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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 7,778€ for linezolid versus 8,777€ 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 a
Staphylococcus aureus résistant a 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 coit-efficacité du linézolide versus la vancomycine selon la perspective du systeme de santé francais.
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Meéthodes. — Un modele de décision analytique a été appliqué a un patient-type, de I'initiation du traitement empirique jusqu’a guérison, mort
ou échec du traitement de deuxiéme 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 cofits €taient

appréciés a partir de publications.

Résultats. — Le taux de guérison en premiere ligne était de 90,7 % pour le linézolide versus 85,5 % pour la vancomycine (aprés deux lignes de
traitement 98,5 % et 98 %, respectivement). Le cofit total moyen était de 7778 € pour le linézolide versus 8777 € pour la vancomycine pour une
durée de séjour moyenne de 10,7 jours et 13,3 jours, respectivement. La prescription de linézolide était la stratégie dominante. La conclusion ne

changeait pas apres réalisation des analyses de sensibilité.

Conclusion. — Le linézolide peut étre considéré comme une stratégie cofit-efficace en France dans le traitement des infections compliquées de

la peau et des tissus mous suspectées a SARM.
© 2009 Elsevier Masson SAS. Tous droits réservés.
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1. Introduction

Skin and soft-tissue infections (SSTI) are a common cause of
morbidity in community settings and hospitals worldwide [1-3].
Complicated SSTI (¢cSSTI) may be defined by the presence of a
major abscess requiring surgical drainage, an infected burn, deep
extensive cellulitis, or an infected wound or ulcer. Hospitaliza-
tion, surgery and intravenous (IV) antibiotic treatment are often
required to treat cSSTI resulting in high treatment costs [4].

The most commonly implicated pathogens in cSSTI include
Gram-positive bacteria, specifically Staphylococcus aureus
which is often resistant to conventional therapy (methi-
cillin/oxacillin), close to 60% in US hospitals [5]. Susceptibility
data for bacteria causing a range of SSTI in hospitalized patients
in France during 2001 showed that almost one-third of hos-
pital SSTIs were S. aureus, and 34% of these were identified
as methicillin-resistant S. aureus, or MRSA [6]. According
to the European Antimicrobial Resistance Surveillance System
(EARRS), resistance was detected in 26.7% of S. aureus iso-
lates in France in 2005-2006, lower than the 33% reported in
2001-2002 and 29% in 2003-2004 [7]. Even though there seems
to be a downward trend, the rate of MRSA remains high.

Various studies suggest that MRSA infection is associ-
ated 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
for empirical treatment of MRSA-suspected infections. How-
ever, the emergence of Vancomycin-resistant S. aureus (VRSA)
has highlighted the need for new agents to treat these infec-
tions [11-13]. Furthermore, any therapy targeting MRSA that
could reduce hospital costs, while maintaining efficacy stan-
dards, could be a valuable tool in budget management.

Linezolid (Zyvox ™) is an oxazolidinone antimicrobial agent
that is effective against a broad spectrum of Gram-positive bac-
teria, including MSSA and MRSA [14,15]. It is not expected
to develop cross-resistance with other antibiotics because of its
unique mechanism of action. In addition to an IV formulation,
linezolid is available in a 100% orally bioequivalent form which
does not require the patient to remain in hospital for IV treat-
ment [16]. Linezolid was given market approval for use in cSSTI
caused by suspected MRSA in 2001. An update of the market

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

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

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

The aim of this study was to carry out a cost-effectiveness
analysis in French healthcare settings, of linezolid versus van-
comycin in the first-line empirical treatment of hospitalized
patients with ¢SSTI, caused by suspected or proven MRSA.
Those patients are the population in the randomized clinical
trials 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

(MRSA).

Arbre de décision pour le traitement en empirique des infections compliquées de la peau et des tissus mous, infections suspectées ou prouvées a Staphyloccus aureus

resistant a la méthiciline (SARM).
2. Materials and methods
2.1. Model design

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

To be in line with the patient population in the clinical trial
from which the efficacy data was taken [17], the modelized
patient admitted to the hospital with proven or suspected MRSA
¢SSTI such as wound infection, cellulitis, abscesses, acutely
infected ulcers, infected burns covering less than 20% of body
surface, or other soft-tissue infections requiring inpatient treat-
ment.

For the purpose of modeling, the heterogeneous disease sub-
entities of cSSTI were assigned to one of three groups as follows:

e group 1: cellulitis and major skin abscesses;

e group 2: surgical site infections, infected traumatic wounds
and burns;

e group 3: infected ulcers.

The classification was made based on expert opinion because
resource use was expected to vary considerably across the whole
group of cSSTIs.

2.2. Model structure

Fig. 1 presents a diagram of the decision tree structure, as
validated after discussions with a clinical expert. According to
this tree, patients with cSSTI and suspicion of MRSA were
randomized to receive empiric therapy with either linezolid
or vancomycin in hospital. At randomization, tests (including
Gram test, cultures, antibiogram) are performed to determine
the type of pathogen. Tests were the same for both treatment
arms, and therefore were not considered in the model. If MSSA
infection was confirmed, the patient was switched to a drug tar-
geting MSSA infections (this was called “therapeutic switch”).
Patients continued empiric treatment in case of known MRSA
or unknown bacterium. The model considered the following
treatment outcomes:

e cure (clinical cure defined as resolution of symptoms or clin-
ical improvement);

o failure due to adverse events;

o failure due to lack of efficacy;

e death.

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

When a patient stops first-line treatment because of adverse
effects or treatment failure, tests are performed to identify the
pathogens. Costs associated with these tests are included in the
model. A patient who failed first-line linezolid or vancomycin
treatment as a result of adverse events or lack of efficacy was
treated with a second-line therapy according to the physician
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Table 1
Clinical parameters.
Parametres cliniques.

Parameter Linezolid (%) Vancomycin (%) Source

MRSA cure rate, ITT population 94.0 83.6 0128 trial additional analyses®
MSSA cure rate, ITT population 91.5 90.6 0128 trial additional analyses®
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

ITT: intent to treat; MRSA: methicillin-resistant Staphyloccus aureus; MSSA: methicillin-susceptible Staphyloccus aureus; S.D.: standard deviation.

4 Pfizer; data on file.

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

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

2.3. Model assumptions
The following model assumptions were made:

e patients had Gram-positive infections with suspicion of
MRSA;

e 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;

e 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;

e 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;

e 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;

e 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.

2.4. Data sources
2.4.1. Clinical model inputs

Clinical parameters are shown in Table 1. Intent-to-treat (ITT)
cure rates stratified by confirmed MRSA and non-MRSA sta-

tus were obtained from additional analyses of the same ITT
population as the published 0128 clinical trial since this data
was not part of the publication [Pfizer; data on file]. Rates of
adverse events and death rates were obtained from Weigelt et
al. [17] and other published literature [22,23]. Efficacy data for
oxacillin was taken from a study by Stevens et al. [24] The
prevalence of MRSA among patients suspected of having an
infection caused by this pathogen and the known pathogen rate
were obtained from the expert panel. Drug choice for patients
with known infection and choice of second-line treatment were
also obtained from the physician panel (Table 2).

2.4.2. Resource use inputs

Practice pattern data was obtained though structured inter-
views with a panel of five practicing physicians experienced
in treating ¢SSTI (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
Hemogram 0.75 0.50 a
C-reactive protein 0.75 0.75 a
Therapeutic drug monitoring 0.00 0.50 4

2 Physician panel.
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Table 3
Length of treatment and hospitalization.
Durée de traitement et durée de séjour a I’hopital.

MSSA MRSA
Length of tx LOS Length of tx LOS
1A% Oral Total Isolation v Oral linezolid Total Isolation
First-line treatment®
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 24
Second-line treatment®
Linezolid 5.6 135 9.5 9.5
Vancomycin 16.3 2.8 15.8 15.8
Oxacillin or clindamycin 54 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 3.0° 9.0° 2422 242 3.0° 9.0° 2427 2420
Vancomycin 7.0 0.0° 2428 242 7.0° 0.0 2422 2408
Miscellaneous parameters®
Length of tx before empiric switch 2.4
Days on tx before failure due to lack of efficacy 34 34
Days on tx before discontinue due to adverse events 5.1 5.1

2 Physician panel.
® Derived from linezolid trial 0128 data.

patients meeting the inclusion criteria for the trial. Data was col-
lected for the three cSSTI groups as specified above and included
hospital 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
descriptive statistics. This summary was provided to each physi-
cian along with his individual answer. During a second round
of consultation, any discrepancy between mean values and each
physician’s individual responses was discussed. Subsequently,
a new summary was generated. Individual responses were not
disclosed to other panel members. Parameters used in the model
are shown in Table 3.

2.4.3. Costing methodology and unit cost sources

Hospitals in France are no longer paid by hospitalization
days but are funded through an activity-based system (T2A)
that is linked to Diagnosis Related Groups (DRG). Based on
the unique grouping of diagnosis and procedure codes, the sys-
tem attributes a DRG code and hospital cost. A bottom-up
costing approach was applied covering hospital and post-
discharge resource categories to more accurately estimate costs

incurred by an average French hospital and hence by the French
health system, and to explore incremental differences in the
use of health care resources and linezolid versus vancomycin
costs.

Nationally relevant cost sources were used and values
updated to 2006 levels, where appropriate (Table 4) [25-33]. For
vancomycin, we conservatively applied the retrocession price of
4.00 € per one gram, which is considered a better approxima-
tion of real health system cost. The drug cost for vancomycin
and the daily ICU cost without mechanical ventilation was pro-
vided by the accounting department of the Grenoble teaching
hospital [26]. This cost was derived from PMSI and included a
provision for imaging and laboratory, which could therefore lead
to overestimating boarding costs. The daily cost in the general
ward was not available from PMSI, and a daily value from Paris
public hospital administration was used for boarding costs only
[31].

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

2.5. Sensitivity and scenario analyses
We conducted a series of one-way sensitivity analyses to eval-

uate the sensitivity of model results to changes in the value of
individual model parameters that were expected to have some
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Table 4
Individual costs (€, 2006).
Coiits unitaires (€, 2006).

Resource item Value Source
Hospital per diem
Medical ward 234€ /day AP-HP 1999 (cost) [31]
Intensive Care Unit 1,438€ /day PMSI 2005 (cost) [32]
Additional cost of isolation ward * 118€/day UBC calculation (cost)
Intravenous infusion —bolus 5.80€ NGAP 2005 (tariff) [29]
Intravenous infusion — continuous 34.80€ NGAP 2005 (tariff) [29]
Monitoring tests
Biochemistry 102.33€ NABM 2006 (tariff) [28]
Hemogram 14.58€
C-reactive protein 13.23€
Therapeutic drug monitoring 22.68€
Post-discharge costs
Specialist (per consultation) 16.00€ Social security 2006 (tariff) [25-27]
GP (per office visit) 14.00€
Nurse (per home visit) 13.90€
Drug costs
Linezolid 600 mg oral or IV 62.00 www.vidalpro.com [37]
Vancomycin 1000 mg IV 400€°
Oxacillin 1000 mg IV 1.14€
500 mg oral 0.51€
Rifampicin 600 mg IV 4.40€
Imipenem 500 mg IV 15.00€
Piperacillin + tazobactam 4000/500 mg IV 18.73€
Clindamycin 600 mg IV 8.50€
300 mg oral 0.54€
Adverse events ©
Renal insufficiency 10,053€ Delphi panel; using all sources listed, including
CCAM for procedures [38]
Thrombocytopenia 1,637€
Fever 738€
Anemia 509€
Diarrhea 343€

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.
 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.

¢ Only adverse events were considered with a significant difference in incidence (eg, thrombocytopenia with linezolid) or that are costly to treat (eg, anemia or

renal insufficiency).

impact on overall results. We evaluated the relative impact on
incremental costs of a 50% change above and below the base
case value of each selected parameters with all other parameters
remaining constant.

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

Health care resource use data reported by the French
panel was used in the base-case analysis. Given the uncer-
tainty of length of treatment and length of hospitalization
for linezolid compared with vancomycin, a scenario anal-
ysis was conducted using resource use and clinical values

collected in the multinational 0128 trial. The scenario val-
ues were more conservative than the values estimated by
the panel. According to this trial analysis, the most common
presentations in the trials were cellulitis and major abscess
(72%). In confirmed MRSA patients of the multinational
0128 trial, total treatment duration with linezolid was 12.1
days (10.2 days oral) compared with 11.5 days (0.2 days
oral) for vancomycin. In non-confirmed MRSA patients, treat-
ment duration was 11.7 days (9.8 days oral) for linezolid
versus 10.7 (2.7 days oral) with vancomycin. LOS was 7.2
days for MRSA patients receiving linezolid versus 9.9 days
for vancomycin-treated patients. LOS was 6.6 days for non-
confirmed MRSA patients on linezolid versus 9.2 days on
vancomycin. Distribution by subtype of infection and cure
rates were also taken from the 0128 trial. Other parameters


http://www.vidalpro.com/

336 E. De Cock et al. / Médecine et maladies infectieuses 39 (2009) 330-340

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

3. Results
3.1. Physician panel results
The distribution of cSSTI subgroups was:

e 40% cellulitis and major skin abscesses;

e 25% surgical wound infections, infected traumatic wounds,
and burns;

e 35% infected ulcers.

The panel members were unanimous in that a patient was
to be isolated when there was a serious suspicion of MRSA.
When after 2.4 days (on average) lab results became available,
a patient was switched to oxacillin and removed from isola-
tion if MSSA was identified (Table 2). When the pathogen
remained unknown or was confirmed MRSA, empirical line-
zolid or vancomycin was continued. A patient’s treatment
was considered as having failed after on average 3.3 days of
unsuccessful treatment for MSSA and 3.9 days for MRSA.
Patients whose treatment failed on oxacillin were switched to
clindamycin. Patients whose linezolid treatment failed were
switched to vancomycin and vice versa. In case of treatment
failure without bacterial identification, patients were switched
to a combination treatment (linezolid + piperacillin/tazobactam
or vancomycin+imipenem). The frequency of monitor-
ing tests and post-discharge resource use are detailed in
Table 2.

The total length of successful first-line treatment as estimated
by the panel was 17.3 days for linezolid versus 17.9 days for
vancomycin (Table 3). Fourteen percent of patients received
concurrent rifampicin for the whole treatment duration and 6%
received gentamycin for four days. Patients on linezolid were
switched to its oral formulation after an average 5.0 days of
IV treatment and ambulatory oral treatment. Patients on van-
comycin were switched to oral linezolid after on average 15.1
days of IV treatment. The estimated length of hospitalization
was 9.9 days for linezolid, 14.5 days for vancomycin, and 10.3
days for oxacillin (including days of empiric treatment). Four-
teen to 17 percent of the hospitalization stay was reported to
be in ICU, and more than 90% of the hospitalization stay for
MRSA was in isolation. The estimated average length of suc-
cessful second-line treatment was slightly higher: 19.1 days for
both linezolid and vancomycin and for both combination regi-
mens. The length of therapy and hospitalization for patients who
died are detailed in Table 3.

3.2. Clinical results

Table 5 presents the overall cure rate generated by the model
for patients beginning empirical treatment on linezolid or van-
comycin. Overall, 98.5% of patients who started on linezolid
were cured versus 98.0% of patients starting on vancomycin
(difference 0.48%). 90.7% of patients beginning treatment with

Table 5
Comparison of costs and cure rates by treatment arm.
Comparaison des coiits et des taux de guérison pour chaque traitement.

Linezolid Vancomycin Difference #

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 (€)
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

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

linezolid were cured compared with 85.5% of patients who
began treatment with vancomycin when only cure due to first-
line therapy was considered. Eighty-four percent of the patients
who failed first-line linezolid were cured on second-line therapy
(7.8% of all patients starting treatment on linezolid) compared
with 86% of patients who failed first-line vancomycin and were
cured on second-line treatment (12.5% of all patients starting
treatment on vancomycin). The difference in second-line cure
was explained by a higher proportion of patients not cured with
first-line vancomycin having increased chances of being cured
on second-line linezolid. Survival was nearly 100% for both
therapy arms, with a 0.54% difference between linezolid and
vancomycin.

3.3. Base case economic results

Empirical treatment with linezolid was estimated to be
999€ less costly than empirical treatment with vancomycin
(7,778€ versus 8,777€) (Table 5). The main cost compo-
nents were hospitalization (70% for linezolid versus 76% for
vancomycin) and antibiotics (21% versus 11%). In the line-
zolid arm, additional acquisition cost for antibiotics was more
than offset by the expected reduction in hospitalization costs
due to earlier discharge. With 100% of patients distributed
in subgroup 1 (cellulitis and major skin abscesses), subgroup
2 (surgical site infections, infected traumatic wounds and
burns), and subgroup 3 (infected ulcers), incremental costs
were —1,109€, —1,178€, and —749€, respectively, and efficacy
results remained unchanged.

The increased effectiveness and reduced costs with line-
zolid resulted in negative ICERs (incremental cost-effectiveness
ratios) for both “cost per death avoided” and “cost per
cure,” and linezolid being the dominant treatment strat-

cgy.
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LOS in general ward for vancomycin - 1st line
LOS in general ward for linezolid - 1st line
Linezolid price

Days on oral linezolid - 1st line (MRSA)
Isolation days for vancomycin - 1st line
Resistance rate

General ward cost per day

Isolation days for linezolid - 1st line

Days on IV linezolid - 1st line (MRSA)
Days on IV vancomycin - 1st line (MRSA)
Isolation cost per day

Unknown infection rate

Vancomycin dose

€1,896 -€1696 -€149% €129 -€1096 -€89%6

€696 €496 €29

Fig. 2. Tornado graph: one-way sensitivity analyses presenting incremental costs (€) of linezolid.
Diagramme tornade : analyse de sensibilité univariée présentant le coiit incrémental (€) du linézolide versus vancomycine.
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Fig. 3. Two-way sensitivity analysis: incremental cost and cure according to resistance and unidentified (unknown) infection rate
Analyse de sensibilité bivariée : coiit incrémental et guérison en fonction du taux de résistance connu et taux d’infection inconnu.

3.4. Sensitivity analyses

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

Fig. 3 presents the results of the two-way sensitivity analysis.
As resistance increases, incremental cure (dashed lines) and sav-
ings associated with the use of linezolid (solid lines) increase.
The incremental cost for linezolid compared with vancomycin
ranged between —103€ (0% resistance and 5% unidentified
pathogen) and —1,593€ (100% resistance and 30% unknown
pathogen), and the incremental cure ranged between 0.0% and
0.7%. The convergence of the four solid lines, and to a lesser
extent of the four dotted lines, shows that in case of increas-
ing resistance it becomes less important to know whether the
bacterium is resistant or not.

3.5. Scenario analyses

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

4. Discussion

A decision analytic model was developed based on clinical
data from a phaseIlI trial of linezolid in patients with cSSTI
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caused by suspected or proven MRS A. This indication is broader
than the current market authorization, which states that resis-
tant Gram-positive infection should be proven before treatment
initiation. However, the original indication was used to be con-
sistent with the trial population. Also, this model was developed
in 2005-2006 when the indication of linezolid in ¢SSTI was
approved as empirical treatment. Results from this modeling
exercise indicated that empiric treatment with linezolid was
associated with a higher percentage of patients cured and a lower
average cost when compared to empiric treatment with van-
comycin. However, no statistical tests of significance could be
performed. The model results did not vary according to infection
type subgroup. A series of one-way sensitivity analyses showed
that results remained significant when varying selected values
reached up to 50% below and above the default model value.
A scenario analysis based on the 0128 trial, using LOS and
treatment duration estimates that were more conservative than
those estimated by the physician panel, showed that linezolid
remained less costly than vancomycin due to a shorter average
LOS.

In this analysis, in French healthcare settings, a patient
starting treatment with linezolid was estimated to cost 999€
less than a patient treated with vancomycin, mainly as a
result of a modeled 2.6 days reduction in average LOS. These
findings correlate to other published studies. McKinnon et
al. conducted an economic analysis of the US population
in the 0128 trial and showed that IV therapy duration was
shorter 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
versus 7.7 days in vancomycin-treated patients (P <0.001). The
mean cost for ITT patients treated with linezolid versus van-
comycin was $4,865 versus $5,738, respectively (P=0.017)
[19]. Using a decision analysis framework, Vinken et al. [20,21]
conducted two economic evaluations, based on clinical stud-
ies reported by Stevens et al. [22,24], comparing linezolid
with flucloxacillin or vancomycin in the empiric treatment of
cellulitis in the United Kingdom [20], and oxacillin or van-
comycin in the United States [21]. Results of both analyses
found that treatment costs were lower for patients initiated
with linezolid versus vancomycin across the whole spectrum of
resistance.

The potential reduction in LOS with linezolid is surrounded
by uncertainty. Li et al. [35] evaluated resource use of phase III
trial data in patients with known or suspected MRSA [22]. The
median LOS in the ITT sub-group of patients with cSSTI was
nine days for linezolid patients compared with 14 days for van-
comycin patients, which was close to statistical significance.
These results suggest that in the cSSTI population, there was a
trend toward a reduction in LOS as a result of the switch from
IV to oral linezolid [36].

No real-life data was available from prospective studies in
France, thus the input of 5 practicing physicians was sought to
determine average resource use patterns (including treatment
duration and LOS). This was a key limitation given that the
resulting mean model inputs were highly empirical and lack-
ing the significance of values obtained from a larger sample

or prospective study. However, this was considered the most
expedient approach for various reasons:

e the multinational clinical trial did not have clinical sites in
France;

e 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;

e resource use patterns were expected to vary by country.

The average reduction in LOS with empiric linezolid com-
pared to vancomycin, based on the physician panel, was 2.6 days
after two lines of treatment. A more conservative scenario using
resource use data by pathogen from a separate analysis of the
0128 trial showed a reduction of 1.3 days with linezolid after
two lines of treatment.

Another limitation was choosing the rate of resistance and
the rate of conclusiveness of laboratory testing for the model.
Both rates depended on the patient population under considera-
tion. The population for this model was patients with infection
caused by suspected or confirmed MRSA. Suspicion could be
the result of a high local MRSA rate, or the patient having been
in contact with an MRSA infected patient, among other reasons.
Resistance in this “restricted” population could be higher than
in the entire population of S. aureus infected patients. The rate
used in the base case, based upon physician opinion, was 48.8%,
as opposed to a reported resistance of 26.7% in S. aureus isolates
[7]. The rate of inconclusiveness of laboratory testing could also
depend on local factors. We addressed the concern regarding the
impact of both variables on incremental cure and costs by con-
ducting a two-way sensitivity analysis. Fig. 3 showed a positive
correlation between resistance and cost-savings, with savings
maintained across the entire spectrum of resistance. Also, the
conclusiveness of pathology testing became less important with
increasing resistance. Simultaneous changes in both variables
did not change the base case conclusions.

An inherent limitation to health economic modeling is the
use of unit costs obtained from a variety of sources, adapted to
the objective of the model. According to our model for the third-
party payer, the treatment cost for a case of suspected MRSA
c¢SSTIwas 7,778€ for a patient treated with linezolid and 8,777€
for a patient treated with vancomycin. These were approximate
totals based on point estimates for unit costs applied to given
resource use profiles. With the introduction of prospective pay-
ment using DRGs, hospitals are now budgeted per case treated.
The choice of DRG for a patient case is determined by the com-
bination of diagnoses and procedures. The underlying logic of
the system was that each DRG represented patients with a sim-
ilar resource use profile. However, the associated payment is
an average payment, based on an average resource consump-
tion pattern. Hence, a hospital can either win or loose money
depending upon the level of resources required to treat a patient.
Therefore we applied a bottom-up costing approach in order to
determine the “real” cost for alternative therapeutic options in
our selected patient population,. We could argue that if an aver-
age hospital looses money (i.e., cost exceeding budget), the cost
to the health system would be the cost incurred by the hospital
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because resources had to be taken from other fields. Under the
DRG system, a case of MRSA cSSTI may generate a revenue
of between 2,113€ (09MO5V —lesions, infections and inflam-
mations of skin and subcutaneous tissues, from 18 to 69 years
of age without comorbidities or associated complications) to
5,588€ (09C10W —other interventions on skin, subcutaneous
tissues or breast with comorbidities or associated complications)
[30]. In those cases in which cSSTI was a complicating condition
following another reason for hospitalization, the calculation of
hospital costs and reimbursement was complicated and needed
to be assessed on a case-by-case basis. The payment range indi-
cated that there could be a discrepancy between hospital costs
and hospital revenue, especially if cSSTI due to MRSA rep-
resented a larger patient population within one hospital. The
discrepancy could be due to the fact that patients infected with
a resistant pathogen required “above average” resource use,
because of increasing need for hospitalization and isolation — the
model showed that these were the main cost drivers —, and there-
fore generated higher costs. A study by Wernitz et al. showed that
for hospital-acquired MRSA patients with postoperative wound
infections, the average revenue would be 6,944€ and average
costs would amount to 11,355€, with the difference due to a
significant increase in hospital stay compared to the DRG LOS
threshold [33]. Potential losses could be alleviated by selecting
treatments that reduce hospital LOS and hence hospital costs, as
could be the case with linezolid for treating patients with sus-
pected or proven MRSA. Although cost is an important factor,
the choice of antibiotic drug will be made by each physician
within the overall antibiotics treatment paradigm, which covers
other elements such as efficacy, safety, personal experience with
each antibiotic, and individual patient characteristics.

5. Conclusion

Results from this modeling exercise suggest that linezolid is a
cost-saving alternative to vancomycin when empirically treating
patients with cSSTI due to suspected or proven MRSA. Despite
the higher drug acquisition cost of linezolid, the modeled reduc-
tion in treatment duration and time in the hospital resulted in
more favorable economic outcomes. These economic consid-
erations are important given the increasing pressures faced by
hospitals in France to ensure that costs are in line with hospital
revenues under the prospective DRG-based payment.
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