
UCSF
UC San Francisco Previously Published Works

Title
Good Studies Evaluate the Disease While Great Studies Evaluate the Patient: 
Development and Application of a Desirability of Outcome Ranking Endpoint for 
Staphylococcus aureus Bloodstream Infection.

Permalink
https://escholarship.org/uc/item/7gn980zh

Journal
Clinical Infectious Diseases, 68(10)

ISSN
1058-4838

Authors
Doernberg, Sarah B
Tran, Thuy Tien Tram
Tong, Steven YC
et al.

Publication Date
2019-05-02

DOI
10.1093/cid/ciy766
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7gn980zh
https://escholarship.org/uc/item/7gn980zh#author
https://escholarship.org
http://www.cdlib.org/


Clinical Infectious Diseases

  •  CID  2019:68  (15 May)  •  1691S. aureus Bloodstream Infection DOOR

Good Studies Evaluate the Disease While Great Studies 
Evaluate the Patient: Development and Application 
of a Desirability of Outcome Ranking Endpoint for 
Staphylococcus aureus Bloodstream Infection
Sarah B. Doernberg,1 Thuy Tien Tram Tran,2 Steven Y. C. Tong,3,4 Mical Paul,5,6 Dafna Yahav,7,8 Joshua S. Davis,4,9 Leonard Leibovici,8,10 Helen W. Boucher,11 
G. Ralph Corey,12 Sara E. Cosgrove,13 Henry F. Chambers,1 Vance G. Fowler,12 Scott R. Evans,2 and Thomas L. Holland12; for the Antibacterial Resistance 
Leadership Group
1Department of Internal Medicine, Division of Infectious Diseases, University of California, San Francisco; 2Biostatistics Center, Department of Epidemiology and Biostatistics, Milken Institute 
School of Public Health, George Washington University, D.C.; 3Victorian Infectious Disease Service, the Royal Melbourne Hospital, and the University of Melbourne at the Peter Doherty Institute for 
Infection and Immunity, Victoria, Australia; 4Global and Tropical Health Division, Menzies School of Health Research, Charles Darwin University, Northern Territory, Australia; 5Institute of Infectious 
Diseases, Rambam Health Care Campus, and 6Faculty of Medicine, Technion, Israel Institute of Technology, Haifa, 7Unit of Infectious Diseases, Rabin Medical Center, Beilinson Hospital, Petah 
Tikva, and 8Sackler Faculty of Medicine, Tel Aviv University, Ramat-Aviv, Israel; 9Department of Infectious Diseases, John Hunter Hospital, Newcastle, New South Wales, Australia; 10Department 
of Medicine E, Rabin Medical Center, Beilinson Hospital, Petah Tikva, Israel; 11Tufts Medical Center, Infectious Diseases, Boston, Massachusetts; 12Duke University Medical Center, Durham, North 
Carolina; and 13Department of Antimicrobial Stewardship, Johns Hopkins University, Baltimore, Maryland

Background.  Desirability of outcome ranking (DOOR) is an innovative approach in clinical trials to evaluate the global benefits 
and risks of an intervention. We developed and validated a DOOR endpoint for Staphylococcus aureus bloodstream infection (BSI) 
through a survey to infectious diseases clinicians and secondary analysis of trial data.

Methods.  We administered a survey of 20 cases of S.  aureus BSI, asking respondents to rank outcomes by global desirability. 
Correlations and percentage of pairwise agreement among rankings were estimated to inform development of a DOOR endpoint, 
which was applied to 2 prior S. aureus BSI trials. The probability that a patient randomly assigned to experimental treatment would have 
a better DOOR ranking than if assigned to control was estimated. Results were also analyzed using partial credit, which is analogous 
to scoring an academic test, assigning 100% to the most desirable outcome, 0% to the least, and “partial credit” to intermediate ranks.

Results.  Forty-two recipients (97%) completed the survey. The DOOR endpoint fitting these rankings (r = 0.89; 95% confidence 
interval, 0.67 to 0.94) incorporated survival plus cumulative occurrence of adverse events, cure, infectious complications, and ongo-
ing symptoms. Tailored versions of this endpoint were applied to 2 S. aureus BSI trials, and both demonstrated no benefit of the 
experimental treatment using DOOR and partial credit analysis.

Conclusions.  Using S. aureus BSI as an exemplar, we developed a DOOR endpoint that can be used as a template for development 
of DOOR endpoints for other diseases. Future trials can incorporate DOOR to allow for global assessment of patient experience.

Keywords.  clinical trial; Staphylococcus aureus; bloodstream infection.

To demonstrate efficacy and safety, new antibiotics are typically 
evaluated in active comparator noninferiority (NI) phase 3 trials 
that use binary endpoints, such as cure vs no cure. While NI 
trials are vital mechanisms for regulatory approval, they gener-
ally do not provide practical information about which treatment 
strategy represents the best overall option—balancing efficacy 
and safety—for an individual patient [1–3]. Even when designed 
to demonstrate superiority, trials designed to evaluate whether 
one treatment is more “successful” than another still neglect to 

assimilate information about both benefits and harms in a way 
that allows for global evaluation of the 2 treatment options. 
Specifically, binary efficacy outcomes (eg, cure vs failure) do not 
evaluate the association between component outcomes (ie, effi-
cacy, toxicity, quality of life); do not evaluate the cumulative na-
ture of component outcomes; do not systematically incorporate 
the relative importance of the component outcomes; and do not 
address competing risks. As a result, these trials fail to mimic real-
world treatment decision-making. When evaluating treatments, 
clinicians integrate and weigh efficacy, safety, and quality-of-life 
considerations in a nonbinary fashion, taking into account the 
treatments as well as patient preference. Desirability of outcome 
ranking (DOOR) is a novel approach to evaluation of the global 
benefits and risks of an intervention and provides more pragmatic 
information for medical decision-making that complements tra-
ditional trial evaluations [2]. DOOR effectively uses outcomes 
to analyze patient experience as a whole rather than as separate 
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components. Because the DOOR approach simultaneously con-
siders effectiveness and toxicity when establishing outcome, 
researchers can define the global superiority of an intervention 
in a single outcome. In addition to DOOR, a complementary 
strategy called “partial credit” permits preferential assignment of 
relative importance to the DOOR levels for a more personalized 
analysis [4].

Staphylococcus aureus bloodstream infection (BSI) is a seri-
ous, common infection without a defined optimal treatment 
strategy [5]. To date, only 2 high-quality randomized, con-
trolled trials for S.  aureus BSI have been performed [5–8]. 
Approximately 40% of patients with S.  aureus BSI develop 
metastatic infectious complications, and approximately 10% 
of infections relapse. Even in the best case, treatment for 
S. aureus BSI involves extended durations of potentially toxic 
antibiotics, long-term intravenous access, and blood draws for 
drug monitoring [9]. A trial design of S. aureus BSI comparing 
management strategies using a DOOR endpoint would provide 
pragmatic and patient-centered information that clinicians 
need in order to make informed decisions about patient care.

Our primary objective in this study was to develop and eval-
uate a DOOR endpoint for S. aureus BSI to be used in future 
clinical trials. We first conducted a survey of infectious dis-
eases (ID) clinician–scientists and clinical trialists using case 
vignettes to develop a novel DOOR endpoint. Next, we applied 
this novel endpoint and partial credit approach as a secondary 
analysis of 2 previously completed clinical trials [10, 11].

METHODS

Survey Instrument

Twenty adult S.  aureus BSI patient profiles were constructed by 
a team of ID physicians (S. B.D., T. L. H., H. F. C.) to represent 
the range of experiences and outcomes observed in prior trials. 
The profiles described efficacy, adverse events (AEs), symptoms, 
and treatment adjustments during a theoretical trial comparing 2 
treatment strategies. These profiles required respondents to weigh 
trade-offs regarding patient outcomes. A computerized survey plat-
form (Qualtrics, Provo, UT) presented the profiles to respondents 
in random order. A total of 43 physician members of the National 
Institutes of Health Antibacterial Resistance Leadership Group 
(ARLG) were sent the survey and asked to rank profiles from best 
to worst based on global patient outcome (see Supplementary 
Methods). Survey outcomes are described in Table 1.

Survey Statistical Analyses

Descriptive statistics were calculated for the clinician rankings 
of each patient profile. The Wilcoxon signed rank test was used 
to conduct pairwise comparisons of patient rankings. Spearman 
correlation coefficients and the percentage of pairwise agree-
ment among clinician rankings were estimated. A DOOR end-
point based on respondent consensus was developed using 
classification and regression tree and discussion with experts.

Secondary Analyses

Methods for the 2 clinical trials for which we applied the DOOR 
endpoint have been previously published [10, 11]. Briefly, 
CAMERA (Combination Antibiotics for Methicillin-Resistant 
Staphylococcus aureus)-1 was an open-label, multicenter, random-
ized trial of 60 adults with methicillin-resistant S. aureus (MRSA) 
BSI randomized to treatment with vancomycin plus flucloxacillin 
or vancomycin alone to test whether the addition of flucloxacil-
lin would shorten bacteremia duration [10]. Secondary outcomes 
included mortality, prolonged bacteremia, recurrent bacteremia, 
intensive care unit admission or septic shock after randomiza-
tion, grade 2 nephrotoxicity or hepatotoxicity, or new metastatic 
complications. The second trial was an open-label, multicenter, 
randomized, controlled NI trial of trimethoprim-sulfamethoxaz-
ole vs vancomycin for treatment of inpatients with severe MRSA 
infection [11]. For this study, we analyzed the subset of 91 patients 
with BSI. Because the available outcomes differed for each study, 
the DOOR developed from the survey data was tailored for each 
trial by group consensus (S. B. D., T. T. T. T., H. W. B., G. R. C., 
S. E. C., H. F. C., V. G. F., S. R. E., T. L. H.), with input from the 
original authors of each study (Table 1). We analyzed all random-
ized patients in accordance with the intention-to-treat principle. 
Trial participants were classified into the categories of the DOOR 
outcome; participants missing a DOOR component were assigned 
the worst ranking of all survivors with full data. The distribution 
of DOOR rankings was compared between treatment groups. We 
estimated the probability that a patient randomly assigned to the 
experimental treatment strategy would have a better DOOR rank-
ing than if assigned to vancomycin (the control for both trials); a 
probability of 0.5, or 50%, indicates no difference between groups. 
The ordinal outcomes included in the DOOR endpoint were 
also analyzed using a partial credit strategy [4]. This approach 
is analogous to scoring an academic test, assigning 100% to the 
most desirable outcome, 0% to the least (eg, death), and “partial 
credit” to each intermediate DOOR rank. The contrast between 
treatment strategies can be compared by varying the partial credit 
assignment of the intermediate ranks, which allows personalized 
clinician/patient preferences to be incorporated.

RESULTS

DOOR Endpoint Development

Forty-two of 43 ID clinician–scientists (97%) responded to 
the survey. Respondents generally agreed on global ranking 
(median Spearman correlation r  =  0.69; interquartile range, 
0.60–0.77). Respondents tended to differentiate best and worst 
profile outcomes (ie, patients with none or several component 
outcome events), whereas those within the middle were more 
difficult to distinguish (Figure  1). Within this middle group, 
there were 3 major groupings of several patient profiles that 
appeared interchangeable. A  de novo DOOR endpoint was 
generated (Table 2) to best fit respondent consensus rankings 
(r = 0.89; 95% confidence interval [CI], 0.67 to 0.94).

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy766#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy766#supplementary-data
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Real-world Application I: Secondary Analysis of the CAMERA-1 Study

The tailored DOOR endpoint for this study included the fol-
lowing components (Table 1): mortality at 90 days, treatment 
failure, infectious complications, and grade 4 AEs during study 
follow-up up to 30  days. The 5 possible ranks were: (1) alive 
without treatment failure, infectious complications, or grade 4 
AE; (2) alive with any 1 of treatment failure, infectious com-
plications, or grade 4 AE; (3) alive with any 2 of treatment fail-
ure, infectious complications, or grade 4 AE; (4) alive with all 
3 of treatment failure, infectious complications, or grade 4 AE; 
and (5) dead. There were no patients with rank 4 in the study 
(Figure 2). Patients who received vancomycin plus flucloxacil-
lin had a 47% chance of having a better DOOR compared to 
those who received vancomycin alone (95% CI, 33% to 60%; 
Table 3). The confidence interval crosses 50%, where the chance 
of getting a better DOOR is essentially random; this result sug-
gests that the global outcome for a patient getting combination 
therapy is no different than the global outcome for a patient 
receiving vancomycin alone.

Between-treatment differences were calculated for a range 
of partial credit scores between 0 and 100 assigned to rank-
ings 2–4, with rank 1 (alive, no complications) assigned a score 
of 100 and rank 5 (death) assigned a score of 0. Partial credit 
scores were ranged such that 0 ≤ rank 4 ≤ rank 3 ≤ rank 2 ≤ 100. 
Table 3 displays a range of potential partial credit assignments 
with several exemplar scenarios. Scenario A represents the ex-
treme example where survival is the only relevant outcome and 
is akin to a traditional mortality analysis. Death is assigned a 
score of 0 while all other ranks were assigned a score of 100. 
Scenario B represents the other extreme, where any unfavor-
able outcome (treatment failure, infectious complications, or 
grade 4 AE) is considered equal to death and assigned a score 
of 0. Scenarios C and D represent 2 intermediate partial credit 
scoring approaches. Supplementary Figure 1 demonstrates the 
distribution of all possible weight assignments, with specific 
scenarios shown in Supplementary Table 1. There were no sta-
tistically significant differences between treatment arms by any 
assigned partial credit strategy.

Table 1.  Component Definitions for Secondary Analyses Based on Available Data

Component Survey

Combination Antibiotics 
for Methicillin Resistant 

Staphylococcus aureus-1 Trial Trimethoprim-Sulfamethoxazole Trial

Treatment failure Lack of global resolution of all sites of S. aureus 
infection at the test of cure 8 weeks after 
randomization

At least 1 of the following:
- � Relapse (positive blood 

culture for MRSA isolated 
≥48 hours after a negative 
blood culture)

- � Readmission attributable to 
MRSA within 90 days

- � Persistent bacteremia (blood 
cultures remaining positive ≥ 
day 5 after randomization)

Positive blood culture for MRSA on or after 
day 5 from randomization

Infectious 
complications

At least 1 of the following:
- � Development of drug resistance
- � Newly identified metastatic focus of infection
- � Persistent or resistant S. aureus BSIa

At least 1 of the following 
post-randomization:

- � Endocarditis
- � Osteoarticular infection
- � Infection-related stroke
- � Deep abscess
- � Septic shock
- � Intensive care unit admission

New post-randomization MRSA-related 
diagnosis

Ongoing 
symptoms

Ongoing moderate to severe pain or other localizing 
symptoms at the site of documented S. aureus 
infection that limit daily activities, with or without 
evidence of ongoing infection (eg, back pain at 
site of treated vertebral osteomyelitis) 

Unavailable Unavailable

Grade 4 AE [12, 13] Any unfavorable or unintended sign, symptom, 
or disease temporally associated with the use 
of the antibiotic but with no judgment about 
causality; severity of AE was graded according 
to Department of Health and Human Services 
common terminology criteria for AEs

At least 1 of the following 
Grade 4 laboratory 
abnormalities:

- � Platelet count
- � Bilirubin
- � Albumin
- � Creatinine
- � alanine aminotransferase
- � gamma-glutamyl transferase
- � white blood cell count

At least 1 of the following:
- � New need for dialysis post-randomization
- � Discontinuation of medications due to life-

threatening AE
- � Stevens-Johnson syndrome
- � Meeting “F” or “L” of the RIFLE (risk, injury, 

failure, loss, and end-stage kidney disease) 
criteria (eg, renal failure or renal loss)

Death Until the end of the follow-up period (8 weeks after 
randomization)

90-day mortality 30-day mortality

Abbreviations: AE, adverse event; BSI, bloodstream infection; MRSA, methicillin-resistant Staphylococcus aureus.
aPersistent BSI was defined as blood cultures remaining positive ≥5 days after randomization, while relapsed BSI included patients who had negative blood cultures followed by positive 
blood cultures on or after day 5 [14]. A patient with persistent or relapsed BSI could still be cured if blood cultures were negative by test of cure.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy766#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy766#supplementary-data
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Real-world Application II: Secondary Analysis of Trimethoprim-
Sulfamethoxazole vs Vancomycin for Treatment of MRSA

The DOOR for this study included the following components de-
termined at day 30 after randomization (Table 1): death, treatment 
failure, infectious complications, and grade 4 AEs. The 5 possible 
ranks were similar to the CAMERA-1 rankings: (1) alive without 
treatment failure, infectious complications, or grade 4 AE; (2) 
alive with any 1 of treatment failure, infectious complications, or 
grade 4 AE; (3) alive with any 2 of treatment failure, infectious 

complications, or grade 4 AE; (4) alive with all 3 of treatment 
failure, infectious complications, or grade 4 AE; and (5) dead.

Patients randomized to trimethoprim-sulfamethoxazole for 
MRSA BSI had a 44% chance of having a better DOOR com-
pared to those randomized to vancomycin (95% CI, 32% to 
55%; Table 4). Distribution of ranking for this study is shown in 
Figure 3.

Table  2.  Desirability of Outcome Ranking Endpoint Based on Clinician 
Rankings

Rank Alive

How Many of the Following:
Treatment Failure
Infectious Complications
Ongoing Symptoms
Grade 4 Adverse Events

1 Yes 0 of 4

2 Yes 1 of 4

3 Yes 2 of 4

4 Yes 3 of 4

5 Yes 4 of 4

6 No (death) Any

Figure  2.  Desirability of outcome ranking distribution for the Combination 
Antibiotics for Methicillin-Resistant Staphylococcus aureus-I trial by treatment 
group.

Figure 1.  Boxplot of ranks by patient with patients ordered by median consensus clinician rank. Abbreviations: AEs, adverse events; sx, ongoing symptoms.
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As with the CAMERA-1 trial, between-treatment differences 
were calculated for a range of partial credit scores between 
0 and 100 assigned to rankings 2–4 (Figure  3). Partial credit 
scores were ranged such that 0 ≤ rank 4 ≤ rank 3 ≤ rank 2 ≤ 
100. Supplementary Table 1 and Figure 2 display the full range 
of potential partial credit assignments with several illustrative 
scenarios. There were no statistically significant differences be-
tween treatment arms by any assigned partial credit strategy.

DISCUSSION

Using S. aureus BSI as a prototype, we have provided an exam-
ple of an approach to development and application of a DOOR 
endpoint that can be utilized in clinical trials to inform prag-
matic clinical decision-making. The DOOR outcome gener-
ated from our survey of expert ID clinicians may be viewed as 
a comprehensive evaluation of the global patient experience as 
it represents a composite of efficacy and safety data. Evaluation 
of this outcome may thus be considered a structured bene-
fit-to-risk assessment with broader utility for treatment deci-
sion-making than traditional methods, which require less 
intuitive analysis of a series of different proportions, ratios, or 
means for each outcome of interest (ie, mortality, AEs, quality 
of life). When comparing S. aureus BSI patient profiles, respon-
dents in our survey placed value not just on cure but also on 
resolution of symptoms and avoidance of AEs. These priorities 
have been incorporated into our DOOR endpoint that, in con-
trast to traditional clinical trial outcomes, allows for assessment 
of the complex nuances of component treatment outcomes and 
incorporation of competing risks. Respondents were consistent 
in ranking cases with good outcomes favorably, which would be 
expected as any outcome measure can distinguish the extremes. 
Where DOOR analysis stands out most, though, is in the cases 
with multiple mild to severe complications or adverse outcomes. 
It is the patient with an eventful course whom the DOOR end-
point will differentiate more than a traditional binary clinical 
outcome of cure or no cure, or alive or dead. Furthermore, the 
survey and ensuing DOOR helps to establish which outcomes 

are meaningfully different and which are interchangeable. 
Beyond this, the partial credit strategy allows for personalized 
decision-making as a clinician and patient sharing a decision 
can weigh specific DOOR strata based on specific priorities.

We applied modification of our constructed DOOR endpoint 
retrospectively to 2 previously completed trials. The results of 
the DOOR analysis align with the original clinical trial end-
points for the CAMERA-1 trial, which is not surprising given 
the negative results of this trial and the relatively small sample 
size. Though the primary study found a trend toward shortened 
bacteremia duration with addition of flucloxacillin to vancomy-
cin, the negative results of the DOOR endpoint analysis high-
light the fact that a 1-day difference in duration of bacteremia 
may not be clinically relevant. Though Davis and colleagues 
[10] took several steps to address competing risks in the origi-
nal study, DOOR intuitively addresses this issue by incorporat-
ing all important outcomes into one composite measure. For 
example, one would presume that shorter duration of bactere-
mia is preferred, although patients who die early will also have 
short durations of bacteremia. In order to address this compet-
ing risk, imputation and/or censoring must be done with tra-
ditional analyses. However, these approaches remain flawed. If 
one censors at the time of death, then dying sooner will actually 
reduce the mean duration of bacteremia. If another number is 
imputed, such as the end of the study, this is an arbitrary choice 
and makes the interpretation of the value of the mean number 
difficult and contingent only on the context of survival.

The DOOR analysis of the Paul trial [11] also echoes the orig-
inal study results, with the caveat that the initial study included 
populations other than those with BSI. As with the analysis 
described above, the original trial found nonstatistically signif-
icant trends toward worse outcomes for treatment of BSI with 
trimethoprim-sulfamethoxazole compared to treatment with 
vancomycin, including numerical trends toward treatment fail-
ure, mortality, and bacteriological failure. However, all of the 
CIs for the effect estimates crossed zero, suggesting that this 
study may have been underpowered for the BSI subgroup.

Strengths of our study included involvement in the survey of 
informed expert clinicians who routinely care for patients. The 
resultant novel DOOR outcome incorporates the respondents’ 
desire to give weight to ongoing symptoms of infection and 
AEs, in addition to cure and other infection-related outcomes, 
and recognizes the cumulative aspect of these events. The final 
DOOR product includes a comprehensive, valuable, patient-cen-
tered benefit-to-risk evaluation and will be a useful tool for future 
studies. Sample size calculation for a trial using a DOOR end-
point involves testing the null hypothesis that a patient randomly 
assigned to an experimental strategy will have an X% chance of 
a better DOOR than one assigned to the control strategy; 50% 
is often selected for X, noting that >50% implies superiority of 
the experimental strategy. Using this paradigm, sample size can 
be calculated with standard software using the Mann-Whitney U 

Figure 3.  Desirability of outcome ranking distribution for the Paul et al [11] trial 
by treatment group. Abbreviations: SMX, sulfamethoxazole; TMP, trimethoprim.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy766#supplementary-data
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test. To test the null hypothesis that the treatment group means 
are equal when implementing a prespecified partial credit scor-
ing strategy, treatment-specific means and standard deviations 
based on assumed DOOR distributions for the experimental and 
control groups can be obtained for sample size determination. 
Incorporating the partial credit strategy addresses the concern 
about composite endpoints that differences in specific important 
component outcomes (eg, death) may be hidden by the composite 
nature of DOOR [15, 16]. The partial credit strategy directly deals 
with the concern of unequal importance of component outcomes 
by allowing special weight placed on more important compo-
nents such as mortality [4]. The partial credit strategy also gives 
providers and patients the freedom to choose a treatment based 
on how they value the outcome. However, for trials, prespecifica-
tion and transparency are important factors, so one approach to 
handle this would be to choose a mean partial credit strategy that 
would serve as the primary scoring strategy. The concern about 
component outcomes being hidden by the composite nature of 
the DOOR can also be addressed through evaluation of individ-
ual components of particular interest, including mortality, as is 
routinely done with other composite outcomes [17]. If desired, 
trials could be sized to compare important component outcomes 
(eg, survival) in addition to analyses of the DOOR.

We highlight limitations to our study and areas for future 
investigation. First, we did not elicit patient perspective for 
these cases. Future iterations of a S. aureus BSI DOOR endpoint 
should incorporate validated measures of quality of life for this 
population, which may ultimately take the place of the mea-
sure of ongoing symptoms. This may help address the fact that 
certain outcomes within a DOOR stratum have more impact 
on patient function than others. Second, the survey respon-
dents were selected from the ARLG, which is an active clini-
cal research group that may have differing assessments of the 
patient experience compared with ID clinicians not involved 
in research, non-ID–trained physicians, and other providers. 
Third, the case vignettes simplified actual patient experience 
and therefore may omit components of the patient experience 
that would be of value in determining overall desirability of out-
come. For example, follow-up duration of 8 weeks was shorter 
than might be used in a trial. In future trials, we recommend 
incorporating DOOR endpoint analyses at set follow-up times 
from randomization to avoid the bias that comes from differ-
ent follow-up times if based on the end of therapy. Likewise, 
judgment calls were made around defining surrogate markers 
for bad outcomes from the patient perspective. For example, 
persistent bacteremia was a defined variable meant to indicate 
patients who were failing therapy. However, patient-centered 
quality-of-life metrics may better assess for bad outcomes since 
bacteremia duration is only important in the context of impact 
on the patient. Prospectively designed studies that incorpo-
rate the DOOR endpoint will be important next steps given 
that we had to modify the DOOR endpoint to accommodate 

the data that had already been collected in these trials, which 
particularly limited the ability to evaluate ongoing symptoms. 
As illustrated by this survey and the secondary trial analysis, 
development of an ordinal outcome is necessarily complex in 
order to better reflect real-world patient outcomes in complex 
diseases such as S. aureus BSI.

In summary, we have described the development and test-
ing of a novel clinician-driven DOOR endpoint for S.  aureus 
BSI that could ultimately supplement future clinical trial design 
and allow for a global assessment of patient experience. This 
approach can be used as a template for development of DOOR 
endpoints for other disease states.
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