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Abstract

Studies have shown similar clinical cure rates and shorter length of hospitalization when using linezolid compared to vancomycin in patients
with complicated skin and soft-tissue infections due to suspected or proven methicillin-resistant Staphylococcus aureus (MRSA).

Objective. – This study had for aim to compare the cost-effectiveness of linezolid versus vancomycin in French healthcare settings.
Method. – A decision-analytic model followed an average patient from the initiation of an empiric treatment until cure, death or second-line

treatment failure. A clinical data probability was obtained from clinical trials, resource utilization data (including treatment duration and length of
hospitalization) and prevalence of MRSA was obtained from a Delphi panel, and costs from published sources.

Results. – First-line cure rate for linezolid-treated patients was 90.7% versus 85.5% for vancomycin; the total cure rates after two lines of treatment
were 98.5% and 98.0%, respectively. The average total cost was 7,778D for linezolid versus 8,777D for vancomycin. The mean estimated length of
hospitalization after two lines of treatment was 10.7 days for linezolid versus 13.3 days for vancomycin. The increased effectiveness and reduced
cost lead to more frequent prescription. This did not change after one-way sensitivity analyses.

Conclusion. – Linezolid may be considered as a cost-effective treatment for patients with complicated skin and soft-tissue infections suspected
to be MRSA related in France.
© 2009 Elsevier Masson SAS. All rights reserved.
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Résumé
Des études cliniques ont démontré pour les patients atteints d’infections compliquées de la peau et des tissus mous fortement suspectées à
Staphylococcus aureus résistant à la méthiciline (SARM) et traités par le linézolide (versus la vancomycine), des taux de guérison similaires et des
durées de séjour plus courtes.

Objectif. – Déterminer le ratio coût-efficacité du linézolide versus la vancomycine selon la perspective du système de santé français.

� Part of this manuscript was presented at the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) 10th Annual European Congress
in Dublin, Ireland, 20–23 October 2007.
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Méthodes. – Un modèle de décision analytique a été appliqué à un patient-type, de l’initiation du traitement empirique jusqu’à guérison, mort
u échec du traitement de deuxième ligne. Les probabilités cliniques provenaient des essais cliniques. Les données d’utilisation de ressources
incluant la durée de traitement et la durée de séjour) et les taux de prévalence SARM étaient fournis par un panel d’expert. Les coûts étaient
ppréciés à partir de publications.

Résultats. – Le taux de guérison en première ligne était de 90,7 % pour le linézolide versus 85,5 % pour la vancomycine (après deux lignes de
raitement 98,5 % et 98 %, respectivement). Le coût total moyen était de 7778D pour le linézolide versus 8777D pour la vancomycine pour une
urée de séjour moyenne de 10,7 jours et 13,3 jours, respectivement. La prescription de linézolide était la stratégie dominante. La conclusion ne
hangeait pas après réalisation des analyses de sensibilité.

Conclusion. – Le linézolide peut être considéré comme une stratégie coût-efficace en France dans le traitement des infections compliquées de
a peau et des tissus mous suspectées à SARM.

2009 Elsevier Masson SAS. Tous droits réservés.

ots clés : Infection compliquées de la peau et des tissues mous ; Coût–efficacité ; SARM ; Linézolide ; Vancomycine

a
r

i
c
(
a
z
b
i
(
y
r
a
e

i
t
a
a
t
i
t
a
i
t
i
t
t
s
t
a
i
d
d

a

. Introduction

Skin and soft-tissue infections (SSTI) are a common cause of
orbidity in community settings and hospitals worldwide [1–3].
omplicated SSTI (cSSTI) may be defined by the presence of a
ajor abscess requiring surgical drainage, an infected burn, deep

xtensive cellulitis, or an infected wound or ulcer. Hospitaliza-
ion, surgery and intravenous (IV) antibiotic treatment are often
equired to treat cSSTI resulting in high treatment costs [4].

The most commonly implicated pathogens in cSSTI include
ram-positive bacteria, specifically Staphylococcus aureus
hich is often resistant to conventional therapy (methi-

illin/oxacillin), close to 60% in US hospitals [5]. Susceptibility
ata for bacteria causing a range of SSTI in hospitalized patients
n France during 2001 showed that almost one-third of hos-
ital SSTIs were S. aureus, and 34% of these were identified
s methicillin-resistant S. aureus, or MRSA [6]. According
o the European Antimicrobial Resistance Surveillance System
EARRS), resistance was detected in 26.7% of S. aureus iso-
ates in France in 2005–2006, lower than the 33% reported in
001–2002 and 29% in 2003–2004 [7]. Even though there seems
o be a downward trend, the rate of MRSA remains high.

Various studies suggest that MRSA infection is associ-
ted with increased morbidity and mortality [8], and costs
9,10] compared with those for methicillin-susceptible S. aureus
MSSA) infection. Vancomycin has been the drug of choice
or empirical treatment of MRSA-suspected infections. How-
ver, the emergence of Vancomycin-resistant S. aureus (VRSA)
as highlighted the need for new agents to treat these infec-
ions [11–13]. Furthermore, any therapy targeting MRSA that
ould reduce hospital costs, while maintaining efficacy stan-
ards, could be a valuable tool in budget management.

Linezolid (ZyvoxTM) is an oxazolidinone antimicrobial agent
hat is effective against a broad spectrum of Gram-positive bac-
eria, including MSSA and MRSA [14,15]. It is not expected
o develop cross-resistance with other antibiotics because of its
nique mechanism of action. In addition to an IV formulation,

inezolid is available in a 100% orally bioequivalent form which
oes not require the patient to remain in hospital for IV treat-
ent [16]. Linezolid was given market approval for use in cSSTI

aused by suspected MRSA in 2001. An update of the market

c
p
T
t

pproval in 2007 states the need to prove that Gram-positive
esistant bacteria cause the infection before starting treatment.

In a recent multinational clinical trial by Weigelt et al. [17]
n patients with cSSTI due to suspected or proven MRSA, the
linical cure rate was higher for linezolid than for vancomycin
92.2% versus 88.5%; P = 0.057). Within this trial, drug-related
dverse events were reported in similar numbers in both the line-
olid and the vancomycin arm. Results from a separate analysis
ased on the trial reported shorter hospital length of stay (LOS)
n linezolid-treated patients versus vancomycin-treated patients
7.4 days versus 9.8 days; P < 0.0001) [18]. An economic anal-
sis based on the trial indicated that treatment with linezolid
esulted in lower costs compared with vancomycin, which the
uthors attributed to a switch from IV to oral treatment and
arlier hospital discharge [19].

Health care systems in many countries are under increas-
ng pressure to contain health care expenditures. In France,
his lead to the introduction of Groupes Homogènes de Mal-
dies (GHM), equivalent to Diagnosis Related Groups (DRG),
s the main funding source for French hospitals. The GHM sys-
em aims at stimulating hospitals to become more efficient in
ts use of medical resources. This change in policy has cer-
ainly made decision makers, including hospital administrators
nd physicians, become more ‘cost-conscious’. However, when
ntroducing a novel and more costly drug, it is important that
hey not only consider cost, but also the full implications of drug,
ncluding efficacy, safety, and any impact on resource use pat-
erns (eg, LOS). Economic modeling is a useful method to assess
he cost-effectiveness of a new technology as it takes into con-
ideration all the potential costs and consequences. Also, given
hat each country’s health care system is unique, the generaliz-
bility of cost-effectiveness results from one country to another
s limited. Hence, country-specific analyses using appropriate
ata are required to generate robust findings and allow informed
ecision-making on the use of novel drugs.

The aim of this study was to carry out a cost-effectiveness
nalysis in French healthcare settings, of linezolid versus van-

omycin in the first-line empirical treatment of hospitalized
atients with cSSTI, caused by suspected or proven MRSA.
hose patients are the population in the randomized clinical

rials from which the efficacy data was taken.
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Fig. 1. Decision tree for the empirical treatment of complicated skin and soft-tissue infections due to suspected or proven methicillin-resistant Staphyloccus aureus
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MRSA).
rbre de décision pour le traitement en empirique des infections compliquées de

esistant à la méthiciline (SARM).

. Materials and methods

.1. Model design

A decision analytic model was developed to estimate the
ffectiveness, costs, and cost-effectiveness associated with
mpiric linezolid or vancomycin for hospitalized patients with
SSTIs. A decision analytic approach was deemed appropriate
or the analysis of cSSTIs as costs and outcomes were likely
o concern a short-term period. The model followed an average
atient from the initiation of empiric treatment until the success-
ul conclusion of first- or second-line therapy, death, or failure
n second-line therapy.

To be in line with the patient population in the clinical trial
rom which the efficacy data was taken [17], the modelized
atient admitted to the hospital with proven or suspected MRSA
SSTI such as wound infection, cellulitis, abscesses, acutely
nfected ulcers, infected burns covering less than 20% of body
urface, or other soft-tissue infections requiring inpatient treat-
ent.
For the purpose of modeling, the heterogeneous disease sub-

ntities of cSSTI were assigned to one of three groups as follows:

group 1: cellulitis and major skin abscesses;
group 2: surgical site infections, infected traumatic wounds
and burns;
group 3: infected ulcers.
The classification was made based on expert opinion because
esource use was expected to vary considerably across the whole
roup of cSSTIs.

p
m
t
t

au et des tissus mous, infections suspectées ou prouvées à Staphyloccus aureus

.2. Model structure

Fig. 1 presents a diagram of the decision tree structure, as
alidated after discussions with a clinical expert. According to
his tree, patients with cSSTI and suspicion of MRSA were
andomized to receive empiric therapy with either linezolid
r vancomycin in hospital. At randomization, tests (including
ram test, cultures, antibiogram) are performed to determine

he type of pathogen. Tests were the same for both treatment
rms, and therefore were not considered in the model. If MSSA
nfection was confirmed, the patient was switched to a drug tar-
eting MSSA infections (this was called “therapeutic switch”).
atients continued empiric treatment in case of known MRSA
r unknown bacterium. The model considered the following
reatment outcomes:

cure (clinical cure defined as resolution of symptoms or clin-
ical improvement);
failure due to adverse events;
failure due to lack of efficacy;
death.

This basic structure was used in a previous research [20,21]
nd was used in this analysis because of its applicability to
SSTIs.

When a patient stops first-line treatment because of adverse
ffects or treatment failure, tests are performed to identify the

athogens. Costs associated with these tests are included in the
odel. A patient who failed first-line linezolid or vancomycin

reatment as a result of adverse events or lack of efficacy was
reated with a second-line therapy according to the physician
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Table 1
Clinical parameters.
Paramètres cliniques.

Parameter Linezolid (%) Vancomycin (%) Source

MRSA cure rate, ITT population 94.0 83.6 0128 trial additional analysesa

MSSA cure rate, ITT population 91.5 90.6 0128 trial additional analysesa

Discontinuation due to intolerable adverse events 2.1 3.2 Weigelt et al. [17]
Death rate 0.4 0.9 Weigelt et al. [17]
Oxacillin cure rate (CE and ME) 86.0 Stevens et al. [24]
Oxacillin rate of intolerable adverse events 4.8 Stevens et al. [24]
Oxacillin death rate 0.0 Stevens et al. [24]
Rate of resistant infection, mean 49.0 Physician panel
Rate of unknown infection, mean 29.0 Physician panel
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v
in treating cSSTI (modified Delphi approach). A guiding clin-
ical consultant reviewed the model structure and assumptions
and assisted in the development of the survey instrument.
Participating physicians were asked to estimate resource use for

Table 2
Monitoring tests and visits.
Tests et consultations.

Parameter Linezolid Mean Vancomycin Mean Source

Monitoring tests (per day)
Biochemistry 0.30 0.37 a

Liver function test 0.08 0.00 a

Complete blood count 0.32 0.21 a

C-reactive protein 0.30 0.30 a

Urine analysis 0.04 0.04 a

Therapeutic drug monitoring 0.00 0.34 a

Visits after discharge (per week)
Duration of follow-up 4.7 weeks a

GP visit (office) 0.75 0.75 a

Specialist visit (hospital) 0.19 0.19 a

Nurse visit (home) 0.63 1.18 a

Tests after discharge (per week)
Biochemistry 0.00 0.25 a
TT: intent to treat; MRSA: methicillin-resistant Staphyloccus aureus; MSSA: m
a Pfizer; data on file.

anel recommendations. Second-line treatment in this model
ad the same potential outcome as first-line treatment: cure,
ailure due to adverse events, or lack of efficacy, or death.

The model outcomes included the percentage of patients
ured (on first- and second-line treatment) and the average treat-
ent cost per patient (total and by cost category).

.3. Model assumptions

The following model assumptions were made:

patients had Gram-positive infections with suspicion of
MRSA;
patients could have received Gram-negative coverage empir-
ically as part of the clinical trial. They were not included in
the model as it was assumed that the impact of such treatment
would be equivalent in both model arms;
in the absence of published evidence, the efficacy of drugs
used after first-line failure was not adjusted to reflect that
patients could respond differently to subsequent lines of treat-
ment;
the efficacy for linezolid + piperacillin/tazobactam and van-
comycin + imipenem were the same as for linezolid and
vancomycin, respectively. Because piperacillin/tazobactam
and imipenem were only available in an IV form, LOS was
assumed equal to antibiotic course;
because of the lack of published evidence for a similar popula-
tion, the efficacy for clindamycin in targeting MSSA infection
was assumed to be the same as for oxacillin. As second-line
treatment, oxacillin and clindamycin had the same length of
treatment and LOS;
for unknown MSSA infection successfully treated with
empiric linezolid or vancomycin, we assumed treatment dura-
tion and hospital LOS were the same as for successfully
treated MRSA infection.

.4. Data sources
.4.1. Clinical model inputs
Clinical parameters are shown in Table 1. Intent-to-treat (ITT)

ure rates stratified by confirmed MRSA and non-MRSA sta-
illin-susceptible Staphyloccus aureus; S.D.: standard deviation.

us were obtained from additional analyses of the same ITT
opulation as the published 0128 clinical trial since this data
as not part of the publication [Pfizer; data on file]. Rates of

dverse events and death rates were obtained from Weigelt et
l. [17] and other published literature [22,23]. Efficacy data for
xacillin was taken from a study by Stevens et al. [24] The
revalence of MRSA among patients suspected of having an
nfection caused by this pathogen and the known pathogen rate
ere obtained from the expert panel. Drug choice for patients
ith known infection and choice of second-line treatment were

lso obtained from the physician panel (Table 2).

.4.2. Resource use inputs
Practice pattern data was obtained though structured inter-

iews with a panel of five practicing physicians experienced
Hemogram 0.75 0.50 a

C-reactive protein 0.75 0.75 a

Therapeutic drug monitoring 0.00 0.50 a

a Physician panel.
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Table 3
Length of treatment and hospitalization.
Durée de traitement et durée de séjour à l’hôpital.

MSSA MRSA

Length of tx LOS Length of tx LOS

IV Oral Total Isolation IV Oral linezolid Total Isolation

First-line treatmenta

Linezolid 5.0 12.3 9.9 8.9 5.0 12.3 9.9 8.9
Vancomycin 15.1 2.8 14.5 13.1 15.1 2.8 14.5 13.1
Oxacillin 10.3 2.4

Second-line treatmenta

Linezolid 5.6 13.5 9.5 9.5
Vancomycin 16.3 2.8 15.8 15.8
Oxacillin or clindamycin 5.4 10.6 11.4 5.3
Linezolid + piperacillin/tazobactam 19.1 19.1
Vancomycin + imipenem 19.1 19.1
Average LOS for patients who die
Linezolid 3.0b 9.0b 24.2a 2.4a 3.0b 9.0b 24.2 a 24.2a

Vancomycin 7.0b 0.0b 24.2a 2.4a 7.0b 0.0b 24.2a 24.2a

Miscellaneous parametersa

Length of tx before empiric switch 2.4
Days on tx before failure due to lack of efficacy 3.4 3.4
Days on tx before discontinue due to adverse events 5.1 5.1
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a Physician panel.
b Derived from linezolid trial 0128 data.

atients meeting the inclusion criteria for the trial. Data was col-
ected for the three cSSTI groups as specified above and included
ospital stay by:

ward type;
duration in isolation;
length and route of treatment;
management of selected adverse events;
selection of second-line treatment;
use of concomitant medications;
length of treatment;
frequency of monitoring tests;
use of testing and follow-up visits after discharge.

The data from these interviews was summarized using
escriptive statistics. This summary was provided to each physi-
ian along with his individual answer. During a second round
f consultation, any discrepancy between mean values and each
hysician’s individual responses was discussed. Subsequently,
new summary was generated. Individual responses were not

isclosed to other panel members. Parameters used in the model
re shown in Table 3.

.4.3. Costing methodology and unit cost sources
Hospitals in France are no longer paid by hospitalization

ays but are funded through an activity-based system (T2A)
hat is linked to Diagnosis Related Groups (DRG). Based on

he unique grouping of diagnosis and procedure codes, the sys-
em attributes a DRG code and hospital cost. A bottom-up
osting approach was applied covering hospital and post-
ischarge resource categories to more accurately estimate costs

u
i

ncurred by an average French hospital and hence by the French
ealth system, and to explore incremental differences in the
se of health care resources and linezolid versus vancomycin
osts.

Nationally relevant cost sources were used and values
pdated to 2006 levels, where appropriate (Table 4) [25–33]. For
ancomycin, we conservatively applied the retrocession price of
.00 D per one gram, which is considered a better approxima-
ion of real health system cost. The drug cost for vancomycin
nd the daily ICU cost without mechanical ventilation was pro-
ided by the accounting department of the Grenoble teaching
ospital [26]. This cost was derived from PMSI and included a
rovision for imaging and laboratory, which could therefore lead
o overestimating boarding costs. The daily cost in the general
ard was not available from PMSI, and a daily value from Paris
ublic hospital administration was used for boarding costs only
31].

The cost of isolation is the increased resource use associated
ith this level of care. The estimated cost of 118 D per day
as calculated using resource use from the physician panel and
nit costs from up to three French hospitals, and a publication
y Popp et al. on staff costs associated with isolation measures
German estimate adapted to France) [34]. The cost of adverse
vents was calculated based on resource use estimates provided
y the panel experts.

.5. Sensitivity and scenario analyses
We conducted a series of one-way sensitivity analyses to eval-
ate the sensitivity of model results to changes in the value of
ndividual model parameters that were expected to have some
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Table 4
Individual costs (D , 2006).
Coûts unitaires (D , 2006).

Resource item Value Source

Hospital per diem
Medical ward 234D /day AP–HP 1999 (cost) [31]
Intensive Care Unit 1,438D /day PMSI 2005 (cost) [32]
Additional cost of isolation ward a 118D /day UBC calculation (cost)
Intravenous infusion – bolus 5.80D NGAP 2005 (tariff) [29]
Intravenous infusion – continuous 34.80D NGAP 2005 (tariff) [29]

Monitoring tests
Biochemistry 102.33D NABM 2006 (tariff) [28]
Hemogram 14.58D
C-reactive protein 13.23D
Therapeutic drug monitoring 22.68D

Post-discharge costs
Specialist (per consultation) 16.00D Social security 2006 (tariff) [25–27]
GP (per office visit) 14.00D
Nurse (per home visit) 13.90D

Drug costs
Linezolid 600 mg oral or IV 62.00 www.vidalpro.com [37]
Vancomycin 1000 mg IV 4.00D b

Oxacillin 1000 mg IV 1.14D
500 mg oral 0.51D
Rifampicin 600 mg IV 4.40D
Imipenem 500 mg IV 15.00D
Piperacillin + tazobactam 4000/500 mg IV 18.73D
Clindamycin 600 mg IV 8.50D
300 mg oral 0.54D

Adverse events c

Renal insufficiency 10,053D Delphi panel; using all sources listed, including
CCAM for procedures [38]

Thrombocytopenia 1,637D
Fever 738D
Anemia 509D
Diarrhea 343D

NABM: (Nomenclature des actes de biologie medicale) Nomenclature of biological procedures; CCAM: (Classification commune des actes médicaux) Classification
of medical procedures; NGAP: (Nomenclature générale des actes professionnels) Nomenclature of medical procedures.

a Includes the cost per day of protective clothing, gloves, putting on and off protective clothing, preparing clothing and washing after use and extra nursing and
physician care.

b Retrocession price (prix de retrocession), reflecting real health system cost.
c Only adverse events were considered with a significant difference in incidence (eg, thrombocytopenia with linezolid) or that are costly to treat (eg, anemia or
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enal insufficiency).

mpact on overall results. We evaluated the relative impact on
ncremental costs of a 50% change above and below the base
ase value of each selected parameters with all other parameters
emaining constant.

We performed a two-way sensitivity analysis to explore the
mpact on the incremental cost and cure when simultaneously
hanging the prevalence of antibiotic resistance and the rate of
nconclusive test results. Identification of the pathogen may have
n impact on costs given that isolation is applied as long as
usceptibility is not confirmed.

Health care resource use data reported by the French

anel was used in the base-case analysis. Given the uncer-
ainty of length of treatment and length of hospitalization
or linezolid compared with vancomycin, a scenario anal-
sis was conducted using resource use and clinical values

f
c
v
r

ollected in the multinational 0128 trial. The scenario val-
es were more conservative than the values estimated by
he panel. According to this trial analysis, the most common
resentations in the trials were cellulitis and major abscess
72%). In confirmed MRSA patients of the multinational
128 trial, total treatment duration with linezolid was 12.1
ays (10.2 days oral) compared with 11.5 days (0.2 days
ral) for vancomycin. In non-confirmed MRSA patients, treat-
ent duration was 11.7 days (9.8 days oral) for linezolid

ersus 10.7 (2.7 days oral) with vancomycin. LOS was 7.2
ays for MRSA patients receiving linezolid versus 9.9 days

or vancomycin-treated patients. LOS was 6.6 days for non-
onfirmed MRSA patients on linezolid versus 9.2 days on
ancomycin. Distribution by subtype of infection and cure
ates were also taken from the 0128 trial. Other parameters

http://www.vidalpro.com/
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Table 5
Comparison of costs and cure rates by treatment arm.
Comparaison des coûts et des taux de guérison pour chaque traitement.

Linezolid Vancomycin Difference a

Cure rates (%)
Overall cure rate 98.5 98.0 0.48
First-line cure rate 90.7 85.5 5.2
Second-line cure rate 7.8 12.5 −4.7
First-line MRSA cure 94.0 83.6 10.4
Survival 99.6 99.1 0.54
Expected life years (65-year-old) 18.6 18.5 0.1

Costs (D )
Hospitalization 5,416 6,678 −1,262
Antibiotic drug 1,595 964 631
Tests (in-patient) 429 646 −217
Co-medications 62 95 −33
Treat AEs 72 89 −17
Post-discharge (visits and tests) 204 305 −101

Total costs 7,778 8,777 −999
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The increased effectiveness and reduced costs with line-
36 E. De Cock et al. / Médecine et ma

navailable from the trial were assumed to be the same as for
he base case.

. Results

.1. Physician panel results

The distribution of cSSTI subgroups was:

40% cellulitis and major skin abscesses;
25% surgical wound infections, infected traumatic wounds,
and burns;
35% infected ulcers.

The panel members were unanimous in that a patient was
o be isolated when there was a serious suspicion of MRSA.

hen after 2.4 days (on average) lab results became available,
patient was switched to oxacillin and removed from isola-

ion if MSSA was identified (Table 2). When the pathogen
emained unknown or was confirmed MRSA, empirical line-
olid or vancomycin was continued. A patient’s treatment
as considered as having failed after on average 3.3 days of
nsuccessful treatment for MSSA and 3.9 days for MRSA.
atients whose treatment failed on oxacillin were switched to
lindamycin. Patients whose linezolid treatment failed were
witched to vancomycin and vice versa. In case of treatment
ailure without bacterial identification, patients were switched
o a combination treatment (linezolid + piperacillin/tazobactam
r vancomycin + imipenem). The frequency of monitor-
ng tests and post-discharge resource use are detailed in
able 2.

The total length of successful first-line treatment as estimated
y the panel was 17.3 days for linezolid versus 17.9 days for
ancomycin (Table 3). Fourteen percent of patients received
oncurrent rifampicin for the whole treatment duration and 6%
eceived gentamycin for four days. Patients on linezolid were
witched to its oral formulation after an average 5.0 days of
V treatment and ambulatory oral treatment. Patients on van-
omycin were switched to oral linezolid after on average 15.1
ays of IV treatment. The estimated length of hospitalization
as 9.9 days for linezolid, 14.5 days for vancomycin, and 10.3
ays for oxacillin (including days of empiric treatment). Four-
een to 17 percent of the hospitalization stay was reported to
e in ICU, and more than 90% of the hospitalization stay for
RSA was in isolation. The estimated average length of suc-

essful second-line treatment was slightly higher: 19.1 days for
oth linezolid and vancomycin and for both combination regi-
ens. The length of therapy and hospitalization for patients who

ied are detailed in Table 3.

.2. Clinical results

Table 5 presents the overall cure rate generated by the model

or patients beginning empirical treatment on linezolid or van-
omycin. Overall, 98.5% of patients who started on linezolid
ere cured versus 98.0% of patients starting on vancomycin

difference 0.48%). 90.7% of patients beginning treatment with

z
r
c
e

The difference was calculated by subtracting the value for vancomycin from
he corresponding value for linezolid.

inezolid were cured compared with 85.5% of patients who
egan treatment with vancomycin when only cure due to first-
ine therapy was considered. Eighty-four percent of the patients
ho failed first-line linezolid were cured on second-line therapy

7.8% of all patients starting treatment on linezolid) compared
ith 86% of patients who failed first-line vancomycin and were

ured on second-line treatment (12.5% of all patients starting
reatment on vancomycin). The difference in second-line cure
as explained by a higher proportion of patients not cured with
rst-line vancomycin having increased chances of being cured
n second-line linezolid. Survival was nearly 100% for both
herapy arms, with a 0.54% difference between linezolid and
ancomycin.

.3. Base case economic results

Empirical treatment with linezolid was estimated to be
99D less costly than empirical treatment with vancomycin
7,778D versus 8,777D ) (Table 5). The main cost compo-
ents were hospitalization (70% for linezolid versus 76% for
ancomycin) and antibiotics (21% versus 11%). In the line-
olid arm, additional acquisition cost for antibiotics was more
han offset by the expected reduction in hospitalization costs
ue to earlier discharge. With 100% of patients distributed
n subgroup 1 (cellulitis and major skin abscesses), subgroup

(surgical site infections, infected traumatic wounds and
urns), and subgroup 3 (infected ulcers), incremental costs
ere −1,109D , −1,178D , and −749D , respectively, and efficacy

esults remained unchanged.
olid resulted in negative ICERs (incremental cost-effectiveness
atios) for both “cost per death avoided” and “cost per
ure,” and linezolid being the dominant treatment strat-
gy.
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Fig. 2. Tornado graph: one-way sensitivity analyses presenting incremental costs (D ) of linezolid.
Diagramme tornade : analyse de sensibilité univariée présentant le coût incrémental (D ) du linézolide versus vancomycine.
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ig. 3. Two-way sensitivity analysis: incremental cost and cure according to re
nalyse de sensibilité bivariée : coût incrémental et guérison en fonction du tau

.4. Sensitivity analyses

Fig. 2 shows that linezolid remained cost-saving for all uni-
ateral changes in selected model parameters. The incremental
ost appeared most sensitive to changes in general ward stay, to
he price of linezolid, and to resistance.

Fig. 3 presents the results of the two-way sensitivity analysis.
s resistance increases, incremental cure (dashed lines) and sav-

ngs associated with the use of linezolid (solid lines) increase.
he incremental cost for linezolid compared with vancomycin

anged between −103D (0% resistance and 5% unidentified
athogen) and −1,593D (100% resistance and 30% unknown
athogen), and the incremental cure ranged between 0.0% and

.7%. The convergence of the four solid lines, and to a lesser
xtent of the four dotted lines, shows that in case of increas-
ng resistance it becomes less important to know whether the
acterium is resistant or not.

4

d

ce and unidentified (unknown) infection rate
résistance connu et taux d’infection inconnu.

.5. Scenario analyses

The linezolid arm was 432D less costly than the vancomycin
rm in a scenario using resource use data and clinical parame-
ers from the 0128 trial. An additional 3.3% of suspected MRSA
atients were cured with first-line linezolid compared with first-
ine vancomycin. After two lines of treatment, 97.7% of patients
ere cured in both arms. The mean reduction in length of stay
ith linezolid compared to vancomycin was 1.3 days in the
128 scenario (9.3 and 10.5 days) versus 2.6 days calculated
n the base case (10.7 and 13.3 days). In this more conservative
cenario, linezolid also resulted in being a cost-saving strategy.
. Discussion

A decision analytic model was developed based on clinical
ata from a phase III trial of linezolid in patients with cSSTI
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aused by suspected or proven MRSA. This indication is broader
han the current market authorization, which states that resis-
ant Gram-positive infection should be proven before treatment
nitiation. However, the original indication was used to be con-
istent with the trial population. Also, this model was developed
n 2005–2006 when the indication of linezolid in cSSTI was
pproved as empirical treatment. Results from this modeling
xercise indicated that empiric treatment with linezolid was
ssociated with a higher percentage of patients cured and a lower
verage cost when compared to empiric treatment with van-
omycin. However, no statistical tests of significance could be
erformed. The model results did not vary according to infection
ype subgroup. A series of one-way sensitivity analyses showed
hat results remained significant when varying selected values
eached up to 50% below and above the default model value.

scenario analysis based on the 0128 trial, using LOS and
reatment duration estimates that were more conservative than
hose estimated by the physician panel, showed that linezolid
emained less costly than vancomycin due to a shorter average
OS.

In this analysis, in French healthcare settings, a patient
tarting treatment with linezolid was estimated to cost 999D
ess than a patient treated with vancomycin, mainly as a
esult of a modeled 2.6 days reduction in average LOS. These
ndings correlate to other published studies. McKinnon et
l. conducted an economic analysis of the US population
n the 0128 trial and showed that IV therapy duration was
horter for linezolid-treated versus vancomycin-treated patients
P < 0.001), although the overall duration of therapy was similar
19]. The mean LOS was 5.5 days in linezolid-treated patients
ersus 7.7 days in vancomycin-treated patients (P < 0.001). The
ean cost for ITT patients treated with linezolid versus van-

omycin was $4,865 versus $5,738, respectively (P = 0.017)
19]. Using a decision analysis framework, Vinken et al. [20,21]
onducted two economic evaluations, based on clinical stud-
es reported by Stevens et al. [22,24], comparing linezolid
ith flucloxacillin or vancomycin in the empiric treatment of

ellulitis in the United Kingdom [20], and oxacillin or van-
omycin in the United States [21]. Results of both analyses
ound that treatment costs were lower for patients initiated
ith linezolid versus vancomycin across the whole spectrum of

esistance.
The potential reduction in LOS with linezolid is surrounded

y uncertainty. Li et al. [35] evaluated resource use of phase III
rial data in patients with known or suspected MRSA [22]. The

edian LOS in the ITT sub-group of patients with cSSTI was
ine days for linezolid patients compared with 14 days for van-
omycin patients, which was close to statistical significance.
hese results suggest that in the cSSTI population, there was a

rend toward a reduction in LOS as a result of the switch from
V to oral linezolid [36].

No real-life data was available from prospective studies in
rance, thus the input of 5 practicing physicians was sought to

etermine average resource use patterns (including treatment
uration and LOS). This was a key limitation given that the
esulting mean model inputs were highly empirical and lack-
ng the significance of values obtained from a larger sample

d
o
a
t

s infectieuses 39 (2009) 330–340

r prospective study. However, this was considered the most
xpedient approach for various reasons:

the multinational clinical trial did not have clinical sites in
France;
the structure of clinical trials could yield resource use data
driven more by the mandates of the study protocol than by
‘real world’ practice patterns;
resource use patterns were expected to vary by country.

The average reduction in LOS with empiric linezolid com-
ared to vancomycin, based on the physician panel, was 2.6 days
fter two lines of treatment. A more conservative scenario using
esource use data by pathogen from a separate analysis of the
128 trial showed a reduction of 1.3 days with linezolid after
wo lines of treatment.

Another limitation was choosing the rate of resistance and
he rate of conclusiveness of laboratory testing for the model.
oth rates depended on the patient population under considera-

ion. The population for this model was patients with infection
aused by suspected or confirmed MRSA. Suspicion could be
he result of a high local MRSA rate, or the patient having been
n contact with an MRSA infected patient, among other reasons.
esistance in this “restricted” population could be higher than

n the entire population of S. aureus infected patients. The rate
sed in the base case, based upon physician opinion, was 48.8%,
s opposed to a reported resistance of 26.7% in S. aureus isolates
7]. The rate of inconclusiveness of laboratory testing could also
epend on local factors. We addressed the concern regarding the
mpact of both variables on incremental cure and costs by con-
ucting a two-way sensitivity analysis. Fig. 3 showed a positive
orrelation between resistance and cost-savings, with savings
aintained across the entire spectrum of resistance. Also, the

onclusiveness of pathology testing became less important with
ncreasing resistance. Simultaneous changes in both variables
id not change the base case conclusions.

An inherent limitation to health economic modeling is the
se of unit costs obtained from a variety of sources, adapted to
he objective of the model. According to our model for the third-
arty payer, the treatment cost for a case of suspected MRSA
SSTI was 7,778D for a patient treated with linezolid and 8,777D
or a patient treated with vancomycin. These were approximate
otals based on point estimates for unit costs applied to given
esource use profiles. With the introduction of prospective pay-
ent using DRGs, hospitals are now budgeted per case treated.
he choice of DRG for a patient case is determined by the com-
ination of diagnoses and procedures. The underlying logic of
he system was that each DRG represented patients with a sim-
lar resource use profile. However, the associated payment is
n average payment, based on an average resource consump-
ion pattern. Hence, a hospital can either win or loose money
epending upon the level of resources required to treat a patient.
herefore we applied a bottom-up costing approach in order to

etermine the “real” cost for alternative therapeutic options in
ur selected patient population,. We could argue that if an aver-
ge hospital looses money (i.e., cost exceeding budget), the cost
o the health system would be the cost incurred by the hospital
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ecause resources had to be taken from other fields. Under the
RG system, a case of MRSA cSSTI may generate a revenue
f between 2,113D (09M05V – lesions, infections and inflam-
ations of skin and subcutaneous tissues, from 18 to 69 years

f age without comorbidities or associated complications) to
,588D (09C10W – other interventions on skin, subcutaneous
issues or breast with comorbidities or associated complications)
30]. In those cases in which cSSTI was a complicating condition
ollowing another reason for hospitalization, the calculation of
ospital costs and reimbursement was complicated and needed
o be assessed on a case-by-case basis. The payment range indi-
ated that there could be a discrepancy between hospital costs
nd hospital revenue, especially if cSSTI due to MRSA rep-
esented a larger patient population within one hospital. The
iscrepancy could be due to the fact that patients infected with
resistant pathogen required “above average” resource use,

ecause of increasing need for hospitalization and isolation – the
odel showed that these were the main cost drivers –, and there-

ore generated higher costs. A study by Wernitz et al. showed that
or hospital-acquired MRSA patients with postoperative wound
nfections, the average revenue would be 6,944D and average
osts would amount to 11,355D , with the difference due to a
ignificant increase in hospital stay compared to the DRG LOS
hreshold [33]. Potential losses could be alleviated by selecting
reatments that reduce hospital LOS and hence hospital costs, as
ould be the case with linezolid for treating patients with sus-
ected or proven MRSA. Although cost is an important factor,
he choice of antibiotic drug will be made by each physician
ithin the overall antibiotics treatment paradigm, which covers
ther elements such as efficacy, safety, personal experience with
ach antibiotic, and individual patient characteristics.

. Conclusion

Results from this modeling exercise suggest that linezolid is a
ost-saving alternative to vancomycin when empirically treating
atients with cSSTI due to suspected or proven MRSA. Despite
he higher drug acquisition cost of linezolid, the modeled reduc-
ion in treatment duration and time in the hospital resulted in

ore favorable economic outcomes. These economic consid-
rations are important given the increasing pressures faced by
ospitals in France to ensure that costs are in line with hospital
evenues under the prospective DRG-based payment.
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