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ABSTRACT In 2019, the Clinical and Laboratory Standards Institute revised the dap-
tomycin breakpoints for Enterococcus spp. twice in rapid succession. Analyses lead-
ing to these revisions included review of testing issues, murine and human in vivo
pharmacodynamics, safety of off-label doses, and treatment outcomes. The data re-
view brought up a dilemma that is encountered with increasing frequency: a break-
point supported by pharmacokinetic/pharmacodynamic modeling that bisected the
wild-type Enterococcus faecium MIC distribution. In such instances, not only does the
probability of pharmacokinetic/pharmacodynamic targets need to be taken into ac-
count but also the probability that the laboratory can generate an accurate MIC that
is reproducible within one interpretive category.
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On 27 February 2019, the Clinical and Laboratory Standards Institute sent an
update to laboratories detailing a revision to the M100S 29th edition Entero-

coccus species daptomycin breakpoints, which had been published in January
(Table 1). The current (second revision) breakpoints are shown in Table 2 are
available in the free online version of M100 (https://clsi.org/standards/products/
free-resources/access-our-free-resources/) and will be printed in the M100S 30th
edition, which will be published in January 2020. Laboratories may wonder why the
daptomycin breakpoint was changed a second time, and so soon after publication of
the first revision. This commentary outlines the reasons for the change and strategies
laboratories may take to implement the current daptomycin breakpoints.

The enterococcal daptomycin breakpoints have been under review by CLSI since June
2016, when issues regarding both daptomycin treatment failures for Enterococcus spp. and
the appropriate enterococcal endocarditis dose for daptomycin were first discussed. The
CLSI Antimicrobial Susceptibility Testing (AST) Subcommittee convened an ad hoc working
group to address these issues, which compiled existing and generated new data to support
a breakpoint revision. Analyses included review of testing issues (1), murine (2), and human
(3) in vivo pharmacodynamics (PD), safety of off-label doses (4, 5) and treatment outcomes
(6–8). The full extent of the data reviewed and outcomes of the analyses will be described
elsewhere in a rationale document to be published by CLSI and a review article (M. J. Satlin,
D. P. Nicolau, R. M. Humphries, J. L. Kuti, et al., submitted for publication). Combined, the
data demonstrated the following.

1. A low probability of pharmacokinetic (PK)/PD target attainment for isolates of
Enterococcus with daptomycin MIC of 2 to 4 �g/ml, with maximal FDA-approved
doses of daptomycin (6 mg/kg of body weight/day), was found by both non-
clinical (murine) and human clinical PK/PD simulations. In contrast, �90% prob-
ability of PK/PD target attainment is possible for these MICs, with off-label doses
of 8 –12 mg/kg/day.

2. Clinical outcomes are improved in adults with bloodstream infections if off-label
doses of 8 –12 mg/kg/day are used.
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3. Safety of doses of 8 to 12 mg/kg/day has been documented for adults.

The majority of these data, in particular clinical PD and outcomes, consisted of
evidence for infections caused by vancomycin-resistant Enterococcus faecium. This is
because many isolates of E. faecium are resistant to antimicrobial agents considered
first-line therapy for enterococcal endocarditis (9) (i.e., ampicillin/penicillin, vancomycin,
and an aminoglycoside), leaving daptomycin and linezolid as the remaining treatment
options. Similarly, alternative treatment regimens consisting of double beta-lactam
therapy, such as ampicillin plus ceftriaxone, are not indicated for E. faecium (9). In
contrast, most isolates of Enterococcus faecalis remain susceptible to at least one cell
wall-active agent and do not display high-level aminoglycoside resistance. Nonetheless,
the CLSI AST Subcommittee was hesitant to publish a daptomycin breakpoint for E.
faecium alone in 2019 largely because there was concern that not all laboratories
identify Enterococcus isolates to the species level. In addition, daptomycin does not
have an FDA-approved indication for treatment of infections caused by E. faecium,
which led to some concern regarding the ability of commercial antimicrobial suscep-
tibility tests (cASTs) to obtain FDA clearance for an E. faecium-only breakpoint. The only
enterococcal indication for the use of daptomycin is for the treatment of skin and soft
tissue infections caused by vancomycin-susceptible E. faecalis.

As part of the evaluations performed by CLSI, data were generated in a multicenter
study of daptomycin MIC reproducibility, both by reference broth microdilution (BMD)
and gradient diffusion strips (1). The study demonstrated that obtaining a reproducible
daptomycin MIC for E. faecium was very difficult by both methods. These testing issues
were particularly problematic the closer the isolate’s modal BMD MIC was to the
breakpoint, as MICs �3 dilutions (i.e., outside the acceptable essential agreement) for
the same isolate were seen in 60% of isolates tested (1). Despite these testing issues, it

TABLE 1 M100S 29th edition MIC Enterococcus breakpoints for daptomycin

Test/report
group Microorganism

Disk
content

MIC breakpoint (�g/ml) for
the following interpretive
category:

CommentsS SDD I R

B Enterococcus
spp.

– �1 2�4 –a �8 Comment 11. Daptomycin should not be reported for
isolates from the respiratory tract.

Comment 12. The breakpoint for SDD is based on a
dosage regimen of 8 to 12 mg/kg administered
every 24 h in adults and is intended for serious
infections due to E. faecium. Consultation with an
infectious diseases specialist is recommended.

a–, not applicable.

TABLE 2 February 2019 update to the M100S 29th edition MIC Enterococcus breakpoints for daptomycin

Test/report
group Microorganism

Disk
content

MIC breakpoint (�g/ml) for
the following interpretive
category:

CommentsS SDD I R

B E. faecium only –a – �4 – �8 Comment 11. Daptomycin should not be reported for
isolates from the respiratory tract.

Comment 12. The breakpoint for SDD is based on a
dosage regimen of 8 to 12 mg/kg administered
every 24 h in adults and is intended for serious
infections due to E. faecium. Consultation with an
infectious diseases specialist is recommended.

B Enterococcus spp.
(other than
E. faecium)

– �2 – 4 �8 Comment 13. The breakpoint for susceptible is based
on a dosage regimen of 6 mg/kg administered
every 24 h in adults.

See comment 11.
a–, not applicable.
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was agreed that physicians were in need of a daptomycin MIC and interpretation in
order to best use daptomycin clinically for the treatment of serious enterococcal
infections. The CLSI voted to approve a single, revised breakpoint for all enterococci
(Table 1). Given that most isolates of E. faecium harbored MICs of 2 to 4 �g/ml (Fig. 1,
top), the committee felt confident that most, if not all, isolates would yield an MIC in
the susceptible dose dependent (SDD) category.

In January 2019, the issue of daptomycin testing was discussed anew. Anecdotal
reports from laboratories attempting to validate their cASTs off-label with the M100S
29th edition breakpoints indicated significant challenges with poor categorical agree-
ment, which is unsurprising given the AST study conducted by CLSI (1). Furthermore,
several studies were reviewed, which indicated that isolates of E. faecium with MICs of
�1.0 �g/ml harbor mutations to the liaFSR system (1, 10), which has been shown to be
one mechanism by which E. faecium develops high-level daptomycin resistance and is
associated with daptomycin tolerance in this species. While the clinical ramifications of
these mutations are not fully understood, there remains concern that such isolates may
fail therapy at 6 mg/kg/day daptomycin. In addition, data from proficiency testing
surveys published by the College of American Pathologists indicated that nearly all
laboratories perform species identification for Enterococcus isolated from blood or other
sterile sites.

As such, the breakpoints were revised a second time to delete the susceptible (S)

FIG 1 MIC distributions for daptomycin (top), cefazolin (middle), and colistin (bottom) from the European
Antimicrobial Susceptibility Testing (EUCAST) data set (14). MIC data are shown in micrograms per
milliliter.
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category for E. faecium (Table 2). This change was deemed to be a more appropriate
breakpoint for E. faecium, the species treated most frequently with daptomycin, be-
cause of the following.

● The breakpoint is the same as the M100S 28th edition breakpoint, but the
interpretive categories are relabeled (i.e., SDD versus S and resistant [R] versus
nonsusceptible [NS]). The 2018 breakpoint has been FDA cleared on the majority
of cASTs, meaning laboratories can use the E. faecium breakpoint without valida-
tion of their cASTs off-label and adopt the breakpoint immediately.

● An interpretive category of SDD with no susceptible category reduces the risk of
underdosing daptomycin for E. faecium infections, both due to testing challenges
and also by alerting physicians a dose increase is needed.

● The breakpoint appropriately acknowledges inherent differences between E.
faecium and E. faecalis susceptibility to daptomycin.

This change to interpretive criteria marks the second time CLSI standards have
applied an SDD category with no susceptible category. Candida glabrata has an SDD
category and R category for fluconazole with disclaimers regarding the need for
maximum dosage of fluconazole and expert consultation to select a maximum dosage
regimen (11). As mentioned, significant differences exist between the susceptibility of
E. faecium and E. faecalis to daptomycin. First, the epidemiological cutoff (ECV, i.e.,
wild-type MIC) for E. faecium is �4 �g/ml, whereas E. faecalis isolates have ECV of
�2 �g/ml (Fig. 1, top). In addition, in murine infection models, investigators were
unable to achieve a 1-log10-unit kill of E. faecalis, regardless of the daptomycin dose or
MIC (2), and very limited human PD and clinical outcome data are available for the use
of daptomycin for E. faecalis infections. As such, the CLSI chose a conservative
�2 �g/ml susceptible breakpoint for daptomycin and non-E. faecium Enterococcus
species, as there were concerns that a susceptible breakpoint of �4 �g/ml was too
high, and while it is rare, daptomycin is used occasionally to treat E. faecalis infections.
An SDD category was not applied because the supportive clinical and PK/PD data for
off-label doses are derived almost exclusively from E. faecium infections. In contrast, an
intermediate (I) category was included to mitigate the risk of small, uncontrolled
variables in the MIC test method from resulting in very major (false-susceptible) or
major (false-resistant) errors (Table 2).

It is anticipated that laboratories can adopt the new daptomycin E. faecium break-
point immediately. Several options exist, including changing S to SDD in the laboratory
information system, continuing to use the S/NS interpretive categories but adding
interpretive comments regarding the need for doses of 8 to 12 mg/kg/day in adults for
susceptible isolates, or working with the pharmacy to ensure that E. faecium infections
are treated with 8 to 12 mg/kg/day. Of importance, however, is that all laboratories
identify enterococci to the species level when the enterococci are isolated from blood,
if not already doing so. Implementing the Enterococcus, not the E. faecium, breakpoint
is less urgent, as only rare cases of E. faecalis may be treated with daptomycin.
Laboratories may opt to test and/or report daptomycin on request only for these
isolates.

It is well-known that the reproducibility of the MIC test is �1 log2 unit, or in other
words, one to three MICs may be obtained for the same isolate. To date, this has not
been a significant challenge, as most breakpoints fall well above the wild-type MIC
distribution. However, recent reevaluation and reduction of breakpoints, based largely
on PK/PD analyses, have highlighted the challenge of such inherent MIC variability. The
primary reason the daptomycin Enterococcus breakpoints were reassessed a second
time is that a breakpoint of �1 �g/ml cuts into the wild-type E. faecium MIC distribution
for daptomycin (Fig. 1, top). It is not, however, the first time that PK/PD modeling has
identified a breakpoint that bisects a wild-type population. Other examples include
both the CLSI (�2 �g/ml) and FDA (�1 �g/ml) cefazolin breakpoint for Enterobacteri-
aceae (Fig. 1, middle), and data that suggest an appropriate Enterobacteriaceae break-
point for colistin is �0.5 �g/ml (12) (Fig. 1, bottom). Of note, no cAST has attempted to
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obtain FDA clearance for the Enterobacteriaceae cefazolin breakpoint, even though it is
technically possible to do so, using FDA breakpoints. If the bulk of isolates, including
wild-type isolates, harbor MICs that fall on either side of the breakpoint, it is impossible
to achieve acceptable categorical agreement, even by reference methods. Some have
suggested use of triplicate testing, by both reference BMD and cASTs, as a means by
which to control for this variability. However, this inevitably drives up the cost of studies
aimed at demonstrating performance claims of cASTs for FDA clearance both by
tripling the amount of testing and potentially increasing the amount of isolates to be
tested if isolates without a mode by BMD would be excluded. At present, it is difficult
enough for cAST manufacturers to prioritize, support, and complete breakpoint up-
dates, without adding in additional testing and discrepancy analyses.

Where then, do we go from here? When establishing breakpoints, standards devel-
opment organizations must remember that an MIC is not a precise measurement. Not
only the probability of PK/PD targets to be achieved by MIC but also the probability of
laboratory testing methods to generate an MIC that is reproducibly within a single
interpretive category should be evaluated. Unfortunately, the latter analysis is almost
never done. Typically, breakpoints are established using reference BMD, which may be
(but often is not) performed in replicates. The variability of cASTs, which are used in
clinical laboratories, are never accounted for. Similarly, when assessing disk break-
points, use of more than one lot of disks and media is only starting to be done by CLSI.
Again, performing such studies is costly, in particular for organizations like CLSI, which
are volunteer based. Rather, MIC variability is accounted for by evaluating the MIC
distribution of the bacterial population and avoiding a PK/PD breakpoint that cuts into
this distribution.

Variability in antimicrobial levels across patient populations with standard dosing is
mitigated through the use of Monte Carlo simulations to predict the probability of
PK/PD target attainment with clinically used doses (13). However, it should be noted
that even with this step, these probabilities are an approximation. It is perhaps time
that variability of MIC results be accounted for in a similar fashion. As an example, in Fig.
2, probability of target attainment is displayed, wherein MIC variability from Campeau
et al. (1) is incorporated into the Monte Carlo simulation. This highlights the need for
maximal dosing of antimicrobials, like daptomycin, and also the need to evaluate for
MIC variability. For particularly difficult scenarios, like daptomycin and E. faecium, a
categorization of S versus R may be too simplistic, but instead, a probability score could
be assigned. Such a drastic change to how MIC testing is reported, however, would
without a doubt require interpretation by specialists, such as infectious disease phar-
macists and physicians. Without question, these challenges will continue to plague us,
as antimicrobial resistance continues to emerge. It takes active participation of all

FIG 2 Monte Carlo analysis for daptomycin probability of target attainment (PTA) for a 6-mg/kg/day dose versus a 10-mg/kg/day
dose. Modeling was performed using a daptomycin fractional area-under the curve (fAUC) to MIC target ratio of 20. Data are
presented with and without MIC variability (var) included in the analysis. MIC variability data are from reference 1.
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parties, including the clinical microbiologist, pharmacist, physician, and industry, to
address these challenges. Testing issues are central to this discussion, which requires
skilled clinical microbiologist participation. Furthermore, an active role of microbiolo-
gists in patient care, in particular regarding difficult treatment scenarios such as E.
faecium endocarditis is crucial to optimal patient outcomes in the era of multidrug
resistance.
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