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Cost-Effectiveness of Linezolid versus Vancomycin in Mechanical Ventilation-
Associated Nosocomial Pneumonia Caused by Methicillin-Resistant
Staphylococcus aureus
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Linezolid, an oxazolidinone-classantimicrabial agent, isanew drug; itsuse hasfrequently
been questioned duetoitshigh price. However, recent trialshave demonstrated that the use of
linezolid in mechanical ventilation-associated nosocomial pneumonia caused by methicillin-
resistant Staphylococcus aureus (VAP-MRSA) may be justified due to its improved efficacy
compar ed to vancomycin. Priceand cost havediffer ent magnitudes, and clinical efficacy should
alwaysbeconsider ed in thedecision-making process. Our abjectivewasto deter minewhether
linezolid treatment was more cost-effective than vancomycin for treating VAP-MRSA.
M ethodology: Elabor ation of an economic model from ametanalysisof previousclinical trials
comparing both drugs, through a cost-effectiveness analysis. Costs of the treatments were
calculated usingBrazilian parameter sand wer ecompar ed tother esultsobtained in themetanalysis.
In order to comparetheresultswith real life conditions, costs wer e calculated for both name
brand and for genericvancomycin. Results: Thecost (M ay/2004) per unit (vial,ampouleor bag)
wasR$47.73for thename-brand vancomycin, R$ 14.45for generic vancomycin and R$214.04
for linezolid. Linezolid’sefficacy in VAP-MRSA accor ding to the metanalysiswas 62.2% and
vancomycin’'s efficacy was 21.2%. Thetotal cost per cured patient was R$ 13,231.65 for the
name-brand vancomycin, R$ 11,277.59 for generic vancomycin and R$7,764.72 for linezolid.
Conclusion: Despitethehigher priceper unit, linezolid wasmor e cost-effectivethan vancomycin.
Key Words: Linezolid, vancomycin, Staphylococcus aureus, pneumonia, ventilator, cost,

phar macoeconomic.

Pneumonia is considered the most important
nosocomid-acquired infection dueto itshighfrequency
and morbidity-mortality characteristics[1]. Inastudy
conducted in 99 hospitals in Brazilian capitals,
pneumonia was responsible for 28.9% of all
nosocomial-acquired infection; approximately 50%
weredetected in Intensive Care Units(ICU’s) [2].

Mechanical ventilation increases the risk of
pneumonia (ventil ation-associated pneumonia—VAP)
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3to21times[3]. Relloet al. retrospectively evaluated
9,080 patientsmaintai ned under mechanical ventilation
for more than 24 hours and found that 9.3% of the
patients devel oped pneumonia, with an average period
of 3.3 days between the beginning of ventilation and
thediagnosis([4].

Medeiros, in astudy conducted inthe I CU of the
UNIFESP (Universidade Federal de Sao Paulo) S&o
Paulo Hospital, found that mortality in patientswith
pneumonia was 53.3%, versus 28.3% in patients
admitted for other diagnoses (attributed | ethality 25%,
confidenceinterval (Cl) 7.3t042%) [5].

From January 1997 to December 1999, the
“SENTRY Antimicrobial Surveillance Program’
monitored the pathogensresponsiblefor community-
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and nosocomia-acquiredinfectionsand their resstance
toantimicrobia agentsinfivegeographicareas(United
States, Latin America, Europe and the West Pacific).
Inall these geographic areas, Saphylococcus aureus
wasthe most preval ent pathogen identified in blood
stream, skin and soft tissue infections and in
pneumonias. Thefrequency of methicillin-resstant S
aureus (MRSA) varied amongst theareas: 46%inthe
West Pacificregion, 35%inLatin America, 34%inthe
US, 26% in Europe and 6% in Canada[6].

InBrazil, theSENTRY Program assessed thestrains
responsblefor infectionin 12 hospitalsinfour Brazilian
capitas, S aureusa sowas, independent of theinfected
Ste, themost prevaent agent, being found in 22.8% of
isolates. Among the strainsobtained from patientswith
pneumonia, S aureuswas the second-most-frequent
agent (21%), surpassed only by Pseudomonas
aeruginosa (29.4%). Among all the S aureus strains
isolated, 34% wereres stant tomethicillin, whileingrains
isolated from patientswith pneumonia, the percentage
was 29.4% [7].

Costaet a. studied theincidence and etiol ogy of
nosocomia pneumonias between January 1995 and
October 1997 at the Hospital das Clinicas of the
Faculdade de MedicinadaUniversidade de Séo Paulo.
During thisperiod, 16,024 patientswere admitted to
theingtitution, and 2.4% (397) developed pneumonig;
theetiology wasdeterminedin 25% (101) of the cases.
Gram-negative agentswererespons blefor 54% of the
pneumonias; individually, S aureus was the most
preva ent pathogen (34%), followed by Acinetobacter
baumannii (29%), P. aeruginosa (7%) and Klebsiella
pneumoniae (7%). Among the S aureus strainsthat
wereisolated, 68% were MRSA [§].

At the Hospital das Clinicas of the Universidade
Federal deUberlandia, Sadoyamaet a. evauated, by
meansof univariateandyss, therisk factorsfor MRSA
infection; thesewere: age, preexistent infection, length
of in-hospital stay, prior use of three or more
antimicrobial agents and presence of three or more
invasive devices (mostly vascular or urinary), ashas
aso beenfoundin studiesin other countries[9].

In the case of nosocomial-acquired infections,
bes desthe elevated morbidity-mortality, the costsare

very highfor both society and for hedth-careproviders.
Since nosocomial infections are the most important
cause, pneumoniaisoneof theclinica entitiesthat most
contributes to increased costs [10,11]. In Germany,
Kappstein et al. found that nosocomia pneumonias
increased the length of 1CU stay by 10.13 daysand
the costs by US$ 8.800 per patient [12]. Inthe US,
Boyceet d. described an additional cost of US$5.800
per patient dueto nosocomia pneumonia[13]. There
have been no cost estimates associated with nosocomid
pneumoniain Brazil; however, it isestimated that such
infectionsincreasethelength of hospita says17.2days,
independent of the outcome (death or not); when only
surviving patients were evaluated, the number of
additional daysinthelCUwas13.3[5].

The continuous increase in microorganisms’
resistance reduces the efficacy of antimicrobial
treatment, leading to anew increment in morbidity-
mortality and costs. In the United States,
approximately two million nosocomial infectionsare
diagnosed annually, 60% of them involving
microorganisms resistant to antimicrobial agents,
generating an increase of approximately 30 billion
dollarsin costs per year [14].

Thereis evidence that decreasesin VAP-related
mortality are associated with adequate empirical
antimicrobial therapy, defined as: “ administration of at
least oneantimicrobia agent that, invitro, iseffective
against bacteria pathogensisolated from respiratory
secretion of thepatient” [1,4,8,15,16]. Inthelight of the
present sageof microbiologica andyses itisimpossble
for thephys cianto determinewhich pathogeniscausing
theinfection and itsres stance profileto antimicrobial
agentsat thetimeof thediagnosisand prescription of
initial therapy. To wait for test results, especialy in
pneumonias, resultsin an unacceptablerisk of death.
Consequently, empiricantimicrobia coveragemust be
initiated asearly aspossble, and theconsensusguiddines
recommend that the therapy be adjusted to the local
patterns of prevalence of the microbiota [1,17-19].
Brazilian dataindicatethat empirictherapy mustinclude
coveragefor MRSA [3,7,8].

Vancomycinisthedrug of choicefor thetreatment
of MRSA infections[20]. However, Sanduimenge et
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a. emphasi zed that vancomycin, using thedosagesand
the application routesrecommended for the treatment
of VAP-MRSA, isoften associated with unsatisfactory
results[21]. Cruciani et al. found that avancomycin
IV infusion at 1 gram per hour does not maintain the
pulmonary concentration abovetheMinimum Inhibitory
Concentration (MIC) for staphylococci for 12 hours
[22]. Additionally, vancomycin concentration in
intraepithelia pulmonary fluid doesnot reach 20% of
the plasma concentration [23]. Golstein and Kitzis
reported that approximately 40% of the patientstreated
with vancomycin (with the standard dosage - 1 gram
per 12 hours) did not maintai n adequate plasmalevels
[24]. Additionally, arecent study demonstrated that in
MRSA bacteremiatherateof clinical cureisrelatedto
thevancomycin MIC: whentheMICwas 0.5 ug/mL
or less, the outcome was favorable in 55.6% of the
cases, againgt only 9.5% successif MICwas 1 ug/mL
or more[25]. Staphylococci with vancomycin MICs
upto4 ug/mL are considered susceptibleto thedrug
accordingtolaboratory criteria. InBrazil, vancomycin
plasmaconcentrationisnormally not monitored during
therapy, and thetrue cost and clinical benefitsof this
antibioticarenot well known.

Gonzalez et al. reported that in bacteremic
pneumoniadueto staphylococai, patientswithinfection
caused by oxacillin-susceptible staphylococci had a0%
mortality rate when treated with this beta-lactamic
antibiotic and a47% mortality ratewhen treated with
vancomycin. In the same study, treatment with
vancomycinwasfound to beanindependent risk factor
for deathinamultiplelogistic regresson anadysis[26].

Ontheother hand, linezolid (an antimicrobia agent
of theoxazolidinoneclass) hasexcdlent activity against
Gram-positive pathogens, including thoseresistant to
methicillinand vancomycin[27-30]. Linezolidgivenat
the usual doses of 600 mg every 12 hours, maintains
adequate serum and pulmonary levels(for 16 hours)
and aveoli levels(for 30 hours) abovethelinezolid
MIC,, for S aureus (< 4 mg/L), S viridans or {3-
hemolyticus (2 mg/L), methicillin-resistant S.
epidermidis (2mg/L), vancomycin-resistant
enterococcus (2 mg/L) and penicillin-resistant S.
pneumoniae (1 mg/L)[27, 30-34]. Another important

factor istheidentical bioavailability of thisdrugwhen
administered by oral versusintravenous routes[27-
30].

Wunderink et d. showed, inaretrospectiveanayss
of data from two prospective, double-blind,
randomized studies [25,36], that clinical cure rates
achieved by linezolid (59%) weresignificantly higher
than those achieved by vancomycin (35.5%) in cases
of nosocomia pneumoniadueto MRSA. Inthesame
study, a multivariate analysis indicated that use of
linezolid wastheonly predictivemodifiablefactor (OR:
3.3) that increased clinical curerates[37]. Usingthe
samestudies, Kollef et a. performed an analysis of
VAP-MRSA. Again, they foundthat clinical curerates
with linezolid (62.2%) were significantly higher than
those with vancomycin (21.2%). Also, linezolid was
the only predictive modifiable factor (OR: 20) for
increased clinical cureratesin MRSA-VAP([38].

Neverthdess, dinicd prescription of linezolidisoften
avoided dueto thedifference of pricesper unit of this
medi cation compared to aunit of vancomycin. One
vid of vancomycin costsR$ 47.73 (reference brand),
whileonedoseof injectablesolution of linezolid costs
R$ 214.04 - prices May 2004 [39]. In ascenario of
cost rationalization currently found in health systems
management, itiscrucia to justify theuse of amore
expensive product.

Pharmacoeconomic analyses are tools used to
comparetheof costsof different technologiesusedin
hedth careversustheeconomic, clinical and humanigtic
benefitsthat they areabletoddiver [40, 41]. Theethicdl
and philosophica essentialsof thissciencearethatitis
not enough to keep expenditures under control if the
impactsof thisattitude towards human health are not
messured, dueto therisk that medicinemay becomea
purely financia science.

Additionally, itisalso necessary to know thereal
cost of drug use, since the straightforward price
comparison per unit haslittleimpactintheset of factors
that compose costs for the health system. Some
apparently cheap drugs carry a large number of
“unseen” costs (administration, treatment of adverse
events, codt of inefficacy, monitoring and others), which
may increase the total cost of trestment to levels
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comparable or superior to those of apparently more
expensveaternatives[42].

Drummond, currently one of themost respectable
specialistsin health economics, statesthat athough
the high costs of health assistance have often been
attributed to drug prices, these drugs are only a
fraction of thetotal healthcare cost. Heindicated that
though some prescription drugs appear to be
excessively expensive, their use may result in net
savings[43].

Based on clinical studies, linezolid has clinica
advantages over vancomycin. Sincevancomycin use
hasadditional coststhat usually are not evaluated, we
decided to determineif linezolid, when used asthedrug
of first choicefor VAP-MRSA therapy, would be cost-
effective compared to vancomycin.

Phar macoeconomic Analysis

We modelled the data using straightforward
decision anayss, considering the occurrence of VAP-
MRSA, two treatment alternatives (linezolid versus
vancomycin) and two simple outcomes - death or
survival. Thedecisontreeisshown inFigurel.

Thecostsfor each treestment option werecal culated
by taking into account the drugs and material used
for administration of each dternative, whiletreatment
success probabilities came from comparative studies
with linezolid and vancomycin for the treatment of
VAP-MRSA.

The list of materials (with prices) used for
adminigtration of each drug wasobtained by interviews
with nurseteamsfrom areferenceingtitutionin Sdo
Paulo (Ingtituto do Coracéo do Hospita dasClinicas
da Faculdade de Medicinada Universidade de S&o
Paulo) (Table 1) [39]. In order to reproduce the
conditionsof daily practice, we considered the prices
of abrand-namevancomycin (VancocinaCRP, Eli Lilly)
and of ageneric product (Vancomycin, Eurofarma),
for separate analyses.

Drug dosages arethose presented intheliterature
and recommended by manufacturers. Thesewere used
for the estimation of direct daily costs(Table2).

To determinethe duration of antibiotic therapy in
patientswith VAP-MRSA, we adopted the results of
a study conducted by Kollef et al. [26], who
retrospectively evaluated data of two prospective,
randomized and double-blind studies in 134 sites,
involving 1,019 patientswith nosocomia pneumonia,
including 160 withidentified MRSA and 91 with VAP-
MRSA. In the second group, treatment duration for
the 44 patients who received linezolid and the 47
patients who received vancomycin was 11.4 (+4.9)
and 11.2 (£3.4) days, respectively [38]. Therefore,
for the purpose of thisstudy, thetrestment period was
standardized to 11 daysfor both drugs. Based on this
treatment duration, direct costs for one course of
therapy using each drug were calculated (Table 3).
Other figuresthat usually should beincluded inthe
calculation of direct total cost of treatment, such as
cost of in-hospital stay, were excluded becausethey
wereequivalent for thetwo drugs (sincethelength of
stay was estimated taking into account the same
duration of in-hospital stay).

Cost-effectiveness analyses determine which
treatment option is able to achieve the greatest
proportion of positive clinical results, taking into
account the financial investment necessary for
implementation. Therefore, itisnecessary to calculate
the expendituresto treat the population and divide by
the number of benefited patients.

Using the data of Kollef et a.[38], we deduced
that treating 100 patientsresulted in approximately 62
cured with linezolid and 21 with vancomycin. By
dividing the hypothetical expenditure to treat 100
patientsby thenumber of cured patientsfor each drug,
it is possible to determine the option with the best
performance, i.e., with the best rel ationship between
cost and effectiveness (Table4).

Discussion

Brazil, and other countries al over theworld, is
facing achallenge of huge proportions: how to control
health expendituresand smultaneoudy improveor at
least maintain theclinical results. Although enormous
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Figure 1. Decisontreefor treatment of mechanical ventilation-associated nosocomia pneumoniacaused by
methicillin-resistant Saphylococcusaureuswith linezolid or vancomycin. Thevauesof “ pLin” and“$Lin" show
the probabilities of successful therapy and costs associated with the use of linezolid, and “ pVan” and “ $Van”
represent the sameitemsfor vancomycin, respectively.

pLin

> Cure
$Lin
g Linezolid
> Death
PAV -MRSA

pVan

g Cure
- $Van
Vancomycin

> Death

Figure2. Comparison between total cost per patient vsinvested amount per cured patient.

R$ 13.231,65
R$ 11.277,59
R$ 4.829,6
RS 2.805,11 Total cost per patients (TCP
R$ 2.390,85 pere ( )
I]]]]I Investment per cured patient (ICP)
. Difference between TCP and ICP

f T T 1
Linezolid Reference vancomycin Generic vancomycin
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Table 1. List of medications, material, and prices[39]

[tem Brand Presentation Price per unit
Linezolid1VV 600mg Zyvox (Pfizer) Packages R$2,140.47 R$214.04
w/10 bags 600 mg
Referencevancomycin - Vancomycin (Eli Lilly) Vidslg R$ 4773 RS 47.73
Genericvancomycin Vancomycin (Eurofama) Vias500 mg R$ 1445 RS$ 14.45
Discarded syringes BD uni R$ 150 R$ 150
with needle
(primary dilution)
Sterilewater forinjection Becker Ampoullewith20mL R$ 056 R$ 0.56
Sdinesolution 0.9%for infusion Baxter R 394 R$ 3.9
PV C bag with 250 mL
Deviceforinfusonpump LifeCare unit R$ 76.82 R$ 76.82
Smpledeviceforinfusionintrafix AIR R$ 10.98 R$ 10.98
withfilter (B Braun) unit
Infusion pump* Dalyrae R$ 7073 R$ 70.73

*Rate used at INCOR — Ingtituto do Coragdo do HC/FMUSPin May 2004.
Table?2. Direct daily cost of antimicrobial agents

[tem Price Daily consumption  Itemprice Total
Linezolid IV 600mg R$214.04 2 R$428.08 R$439.06
Smpledeviceforinfusion R$ 10.98 1 R$ 10.98
Brand-namevancomycin
Vancomycinlg R$ 47.73 2 R$ 95.46 R$255.01
Discarded syringewithneedle R$  1.50 2 R$ 3.00
Sterilewater for dilution R$ 0.56 2 R$ 1.12
0.9% Sdinesolutionforinfuson R$ 3.94 2 R$ 7.88
Devicefor infusion pump R$ 76.82 1 R$ 76.82
Infusion pump R$ 70.73 1 R$ 70.73
Genericvancomycin
Vancomycin 500 mg R$ 14.454 (2 g/day) R$ 57.80 R$217.35
Other items* R$ 159.55
* Described in item “ brand-name vancomycin”.
Table3. Direct total cost of antibiotic therapy
Product DDC TD[38] TCp=DDC xTD
Linezolid R$ 439.06 11 days R$4,829.66
Brand-namevancomycin R$ 255.01 11 days R$2,805.11
Genericvancomycin R$ 217.35 11 days R$2,390.85

DDC: direct dayly cost (see Table 2); TD: treatment duration; TCp: total cost per patient.
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Table4. Cost-effectivenessof vancomycin versuslinezolidin mechanical ventilation-associated nosocomia pneu-
moniacaused by methicillin-res stant Staphylococcusaureus

TCp E [38] lacp=TCp x 100
Linezdlid R$ 4,829.66 62.2% R$ 7,764.72
Brand-nameVancomycin R$ 2,805.11 21.2% R$13,231.65
GenericVancomycin R$ 2,390.85 21.2% R$ 11,277.59

TCp: total cost per patient (see Table 3); E: effectiveness; lacp: invested ampunt per cured patient.

progress hasbeen achieved inthe outcomes of sanitary
interventionsover thelast years, wearestill far from
attaining “ gate-of-art” intherapy, asmost therapiesare
neither entirely effective nor safe. On the other hand,
we must recognize that, with the current trend of
increasing health costs, the best therapies are not
currently available for everyone. Although thisis
undesirable, there are someimportant considerations
to bemade;

1. Theinclusion of high-pricetechnologies could
result in areduction in global costs, asthey may
avoid or decrease the use of resourcesthat would
be necessary if they were not adopted.

2. Restricted accessto these technologies may be
anethica problem, asit excludespatientsfromthe
potentia benefitsof good health and qudity of life.
3. To block the inclusion of new technologies
condemns the progress of medical science and
prevents the development of new options that
gradually induce decreasesin the costs of existing
treatments, as has happened with various
technologies launched in the past at apparently
unbearable prices but that nowadays constitute
avallabletoolsfor diagnog's, treetment and pdliative
care.

4. Although the health system hasits own point of
view, it cannot beforgottenthat itispart of asociety;
intheinitial and inthefinal analysis, better health
care can even influence productivity capacity and
the achieverment of economic objectives.

Itiswell know that many technol ogiesdo not bring
benefitsproportiond totheir costs. Therefore, arationd
decis on-meaking processinvolvesdetermining abaance

between disbursement for anew therapy andtheglobal
advantages offered; this is the role of pharmaco-
€CoNoMIcS.,

Comparison of onevial of vancomycin to one bag
of injectablelinezolid reved sadifference of 640%in
price (when comparing with the generic product).
However, many cost factorsareincorporated into the
adminigration of vancomycin, mekingitsfina cost only
40% lessexpensivethanlinezolid.

Amongst the main factors that add costs to
vancomycinistherequirement of aninfuson pumpfor
itsadministration. In someingtitutions, administration
is made through a less accurate method, such as a
microdrop device, for instance; but medication errors
with this technique (i.e., too fast infusion rate and
consequently adverse events) are potentially harmful
and add coststo thetreatment.

Shahetd. haverecently published astudy concerning
the direct costs associated with the use of vancomycin
iINnMRSA infections. They indicated thet the priceof one
doseof vancomycin (1 g) isUS$9.01. However, when
all secondary costs are considered (monitoring,
professiona involvement, drug administration and
adverse events), each dose hasan estimated increment
in cost of between US$ 23 and US$43[44].

Unfortunately, thereisno published datain Brazil
on the occurrence of adverse events related to
vancomycinadminidration errors; thispreventsusfrom
incorporating such eventsinto the pharmacoeconomic
andyss

We did not include the costs of monitoring
vancomycin plasmalevels whichisnecessary toobtain
optimal resultswith thistreatment [45-48]. Wea so
did not include treatment costs and the impact of
adversereaction outcomesfor both products, which
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could influencethe global decision-making process
[44]. Therisk of catheter infectionsthat may occur in
pati entssubmitted to prolonged periodsof druginfuson
was not considered. It wasnot theaim of thisstudy to
exhaust the subject, but only to improve the
compreheng on of there ationship between expenditures
for eech treatment and theclinica effectsresultingfrom
each treatment decision.

Another possibility to beexploredisaswitchinthe
linezolid administration route, dueto the therapeutic
equivalenceof oral and parenteral routes[27-30]. For
patientswith good gestrointesting tolerability, theswitch
in the route could offer a chance to reduce risks
associ ated with obtai ning and maintaining avascular
access, such as phlebitis, puncture accidents and
catheter-related infections[17]. Asthereareno data
concerning thisoption during theevolution of VAR, this
possibility should beinvestigated.

Hospital discharge, optimized by the possibility of
completing thetrestment with ord linezolid outsdethe
hospita wasnot tested, because the design of the study
didnotincludethispossibility. Itislikely thet over time
thispracticewill beincorporated into clinical practice,
such as for the treatment of community-acquired
pneumonia (for instancewith fluoroquinol ones).

A cogt-effectivenessanadysisisan eva uation of the
productivity of afinancia investment madetoimprove
the health of patients. Therefore, the greater the
productivity, thesmdler theexpenditure per beneficiary.
We calculated that in order to obtain one cured case, it
would benecessary toinvest R$ 7,764.72 with linezolid,
R$ 13,231.65 with abrand-name vancomycinor R$
11,277.59 with generic vancomycin (Table4). These
numbersare numerically greater than thedirect tota
cost of antibiotictherapy (Table 3). Anunderstanding
of thisphenomenon must betrand ated into the concept
of cost-effectiveness; it iseasy to understand that the
costsof non-cured patients should added to the costs
of cured patients. Therefore, the greater the efficacy of
adrug, thesmaller theadditiond part added toitscost-
effectivenessvaue (Figure 2), and vice-versa.

Thevaueof linezolidintreating VAP-MRSA, given
itsclinical efficacy, isgpproximately 200% greater than
treatment with vancomycin, based on the proportion

of cured patients (62.2% versus 21.2%, respectively),
whilevancomycin hasonly a40% smaller direct cost
of treatment.

Conclusions

Innosocomid pneumoniaassociated VAP-MRSA,
theuseof linezolidis cost-effectivewhen compared to
vancomycin. Linezolid allowsacost reduction of R$
5,466.93 when compared to brand-namevancomycin
or acost reduction of R$ 3,512.87 when compared to
generic vancomycin, per cured patient. Thisbenefitis
duewith anincreasedrateof clinical cureprovided by
linezolid, which is disproportionately beneficial,
cons dering theincremental costswhen compared to
vancomycinuse.
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