Crandon JL, Bulik CC, Nicolau DP. In vivo efficacy of 1- and 2-gram 
human simulated prolonged infusions of doripenem against Pseudomonas 
aeruginosa. Antimicrob Agents Chemother. 2009;53(10):4352–6.

	 53.	 Huynh HK, Biedenbach DJ, Jones RN. Delayed resistance selection for 
doripenem when passaging Pseudomonas aeruginosa isolates with doripenem 
plus an aminoglycoside. Diagn Microbiol Infect Dis. 2006;55(3):241–3.

	 54.	 Tanimoto K, Tomita H, Fujimoto S, Okuzumi K, Ike Y. Fluoroquinolone 
enhances the mutation frequency for meropenem-selected carbapenem 
resistance in Pseudomonas aeruginosa, but use of the high-potency drug 
doripenem inhibits mutant formation. Antimicrob Agents Chemother. 
2008;52(10):3795–800.

	 55.	 Endimiani A, Hujer AM, Perez F, et al. Characterization of blaKPC-
containing Klebsiella pneumoniae isolates detected in different institutions 
in the Eastern USA. J Antimicrob Chemother. 2009;63(3):427–37.

	 56.	 Bulik CC, Nicolau DP. In vivo efficacy of 1 g and 2 g human simulated 
prolonged infusion doripenem (DOR) against carbapenemase producing 
Klebsiella pneumoniae (KPC). Presented at: 49th Annual Interscience 
Conference on Antimicrobial Agents and Chemotherapy; 2009 September 
12–15; San Francisco, CA.

http://www.la-press.com


Doripenem for infections

Clinical Medicine Reviews in Therapeutics 2010:2	 225

	 57.	 Baughman RP. The use of carbapenems in the treatment of serious infec-
tions. J Intensive Care Med. 2009;24(4):230–41.

	 58.	 Credito KL, Ednie LM, Appelbaum PC. Comparative antianaerobic activi-
ties of doripenem determined by MIC and time-kill analysis. Antimicrob 
Agents Chemother. 2008;52(1):365–73.

	 59.	 Davies TA, Shang W, Bush K, Flamm RK. Activity of doripenem and com-
parator beta-lactams against US clinical isolates of Streptococcus pneumo-
niae with defined mutations in the penicillin-binding domains of pbp1a, 
pbp2b and pbp2x. J Antimicrob Chemother. 2008;61(3):751–3.

	 60.	 Enoch DA, Birkett CI, Ludlam HA. Non-fermentative Gram-negative bac-
teria. Int J Antimicrob Agents. 2007;29(Suppl 3):S33–41.

	 61.	 Farrell DJ, Felmingham D, Shackcloth J, et al. Non-susceptibility trends and 
serotype distributions among Streptococcus pneumoniae from community-
acquired respiratory tract infections and from bacteraemias in the UK and 
Ireland, 1999 to 2007. J Antimicrob Chemother. 2008;62(Suppl 2): ii87–ii95.

	 62.	 Fritsche TR, Sader HS, Stillwell MG, Jones RN. Antimicrobial activity 
of doripenem tested against prevalent Gram-positive pathogens: results 
from a global surveillance study (2003–2007). Diagn Microbiol Infect Dis. 
2009;63(4):440–6.

	 63.	 Goldstein EJ, Citron DM, Merriam CV, Warren YA, Tyrrell KL, Fernan-
dez HT. In vitro activities of doripenem and six comparator drugs against 
423 aerobic and anaerobic bacterial isolates from infected diabetic foot 
wounds. Antimicrob Agents Chemother. 2008;52(2):761–6.

	 64.	 Hecht DW, Galang MA, Sambol SP, Osmolski JR, Johnson S, Gerding 
DN. In vitro activities of 15 antimicrobial agents against 110 toxigenic 
clostridium difficile clinical isolates collected from 1983 to 2004. Antimi­
crob Agents Chemother. 2007;51(8):2716–9.

	 65.	 Lai CC, Tan CK, Lin SH, et al. Comparative in vitro activities of 
nemonoxacin, doripenem, tigecycline and 16 other antimicrobials against 
Nocardia brasiliensis, Nocardia asteroides and unusual Nocardia species. 
J Antimicrob Chemother. 2009;64(1):73–8.

	 66.	 Mushtaq S, Ge Y, Livermore DM. Doripenem versus Pseudomonas aerugi-
nosa in vitro: activity against characterized isolates, mutants, and transcon-
jugants and resistance selection potential. Antimicrob Agents Chemother. 
2004;48(8):3086–92.

	 67.	 Nagasawa Z, Kusaba K, Aoki Y. Susceptibility of clinical isolates of 
Pseudomonas aeruginosa in the Northern Kyushu district of Japan to car-
bapenem antibiotics, determined by an integrated concentration method: 
evaluation of the method based on Monte Carlo simulation. J Infect 
Chemother. 2008;14(3):238–43.

	 68.	 Pillar CM, Torres MK, Brown NP, Shah D, Sahm DF. In vitro activity 
of doripenem, a carbapenem for the treatment of challenging infections 
caused by gram-negative bacteria, against recent clinical isolates from the 
United States. Antimicrob Agents Chemother. 2008;52(12):4388–99.

	 69.	 Snydman DR, Jacobus NV, McDermott LA. In vitro activities of dori
penem, a new broad-spectrum carbapenem, against recently collected clin-
ical anaerobic isolates, with emphasis on the Bacteroides fragilis group. 
Antimicrob Agents Chemother. 2008;52(12):4492–6.

	 70.	 Traczewski MM, Brown SD. In vitro activity of doripenem against 
Pseudomonas aeruginosa and Burkholderia cepacia isolates from both cys-
tic fibrosis and non-cystic fibrosis patients. Antimicrob Agents Chemother. 
2006;50(2):819–21.

	 71.	 Wexler HM, Engel AE, Glass D, Li C. In vitro activities of doripenem 
and comparator agents against 364 anaerobic clinical isolates. Antimicrob 
Agents Chemother. 2005;49(10):4413–7.

	 72.	 Ortho-McNeil Janssen Pharmaceuticals. Unpublished data. Ortho-McNeil-
Janssen Pharmaceuticals; 2009.

	 73.	 Morrissey I, Rossolini GM, Bouza E, et al. In vitro activity of doripenem, 
imipenem and meropenem against contemporary gram-negative pathogens 
circulating in twelve countries. The Comparative Activity of Carbapenem 
Testing (COMPACT) Study. Presented at: 49th Annual Interscience Con-
ference on Antimicrobial Agents and Chemotherapy; 2009 September 
12–15; San Francisco, CA.

	 74.	 Castanheira M, Jones RN, Livermore DM. Antimicrobial activities of 
doripenem and other carbapenems against Pseudomonas aeruginosa, other 
nonfermentative bacilli, and Aeromonas spp. Diagn Microbiol Infect Dis. 
2009;63(4):426–33.

	 75.	 Walkty A, DeCorby M, Nichol K, Karlowsky JA, Hoban DJ, Zhanel GG. 
In vitro activity of doripenem against Pseudomonas aeruginosa isolates 
obtained from patients in Canadian hospitals. Presented at: Interscience 
Conference on Antimicrobial Agents and Chemotherapy; 2008 October 
25–28; Washington, DC.

	 76.	 Hoban DJ, DeCorby M, Baudry P, Wierzbowski A, Karlowsky JA, 
Zhanel GG. Activity of doripenem and other carbapenems against 10,035 
Canadian hospital pathogens: CANWARD 2007 and 2008. Presented at: 
49th Annual Interscience Conference on Antimicrobial Agents and Che-
motherapy; 2009 September 12–15; San Francisco, CA.

	 77.	 Backx M, Wootton M, Howe RA. A study of the in vitro activity of imi-
penem, meropenem and doripenem against gram negative bacteria. Pre-
sented at: 49th Annual Interscience Conference on Antimicrobial Agents 
and Chemotherapy; 2009 September 12–15; San Francisco, CA.

	 78.	 Flamm RK, Yee YC, Evangelista AT, et al. Carbapenems and other 
antipseudomonal agents: in vitro activity among lower respiratory tract 
and ICU isolates of Pseudomonas aeruginosa (2006–2008 TRUST data). 
Presented at: 49th Annual Interscience Conference on Antimicrobial 
Agents and Chemotherapy; 2009 September 12–15; San Francisco, CA.

	 79.	 Le H, Keays D, Ballon-Landa G, Agan D, Sikand H. In vitro susceptibil-
ity of doripenem versus imipenem against acinetobacter baumannii and 
pseudomonas aeruginosa in a 4-hospital system (a pilot study). Presented 
at: 49th Annual Interscience Conference on Antimicrobial Agents and 
Chemotherapy; 2009 September 12–15; San Francisco, CA.

	 80.	 Chen Y, Garber E, Zhao Q. In vitro activity of doripenem (S-4661) against 
multidrug-resistant gram-negative bacilli isolated from patients with cystic 
fibrosis. Antimicrob Agents Chemother. 2005;49(6):2510–1.

	 81.	 Gordon NC, Warwick S, Duke B, Wareham DW. Comparative activity 
of doripenem versus P. aeruginosa cystic fibrosis isolates with reduced 
susceptibility to imipenem and meropenem. Presented at: 49th Annual 
Interscience Conference on Antimicrobial Agents and Chemotherapy; 
2009 September 12–15; San Francisco, CA.

	 82.	 Scaglione F, Paraboni L. Influence of pharmacokinetics/pharmacodynam-
ics of antibacterials in their dosing regimen selection. Expert Rev Anti 
Infect Ther. 2006;4(3):479–90.

	 83.	 Hilliard JJ, Fernandez J, Melton JL. Activity of doripenem against 
Pseudomonas aeruginosa alone and in combination with amikacin, colis-
tin, or levofloxacin. Presented at: 49th Annual Interscience Conference on 
Antimicrobial Agents and Chemotherapy; 2009 September 12–15; San 
Francisco, CA.

	 84.	 Urban C, Mariano N, Rahal JJ. In vitro double and triple synergistic activi-
ties of doripenem, polymyxin B, and rifampin against multidrug-resistant 
Acinetobacter baumannii, Pseudomonas aeruginosa, Klebsiella pneumo-
niae, and Escherichia coli. Presented at: 49th Annual Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy; 2009 September 12–15; 
San Francisco, CA.

	 85.	 Pankuch GA, Seifert H, Appelbaum PC. Activity of doripenem with 
and without levofloxacin, amikacin, and colistin against Acinetobacter 
baumannii by synergy time-kill. Presented at: 49th Annual Interscience 
Conference on Antimicrobial Agents and Chemotherapy; 2009 September 
12–15; San Francisco, CA.

	 86.	 Pankuch GA, Appelbaum PC. Activity of doripenem, with and without 
levofloxacin and amikacin, against 25 P. aeruginosa by synergy time-
kill. Presented at: 49th Annual Interscience Conference on Antimicrobial 
Agents and Chemotherapy; 2009 September 12–15; San Francisco, CA.

	 87.	 Cirillo I, Vaccaro N, Turner K, Solanki B, Natarajan J, Redman R. Pharma-
cokinetics, safety, and tolerability of doripenem after 0.5-, 1-, and 4-hour 
infusions in healthy volunteers. J Clin Pharmacol. 2009;49(7):798–806.

	 88.	 Hori T, Nakano M, Kimura Y, Murakami K. Pharmacokinetics and tissue 
penetration of a new carbapenem, doripenem, intravenously administered 
to laboratory animals. In Vivo. 2006;20(1):91–6.

	 89.	 Cirillo I, Mannens G, Janssen C, et al. Disposition, metabolism, and excre-
tion of [14C]doripenem after a single 500-milligram intravenous infusion 
in healthy men. Antimicrob Agents Chemother. 2008;52(10):3478–83.

	 90.	 Watanabe A, Fujimura S, Kikuchi T, Gomi K, Fuse K, Nukiwa T. Evalu-
ation of dosing designs of carbapenems for severe respiratory infection 
using Monte Carlo simulation. J Infect Chemother. 2007;13(5):332–40.

http://www.la-press.com


Redman et al

226	 Clinical Medicine Reviews in Therapeutics 2010:2

	 91.	 Ikawa K, Morikawa N, Uehara S, et al. Pharmacokinetic-pharmacody-
namic target attainment analysis of doripenem in infected patients. Int 
J Antimicrob Agents. 2009;33(3):276–9.

	 92.	 Van Wart SA, Andes DR, Ambrose PG, Bhavnani SM. Pharmacokinetic-
pharmacodynamic modeling to support doripenem dose regimen 
optimization for critically ill patients. Diagn Microbiol Infect Dis. 
2009;63(4):409–14.

	 93.	 Mitropoulos IF, Hovde LB, Rotschafer JC. Pharmacodynamics of doripenem 
against imipenem-resistant Pseudomonas aeruginosa in an in vitro pharma-
codynamic model. Presented at: Interscience Conference on Antimicrobial 
Agents and Chemotherapy; 2008 October 25–28; Washington, DC.

	 94.	 Ullman MA, Hovde LB, Rotschafer JC. Sequential dosing of colistin sul-
fate (C) plus an extended infusion of doripenem (D) is effective against 
multidrug-resistant (MDR) Acinetobacter baumannii (Ab) and carbapene-
mase-producing Klebsiella pneumoniae (KPC). Presented at: 49th Annual 
Interscience Conference on Antimicrobial Agents and Chemotherapy; 
2009 September 12–15; San Francisco, CA.

	 95.	 Ikawa K, Morikawa N, Ikeda K, Ohge H, Sueda T. Development of break-
points of carbapenems for intraabdominal infections based on pharma-
cokinetics and pharmacodynamics in peritoneal fluid. J Infect Chemother. 
2008;14(4):330–2.

	 96.	 Ikawa K, Morikawa N, Urakawa N, Ikeda K, Ohge H, Sueda T. Peritoneal 
penetration of doripenem after intravenous administration in abdominal-
surgery patients. J Antimicrob Chemother. 2007;60(6):1395–7.

	 97.	 Ikawa K, Morikawa N, Ikeda K, Ohge H, Sueda T. Pharmacodynamic 
assessment of doripenem in peritoneal fluid against Gram-negative organ-
isms: use of population pharmacokinetic modeling and Monte Carlo simu-
lation. Diagn Microbiol Infect Dis. 2008;62(3):292–7.

	 98.	 Vaccaro N, Umeh O, Redman R, Cirillo I. Pharmacokinetics of doripenem 
1 g administered over 4 hours in patients with ventilator-associated pneu-
monia. Presented at: 49th Annual Interscience Conference on Antimicro-
bial Agents and Chemotherapy; 2009 September 12–15; San Francisco, 
CA.

	 99.	 Cirillo I, Vaccaro N, Tian H, Castaneda-Ruiz B, Turner K, Redman R. 
Pharmacokinetics of doripenem in subjects with varying degrees of renal 
impairment. Presented at: Interscience Conference on Antimicrobial 
Agents and Chemotherapy; 2008 October 25–28; Washington, DC.

	100.	 Cirillo I, Vaccaro N, Evans R, Redman R. Pharmacokinetics of doripenem 
in chronic hemodialysis subjects during continuous renal replacement 
therapy (CRRT). Presented at: 49th Annual Interscience Conference on 
Antimicrobial Agents and Chemotherapy; 2009 September 12–15; San 
Francisco, CA.

	101.	 Vaccaro N, Cirillo I, Solanki B, Redman R, Tuner KC. Effects of age and 
gender on doripenem pharmacokinetics. Presented at: Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy; 2008 October 25–38; 
Washington, DC.

	102.	 Cirillo I, Vaccaro N, Evans R, Redman R, Kearns GL. Pharmacokinetics of 
doripenem in adult subjects with cystic fibrosis. Presented at: 49th Annual 
Interscience Conference on Antimicrobial Agents and Chemotherapy; 
2009 September 12–15; San Francisco, CA.

	103.	 Cirillo I, Vaccaro N, Massarella J, Castaneda-Ruiz B, Redman R, Bradley J. 
Pharmacokinetics and safety of doripenem in pediatric patients 3 months 
to less than 18 years of age. Presented at: 44th American Society of Health-
System Pharmacists Midyear Clinical Meeting and Exhibition; 2009 
December 6–10; Las Vegas, NV.

	104.	 Chastre J, Wunderink R, Prokocimer P, Lee M, Kaniga K, Friedland I. 
Efficacy and safety of intravenous infusion of doripenem versus imipenem 
in ventilator-associated pneumonia: a multicenter, randomized study. Crit 
Care Med. 2008;36(4):1089–96.

	105.	 Rea-Neto A, Niederman M, Lobo SM, et al. Efficacy and safety of doripenem 
versus piperacillin/tazobactam in nosocomial pneumonia: a randomized, 
open-label, multicenter study. Curr Med Res Opin. 2008;24(7):2113–26.

	106.	 Restrepo MI. Efficacy of intravenous infusion of doripenem. Clin Infect 
Dis. 2009;49 Suppl 1:S17–27.

	107.	 Luna CM, Blanzaco D, Niederman MS, et al. Resolution of ventilator-associated 
pneumonia: prospective evaluation of the clinical pulmonary infection score as 
an early clinical predictor of outcome. Crit Care Med. 2003;31(3):676–82.

	108.	 Jenkins SG, Fisher AC, Peterson JA, Kaniga K, Nicholson SC. A meta-
analysis of doripenem versus comparators in patients with Pseudomonas 
infections enrolled in four phase III efficacy and safety clinical trials. Curr 
Med Res Opin. 2009;25(12):3029–36.

	109.	 Ambruzs M, Sambrowski J, Kaul S, et al. Clinical outcome of nosocomial 
pneumonia (NP)/ventilator-associated pneumonia (VAP), or health-care asso-
ciated pneumonia (HCAP) after treatment with doripenem 1-g infused over 
4 hours every 8 hours in a study protocol that enriched for infection with P. 
aeruginosa (Psa). Presented at: 49th Annual Interscience Conference on Anti-
microbial Agents and Chemotherapy; 2009 September 12–15; San Francisco, 
CA.

	110.	 Lucasti C, Jasovich A, Umeh O, Jiang J, Kaniga K, Friedland I. Efficacy and 
tolerability of IV doripenem versus meropenem in adults with complicated 
intra-abdominal infection: A phase III, prospective, multicenter, random-
ized, double-blind, noninferiority study. Clin Ther. 2008;30(5):868–83.

	111.	 Malafaia O, Umeh O, Jiang J, et al. Doripenem versus meropenem for 
the treatment of complicated intra-abdominal infections. Presented at: 46th 
Annual Interscience Conference on Antimicrobial Agents and Chemother-
apy (ICAAC); 2006 September 27–30; San Francisco, CA.

	112.	 Solomkin J, Umeh O, Jiang J, et al. Doripenem vs. meropenem with an 
option for oral step-down therapy in the treatment of complicated intra-
abdominal infections. Presented at: 47th Annual Interscience Conference 
on Antimicrobial Agents and Chemotherapy (ICAAC); 2007 September 
17–20; Chicago, IL.

	113.	 Naber KG, Llorens L, Kaniga K, Kotey P, Hedrich D, Redman R. Intrave-
nous doripenem at 500 milligrams versus levofloxacin at 250 milligrams, 
with an option to switch to oral therapy, for treatment of complicated lower 
urinary tract infection and pyelonephritis. Antimicrob Agents Chemother. 
2009;53(9):3782–92.

	114.	 Ortho-McNeil Janssen Scientific Affairs, LLC. Data on file. 2006.
	115.	 Naber K, Damiao R, Kaniga K, Kotey P, Redman R. Efficacy of doripenem 

versus levofloxacin for the treatment of complicated urinary tract infec-
tions. Presented at: 49th Annual Interscience Conference on Antimicrobial 
Agents and Chemotherapy; 2009 September 12–15; San Francisco, CA.

	116.	 Arslan H, Azap OK, Ergonul O, Timurkaynak F. Risk factors for ciprofloxacin 
resistance among Escherichia coli strains isolated from community-acquired uri-
nary tract infections in Turkey. J Antimicrob Chemother. 2005;56(5):914–8.

	117.	 Muratani T, Matsumoto T. Urinary tract infection caused by fluoroquinolone- 
and cephem-resistant Enterobacteriaceae. Int J Antimicrob Agents. 2006;28 
(Suppl 1):S10–3.

	118.	 Wagenlehner FM, Kinzig-Schippers M, Sorgel F, Weidner W, Naber KG. 
Concentrations in plasma, urinary excretion and bactericidal activity of 
levofloxacin (500 mg) versus ciprofloxacin (500 mg) in healthy volunteers 
receiving a single oral dose. Int J Antimicrob Agents. 2006;28(6):551–9.

	119.	 Wagenlehner FM, Wagenlehner C, Redman R, Weidner W, Naber KG. 
Urinary bactericidal activity of Doripenem versus that of levofloxacin in 
patients with complicated urinary tract infections or pyelonephritis. Anti­
microb Agents Chemother. 2009;53(4):1567–73.

	120.	 Redman R, File TM Jr. Safety of intravenous infusion of doripenem. Clin 
Infect Dis. 2009;49(Suppl 1):S28–35.

	121.	 Wallace KL. Antibiotic-induced convulsions. Crit Care Clin. 1997; 
13(4):741–62.

	122.	 Zhanel GG, Ketter N, Rubinstein E, Friedland I, Redman R. Overview of 
seizure-inducing potential of doripenem. Drug Saf. 2009;32(9):709–16.

	123.	 Sunagawa M, Matsumura H, Sumita Y, Nouda H. Structural features 
resulting in convulsive activity of carbapenem compounds: effect of C-2 
side chain. J Antibiot (Tokyo). 1995;48(5):408–16.

	124.	 Norrby SR, Gildon KM. Safety profile of meropenem: a review of 
nearly 5,000 patients treated with meropenem. Scand J Infect Dis. 1999; 
31(1):3–10.

	125.	 Rodloff AC, Goldstein EJ, Torres A. Two decades of imipenem therapy. 
J Antimicrob Chemother. 2006;58(5):916–29.

	126.	 Linden P. Safety profile of meropenem: an updated review of over 6,000 
patients treated with meropenem. Drug Saf. 2007;30(8):657–68.

	127.	 Gelfand MS, Cleveland KO, Mazumder SA. Successful treatment with dorip-
enem and tobramycin of ventriculitis due to imipenem- and meropenem-resis-
tant Pseudomonas aeruginosa. J Antimicrob Chemother. 2009;63(6):1297–9.

http://www.la-press.com


Doripenem for infections

Clinical Medicine Reviews in Therapeutics 2010:2	 227

	128.	 Horiuchi M, Kimura M, Tokumura M, Hasebe N, Arai T, Abe K. Absence 
of convulsive liability of doripenem, a new carbapenem antibiotic, in com-
parison with beta-lactam antibiotics. Toxicology. 2006;222(1–2):114–24.

	129.	 Owens RC Jr., Donskey CJ, Gaynes RP, Loo VG, Muto CA. Antimicro-
bial-associated risk factors for Clostridium difficile infection. Clin Infect 
Dis. 2008;46(Suppl 1):S19–31.

	130.	 Nakajima Y, Mizobuchi M, Nakamura M, et al. Mechanism of the drug 
interaction between valproic acid and carbapenem antibiotics in monkeys 
and rats. Drug Metab Dispos. 2004;32(12):1383–91.

	131.	 Merchant S, Gast C, Nathwani D, et al. Hospital resource utilization with 
doripenem versus imipenem in the treatment of ventilator-associated pneu-
monia. Clin Ther. 2008;30(4):717–33.

	132.	 Lo TS, Borchardt SM, Welch JM, Rohrich MA, Alonto AM, Alonta AV. 
Doripenem in hospital infections: a focus on nosocomial pneumonia, com-
plicated intra-abdominal infections, and complicated urinary tract infec-
tions. Infection and Drug Resistance. 2009;2009(2).

	133.	 Kollef MH, Nathwani D, Merchant S, Gast C, Quintana A, Lee M. Medical 
resource utilization among patients with ventilator-associated pneumonia: 
pooled analysis of randomized studies of doripenem versus compara-
tors. Presented at: 2009 CHEST Meeting; 2009 October 31–November 5; 
San Diego, CA.

http://www.la-press.com

