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Objectives:Outcome assessments as clinical trial endpoints should bewell-defined, reliable, and reflect meaning-
ful treatment benefits. For acute bacterial skin and skin structure infections (ABSSSI) trials, recent recommenda-
tions suggest a primary endpoint of reduction in skin lesion area. Objectives were: evaluate ABSSSI lesion area
measurement reliability, evaluate impact of various lesion area definitions on treatment effect size, and explore
relationships between lesion area and pain.
Methods:Data from two randomized, double-blinded Phase 3 trials comparing tedizolid to linezolid inABSSSI and
one open-label, non-comparative Phase 2 study of tedizolid in cellulitis/erysipelas and skin abscess were ana-
lyzed. Repeated lesion areameasurements were prospectively obtained in all studies. In the open-label study, le-
sion area was measured by two investigators, using four different definitions. Repeated pain assessments using
two patient-reported outcome instruments (Visual Analog Scale [VAS] and Faces Rating Scale [FRS])were elicited
in the randomized trials.
Results: At baseline, lesion size did not correlate with pain intensity: r = 0.02 for VAS and r b 0.01 for FRS pain
scores. However, decreasing lesion size and decreasing painwere strongly associated over time, regardless of ini-
tial lesion size or pain intensity (r=0.20 for VAS and r=0.21 for FRS scores at Day 10–13). Each lesion area def-
inition demonstrated high inter-observer reliability (intra-class correlation coefficient N 0.95).
Conclusions: Decreasing lesion area (indirect clinician-reported measure of benefit) and pain (direct patient-re-
ported measure of benefit) were strongly associated over time, and lesion area measurements were reliable, re-
gardless of their definition. These findings support both measures as outcome assessments in ABSSSI clinical
trials.
Registration: Clinicaltrials.gov NCT01519778, NCT01170221, and NCT01421511.
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1. Introduction

Understanding treatment benefits of medical interventions for pa-
tients requires clearly defined outcome assessments (OAs) [1]. OAs are
themeasurements used to evaluate treatment outcomes in clinical trials
[2] while ‘endpoints’ are constructed using these OAs in order to dem-
onstrate treatment benefit (i.e., improvements in how patients feel,
function, or survive). A particular OA can be used in various ways to de-
fine endpoints. Endpoint definitions include timing (i.e., when to mea-
sure) and analysis method (e.g., difference in proportions, time to
event), considerations that are not inherent in the OA itself. Numerous
stakeholders have expressed increasing interest in patient-centered
outcomes and patient-reported health-related quality of life. Payers
have indicated such information is needed to justify reimbursement

[3]. Well-defined and reliable OAs specify a) the variables measured,
b) the method by which measurements are obtained, and c) how the
outcomes are analyzed [4,5].

Many newantibiotics, including three in the past 2 years, are initially
evaluated for treatment of acute bacterial skin and skin-structure infec-
tions (ABSSSI) [6–8,9–11]. Therefore, it is crucial to base efficacy end-
points in ABSSSI clinical trials on well-defined and reliable outcome
measures, and also to understand how these measures may reflect di-
rect patient benefit. Similar to clinical trials for other infectious diseases,
OAs in ABSSSI trials have traditionally been clinician-reported outcomes
(ClinROs). ClinROs in infectious disease trials often are evaluating global
impressions of changes in signs, symptoms, laboratory values, and radi-
ology. These OAs are often not well-defined, both in terms of specific
variables assessed and the amount of change representing treatment
“success” or “failure” (i.e., clinician-judged need for non-study antimi-
crobial therapy). Global ClinROs may also lack reliability [12], and clini-
ciansmay not accurately capture patients' symptoms [13,14], which are
most accurately reported by patients themselves.
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Given these issues, recent initiatives have begun re-evaluating OAs
used to define endpoints for ABSSSI trials. Recent recommendations
suggest basing efficacy evaluations on the ClinRO of skin lesion area,
with the primary endpoint (particularly for non-inferiority trials) de-
fined as N20% reduction in lesion area at 48–72 h after randomization
[15,16]. This recommendation is based upon controlled trials in erysip-
elas, where cessation of lesion spread at 48 hwas the endpoint with the
largest treatment effect [17,18]. Those historical observationswere used
to justify non-inferiority hypotheses and non-inferiority margins as de-
fined in international guidance [19]. Several recent ABSSSI trials have
subsequently used the ClinRO of lesion area to define primary or sec-
ondary endpoints [6,7,9–11].

While lesion measurements meet the criteria for “well-defined”,
they are indirect measures of patients' symptoms and function in their
daily lives. The relationship of lesion size to patient-reported symptoms
(direct measures of treatment benefit), impact of different lesion area
definitions on measurements, and lesion measurement reliability have
not been prospectively evaluated. Therefore, we performed an explor-
atory analysis to evaluate relationships between changes in lesion size
and changes in patients' pain scores, using prospectively collected
data from two previously published randomized ABSSSI trials [6–8].
For a rigorous evaluation of potential associations between pain and
lesion size, it was critical to ensure reliability of lesion area measure-
ments. We therefore also conducted a non-comparative study prospec-
tively evaluating (a) the impact of different lesion definitions on
outcomes and (b) the reliability of lesion measurements using a plastic
ruler.

2. Methods

2.1. Assessment of association between pain and lesion area

Relationships between patient-reported pain and clinician-reported
lesion area were evaluated retrospectively using data from two previ-
ously published randomized, double-blind, non-inferiority trials com-
paring tedizolid phosphate 200 mg once daily for 6 days to linezolid
600 mg twice daily for 10 days in treatment of ABSSSI (cellulitis/erysip-
elas, cutaneous abscesses, and wound infections) due to gram-positive
pathogens [6,7]. ESTABLISH-1 (clinicaltrials.govNCT01170221) evaluat-
ed oral therapy [6] and ESTABLISH-2 (clinicaltrials.gov NCT01421511)
intravenous therapy followed by optional oral switch [7]. Adult patients
with ABSSSIs and lesion area ≥ 75 cm2 were eligible; exclusion criteria
were described previously [6,7]. We examined associations between le-
sion area and pain intensity at baseline; changes in lesion area and pa-
tient-reported pain were also evaluated, comparing baseline to day 2,
48 to 72 h, days 4 to 6, days 7 to 9, days 10 to 13, and day N14 in the in-
tent-to-treat (ITT) population. Data were pooled across both studies.

Lesion areawas defined as the longest head-to-toe lengthmultiplied
by thewidest perpendicularwidth of the lesion,measured usingflexible
plastic rulers. The endpoint in ESTABLISH-2 defined lesion length and
width using erythema, induration, or edema (EIE), whichever was larg-
est; ESTABLISH-1 used erythema only (Fig. 1). Patient-reported pain
was assessed using the Visual Analog Scale (VAS) administered twice
within 5 min, with the mean of the two scores used for analysis, and
the Faces Rating Scale (FRS) administered once after the VAS. Both
scales are utilized in many research settings [20]. The VAS is a 100-
mm line, with 0 mm indicating “no pain” and 100 mm “worst pain
ever”. VAS ratings of 0–4 mm are considered no pain; 5–44 mm, mild;
45–74 mm, moderate; and 75–100 mm, severe pain [21]. The FRS is a
10-point scale, with 0 considered no pain, 1–3 mild, 4–6 moderate,
and 7–10 severe pain [22].

2.2. Assessment of reliability of lesion area measurements

ABSSSI lesion area measurement reliability was evaluated in a
Phase 2, open-label, multicenter, non-comparative, exploratory study

conducted at 10 US sites (clinicaltrials.gov NCT01519778). Inclusion
criteria were age ≥ 18 years and presence of cellulitis/erysipelas
(i.e., rapidly spreading areas of EIE without apparent pus collection)
or major cutaneous abscess, with lesion surface area of ≥75 cm2 and
suspected/documented as due to gram-positive pathogens. Local
infection symptomsmust have had started ≤7 days before screening.
Key exclusion criteria were postsurgical or open wound infections;
uncomplicated skin and skin structure infections (e.g., furuncles,
minor abscesses, or impetigo); infections associated with/in close
proximity to prosthetic devices; suspected/documented gram-
negative infections; necrotizing processes; concomitant infection at
another site; severe sepsis or septic shock; known bacteremia; pre-
sumed/confirmed osteomyelitis; diabetic foot infection; gangrene;
infected burns/bites; decubitus ulcers; ischemic ulcers due to vascu-
lar disease; and/or infections at vascular catheter sites. Lesions were
categorized as small (75 to b150 cm2), medium (150 to b300 cm2),
or large (≥300 cm2); at least 15 patients each for cellulitis/erysipelas
and abscess were to be enrolled per size category. This study was
conducted in accordance with principles of Good Clinical Practice
and was approved by the appropriate institutional review boards
and regulatory agencies; patients provided written informed con-
sent before enrollment.

The primary study objectivewas to evaluate adverse effects associat-
ed with open-label tedizolid 200 mg once daily for 6 days in the study
population. All investigative team members (i.e., site investigators
and/or site study coordinators) received standardized training on
conducting lesion area measurements before enrolling patients. Lesions
weremeasured at the screening and 48 to 72 h visits, and twomeasure-
ment aspects were varied: [1] lesion length, measured as either (a)
head-to-toe length or (b) longest measurement within the lesion
regardless of orientation and [2] lesion extent, defined as either (a)
erythema only or (b) EIE; lesion width was always measured perpen-
dicularly to length. This resulted in four different lesion area definitions
(Fig. 1). At all visits, two different investigative team members mea-
sured lesions, both using all four definitions once each.

Prospective analyses comprised: comparison of clinical response
rates (i.e., ≥20% decrease in lesion area from baseline at 48 to 72 h)
using different lesion area definitions (determined separately by ob-
server), comparison of lesion area measurements obtained using differ-
ent lesion area definitions (determined separately by observer), and
assessment of inter-observer reliability of lesion area measurements.
The study's sample size was set at 200 patients, based on anticipated
ability to adequately assess adverse events.

2.3. Statistical analysis

2.3.1. Association between pain and lesion area
The associations between [1] lesion area and pain at baseline and [2]

changes in lesion area and changes in pain over time were explored
graphically. The data were modeled using a mixed linear model with a
compound symmetry covariance matrix, where each lesion area
and pain measurement within a patient were the repeated mea-
sures; the pain score (FRS or VAS) was modeled with the following
three variables: percent change in lesion size, day of assessment,
and the interaction of percent change in lesion size and day of visit.
The purpose of this model was two-fold, to determine if there was
a significant time effect and also whether there was a significant
association between pain and lesion measurements across time. All
statistical analyses were conducted using SAS version 9.2 (SAS Institute
Inc., Cary, North Carolina).

2.3.2. Reliability of lesion area measurements
There were no pre-stated hypotheses in these analyses, which were

exploratory and descriptive only. In the non-comparative Phase 2 study,
we compared the four possible lesion area definitions by determining
intra-class correlation coefficients (ICCs) and 95% confidence intervals
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