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ABSTRACT

Background

Outpatient Parenteral Antibiotic Treatment (OPAT) is becoming a more frequent
modality of completing a patient’s antimicrobial treatment to save on hospitalization
costs and decrease the risk of nosocomial infections. The use of vancomycin, a widely
used medication in OPAT, may mitigate some of those savings due to dosing and lab
monitoring challenges, adverse drug reactions (ADRs), clinical failure rate, and re-
hospitalization risk associated with the drug. The objective of this review is to examine
if daptomycin is a safer, more effective, and cost-saving medication to the health care
continuum when used in the OPAT setting.

Methods

A literature review was conducted to evaluate the comparative rate of effectiveness,
treatment failure due to adverse event (ADE), patient satisfaction, antimicrobial
stewardship concerns, and potential cost comparisons of daptomycin and vancomycin.

Results

Daptomycin was shown to have a higher clinical success rate when used in OPAT vs.
inpatient (94.6% vs. 86.3%) and a higher success rate vs. standard therapy for S. aureus
when used in OPAT (90% vs. 83%). Compared to vancomycin, daptomycin decreased
rate of clinical failure (OR 0.58), had a lower rate of discontinuation due to ADE (OR
0.15), less severe ADE, was associated with higher patient satisfaction, and is considered
the superior treatment at a willingness to pay threshold above $15,000 for severe
infections.

Conclusion
According to the literature review, daptomycin may be superior to vancomycin for severe
infections in the OPAT setting.
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Introduction

The long duration of treatment necessary for severe
infections and the high cost of inpatient hospital care
have led insurance companies and health care providers
to turn to outpatient parenteral antibiotic treatment
(OPAT) to complete a patient’s treatment course once
they are stable for discharge. The global home infusion
market, a large purveyor of OPAT, has an expected
compound annual growth rate of 11% from 2021
through 2027, which has accelerated in recent years
due to COVID shifting more care to the patient’s
home.' While OPAT adds significant cost savings, it

is not without additional risks and challenges. When
considering OPAT, all the risks of clinical failures

are amplified as the patient is no longer in a hospital
bed available for labs and doses at the provider’s
request. Therefore, patient compliance with dosing,
labs, hydration, and other factors is paramount in
determining clinical success or failure.

Vancomycin has been used for several decades in the
hospital setting for parenteral treatment of severe
gram-positive bacterial infections. While vancomycin’s
efficacy is still robust after many years, concerns

about its toxicity, such as acute kidney injury (AKI), is
often at the forefront of providers’ minds. The risk of
AKI increases with higher doses needed to obtain the
necessary 15-20mg/L trough levels and durations longer
than 2 weeks, which are frequently required to treat
severe susceptible infections.”* Cano et al., found that
patients on vancomycin with a goal trough of 15-20mg/L
for longer than 7 days increased their risk of AKI by
12% for every additional day they were treated.””
Hidayat et al. showed 30% of patients on high-dose
vancomycin treated for greater than 2 weeks suffered
nephrotoxicity.”® To minimize adverse effects and verify
the drug concentration is appropriate for treatment,
vancomycin has strict lab monitoring requirements
depending on the method of dose monitoring, which
places an additional cost, time, and convenience burden
over other traditional antimicrobials. Despite AKI
being a likely morbidity for many of these patients,
vancomycin is one of the most common drugs infused
in the home setting.”*

With a heightened focus on the cost of care, clinicians
are faced with analyzing if a drug will be effective from
both a clinical and a cost-effectiveness standpoint.

To understand some of the possible cost impacts of
vancomycin unrelated to the direct drug cost, Jeffres

analyzed the impact toxicities, lab costs, and provider
time have on the health care continuum.” From a
toxicity standpoint, Jeffres noted that nephrotoxicity
occurs on average within 4 to 17 days after the start

of therapy and is highly correlated with higher doses,
length of therapy >7 days, and patients receiving
additional nephrotoxic drugs.”'’ These factors can
significantly increase the hospital length of stay

(LOS) by 3.5 to 15 days (depending on the study and
hospital ward) which also increases total medical cost
(17.7% - 23.9%).*’ Monitoring vancomycin levels and
dosing vancomycin can also be costly, as patients can
require lab draws up to biweekly depending on their
acuity and risk factors which have associated lab-related
costs and nursing time. Additionally, if providers

wish to follow the 2019 Infectious Diseases Society of
America (IDSA) guidelines and use the recommended
area-under-the-curve (AUC) dosing instead of trough-
based dosing, their choices are additional lab draws
needed for the calculation or the use of software with
Bayesian modeling, which can cost an organization tens
of thousands of dollars per year.'"'"? Jeffres also found
that the mean cost to prevent 1 episode of vancomycin-
related nephrotoxicity is $25,167, and the cost to treat
said nephrotoxicity is $11,234.” When totaled, this
comes to a willingness to pay (WTP) to avoid 1 episode
of vancomycin-related nephrotoxicity of approximately
$40,000, which was corroborated in a cost-effectiveness
analysis performed in 2021 by Vi et al.” Most of

these costs could be eliminated or reduced by using
alternative antimicrobials.

Since administering vancomycin safely poses many
challenges, clinicians have looked for alternatives that
may simplify the infusion process while adequately
treating the patient’s condition and preventing
readmission. Daptomycin, a lipopeptide antibiotic
released under the trade name Cubicin® in 2003,

is used to treat infections resistant to vancomycin
but also shares a similar efficacy profile for gram-
positive bacterial infections such as methicillin-
resistant Staphylococcus aureus (MRSA).*>" With

its once-daily dosing, lower rate of serious adverse
drugs events (ADEjs), less stringent lab monitoring
requirements, and dosing that is less likely to require
titration, daptomycin is often viewed as a safer, less
complicated alternative which may decrease overall
costs to the health care continuum while preserving
clinical outcomes.>"*"® However, the higher drug cost
of daptomycin, which can be a multiple of 4 to 12x
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the cost of vancomycin, and inpatient antimicrobial
stewardship ideology have been barriers to more
frequent use.'

The objective of this review is to analyze the available
literature comparing clinical outcomes due to
treatment failure, failure due to ADEs, ease of use, and
patient satisfaction as possible contributors for clinical
failure. Additionally, this study secks to assess the total
costs associated with treatment for both medications
reflecting the cost burden clinical failures have on the
health care continuum. Finally, this review will discuss
which antimicrobial has a stronger case for use in
OPAT regarding the challenges associated with therapy
in this setting.

Methods

iterature search was conducted usin e University o
Al h ducted gthe U ty of
Florida online library Primo search function and Google
Scholar from 2007 through 2022, emphasizing literature
published since 2012 with full text copies available.
The following search terms were used: “vancomycin,”
« . » « » « » « » « » .
) bl b y

daptomycin,” “opat,” “copat,” “mrsa,” and “cost” in a
variety of and/or combinations. A bibliography search
was conducted to obtain additional resources.

Results

Clinical Efficacy and Effectiveness

Many studies have tried to capture various facets

of clinical effectiveness by analyzing clinical

failure rates and reasons for clinical failure. A
significant contributor to clinical failure is the early
discontinuation of an antimicrobial due to an ADE.
Maraolo et al. noted in their meta-analysis comparing
daptomycin and vancomycin for the treatment of
MRSA bloodstream infections with or without
endocarditis that daptomycin had an odds ratio of 0.15
compared to vancomycin for discontinuation due to
adverse effects.”” Additionally, no significant difference
in mortality but a significantly lower risk of clinical
failure (OR 0.58) was found for daptomycin."”

Daptomycin has also been shown to have a higher
success rate in the OPAT versus institutional setting.
Results from the Cubicin Outcomes Registry and
Experience (CORE), which was a post-marketing
analysis, demonstrated that the clinical success rate of
daptomycin in OPAT exceeded its inpatient success
rate of 94.6% to 86.3% (p <0.001), respectively.”
Rebhm et al. showed a clinical success rate of 90% vs.
83% for daptomycin compared to standard therapy

for S. aureus infections in OPAT."” Daptomycin also
demonstrated a lower infection relapse rate (3.9% vs.
15.5%, p = 0.007), a lower mortality rate 6 weeks after
completion of therapy (3.9% vs. 18.6%, p = 0.001),
and a much higher clinical success rate over inpatient
antibiotic therapy (86.4% vs. 55.7%, p <0.001)

vs. standard of care."” Seaton et al. corroborated

these results, analyzing the European Registry for
daptomycin usage in OPAT and showing an 89%
clinical success rate over a wide range of susceptible
infections.” Noteworthy for these studies was that
OPAT patients tended to be younger and have fewer
comorbidities when compared with those who finished
their therapy in the hospital; however, these factors are
unlikely to favor one therapy over another for OPAT
but more likely to impact the decision to service the
patient institutionally or via OPAT."**° This insinuates
that while it is considered at least as effective as
vancomycin in the hospital setting, data suggests
better efficacy when used in the less controlled
environment of OPAT.

While treatment failure from an ADE is a concern
from an inpatient perspective, it is an even greater
concern in OPAT due to the increased possibility of
treatment failure. Shrestha et al. analyzed a single center
cohort receiving vancomycin and daptomycin over a
3-year period to compare adverse events, health care
interventions, and health care utilization during their
OPAT course, which was standardized to a rate per
1,000 OPAT days.® It was determined that vancomycin
had more than double the ADE rate (p = 0.02) and
4.8x the rate of antimicrobial interventions (p =
<0.001) than daptomycin patients.® Schrank et al.
conducted a retrospective analysis among OPAT
patients receiving vancomycin vs. daptomycin over

a 3-year period analyzing change or discontinuation
of antimicrobial due to an ADE occurring greater

than 7 days prior to the end of therapy.” After
adjusting for multiple differences in patient population
characteristics, the ADE rate leading to a change or
early discontinuation of treatment was 19.0% vs. 7.6%
(p <0.01) for vancomycin and daptomycin respectively,
which typically would happen earlier in the treacment
course (p <0.01) for vancomycin."” Additionally, the
vancomycin group was 3.7x more likely to have an
ADE (OR = 3.71, p < 0.01) related to discontinuation
of treatment than the daptomycin group.” The severity
of ADE was notable, with the vancomycin group’s
most prevalent ADE being renal involvement (32%

of ADE, 6% of patients overall), hypersensitivity



reactions (22% of ADE, 4.2% of patients overall),
and cytopenias (10% of ADE, 1.9% of patients
overall), vs. asymptomatic CK elevation of a 10-fold
increase above the upper normal limit (50% of ADE,
4% of patients overall) and rhabdomyolysis (38% of
ADE, 3% of patients overall) for daptomycin.'"*"” A
confounder mentioned by the authors was a significant
difference in the location of OPAT, with significantly
more patients on vancomycin receiving treatment in a
long-term acute or skilled nursing facility (p <0.01).”
This population tended to have a higher burden of
comorbidities which could contribute to a higher
likelihood of ADE."” However, this population had a
lower risk of medication changes due to ADE which
may be explained by quicker access to hydration and
the availability of hypersensitivity reaction abortive
medications, which may have prevented a medication
change.” While these results are higher than the
discontinuation rate of daptomycin documented in
the European Registry, showing 3.1% of patients
discontinued treatment related to ADE, daptomycin

still demonstrates advantages over vancomycin
regarding ADE.”

Patient Adherence and Contributing Factors

to Treatment Success

Often overlooked facets of OPAT outcomes include
patient adherence, satisfaction, and perceived burden
on their daily life. Neiman et al. noted that half of
prescribed medications are taken incorrectly with
regards to timing, dosage, frequency, and duration,
which has a significant impact on treacment success,
hospital readmission, and cost of care.” W et al.
assessed some of these issues by conducting a short
telephone survey with patients treated with daptomycin
or vancomycin to assess the impact on a patient’s daily
routine, ADE, hospital readmission, and time off work,
which was collated into a daily impact score.” Patients
received daptomycin every 24 hours, while vancomycin
patients received doses ranging from every 8 hours to
every 48 hours, with every 12 hours being the most
prevalent.”” The results demonstrated a higher daily
impact score for vancomycin patients and a higher
overall subjective satisfaction with daptomycin over
vancomycin therapy (100% vs. 67% rated satisfaction
of 8/10 or better on a 0-10 rating scale, respectively)
which may be attributed to vancomycin infusions
having a more varied frequency schedule along

with 1-2 hours per infusion vs. once-daily dosing of
daptomycin which is infused in 30 minutes or less.”**
Patient perceived daily impact of therapy and patient

adherence to therapy could contribute to a much
higher completion rate of daptomycin OPAT therapy
vs. standard of care noted by Rehm et al. showing a
90.3% vs. 45.4% (p <0.001) respectively.”

The antimicrobial stewardship community has

taken note of this nuance as it demonstrates the
difference between antimicrobial stewardship in the
inpatient realm vs. OPAT. The usual doctrine of the
antimicrobial stewardship community is the desire

to preserve the efficacy of newer, novel, or broader-
spectrum treatments by using older, more established
treatments first, reserving the newer treatments for use
only when initial treatment has failed." This would
favor vancomycin over daptomycin, which is evident
in many hospitals’ treatment protocols. However,
Mahoney et al. addressed this stating that while a
narrower-spectrum agent over a broader one may be

a priority in the inpatient setting, the OPAT setting
focuses on ease of administration and convenience
which are factors that can affect patient adherence,
completion of therapy, and antimicrobial resistance in
the community setting.'

Total Health Care Costs

Several authors endeavored to quantify the economic
benefit of using various MRSA-focused antimicrobials
to determine whether there is an advantage of using
one over another. Patel er al. attempted to create an
economic model which included a cost-minimization
and cost-effectiveness analysis of daptomycin,
vancomycin, and linezolid for MRSA acute bacterial
skin and skin structure infections (ABSSSI) for which
institutional and OPAT direct costs were included.”
While they concluded vancomycin was significantly
more cost-effective than daptomycin (18.5% lower
cost of treatment), some limitations significantly
favored vancomycin.” In the base-case and the
scenario 1 sensitivity analysis, they assumed the same
LOS regardless of the drug, which can be refuted by
multiple studies that show daptomycin has a shorter
time to clinical success.” Additionally, the scenario 3
sensitivity analysis used efficacy rate instead of clinical
success rate (effectiveness), which would include
treatment failures from ADE.* Since they included
OPAT in this analysis, the clinical success rate would
have been a better surrogate for real-world scenarios,
as ADE have a large impact on patients completing a
course of antimicrobials. Finally, the authors analyzed
vancomycin ADE cost impact during the first 3 days
of treatment (empiric phase) which increased the
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favorability of vancomycin since studies have shown
the longer a patient is on vancomycin, the more

likely they are to have an ADE.**

While the data is mixed on which is superior for
ABSSSI due to the shorter duration of treatment

and lower drug level targets needed, data analyzing
more severe infections requiring a longer duration of
treatment paints a different picture. Vi et al. completed
an exploratory cost-effectiveness analysis that compared
daptomycin and vancomycin for MRSA bloodstream
infections in Veterans Health Administration patients.”
Patients remained hospitalized until response or
microbiological failure, which required an additional
14 days of salvage treatment.” Patients who were
discharged received OPAT for 21 days." Primary
outcomes measured were microbiological failure within
the first 7 days of treatment and ADE-related treatment
failure after 7 days of treatment added together as a
composite.”” Cost-effectiveness was analyzed using
incremental cost-effectiveness ratios (ICER) with

a WTP threshold of $40,000 to avoid 1 clinical
failure.” In the 4-week and 6-week treatment analyses,
daptomycin was a more expensive and effective than
vancomycin."”” A probabilistic sensitivity analysis was
conducted using 10,000 iterations via a Monte-Carlo
simulation with varying parameters of the stratified
primary endpoints demonstrating that at a $40,000
WTP threshold, daptomycin, vancomycin, and

other treatments were favored 50%, 31%, and 19%

of the time respectively.” When the WTP is varied,
daptomycin was favored over vancomycin most of

the time at any WTP >$15,000, significantly lower
than the cost a vancomycin failure ($40,000) has on
the health care continuum."” Some limitations of this
analysis are the predominantly male population and
the costs used for this study, which are comparable to
340B drug prices to which only a small group of health
care facilities have access. The direct drug cost savings,
particularly on daptomycin, would be substantial and
could impact this analysis if applied to other health
systems or OPAT providers. Table 1 lists the studies
analyzed and provides an overview of the data.

Discussion

From the approval of daptomycin in 2003, it can

be determined that it is non-inferior to vancomycin
for susceptible infections. However, when looking
at the overall effectiveness of treatment, daptomycin
had a much higher clinical success rate due to better
tolerability, lower rate of therapy-ending ADE,

shorter infusion time, less frequent dosing, and

ease of dosing leading to higher patient satisfaction,
mainly when the OPAT setting was included in the
analysis. The one clinical area where the data does
not strongly favor daptomycin for effectiveness is

for less severe infections such as ABSSSI or urinary
tract infection (UTT). The reasons for this are evident
as lower doses and shorter treatment durations
significantly decrease the likelihood of a therapy-
ending ADE or clinical failure for vancomycin. In
addition, patient satisfaction is less likely to be a
barrier as the shorter duration of treatment would
impact a patient’s life for a shorter period. Since

this would lead to a lower rate of treatment failure
for vancomycin, the cost-benefit profile would favor
vancomycin and make it the superior agent for use in
the short term, less severe infections.

The 2 areas that were up for debate prior to this
analysis were the antimicrobial stewardship angle
and the total cost of treatment for severe infections
requiring higher doses of vancomycin and a longer
treatment timeline. The article by Mahoney et al.
addresses stewardship illustrating that the focus

for antimicrobial stewardship in OPAT is patients
taking a drug correctly and completing therapy as
those can also impact antimicrobial resistance.'
From a total cost of treatment standpoint, the data
for longer treatment courses may favor daptomycin
for OPAT. Vi ez al. stated that daptomycin is favored
more often than other agents against MRSA at a
WTP of $15,000."” Considering the WTP to avoid
a vancomycin-induced AKI is about $40,000, this
makes a compelling case for the use of daptomycin.

There are some limitations to the available data to
make a concrete determination of superiority. First,
there is no data on vancomycin-induced AKI strictly
in the OPAT setting. There are theoretical reasons
why it could be higher in the OPAT vs. inpatient
setting, but there are no studies focusing on this
specifically. With that data point, the rate can be
assumed from prior studies, most of which took place
in the institutional setting. Second, all these studies
were done with trough-based dosing of vancomycin.
AUC-based dosing has shown to decrease the risk of
AKI by 50% which could significantly change the
treatment failure rate of vancomycin due to ADE."
Finally, a cost-benefit analysis would also need to be
done on Bayesian software, an often-used method for
AUC calculations. Jeffres noted that a pharmacist,



1BLE1 | Qverview of the Reviewed Studies

antimicrobial therapy (Copat) for
Staphylococcus aureus bacteraemia with or
without infective endocarditis: analysis
of the randomized trial comparing
daptomycin with standard therapy

daptomycin, 97 with
standard of care (SoC)

Maraolo Daptomycin versus vancomycin for 1,226 patients, 554 Risk of clinical failure of Daptomycin
et al. the treatment of methicillin-resistant vs. 672 in daptomycin vs. Vancomycin = OR 0.58.
Staphylococcus aureus bloodstream vs. vancomycin, Discontinuation of medication due
infection with or without endocarditis: respectively to adverse effects of Daptomycin vs.
a systematic review and meta-analysis Vancomycin = OR 0.15. Mortality of
Daptomycin vs. Vancomycin patients =
OR 0.73 (not statistically significant)
Nathwani D. | Developments in outpatient parenteral 1,160 patients treated Clinical success rate inpatient = 86.3%,
via CORE antimicrobial therapy (OPAT) for gram- | with daptomycin for Clinical success rate outpatient = 94.6%
trial positive infections in Europe, and the susceptible infections
potential impact of daptomycin
Rebhm et al. Community-based outpatient parenteral | 200 patients, 103 Daptomycin clinical success rate = 90%.

Semi-synthetic penicillin or vancomycin
+ gentamicin (SoC) = 83%. Infection
relapse rate: daptomycin = 3.9%, SoC

= 15.5%. Mortality rate 6 weeks after
completion of therapy: daptomycin =
3.9%, SoC = 18.6%. Completion rate of
daptomycin vs. vancomycin = 90.3% vs.

45.4%

Seaton et al.

Daptomycin for outpatient parenteral

550 patients received

The overall clinical success of

and health care utilization during home
infusion therapy with daptomycin and
vancomycin: a propensity score-matched
cohort study

357 vancomycin

antibiotic therapy: A European Registry | daptomycin OPAT daptomycin over susceptible infections
experience (EU-CORE) for OPAT = 89%
Shrestha et al. | Adverse events, health care interventions, | 119 daptomycin, ADE rate 3.2 vs. 7.7 events per 1,000

OPAT days, 5.6 vs. 27.1 antimicrobial
interventions per 1,000 OPAT days for
daptomycin vs. vancomycin, respectively

for treatment of methicillin-resistant
Staphylococcus aureus bloodstream
infections: Is linezolid or daptomycin
favored over vancomycin?

and 6 week regimens
with probabilistic
sensitivity analysis,
including 10,000
iterations via Monte-
Carlo simulation

Schrank et al. | A retrospective analysis of adverse events | 105 daptomycin, ADE leading to change or early
among patients receiving daptomycin 312 vancomycin discontinuation of treatment 7.6%
versus vancomycin during outpatient vs. 19% daptomycin vs. vancomycin,
parenteral antimicrobial therapy respectively. aOR = 3.71 for the

incidence of ADE for vancomycin over
daptomycin

Patel et al. Economic burden of inpatient and Cost per patient based on | Total cost of treatment: daptomycin =
outpatient antibiotic treatment for 7 to 14 days of treatment | $13,612, vancomycin = $11,096.
methicillin-resistant Staphylococcus Gain in QALYs for daptomycin
aureus complicated skin and soft-tissue over vancomycin-treated patients =
infections: a comparison of linezolid, 0.001 QALY
vancomycin, and daptomycin.

Vu et al. Exploratory cost-effectiveness analysis Cost per patient for 4

Daptomycin dominated vancomycin at
4 and 6 weeks of treatment. Sensitivity
analysis: Daptomycin, vancomycin, and
linezolid were favored in 50%, 31%, and
17% of 4-week probabilistic iterations,
respectively, at $40,000 WTP.
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on average, takes about 40 minutes to evaluate
patients regarding pharmacokinetic evaluation,
interpret results, and follow-up with the patient.” The
possible decrease in provider time cost vs. the cost of
using the software would have to be assessed to see
how this would affect the total cost of treatment.

Many of the cost analyses conducted either occurred
prior to the introduction of generic daptomycin to
the market or were completed in a setting where the
cost does not reflect what most health systems or
purveyors of OPAT would pay. Therefore, a study
using non-government priced drugs would need to

be performed with costs extrapolated to the present
day to best quantify if there are any differences. In
addition, the acute nature of treatment with these
drugs makes pharmacoeconomic analysis, such as
cost-effectiveness or cost-utility analysis, difficult

as these analyses are usually performed on chronic
conditions with a long duration of therapy. When
Patel et al. attempted a cost-effectiveness analysis on
vancomycin and daptomycin for MRSA ABSSSI,
they showed a difference of 0.001 QALY (8.8 quality-
adjusted life hours), which is not likely to sway an
argument toward one medication or another.” Finally,
there are no studies analyzing the societal costs of
using vancomycin in the OPAT setting. With more
frequent, longer dosing requirements, up to biweekly
lab monitoring, and the possibility of renal failure,
which could cause an additional hospitalization and
longer courses of antimicrobial treatment, this can
impact the patient’s time away from work decreasing
their productivity and productivity of family members
supporting the patient during their treatment.

Conclusion

With an efficacy rate that is non-inferior to
vancomycin, an effectiveness rate that may be superior
to vancomycin in the OPAT setting, a lower risk of
ADE, simplified lab requirements and dosing, and a
likely cost-benefit to the health care continuum for
longer-term therapy, daptomycin may be superior to
vancomycin for use in severe infections in the OPAT
setting. However, further studies are needed in the

OPAT setting to address rate of ADE and costs.
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