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Abstract

Objective:

The economic implications from the US Medicare perspective of adopting alternative treatment strategies for
acute bacterial skin and skin structure infections (ABSSSIs) are substantial. The objective of this study is to
describe a modeling framework that explores the impact of decisions related to both the location of care and
switching to different antibiotics at discharge.

Methods:

A discrete event simulation (DES) was developed to model the treatment pathway of each patient through
various locations (emergency department [ED], inpatient, and outpatient) and the treatments prescribed
(empiric antibiotic, switching to a different antibiotic at discharge, or a second antibiotic). Costs are reported
in 2012 USD.

Results:

The mean number of days on antibiotic in a cohort assigned to a full course of vancomycin was 11.2 days,
with 64% of the treatment course being administered in the outpatient setting. Mean total costs per patient
were $8671, with inpatient care accounting for 58% of the costs accrued. The majority of outpatient costs
were associated with parenteral administration rather than drug acquisition or monitoring. Scenarios
modifying the treatment pathway to increase the proportion of patients receiving the first dose in the ED,
and then managing them in the outpatient setting or prescribing an oral antibiotic at discharge to avoid the
cost associated with administering parenteral therapy, therefore have a major impact and lower the typical
cost per patient by 11-20%. Since vancomycin is commonly used as empiric therapy in clinical practice,
based on these analyses, a shift in treatment practice could result in substantial savings from the Medicare
perspective.

Conclusions:

The choice of antibiotic and location of care influence the costs and resource use associated with the
management of ABSSSIs. The DES framework presented here can provide insight into the potential
economic implications of decisions that modify the treatment pathway.

Introduction

Acute bacterial skin and skin structure infections (ABSSSIs) are a common
cause of considerable morbidity in both the community and hospital settings
worldwide!™. They represent one of the most common indications for
antibiotic therapy and account for ~10% of hospital admissions in the US*.
The economic burden of ABSSSI treatment is also substantial—in 2010, the
cost of treating these infections to US hospitals was >$6 billion’. ABSSSIs are
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primarily caused by Gram-positive pathogens, with the
most predominant one being Staphylococcus aureus
(S. aureus), which is often resistant to conventional
therapy such as methicillin, with resistance rates as high
as 60% observed in many US hospitals®®. Infections
caused by methicillin resistant S. aureus (MRSA) are asso-
ciated with increased morbidity, mortality, costs, and
resource use compared to infections due to methicillin-
susceptible S. aureus’ .

Outpatient parenteral antimicrobial therapy (OPAT)
has been shown to be effective and has become an estab-
lished part of medical practice in the US for the treatment
of ABSSSIs. It is expected that there will continue to be a
considerable expansion of ambulatory care services in the
coming years, which will allow more patients to avoid hos-
pital admission or reduce their length of stay, since the
course of treatment can be completed post-discharge!>'!°.
This anticipated growth can be attributed to factors such as
the need for cost containment, development of antibiotics
that can be administered once daily, technological
advances in vascular access and infusion devices, as well
as the increased acceptance of such therapy by both
patients and healthcare providers and the availability of
reliable and skilled services in the community'®.

Most prior economic models developed to evaluate
the cost implications of treatment strategies for ABSSSIs
have made simplifying assumptions and, thus, failed to
capture the extensive variations in treatment pathways
observed in the real world. The impact of different
types of infections, changes to the antibiotic prescribed
at discharge from the hospital, as well as decisions
related to providing care in the inpatient vs the outpatient
setting on cost and resource use was also not explored
within their frameworks' "°. Given that real-world treat-
ment strategies have become more multi-faceted and
encompass both changes in antibiotics as well as locations
of care, it is crucial that a model be flexible enough to
capture these nuances in order to analyze their associated
costs.

In this study, we describe a discrete event simulation
(DES) framework that was developed to support compari-
sons among alternative treatment pathways. The model
has the flexibility to capture the initial empiric antibiotic,
switching to a different antibiotic at discharge, a second
antibiotic for lack of response or relapse, differential
antibiotic course length and route of administration, as
well as the various settings in which care can be adminis-
tered. The analyses presented illustrate using this model
to evaluate the potential economic implications from
the US Medicare perspective of different treatment
strategies for ABSSSIs, including those that involve
utilization of OPAT. The impact of decisions related to
location of care and switching to different antibiotics was
explored.

© 2014 Informa UK Ltd  www.informahealthcare.com/jme

Methods

Model overview

An overview of the model flow is presented in Figure 1.
This individual patient simulation was implemented as a
DES using ARENA® software. This approach was chosen
as it can accurately capture the real-world complexities
associated with the treatment of ABSSSIs, including
assighment of empiric antibiotic and any treatment
switches. It also allows the time and costs accrued in
each location of care to be tracked precisely. This
approach allowed the management of patients to be simu-
lated in detail and to capture changes in their care in the
emergency department (ED), outpatient and inpatient set-
tings while keeping the model logic transparent. Other
commonly used approaches are decision trees or Markov
models where patients transition between health states.
Whilst the Markov models can also be programmed as
individual patient simulations and thereby allow individ-
ual characteristics to determine transition probabilities for
each patient, this approach requires compartmentalizing
the disease into states rather than events. These two alter-
native approaches have less flexibility to capture treat-
ment switches and changes in location of care as well as
the associated outcomes, and cannot capture a patient’s
treatment path in as much detail as this DES.

At the start of the simulation, a cohort of individual
patients is created and each patient is assigned an infection
type (i.e. major cutaneous abscess, cellulitis, traumatic
wound infection, or surgical wound infection) and a time
to death. The initial location of care (either the ED or
inpatient setting) for the patient is assigned, taking into
consideration the type of infection. Each patient is then
cloned to create two more patients, creating three identi-
cal cohorts, in order to conduct comparative analyses
between treatment strategies. Cloning patients ensures
that the only difference between the simulated cohorts is
the assigned strategy.

Each treatment strategy is comprised of empiric
therapy, ambulatory continuation therapy (i.e. treatment
prescribed to inpatients responding at 72h to complete
the treatment course in the outpatient setting),
and an antibiotic prescribed due to failure of empiric
therapy at 72 h or to manage a relapse. A single antibiotic
or a distribution of antibiotics can be specified for
each component of a particular treatment strategy,
thus allowing the flexibility to explore the impact of
more complex strategies. If initiating treatment in the
ED, patients may continue their empiric therapy in
either the outpatient or inpatient setting after the
first dose.

Treatment-dependent event times (e.g. monitoring
test, next treatment dose) are initialized following assign-
ment of a treatment strategy (events shown in Figure 1).

Modeling the economic impact of alternative treatment strategies for ABSSSIs Revankar et al. 731
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Figure 1. Overview of model flow.

The model then searches for the event that will occur
next for each patient (i.e. the event that has the minimum
time) and schedules the event at that time for that patient.
When the simulation reaches that time, the relevant costs
and health outcomes up to that point are accrued. The
patient moves through the model in this fashion. The
model captures the patient’s movement through the ED,
inpatient, and outpatient locations of care until they die or
the model time horizon (30 days) is reached, at which
point they exit the model, thus allowing cost and health
outcomes to be reported by each location.

Patients can undergo two clinical assessments during
their treatment pathway. The early response assessment
occurs 72h from initiation of treatment and is used to
determine whether a patient is responding to their empiric
therapy. Responders who are currently in the outpatient
setting may continue their current therapy there or switch
to a different antibiotic (the ambulatory continuation
component of their treatment strategy). If currently in
the inpatient setting, they can finish their empiric
treatment there or switch to an ambulatory continuation
therapy (either complete the course with their current
antibiotic or switch to a new antibiotic), which will
be received in the outpatient setting, thus reducing their
hospital length of stay. Non-responders are switched to a
different antibiotic.

732 Modeling the economic impact of alternative treatment strategies for ABSSSIs Revankar et al.

An assessment for relapse occurs 14 days after initiation
of empiric therapy in order to assess clinical cure in
patients who were responding at 72 h. Patients who have
achieved a clinical cure exit the model after completing
any remaining doses. Similar to those who fail the empiric
therapy at the early assessment, patients who experience a
relapse are switched to a different antibiotic that
is assumed to be administered entirely in the inpatient
setting, since they represent more complicated cases.

Model inputs and data sources

The inputs and their sources are summarized in Table 1.
Although the framework described above is flexible
enough to evaluate many treatment strategies, the analyses
presented in this study focused on three specific strategies,
as illustrated in Figure 2. Each treatment strategy is com-
prised of parenteral vancomycin 1000 mg q12H as empiric
therapy and parenteral linezolid 600mg ql2H when
patients switch to a second antibiotic for lack of response
or relapse. One cohort remained on vancomycin for the
entire treatment duration (referred to as the ‘VAN’
cohort). The ambulatory continuation therapy for the
other two cohorts was switched to either oral linezolid
600mg ql2H or parenteral daptomycin 325mg QD if
responding to empiric therapy at 72 h (referred to as the
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Table 1. Model inputs and data sources.

Input parameter Reference case

Source Distribution used for PSA

Treatment duration (days)

Vancomycin IV* 101
Linezolid Oralt 10.0
Daptomycin IV} 13.0
Linezolid IV§ 10.0
Response (at early response assessment)
Empiric therapy 89.4%
Second therapy 100%
Relapse 7%
Mortality risk (per day) 0.10%
ED length of stay (hours) 4.0
Admitted to hospital after ED 60%
Inpatient length of stay (days)
Abscess/Cellulitis w/empiric failure or relapse 6.4
Wound infections w/empiric failure or relapse 7.2

Drug acquisition cost (per dose)

Vancomycin IV 1000 mg $5.46
Linezolid Oral 600 mg $97.44
Daptomycin IV 325 mg $166.18
Linezolid IV 600 mg $111.11
Monitoring costs (per test)
Renal Panel $12.30
Vancomycin Trough Levels $19.19
Complete Blood Count $9.17
Hepatic Panel $11.57
CPK Levels $9.23
PICC line costs
Insertion (procedure and MD fees) $842.72
Removal (procedure and MD fees) $538.05

ED care costs
Visit $136.05

Drug infusion (procedure and MD fees) $180.14
Inpatient care costs (per stay)$

Abscess/Cellulitis w/response to empiric $4961

Wound infections w/response to empiric $7258

Abscess/Cellulitis w/second therapy $10,007

Wound infections w/second therapy $18,430
Outpatient infusion center care costs

Drug infusion (procedure and MD fees) $180.14

Fan et al.' Gamma
Fan et al?'t

White and Seaton??

Physicians’ Desk Reference®'

Berger et al.?® Beta
Assumption N/A
Berger et al.?® Beta
LaPensee and Fan® Beta
Assumption N/A
LaPensee and Fan®, LaPensee et al.2* N/A
LaPensee and Fan® Gamma
cMs® N/A
American Academy of Pediatrics®®

cms32

cMs®

cMs32 Lognormal
CcmS3438 Lognormal
cMg3435 Lognormal
Medicare Standard Analytical Files®® Lognormal
cMg3435 Lognormal

*as empiric therapy.

‘tas ambulatory therapy for responders to empiric.
tData from study on file, not published on poster.
8as second antibiotic after treatment failure.
Sinflated to 2012 USD.

CPK, creatine phosphokinase; ED, emergency department; IV, intravenous; MD, doctor of medicine; PICC, peripherally inserted central catheter; PSA, Probabilistic

sensitivity analysis.

‘LIN’ and ‘DAP’ cohorts, respectively). The following tests
were assumed to be required once a week with each of
the treatments: vancomycin (renal panel, trough levels),
linezolid (complete blood count), and daptomycin (renal
panel, hepatic panel, creatine phosphokinase levels).
Most sources used to inform this model were analyses of
real-world US databases. The duration of each antibiotic
course is summarized in Table 1. The durations for vanco-
mycin as empiric therapy and oral linezolid as ambulatory
continuation therapy were obtained from an analysis of
a US claims database’’. The results for the Medicare
population (n=4125) with an index medication of
linezolid, vancomycin, or daptomycin were used for this

© 2014 Informa UK Ltd  www.informahealthcare.com/jme

study. The duration assumed for daptomycin as ambulatory
continuation was obtained from a literature review citing
an analysis of the Cubicin Outcomes Registry and
Experience (CORE) program, a retrospective observa-
tional study in the US?%.

The infection type distributions were obtained by
conducting a specific analysis of the Medicare Standard
Analytical Files: 41.9% of the patients with ABSSSI
present with a major cutaneous abscess, 41.9% with cellu-
litis, 0.4% with a traumatic wound infection, and 15.8%
with a surgical wound infection?®. The analysis included
17,140 patients with an ABSSSI diagnosis between Q4
2009 and Q3 2010.

Modeling the economic impact of alternative treatment strategies for ABSSSIs Revankar et al. 733
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Strategy A  (VAN) Vancomycin
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Figure 2. Treatment strategies for the three cohorts.

Inputs such as initial location of care, inpatient length
of stay, and mortality risk were derived from an analysis of
the Premier hospital database, one of the largest adminis-
trative hospital databases in the US’. This analysis exam-
ined the characteristics, treatments, costs, and length of
hospital stays of 490,368 patients discharged in 2010 with a
principal diagnosis of ABSSSI. Overall, 77% of patients
with a major cutaneous abscess or cellulitis present at the
ED, and 60.4% and 56.3% with a traumatic or surgical
wound infection, respectively. All other patients initiated
treatment in the inpatient setting. Note that the Premier
hospital database does not contain information on the
timing of services, and, thus, for this analysis, it was
assumed that all patients that present at the ED would
receive the initial dose of the antibiotic in the ED as
well. The proportion of patients moving to the inpatient
setting after the ED was derived based on the Premier
analysis and the SOLO I Phase III trial, which was a
double-blind, randomized trial that evaluated the safety
and efficacy of a single dose of oritavancin vs vancomycin
in adults with ABSSSI, including MRSA infections 4.

Clinical response and relapse rates were derived from an
analysis of US hospital data (17,786 patients admitted
with diagnosis of a ¢SSSI between 2000 and 2009)%.
Equal efficacy between vancomycin, linezolid, and dapto-
mycin was assumed for this model. When patients
switched to a second antibiotic for lack of response or
relapse, this treatment was assumed to have a 100%
response rate.

Costs were assessed from the US Medicare perspective
and reported in $US, 2012 values (Table 1). Cost compo-

nents of the ED include visit, drug acquisition, monitoring

734 Modeling the economic impact of alternative treatment strategies for ABSSSls Revankar et al.

Ambulatory
Continuation
Therapy for
Responders

Continue on

Vancomycin

Oral Linezolid

72 hours

and laboratory tests, and procedure and doctor fees related
to drug administration and insertion of a peripherally
inserted central catheter (PICC) (if patient is to be
discharged following the first dose and will continue
treatment with vancomycin). Per the Medicare reimburse-
ment rules, patients admitted to the inpatient setting
accrue the costs associated with their diagnosis-related
group (DRG), which depends on their infection type and
response to treatment (i.e. patients on a second antibiotic
due to lack of response or relapse represent more compli-
cated cases). The average reimbursements for four DRG
codes (602 and 603 cellulitis with and without major
complication or comorbidity; 862 and 863 post-operative
or post-traumatic infections with or without major
complication of comorbidity) were obtained from the
analysis of the Medicare Public Use Files described
above and were inflated to 2012 values®®. ED costs are
also covered under the DRG payment; thus, the same
DRG cost will be incurred to all admitted cases regardless
of whether the patients had a prior ED visit. OPAT is
assumed to take place at a hospital infusion center and
administered via a PICC for vancomycin and a peripheral
catheter for daptomycin. Cost components of OPAT
include drug acquisition, monitoring and laboratory tests,
and procedure and doctor fees associated with administra-
tion of the drug and the removal of a PICC upon comple-
tion of treatment.

Analyses

For each analysis, 500,000 patients were simulated.
In addition to the VAN reference case, scenarios were

www.informahealthcare.com/jme  © 2014 Informa UK Ltd
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tested to examine the impact of decisions that modify the
locations of care along the treatment pathway—inputs
related to the initial location of care (ED vs inpatient),
subsequent setting of care for those initiating treatment in
the ED (inpatient vs outpatient), and proportion of inpa-
tient responders discharged from the hospital at 72 h were
varied.

The second set of scenarios focused on the impact of
changes to the antibiotic prescribed at discharge for
inpatient responders (demonstrated by the LIN and DAP
treatment strategies as described above). For each of these
strategies, alternative treatment durations, inpatient stay
costs, and baseline infection distributions were tested.

An analysis utilizing real-world treatment patterns as
observed in a patient journey analysis was also conducted
to examine the impact of using a treatment strategy that is
a closer representation of real-life practice’®. The patient
journey analysis utilized a large US commercial insurer
database (~21.8 million unique members from 2009—
2011) to identify the frequently used anti-infective treat-
ment pathways in clinical practice for severe ABSSSI
patients moving from inpatient to post-discharge treat-
ment. This treatment strategy was subsequently adjusted
to consider a scenario where management practices
were modified to allow a greater proportion of responding
inpatients at 72 h to switch to oral linezolid at discharge in
order to gain insight into the potential implications of this
adjustment.

A probabilistic sensitivity analysis (PSA) was con-
ducted for all three treatment strategies. The inputs
varied and the assumed distributions are listed in
Table 1. The mean of each distribution was assumed
equal to the reference case and the standard error was
assumed to be 20% of the mean. The analysis was run
on 10,000 patients for 1000 trials. Given the short time
horizon, discounting was not required.

Results

In the VAN cohort, 82% of the patients achieved clinical
cure on empiric therapy while 10% achieved cure after
switching to a second therapy. The mean total number
of days on antibiotic was 11.2 days, with nearly 64% of
the treatment course occurring in the outpatient setting
(Table 2). The estimated average costs per patient were
$8671 (Table 2). Although only 35% of the treatment
course took place in the inpatient setting, inpatient costs
accounted for more than half (58%) of total costs, which
highlights the high cost burden associated with inpatient
treatment. The drug cost per dose of vancomycin is quite
low, so the majority of costs in the outpatient setting are
associated with the administration of the treatment itself.

Scenario analyses were conducted to test the impact of
modifying the location of care pathway for the VAN

© 2014 Informa UK Ltd  www.informahealthcare.com/jme

Table 2. Mean total number of days on antibiotic and mean costs per
patient accrued in each location of care.

Treatment strategy

VAN LIN DAP

Total number of days on antibiotic

ED 0.1 0.1 0.1

Inpatient 3.9 4.2 4.5

Outpatient 7.2 9.4 11.6

Total 11.2 13.7 16.2
Costs

ED $352 $352 $352

Inpatient $5067 $5062 $5062

Outpatient $3252 $2094 $4186

Total $8671 $7508 $9600

DAP,  daptomycin; ED,
VAN, vancomycin.

Emergency department; LIN, linezolid;

cohort. Figure 3 illustrates the total costs per patient and
proportion of treatment course in the outpatient setting
as the subsequent location of care for patients initiating
treatment in the ED was varied for the VAN treatment
strategy. Total costs per patient decreased as more patients
were discharged following the first dose in the ED
(i.e. a larger proportion of the treatment course takes
place in the outpatient setting). As illustrated, total costs
decreased by nearly $1000 per patient when 100% of the
patients were discharged following their first dose in the
ED compared to 60% in the reference case ($7676 vs
$8671).

Assuming all patients received their first antibiotic dose
in the ED decreased the total cost by $268 per patient
compared to the reference case, where 74% of patients
initiated treatment in the ED. Outpatient and ED costs
increased by $228, but these were offset by the $496
reduction in inpatient costs. Conversely, when all patients
initiated treatment in the inpatient setting, total costs
increased by $663, which is driven by an increase in inpa-
tient costs of $1288 that negates the reduction of $625 in
the ED and outpatient costs. Alternative rates of discharge
from the inpatient setting for responders at 72 h (as 100%
was applied in the reference case) were also tested. Total
costs per patient were lower by $1054 and $1576 when
50% and 25% of inpatient responders were discharged at
72 h, respectively. However, total time spent in the inpa-
tient setting increased to 6.1 and 7.2 days with the 50%
and 25% discharge rate scenarios, respectively (compared
to 3.9 days under the reference case), which increases the
burden for hospitals and reduces their capacity to accom-
modate other patients that are also in need of medical
services.

Given the equal efficacy assumption across treatments,
health outcomes in the LIN and DAP treatment strategies
were identical to the VAN strategy. However, mean total
number of days on antibiotic increased by 2.6 [LIN] and 5.1

Modeling the economic impact of alternative treatment strategies for ABSSSIs Revankar et al. 735
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Figure 3. ED -+ inpatient and outpatient costs (per patient) and total days on antibiotic in the outpatient setting as a percentage of patients that are admitted

following the first dose in the ED is varied [VAN cohort].

[DAP] days compared to the VAN strategy. A large
proportion of the treatment course, 69% and 71% in
LIN and DAP, respectively, occurred in the outpatient
setting (Table 2). ED and inpatient costs were similar
since patients in all three treatment strategies were on
vancomycin until 72h. Mean total costs per patient
decreased by $1163 with the LIN strategy, but increased
by $929 with the DAP strategy compared to the VAN
strategy (Table 2). The higher costs for VAN and DAP
were primarily due to the required repeat visits to an infu-
sion center for OPAT, while the oral administration of
linezolid allowed patients in the LIN strategy to take the
medication at home and avoid the infusion-related costs.

Table 3 presents the total number of days on antibiotic
and total costs per patient from scenario analyses. When
the lower bounds of treatment durations were tested, total
costs decreased by $611 and $1345 in the LIN and VAN
cohorts, respectively. Conversely, when the upper bounds
were utilized, total costs increased by $311 and $1148 in
the DAP and VAN cohorts, respectively. Although oral
linezolid had the widest range in treatment duration that
was tested in the sensitivity analyses, the LIN strategy
resulted in the smallest variation in total costs (—8%
with the lower bound and +9% with the upper bound
compared to the LIN base case).

Total costs are also greatly impacted when the popula-
tion is comprised solely of wound (traumatic and surgical)
infections, resulting in an increase of ~$2500 per patient
in all three treatment strategies. This is primarily due to a
greater proportion of patients with wound infections

initiating treatment in the inpatient setting and the
higher costs associated with wound infections. Using
median values of the inpatient DRG costs instead of the
mean values had only minimal impact to the results in
which total costs on all cohorts were decreased by less
than $700.

In a scenario where daptomycin was administered by
injection over a 2-min period instead of being adminis-
tered intravenously via a peripheral catheter over a
30-min period at an outpatient infusion center in the
base case, mean total per patient costs of the DAP
cohort were decreased to $8635.

Among the treatments being considered in this study,
only vancomycin is typically utilized as empiric therapy in
US clinical practice. The patient journey analysis con-
cluded that 50% of patients completed the course of
vancomycin, while 44% and 6% switched to oral linezolid
and daptomycin, respectively?®. Using this as the basis for
a treatment scenario, the model predicted mean total time
on antibiotic of 12.6 days (4.2 days in the ED and inpati-
ent, 8.4 days in outpatient) and mean total costs per
patient of $8221 ($352 in ED, $5072 in inpatient, $2797
in outpatient). An alternative scenario was tested where
more patients switched to oral linezolid at discharge (60%)
compared to vancomycin (36%) and daptomycin (4%).
Mean time on antibiotic increased by 0.3 days due to add-
itional time in the outpatient setting, given the longer
duration of treatment with oral linezolid. However,
mean total costs were reduced by $209 per patient, primar-
ily due to a reduction in outpatient costs (savings of $201).
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Table 3. Mean total number of days on antibiotic and mean costs per
patient—results from scenario analyses for VAN, LIN, and DAP.

Scenario VAN LIN DAP
Reference case
Total days on antibiotic 11.2 13.7 16.2
Total costs $8671 $7508 $9600

Treatment duration:
Lower bound (VAN 6.4 days, LIN 6.2 days, DAP 10 days)

Total days on antibiotic 7.9 10.4 13.7
Total costs $7326 $6897 $8725
Upper bound (VAN 13.8 days, LIN 13.8 days, DAP 14 days)
Total days on antibiotic 14.4 16.9 1741
Total costs $9819 $8161 $9911
Inpatient DRG costs (median values)
Total days on antibiotic 11.2 13.7 16.2
Total costs $7986 $6825 $8917

Baseline infection type:
PREMIER data (39.7%—major cutaneous abscess; 39.7%—cellulitis;
0.5%—traumatic wound infection, 20.1%—surgical wound infection)

Total days on antibiotic 11.2 13.7 16.2
Total costs $8800 $7642 $9735
100% major cutaneous abscess or cellulitis
Total days on antibiotic 11.2 13.7 16.2
Total costs $8169 $7023 $9735
100% wound infections
Total days on antibiotic 11.2 13.7 16.2
Total costs $11,209  $10,007  $12,087
Daptomycin administration: two-minute injection
Total days on antibiotic NR NR 16.2
Total costs NR NR $8635

DAP, daptomycin; LIN, linezolid; VAN, vancomycin; NR, not relevant.

Figure 4 illustrates the results from the PSA for the
three cohorts, which are consistent with the findings
from the deterministic analyses. The 95% CI for total
days on antibiotic was (7.9, 15.2), (10.6, 17.5), and
(12.4, 21.1) for the VAN, LIN, and DAP cohorts, respect-
ively, while the 95% CI for total costs was ($7036,
$10,737), ($6528, $8779), and ($8209, $11,664) for the
VAN, LIN, and DAP cohorts, respectively. Among the
three cohorts, LIN had the lowest cost in 88% of the trials.

Discussion

The current model framework improves upon prior
models, which typically do not account for treatment in
the outpatient setting or assignment of a different anti-
biotic at discharge from the hospital'”°. This model is
also capable of capturing costs and time spent in each
location of care, which allows for a comparison of alterna-
tive antibiotic treatment strategies and the pathways
through the various locations in which treatment can be
administered. Furthermore, the framework is flexible
enough to model complex real-world treatment patterns
and simulate the potential implications of modifying
clinical practice. The type of infection is also explicitly
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modeled, which allows the additional cost and resource
use associated with wound infections to be accounted
for, which is important since these can represent anywhere
from 16-20% of ABSSSIs>*’.

In addition to the strengths associated with the model
framework, many of the data sources that have been
utilized ensure the inputs reflect current management
practices. Real-world databases were analyzed to inform
the inputs related to initial location of care, infection
type, inpatient DRG costs, treatment durations, inpatient
length of stay, and utilization of specific antibiotics in
the treatment pathway. Vancomycin remains the most
frequently used empiric therapy for inpatient management
of ABSSSP. Linezolid and daptomycin are also recom-
mended for MRSA and are typically used as ambulatory
continuation therapy following initial treatment with
vancomycin®’. Although other antibiotics with MRSA
coverage can be used in clinical practice, these were not
considered in this analysis, which focused on the potential
impact of more specific management decisions. The ana-
lyses presented in this study demonstrate that the majority
of the costs accrued are associated with inpatient care,
although a greater proportion of the treatment course is
administered in the outpatient setting for patients that are
managed with a full course of vancomycin therapy. The
principal component of outpatient costs is related to intra-
venous (IV) administration of vancomycin. Modifying the
location of care in which the patient is treated can have a
major impact on costs. Initiating treatment in the ED vs
the inpatient setting leads to cost savings, since a larger
proportion of patients avoid the inpatient stay and the
associated costs. Following the first dose in the ED, total
costs decrease as the proportion discharged to complete
their course in the outpatient setting increases. When
appropriate, the entire management pathway may take
place in the ambulatory setting, and a recent study has
shown that comparable clinical outcomes can be
achieved”*.

Decisions related to switching antibiotics for patients at
the early response assessment also have an impact on costs.
If responding inpatients are discharged, total costs are
lowest if a switch is made to an oral antibiotic (such as
linezolid) rather than parenteral therapy, since the patient
does not require frequent visits to an outpatient infusion
center to complete their course of treatment. Furthermore,
the impact of prescribing variable treatment durations on
total costs is reduced with oral medications because paren-
teral therapies also accrue the costs associated with
administration. Given the widespread use of VAN as
empiric therapy (54% according to the PREMIER ana-
lysis)’, a shift in management practices to increase utiliza-
tion of an oral antibiotic as ambulatory continuation
therapy will lower costs substantially. For example, pro-
jecting the patient numbers from the PREMIER analysis
to a national level, ~292,500 Medicare patientsg were
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Figure 4. Results from the PSA (total days on antibiotic and total costs per patient) for each of the 1000 trials for VAN, LIN, and DAP.

hospitalized with an ABSSSI in the US in 2010. Increasing
the number of patients that are switched to oral linezolid at
discharge, per the real-world treatment patterns scenario
presented in this study, could result in savings from the
Medicare perspective.

The presented analyses have some limitations.
Response and cure rates were assumed to be equal across
all locations of care, although it is possible that there may
be differential selection of the patients who are suitable
candidates for outpatient care. Furthermore, resistance
patterns or compliance may differ in the outpatient setting,
which may impact outcomes. For example, a US-based
retrospective claims analysis showed that nearly 25% of
Medicare Advantage Prescription Drug patients prescribed
oral linezolid at discharge did not fill the prescription due
to the high out-of-pocket expenses?®. These patients had
higher medical costs (excluding drug costs) by nearly
$4000 (per patient) in the 60 days following discharge
compared to those that filled the prescription. This
illustrates the impact of changes in the setting of care on
the out-of-pocket costs accrued by the patient and the
potential for this to influence subsequent clinical
outcomes.

Even though there may be cost savings from the
Medicare perspective if an inpatient remains in the hos-
pital rather than being discharged (i.e. DRG cost is applied
once the patient is admitted), this model does not capture
the potential health risks such as nosocomial infections
and subsequent cost implications by extending inpatient
length of stay’”’°. From the overall healthcare resource
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allocation viewpoint, reducing inpatient length of stay
increases the capacity of the hospital to accommodate
other patients. Furthermore, inpatient DRGs from the
Medicare perspective do not vary according to the
treatment that is used by the patient; rather, these are
based on the severity of the infection (a complication
such as lack of response or relapse results in a higher
DRG cost). The costs associated with the specific treat-
ment would be of importance to a provider, but are not
captured under the current perspective. Furthermore,
given that the patent for linezolid will expire in 2015,
the potential cost savings will be even greater once the
drug becomes generic.

Furthermore, in these analyses, daptomycin was
assumed to be administered intravenously via a peripheral
catheter over a 30-min period at an outpatient infusion
center, while an injection over a 2-min period could be
another potential mode of administration. The results
from scenario analysis indicated a decrease in a mean
total per patient costs ($8635 vs $9600) when a 2-min
period injection of daptomycin was assumed. The lower
costs in this scenario, relative to the DAP base case, are
primarily driven by the lower procedure costs associated
with the injection compared to the infusion. Given
the lack of data to determine the mode of administration
utilized in real-world clinical practice for daptomycin, the
assumption in this study is conservative. The cost
associated with a physician’s time for conducting the
cure assessment at 14 days in the outpatient setting was
also not considered in this study. This simulation could be
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enhanced by broadening the perspective to consider the
cost shifting between payers, providers and patients; how-
ever, appropriate data sources with this level of detail
would need to be identified.
Despite these limitations,
presented here is able to capture many of the complexities
associated with the treatment of ABSSSIs, which helps
provide insight into the consequences associated with
adopting alternative treatment strategies or modifying a
patient’s journey through the various locations of care.

the model framework

Conclusions

The choice of antibiotic and location of care in the
management of ABSSSIs have a substantial impact on
resource use and costs. A significant proportion of the
antibiotic treatment course is managed in the outpatient
setting; however, costs are reduced when visits to a
hospital infusion center are not needed. The health
economic implications of new treatment options currently
in development such as long-acting lipoglycopeptide 1V
antibiotics (e.g. oritavancin and dalbavancin), which
avoid repeat infusions and are anticipated to allow
providers to shift more care to the ambulatory setting,
can be assessed using a modeling framework such as the
one presented here.
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