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MULTICENTER RANDOMIZED TRIAL COMPARING MEROPENEM (1.5 G DAILY)
AND IMIPENEM/CILASTATIN (2 G DAILY) IN THE HOSPITAL TREATMENT
OF COMMUNITY-ACQUIRED PNEUMONIA
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Summary: An open, multicontor study with 144 patients, aged between 18 and 34 years, was performed to
compare the efficacy and safety of mercpenem with imipencm/cllastatin in the hospital treatment of commu-
mity-acquircd pnaumonia. Patients wers randomized to rocoive either iniravenous meropenem (500 mg every
8 h) ar infravenous imipenemydcilastatin (1.000 mg every 12 1. The primary end point was considered fo he
clinical efficacy and the sccondary end paoints were bacteriolagical rosponse and safety assessment. At the
enct of therapy, cure or improvement in signs and symptoms as a satisfactory ciivical response was observed
in &7 of G4 (89 1% meropenem-troated patients and in 60 aof 66 (90 8%) imipenam/cilastatin patients. The
miean duration of freatment was 10 days for meropenem and 9.7 days for imipanam/citastatin, in patients who
ware followed up for weeks 2-4, the response was satisfactory (100%) for hoth treatments. A satisfactory
hacterizlogical response, defined as either presumed or confinmed cradicalion of af pathogens, was found in
aight patients who had rocofvad meropenem and in 14 pationts who had recelved imipenenycilasiatin,
fesponse was considered satistactory in 100% of the mearopensm group and in 92 9% of the impensmycilas-
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fatin group and at follow-up, it was 100% for both treatments. Drug-related adverse events were reported in
three (4 2% meropenem-treated patients and in cight (11.0%) iminenem/cilastatin-treated patients. None of
thess events was classified as serous, The resufts of this study show that the clinical and bactericiogical effi-
cacy and tolerabifity of meropeanarm (500 mg every 8 R) are similar to that of imipenem/cilastatin (1,000 mg
every 12 1 in the hospital trestment of community-acquired pretimonia.

Introduction

Imiperem and meropencm are f-lactam antibiotios
of the carbapencm group with a very broad spectrum
of actiity including mosl Gram posilve cocd, Gram-
negative bacili and anaercbes (1-3) This featurc
rakes carbapenams particulary uselul for the emnpiri-
wal menetherapy of serious infeclions as wed as for the
therapy of cephalosporin rosistant infections (21,

Iipenem, the first commercialy available car-
bapenam, has to be coadministored with a deny-
dropeotidase inhibitor (cilaslating Lo avoid extensive
reral metabclism and nephrotesdicity (5.

Urlike imipenem, meropsnam can b aominis-
tered as a single agenl wilhout the need for coad-
minigtration ol an enzyme inhibitor, in clinical studics
botn imipenearmicilaslatin and mesepenam have boen
suceessiully used in the lreatrment of a wide rarge of
senous bacteral infections in inpatients (8-85.

Ihe purpase of this study was to compare the clini
cal efficacy of 1.5 g dady of intravencus mearcperem
and # g dailv of infravenous imipenerveilastatin in the
Rospital treatment of community-acouired pneumeoenia.
The drug dosages were chosen in accordance wilh
product circulars and prevaous clinical trizls. Secondary
aims were 1o avaluate the bacterialogical efficany ana
the safety profiles of the two carbapensms.

Patients and methods

Fatients, The design of this study was approved
by the local Ethics Committee and wiitten consent
was obtained from all patents before oantcipation in
the study. Eligible for enrolliment were patients of

either sex, aged 18 vears or older, whs had been
hospitalized for community-acguired  prsurmonia
requiring treatment with an infravenous antibiotic.
Diagnoses were made on the basis of specific signs
and symploms confirmed by chest Xeray I
pathogens were known at time of 21try. they had to
be sonsitive to the allocated treatment.

Patients with hypersensitvity 1o any  f-lactam
antibiotics, ag well as those with a history of seizures,
fibrooystic disease, hepatic failure. haogt o coma or a
neutrophil count <1 x 1071 were rof erroled. Any
patient who was terminally il or bad diseasss or
othor conditons that might prevent comaletion of at
lcast 28 h of therapy with the study drags was
excluded, as were pregnant or breast-feeding
women. Other reascns for exclusicn from the study
were administration of any investigatioral drug with-
in 20 days ketore enroilment or prev ous entry in the
presert study.

Palienls who had received ancther anti~icrobial
agenlin lhe provious 72 hwere enly inchuded here
was bacteqiological or olinical evidence that the pre-
vious treatmert had been inetfective.

Troalment scheduwle, A separate, random scheme
wiels genaraled [or each conter anc patcns satisfy-
ing the entry crileda were assigned 1o ravenous
treatmert with eilher meropenam or imipanem/cilas-
tatin noaratoal 1:1.

The mercpenarm (Zeneca, Milan, lalyi greup
receivec H00 Mg every 8 h administered by intra-
weraus injection over 5 omin o by intravenous infu-
sion over 15-30 min. The imipenem/cilastatin iMe-clk
Sharp & Dohme. Fome, Italy) grour: was infusad with
1,000 me evary 12 b aceording to the manufactirers
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recommendations. For renally impaired patients, the
dose and fraquency were recduced acoording to renat
function. The duration of therapy depended on the
saverity of infection and on the natisnts’ general con-
dition. The recommended duration of therapy was 5-
10 days and should have been limited to 28 days.

Clinical assessment. Before entry into the study a
complate medical histary was taken and a physical
examination was performed. The severity of each of
the signs and symptoms {dyspned, cough, chest
pain, emptysis, cyanosis and hypoventilation} was
recorded as ahsent, mild, moderate ar severa, The
guantity of sputum and pleural sffusion, the quality of
sputum (categorized as rmuceid, mucopurulent or
puralent} and the presence of fever were assessed
The severity of infection, according to the classifica-
tion of the attending physician, was globally evaluat-
ed as mild, moderate or severe.

Clinical monitoring of patients was pedarmed before
treatment, atter 3-5 days, after 8-10 days [and once
every 5 caysy after starting treatrent, within 3 days
after stopping and, whenever possible, batwesn 2-4
weeks aftar treatment. The radiological examination
was performed at entry to the study, after the end of
treatment fwithin 3 daysh and at follow-up.

Changes in the clinical symptoms ot infection werc
used to assess the clinical efficacy of the treatment
using the tollowing criteria: i) cure: complete remis-
sicn of all eystemic and local signs and symptoms of
infection without agsociation of ather antibictics apart
from the study drug; it improvement: attendation of all
systemic and local signs and symptoms without
complote romission; i) unchanged or worse: N
improvermnent or deterioration of signs and symptoms:
iv] refapse: initial cure or improvement at the end of
therapy, followed by a general decline and worscning
of the clinical condition at follow-up. Both cured and
improved patients were considered as salisfaclony
clinical responses while unchangead, worsa, or relags-
ing palierts indicaled Lreatmeant failure.

Patients were considered unevaluable in the fol-
lowing cases: misdiagnosed patients, viclators of
entry criteda, those receiving treatment for less than
48 h or those receiving concomitant antibiotics after
48 h of therapy with the study drug or between the
end ot therapy and the follow-up assessment.

Bactericlogical assessment. Respiratory  samples
were obtained for Gram staining and microbiclogical
culture efore therapy and, wnere possikle, during and
after completion of treatment. Organisms were isclated
and identified by a standard microbiological method.
Disc susceptibility testing using the Kirby Bauer
method (10) or minimal inhibitory concentrations were
performed an all isclates with susceptibility reported in
the Naticnal Committee for Clinicel Laboratory
Standards (11). To be microhiclogically evaluated, siou-
tum samples needed to cantain <10 epithelial cells and
=10 polymorphonuclear leukocytesdtield (12). Blood
and urine cultures were also performed.

Bactericlogical response was evaiuated at the end
of therapy and follow-up assessment and was
defined according to the following classification: i)
success: eradication of the original primary
pathagenis); i presumed success: no further culture
was avallable duc to dlincal cure oF improvemant; il
partial success: cradication of onc or more, but not
all, of the original organisms of a polyrricrobial infec
tian; v failure: persistence of causative organismi(s).
Suceess and presumed success wore consldearad as
satisfactory responses.

Tolerability and safety assessment. Tolerability and
safely variables included moenitoring of clinical and
lataratory evenls. All adverse events were assessed
for time of onset, duration, intensity fmild, mode-ae,
ar severel, severty, relationship to the study drug
[definitely, probably, probably nct, definitey no?, o
undeterminact and outcome,

The laharatony tests included complete urina yveis 2nd
the following clinical chemistry and hematclegical para-
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meters: hemcglobin, hematocrit, white blood cell and
red blood cell count, serum credtinine, total bilirubin,
total serum protein, biood glucose, blood urea, serum
albumin, akaline phosphatase, aspartate aminotrans-
ferase and alanine aminctransferase. Laboratory sam-
ples were collected before treatment, after 3-5 days of
treatment, at least once every 5 days dunng treatment
and within 3 days of stopping treatrment. Weekly follow-
ups were done if a significant abnornality was detect-
ed and were continued until the variable returned to
normal or to pretreatrnent values.

Methods of analysis. The comparison between
groups was performed with the uncorrected chi-
sguare test, estimating the difference in proportion
between trealment groups and thz relevant 95%
confidence interval using the normal approximation.

ractenstics

Patient characteristics
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Symptoms and signs were compared between treat-
ments with the two-tailed Mann-Whitney U-test.

Results

FPatients. The study was performed between 1995
and 1997. Twelve centers recruited a total of 144
patients: 71 patients wera randomly assigned to
receive moropensm and 73 to receive imipenem/
cilastatin.

Table | surmmarizes the essential baseline charactor-
istics of the monitored patients. None of the patients
needed 1o be housed in an intensive care unit.

Ciinical efficacy. Al the end of treatment assess-
ment, 64 of the 71 patients in the meropenem-group

Invipensrmsei
Murrber ¢

statin graup

ol palisrts

A7 5 )

36 1953
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and 66 of the 73 patients in the imipenemdcilastatin
group were clinically evaluable. Seven patients in the
meropenem group were excluded from clinical eval-
vation tfour presented an incomect diagnosis, one
patient died and two patients withdrew for ather rea-
sons). Seven patients in the imipenermy/cilastatin
group were excluded (two were misdiagnosed, one
had pretherapy resistant pathogens and four
patients withdrew for other reasons).

Treatment with meropenem lasted 4-20 days
fmean 10 days) and treatmant with imipenem/cilas-
tatin lasted 4-16 days (mean 9.7 days). Radiological
examination normalized or improved in 52 of 57
[91.2%) patients in the meropensm group and in 53
of 58 (83.8%) patients in the imipenem/cilastatin
group. Temperaturs was normalized in 50 of 59
(84,7 %] patients in the meropenem group ane in 50
of 81 (81.8%) patients in the imipenem/cilastatin
group. Mean fime to normalization was 2.7 days for
the meropenem group and 3.2 days for the imipen-
armvcilastatin group.

The clinical response was classed as satisfactory
(cure or improvement) tar 57 (89%) paticnls treated

0% g
90% | i
80%

70%

60% |

50%
40%
0%
20% |
10% - |

0% —---- I
MEM IPM

nd of therapy

Fig. 1 Clivisal resposaw: ot end of therapy ane &2l ow .

with meropenem and for 60 {91%) treated with
imipenemycilastatin (Fig. 1). Seven patients treated
with meropenem and six patients treated  with
imiperemy/cilastatin were considered to be clinical
failures.

At follow-up assessment between 2-4 weeks after
the end of treatment, the clinical response was
evaluable in 36 patients from the meropenem graup
and in 32 from the imipenem/cilastatin group. At this
lime no refapse was recorded and 100% of patients
were classed as having responded satisfactorily to
the therapy (Fig. 1).

Bacteriolagical efficacy. The number of hacterio-
logically evaluable patients at the end of therapy was
aight out of B4 clinically cvaluable patients in the
marcpenem group and 14 odt of 66 in the imipen-
arm/cilastatin group, Patients were bacteriologically
not evaluable mainly because of failure to isolate a
pathogen from a valid pretreatment sample.

All pretreatment blood and urine samples were
negative for the presence of pathogens. Micro-
crganisms were isclated fram sputum (26 times),

| I"Failure |
| I i Improvement
; | iCure

MEM IPM

Follow-up
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from aspirate from trachectomy (seven times) and
from bronchial aspirate (onca) from 22 patients (eight
in the meropenam group and 14 in the
imipenam/cilastatin groupt, Four patients {one in the
maropenam group and tires in the imipenemycilas-
tatin group) had polymicrabial infections.

Fourteen pathogens were Cram-positive (seven
Streptococcus preumoniac and  seven  Staphvio-
coceus aurews) and thiecn were Grarn-negative
{four Pseudomonas aeruginosa, two Hoemophilus
specles, one Haemophilus influenzas and ancther
six were Gram-negative bacteria} (Fig. ). Eradication
or presumed eradication at Lhe end of treatment was
recorded in all patients (100%) in the meropenem
group and in 13 of 14 patients (92.9%) in the imipen-
em/oilastatin groun. The patienl who failed 1o
raspond bacteriologicaly and clinically to the treat-

& preumonias
Gram-pcsitives
5. aureus

E. aggiomerans
P seruginosg
Haemophilus spp.

Gram-negatives H. influenizae
<. freundii
A. fwaffi

P multecida

E ol

Alcaligenes spp.

Meropenem
Total organhisms = 9

et with imipenem/cilastatin had a polymicrobial
infection with 5. aureus and P asruginosa isolaled
from tracheolomy aspirate. While S auwrous isolate
was susceplible to imipenem/cilastatin,d B aerugi-
nosa showed an intermediate suscoptibitity. This
strain was resistant to meropenem.

At follow-up: assessment six paticnls in the
meropenerr group and five in the imipenerm/cilastatin
group were baclerislogically evaluable. 1he satisfac-
tory response rale was 100%, both in the meropen-
em group and in the imipenem/cilastatin group.

Tolerahility and safefy, Of 144 paticnls, 20 of 71
{28%] in lhe meropenam group and 15 of 73 (20%)
in the imipenemdcilastatin group sufterod  acverse
events. | lowever, in the investigator's judgment, five
events in three patients {4.2%) In the mercpenem

imipenem/cilastatin
Total organisms = 18

L e
3 2 101 2 3 4 5

Fig. 2 Patnogens jeolatod rom patients notre mcroperem grou (IMOM) i = 85 3+d i1 the imipeneodcikesain group (PR e = 10,

Falhagers nat ersdicated N
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groupr and 11 everts in cight patients {11%) in the
imipanam/cilastatin grow were dalinitely or probably
related to the applied treatment. With meropeneam,
there was one accurrence cach of increased hepat-
ic enrymes, decreascd rod blood cells, thrombio-
cythemia, teukopenia and decreased abumin as
potentialty drug-related cvenls. With imipenamicilas-
tatin, the events were two cach of decreased homa-
tocril, decreased red blood calls, lhromkocythomia,
leukoperia and one each of increased hepalic
erzyrmies, decreased albumin and exanthema (Table
Il Moneg of these events was classified as serious
The saverity was miid in the meropenem group, and
in lhe imipenemycilastatin group, it was milkd in cight
and moderate in four. Al events, except for one wilh
mipcnar/cilastatin, which was reportasd as still
ongoing at the last observation, weare reversiblo, A
drug related aciverse event lod Lo treatment with
drawal of one palient in 1he imipenev/cilastatin
groun. He suffered frem cxanthema, not reported as
soricus by the investigatc: but withdrew after 9 deys
of therapy (17 doses of intravenous infusioni. The
patient recovered from the avent. One dealh
ocowred during the study treatment. A patient ded
it the rerspenem group duc o cardiovascular col-
lagse on the fourth day of Lherapy after 10 x Oh g
doses. Thers was no causal reiationship botweaen the

study drug and the death.

There was no statistical evidence that efther med-
ication was associated with a greater incicdence ot
adverse events, although the proportion of patients
expenencing polential drug reactions with meropen-
em was loss than half of that with imipenem/cilastatin,

Discussion

The results of Lhis rmulticenter study indicate that
the clincal and bactericlogical efficacy af meropen-
em (1.4 g daily, 500 mg every 8 hi and that of imipen-
em/cilastatin (2 g galy, 1 g every 12 n) were equiva-
lent in the hospilal treatment of community-acquired
preumonia, with a high sugcess rate sean in both
groups at treatment end and at follow up. The two
carbapenems also showed equivalont 1olerability and
safety.

Commurity acgiired pheumonia s & commen
and impertant therapeutic problom in medical prac-
fice. Most cases are mild but mortalily among inpa-
fierts is 5-20% (13). Most patients arc Ireated empir-
ically becausc a definite etiologic diagnosis is 1ot
macke in v to 50% of cases (14, 15) or hecauss the
diagncsis is nal available for 24-28 h, or even for
several weeks it confirmec by serology (18]
Morcover, the sasonal choice of an antimicrobial
agent reauires knowledge of the epidemiology of

Itipeacrss o 3
Murmber & paie il

51
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intections, as well as assessmanl of the clinical pre-
sentation and saverity of the disease (17),

Guidelines to help physicians in he selaction of
drugs for the initial treatment of community-acquired
pneumonia were published in 1993 by the American
Thoracic Society. the Brilish Thoracic Society and
the Canadian Infectious Disease Society (18-20)
Hecently. guidelines tor the managament of immuno-
competent adult patients with community-acquired
pneumonia were also publishcd by the Infectious
Disease Society of America (21). These were pro-
duced taking into account three factors: patients’
age, the presence of underlying disease and the
severity of the pneumaonia itsell. As far as inpatients
{excluding those at risk for HIV infeclion) arg con-
cerned, the recommended ompirical regiman
includes a second or third generation cephalosporin
or [-actam/P-lactamase inhibitor combination,
either with ar without a macrolida. For non-HiV inpa-
tients with severe community- acquirsd pneumonia,
the recommended thorapy is a macrolide plus a
third-generation cephalosporin wilh antipseudoemon-
al activity. or other antipscudomonal agents such as
carbapenems or fluocroguinolones. This wide spec-
trum antibiotic coverage is direcled 1o 5. prsurnoni-
ae, Logionefla pneumophila and Gram-negative
bacilli, Including £ aoruginess.

N our study Imipencemscilastatin and meropsnem
wers used as monctherapy [or Lhe hospital treatment
of community-acquired praumaonia. The two car-
bapenems showed similar clinical sfficacy both at the
end of treatment (89% for mercpenem and 91% for
imipenem/cilastating and at the follow-up assess-
ment {100% for both drugs).

Only 17% of patienls had microbiologically docu-
mented intections dentified by micrabiclogical pro-
cedures, confirming the d fliculty of obtaining a dsfi-
nite eticlogic diagnosis of community-acgJired
pneumonia. The palhogens isolated were 5. pricu-
moriag, 5. aurews, I gaeruginosa, Haemophilus spp.
and olher Gram -negative basili. & satisfactory bac

{ericlogical response was atlained in 100% of
patients in the meropenem group and in §3% of
patients in the imipenem/cilastatin group at the end
af treatment and in 100% of palients in both groups
at Tollow-up. This favorable result reflacts the excel-
lent activity of carbapenems against bacteria that
commonly cause communily-acqguired pneumonia,
including problematic pathogens such as P aerugi-
nosa. In this study £ acruginosa was considered
regpensitle for 16% of the microbiologically docu-
mentad cases and it was involved in the only docu-
mented case of bactcriclogical and ciinical treatment
failure with imipencm/cilastatin, Since the study pro-
tocal did not include seralogical assays, it was not
possible to svaluate the cliclogic -ole of microorgan-
isms such as L egionells spp., Mycoplisma preumo-
nige, Chiamydia spp., Coxielia hurnetil or viruses.

Both carbapenems were well tolerated, confirming
their good tolerability profile. Minor and transient
drug-related changes in laboratory vailes were
observed in only 4% of the meropenem-treated
patients and in 11% of the imipenem/cilastatin-treat-
ed patients. Only in cne patient in the imipenem
group was a clinical adverse event [exanthem)
observed which, while not considered serious, lad to
the paticnt's withdrawal from the study, No cases of
nausca, vomiling or inflammation of the site of infec
tion were roported in patients receiving maropenem
by bolus injeclion or by intravenous infusion or in
those recoiving intrevenous infusion of imipencmy
cilastatin accerding to the manufacturer's recom
mendation, Our findings are not in accordarce wilh
the higher incidence of these adverse seffects in
patients receiving imipenem/cilastatin than in those
roceiving meropenem, which has been observed in
previous sturies (22}, This confirms the relationship
tctween the occurrence of these symptoms and
tha rapid infusion as well as the dosage of imi-
penam/cilastatin {(23-28).

In conclusion, the results of Lhis study show that
empirical monctherapy with meropenam, aven at a
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lower dosage (1.5 g dally), is as effective and wall 1ol
erated as that wilh imipenemdcilastatin (2 g dailyy in
the hospital lrealmeant of community-acquired pnou-
monia. Carbiapenanrs are valid candidates for use in
the hospilal treatmant of community-acguired preu
monia when no eticlogic diagnosis has becn made
and when multiply resistant pathogens, such as
Klehsiolla spp., Proteus spp. and P asniginosa are
suspected. This problem mainty concems the elder-
ly, patients with underlying lllnesses and those in
whom provioos therapy wilh alther [3-lactam antimi-
crobials has failed.
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