UCSF

UC San Francisco Previously Published Works

Title

Novel Method Suggests Global Superiority of Short-Duration Antibiotics for Intra-
abdominal Infections.

Permalink

https://escholarship.org/uc/item/2z24s7h3

Journal
Clinical Infectious Diseases, 65(9)

ISSN
1058-4838

Authors

Celestin, Arthur R
Odom, Stephen R
Angelidou, Konstantia

Publication Date
2017-10-16

DOI
10.1093/cid/cix569

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/2z24s7h3
https://escholarship.org/uc/item/2z24s7h3#author
https://escholarship.org
http://www.cdlib.org/

Clinical Infectious Diseases

BRIEF REPORT
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Desirability of outcome ranking and response adjusted for
duration of antibiotic risk (DOOR/RADAR) are novel and
innovative methods of evaluating data in antibiotic trials. We
analyzed data from a noninferiority trial of short-course anti-
microbial therapy for intra-abdominal infection (STOP-IT),
and results suggest global superiority of short-duration therapy
for intra-abdominal infections.

Keywords. antibiotic resistance; desirability of outcome
ranking; duration of antibiotic therapy; surgical infection;
intra-abdominal infection.

(See the Editorial Commentary by Solomkin on pages
1580-1.)

The desire to optimize antibiotic duration has been well doc-
umented [1, 2]. Motivations for less antibiotic use include
microbial resistance and cost, preventing unnecessary toxicity,
and improving quality of life [3-5]. The Trial of Short-Course
Antimicrobial Therapy for Intraabdominal Infection (STOP-IT)
evaluated short-duration antibiotic therapy for treatment
of abdominal infections after initial source control [6]. This
multisite, randomized controlled trial of 518 patients concluded
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that short, fixed-duration antibiotic therapy is noninferior to tra-
ditional, longer-duration therapy until resolution of physiologic
abnormalities.

Designing clinical trials to effectively evaluate antibiotic
therapy is challenging due to inherent biases of noninferiority
trials that require very large sample sizes. Like many such tri-
als, STOP-IT had difficulty reaching enrollment targets. Part of
the reason that large sample sizes are required is that the end-
points are binary (eg, “success” or “failure”). Moreover, more
complex definitions of outcomes that incorporate recovery,
adverse events, secondary infections, and the risk for antibiotic
resistance are lacking. As a practical consequence, clinicians
may be reluctant to try new strategies tested only by noninfe-
riority trials [7].

Recently, desirability of outcome ranking (DOOR) and
response adjusted for duration of antibiotic risk analyses
(RADAR) have been introduced as innovative approaches [8].
The concept of DOOR is to rank all trial participants with ordi-
nal clinical outcomes that include benefits, harms, and quality of
life. For analysis, patients in control and experimental groups are
categorized and DOOR distributions are compared. Probabilities
that a patient will have a better DOOR score if assigned to a treat-
ment strategy are calculated. For this calculation, a probability of
50% means that the odds of an experimental group having a bet-
ter outcome than a control patient are equivalent to a coin toss.
Likewise, because probabilities from this analysis have a sum of
1, if an experimental treatment has a DOOR probability of 70%,
then the control treatment will have a probability of 30%. In that
case, patients assigned to experimental treatment are 70% more
likely to have a better outcome than those assigned to control
treatment. These analyses may be viewed as systematic analyses
based on the totality of clinical outcomes.

RADAR further ranks patients with similar clinical out-
comes by durations of antibiotic therapy. RADAR is thus used
to “break ties” between patients with the same clinical outcome
ranking. For example, a patient with clinical benefit and no
adverse effects who is on antibiotics for 3 days is ranked higher
than a patient with the same clinical outcome but who is on
antibiotics for 6 days. Probabilities of more desirable outcomes
are then calculated based on these adjusted ranks. The goal is to
avoid complexities associated with noninferiority trials while
simultaneously potentially reducing required sample sizes.

Weretrospectivelyapplied this method to STOP-IT data to esti-
mate probabilities of desirable outcomes for short-course antibi-
otic therapy for intra-abdominal infections. Our hypothesis was
that DOOR/RADAR would show superiority of short-course
antibiotic therapy vs traditional therapy for intra-abdominal
infection. We further sought to determine if such conclusions
might be reached with even smaller sample sizes.
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METHODS

We applied DOOR analysis to results from all 518 STOP-IT
trial patients. Patients were categorized as having the following
mutually exclusive outcomes: (1) recovery, with no complica-
tions; (2) recovery, with extraabdominal infection (including
Clostridium difficile); (3) recovery with surgical site infection/
wound infection; (4) recovery with recurrent intra-abdominal
infection requiring procedure; or (5) death. Treatment failures
requiring direct intervention were considered worse than skin
and soft tissue infections. For all patients in the STOP-IT trial,
the probability that a randomly selected patient would have a
better DOOR if assigned to short-course (SC) vs traditional
duration (TD) was estimated using confidence intervals (CIs).
Next, RADAR was applied to DOOR results to further stratify
patients with similar outcomes. To compare SC vs TD based
only on clinical outcomes (preventing undue influence of anti-
biotic duration), DOOR probabilities for experimental and
control groups were additionally calculated without including
antibiotic duration (without RADAR).

RESULTS

For all-comers, 71.98% (n = 185) of SC patients and 73.08%
(n = 190) of TD patients were in category 1; 6.61% (n = 17) of
SC and 4.62% (n = 12) of TD were category 2; 4.67% (n = 12) of
SC and 8.08% (n = 21) of TD were category 3; 15.56% (n = 40)
of SC and 13.46% (n = 35) of TD were category 4; and 1.17%
(n=3) of SCand 0.77% (n = 2) of TD were category 5. Analyses
based on this 5-tiered scheme showed that the probability that
a randomly selected patient would have a better DOOR score if
receiving SC antibiotics was 49.33% (95% CI, 46.20%-54.44%).
Conversely, the probability that a random patient undergoing
TD therapy would have a better DOOR score was 50.67%.

When RADAR was applied, the probability that randomly
selected patients would have a better DOOR score if receiving
SC antibiotics was 63.64% (95% CI, 58.63%-68.69%).

We next determined if similar conclusions might be possible
with even smaller sample sizes. For this we analyzed the first
150 patients enrolled in STOP-IT (75 per group) using DOOR/
RADAR. For this smaller group, the probability of an improved
DOOR was 66.3% for patients in the SC group.

DISCUSSION

In this retrospective DOOR/RADAR analysis, patients receiv-
ing short-course therapy had higher probabilities of more
desirable outcomes than those receiving a traditional duration
of therapy. This extends and strengthens the original conclu-
sions of STOP-IT. Whereas STOP-IT was a multicenter, rand-
omized controlled study that was projected to require a sample
size of 1010 patients to show noninferiority based on a single
endpoint, our results suggest global superiority of short-course
antibiotics even with the sample size (518) that was accrued.

Finally, our results show that DOOR/RADAR analysis would
have suggested superiority of short-course antibiotics after
enrollment of only 150 patients.

A critical component to these analyses is meaningful ranking
schemes, and creating appropriate clinical outcome rankings
has the potential to be challenging (see Figure 1). It is impor-
tant that researchers carefully choose predetermined, consen-
sus-driven, ordinal levels, as this is probably the most important
factor in ensuring the applicability/validity of this method. It
is our hope that the proposed ranking scheme may be useful
for future studies of patients undergoing treatment for surgi-
cal infections. Further analysis and broader consensus may
improve this ranking scheme and allow more meaningful out-
come analyses, with similar studies of other existing datasets
serving as important next steps.

If the goal is to quantify the global experience of patients,
then ultimately patients themselves should probably contribute
to desirability rankings. Despite our clinical opinions, it is pos-
sible that a patient with Clostridium difficile might be far more
uncomfortable and require more treatment than a patient with
intraabdominal abscess. Moreover, desirability ranking anal-
yses might be even more useful in other applications, such as
cancer therapy, where duration of treatment and complications
can be included with current binary survival analyses typically
used in such trials.

There are limitations inherent to the application of DOOR/
RADAR to this trial. First, the global negative effects of longer
antibiotic use have not been quantified, and more studies that
quantify benefits and harms of antibiotic duration are clearly
needed. Because of its retrospective nature, clinical outcomes
for the current study could only be chosen based on data points
collected for STOP-IT. This runs the risk of skewing/heavily
weighing outcome scores toward the beliefs driving the varia-
ble(s) picked for RADAR. Prospectively constructed trials will
hopefully help avoid this bias. In addition, rank-based analyses
may be unable to elucidate a less-common but more impor-
tant clinical deficit due to a more frequent but less important
advantage in antibiotic use. For DOOR/RADAR to stand alone,
thorough analyses of component outcomes would be required.
Trials originally powered for DOOR/RADAR superiority would
require larger numbers to evaluate component outcomes, obvi-
ating the sample size advantage. Alternatively, investigators
can consider separate analyses on component outcomes that
comprise the DOOR, and even partial credit analyses (dis-
cussed in detail in [9]) to avoid skewing outcomes. Given the
possible statistical pitfalls, it is crucial that this method always
be accompanied by additional analyses, including those that
ignore RADAR.

In summary, DOOR/RADAR analysis can be used in anti-
biotic trials to globally evaluate for superiority of new antibi-
otic strategies that previously might have been reportable only
as noninferior. The current report supports the conclusions of
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Figure 1.

Overview of suggested trial design and analysis in clinical trials using DOOR/RADAR. Abbreviations: DOOR/RADAR, desirability of outcome ranking/response

adjusted for duration of antibiotic risk; PNA, pneumonia; STOP-IT, Trial of Shart-Course Antimicrobial Therapy for Intraabdominal Infection; UTI, urinary tract infection.

STOP-IT, and suggests further that a short duration of antibiotic
therapy is superior to a longer duration of therapy for compli-
cated intra-abdominal infection. We also propose a novel surgi-
cal infection outcomes classification system for consideration in
future studies. By careful prospective choice of ordinal ranking
levels and the use of the supporting analyses described above,
we believe that future studies will confirm DOOR/RADAR as
an advantageous methodology that allows stronger conclusions
to be drawn from smaller sample sizes.
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