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Background. Hospital-acquired and ventilator-associated bacterial pneumonia (HABP/VABP) are frequently caused by
multidrug-resistant organisms. Patient-centered endpoints in clinical trials are needed to develop new antibiotics for HABP/
VABP. Desirability of outcome ranking (DOOR) is a paradigm for the design, analysis, and interpretation of clinical trials based
on a patient-centered, benefit-risk evaluation.

Methods. A multidisciplinary committee created an infectious diseases DOOR endpoint customized for HABP/VABP,
incorporating infectious complications, serious adverse events, and mortality. We applied this to 2 previously completed, large
randomized controlled trials for HABP/VABP. ZEPHyR compared vancomycin to linezolid and VITAL compared linezolid to
tedizolid. For each trial, we evaluated the DOOR distribution and probability, including DOOR component and partial credit
analyses. We also applied DOOR in subgroup analyses.

Results. In both trials, the HABP/VABP DOOR demonstrated similar overall clinical outcomes between treatment groups.
In ZEPHYyR, the probability that a participant treated with linezolid would have a more desirable outcome than a participant
treated with vancomycin was 50.2% (95% confidence interval [CI], 45.1%—55.3%). In VITAL, the probability that a participant
treated with tedizolid would have a more desirable outcome than a participant treated with linezolid was 48.7% (95% CI,
44.8%-52.6%). The DOOR component analysis revealed that participants treated with tedizolid had a less desirable outcome
than those treated with linezolid when considering clinical response alone. However, participants with decreased renal function
had improved overall outcomes with tedizolid.

Conclusions. The HABP/VABP DOOR provided more granular information about clinical outcomes than is typically
presented in clinical trials. HABP/VABP trials would benefit from prospectively using DOOR.

Keywords. desirability of outcome ranking; clinical trials; drug development; hospital-acquired bacterial pneumonia;
ventilator-associated bacterial pneumonia.

Hospital-acquired bacterial pneumonia (HABP) and ventilator-
associated bacterial pneumonia (VABP) are common health-
care-associated infections with high rates of morbidity and mor-
tality [1-3]. Treatment decisions can be complex as HABP/
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VABP is frequently caused by multidrug-resistant organisms
(MDROs) [3, 4]. In an analysis by the United States Food and
Drug Administration (FDA) of 4 HABP/VABP randomized con-
trolled trials (RCTs), nearly 20% of all gram-negative pathogens
were resistant to meropenem, including 79% of Acinetobacter
baumannii isolates [3]. As the development of antibiotic resis-
tance continues to outpace the availability of new antibiotics,
there is a critical need to develop and assess antibiotics for
HABP/VABP [5-7].

HABP/VABP clinical trials are challenging and resource in-
tensive due to high patient acuity, complex protocols, and low
patient enrollment [3, 6, 8]. It is therefore critical to ensure
that trial endpoints directly inform treatment decisions. The
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2020 FDA guidance for HABP/VABP drug development al-
lows the use of 14- or 28-day all-cause mortality as the primary
endpoint [9]. However, both the Foundation for the National
Institutes of Health (FNIH) Biomarkers Consortium and the
Clinical Trials Transformation Initiative, with input from
the FDA, have raised concerns about using mortality alone
in noninferiority HABP/VABP trials, and recommended com-
bining mortality with other relevant adverse events (AEs) [6,
10, 11]. The FDA has also encouraged novel endpoint devel-
opment aimed at understanding how patients feel and func-
tion [11].

Desirability of outcome ranking (DOOR) is a paradigm for
the design, analysis, and interpretation of research based on
patient-centric benefit-risk evaluation [12-14]. Using ordinal
ranking, DOOR evaluates a patient’s entire clinical course.
Unlike in traditional registrational trials where the safety pop-
ulation is analyzed separately from the efficacy population,
DOOR combines the safety and efficacy evaluations and allows
for a more comprehensive understanding. DOOR partial credit
analyses also allow patients and clinicians to choose the relative
weight of DOOR events.

The Antibacterial Resistance Leadership Group (ARLG) has
established the use of DOOR in observational studies address-
ing antibiotic resistance [15-17]. More recently, through the
work of a multidisciplinary committee, we created an infectious
diseases DOOR and demonstrated its use in complicated uri-
nary tract infection (cUTI) and complicated intra-abdominal
infection (cIAI) trials [18, 19]. Here, we used data from 2
multicenter, double-blind RCTs [20, 21] to develop a DOOR
endpoint for HABP/VABP and demonstrate how DOOR can
be applied.

METHODS

DOOR Task Force and Development of the DOOR Analysis Strategy

As previously described, in 2020 ARLG created a multidisci-
plinary DOOR Task Force [18]. This group includes experts
in infectious diseases, trial design, statistical analysis, drug reg-
ulation, quality of life, and patient advocacy and also includes
individuals from academia, the FDA, the National Institutes
of Health, the pharmaceutical industry, and a patient advocacy
group. Our aim was to develop a DOOR analysis strategy that
could be tailored to common infectious diseases and used in
registrational trials for novel anti-infectives. Through consen-
sus building and iterative feedback we agreed upon a DOOR
analysis strategy (Figure 1A) that was adapted from work in
Staphylococcus aureus bacteremia [14]. We then defined each
event category for infectious diseases commonly used as entry
indications for new anti-infectives, including HABP/VABP,
cUTIL, cIAJ and acute bacterial skin and skin structure infec-
tions [18]. The HABP/VABP DOOR endpoint is presented in
this manuscript (Figure 1B).

Selection and Description of the HABP/VABP Trials

The DOOR Task Force contacted 2 pharmaceutical companies
and the FNIH to inquire about performing DOOR analyses on
HABP/VABP datasets. Pfizer and Merck agreed to share
deidentified data, in kind, from ZEPHyR [20] and VITAL [21],
respectively. Both trials were multicenter, double-blind RCT's
[20, 21]. ZEPHyR enrolled participants with hospital-acquired
or healthcare-associated methicillin-resistant S. aureus (MRSA)
pneumonia and compared intravenous vancomycin to linezolid.
VITAL enrolled ventilated participants with hospital-acquired
or ventilator-associated pneumonia caused by gram-positive
organisms and compared intravenous linezolid to tedizolid.
ZEPHyR was conducted prior to the updated FDA Guidance
on HABP/VABP [9] and used the clinical outcome at end of
study (EOS) as the primary endpoint. VITAL, conducted more
recently, analyzed 2 primary endpoints: clinical outcome at
test of cure (TOC) and 28-day all-cause mortality. Both studies
followed participants for AEs for a similar duration; however,
in ZEPHyR the TOC visit was the same as the EOS visit
(Table 1).

Application of HABP/VABP DOOR and Variable Abstraction

We retrospectively abstracted relevant data from ZEPHyR and
VITAL to determine how many DOOR events each participant
experienced. The DOOR events included absence of clinical re-
sponse, infectious complications, and serious adverse events
(SAEs) (Figure 1).

Absence of Clinical Response

For this event, we used the primary study’s assessment of
clinical outcome at TOC. In the primary DOOR analysis,
we considered any participant who did not meet the study
definition of clinical success (ie, classified as clinical failure
or indeterminate) as having absence of clinical response.
Clinical cure was defined differently in each study but gener-
ally included participants who were alive with resolution of
their presenting signs and symptoms, without any new
symptoms of pneumonia or need for additional antibiotics
for pneumonia. For ZEPHYyR, we used the blinded, sponsor-
adjudicated assessment of clinical outcome (differences de-
scribed in Supplementary Table 1).

Infectious Complications

Two board-certified infectious disease clinicians (J. H.-A.,
H. W. B.) reviewed all AE events in the Medical Dictionary for
Regulatory Activities (MedDRA) system organ class of “infections
and infestations” and “respiratory, thoracic and mediastinal disor-
ders” to determine which met criteria for the prespecified DOOR
infectious complications (Figure 1B). AEs were reviewed accord-
ing to a DOOR Task Force standard operating procedure. During
the review, an additional AE (osteomyelitis due to the same bac-
teria identified in the enrollment culture) was included as an
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A Generalized DOOR Analysis Strategy

Rank?® Alive

How many of following events:

1) Absence of clinical response®
2) Infectious complications®
3) Serious adverse events®

1 (most desirable) Yes Oof3
2 Yes 10f3
3 Yes 20f3
4 Yes 30f3
5 (least desirable) No (death) Any

B Definitions for HABP/VABP Trials

Event Category

ARLG Criteria for HABP/VABP Trials

Absence of clinical response® ¢ Did not meet clinical success or cure as assessed by study
investigator at test of cure
* Recurrent HABP/VABP prior to test of cure

Infectious complications®

Complicated pleural effusion

Necrotizing lung infection

Acute respiratory distress syndrome

Meningitis or osteomyelitis due to the same bacterium

identified in enroliment respiratory culture®
* Bacteremia due to the same bacterium identified in the
enrollment respiratory culture

Septic shock
Respiratory failure requiring mechanical ventilation'
Clostridioides difficile

e e o @

Serious adverse events®

Any untoward medical event that:

o Results in death

o]

Is life-threating

o Requires inpatient hospitalization or prolongation of
existing hospitalization
o Results in persistent or significant disability/incapacity,

or
o]

Is a congenital anomaly/birth defect

Figure 1.

Desirability of outcome ranking (DOOR) analysis strategy. A, Generalized DOOR analysis strategy that could be applied to any infectious diseases clinical trial

[18]. B, How DOOR component events were defined a priori for complicated hospital-acquired and ventilator-associated bacterial pneumonia (HABP/VABP) trials. “Healt-
h-related quality of life indicators, when available, could be used as a tiebreaker for patients with the same rank. "Defined as lack of global resolution of index infection
or recurrence of index infection before test of cure. “Defined as a newly identified complication or progression of the original infection that was not present at enrollment,
including the development of Clostridioides difficile. “Defined according to International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human
Use E6 Good Clinical Practice guidelines. ®Osteomyelitis was added after the initial review of adverse events from the trials with agreement by the Antibacterial Resistance
Leadership Group (ARLG) Innovations Committee. ‘Could not be used as an event in VITAL study as all patients were ventilated at enrollment.

infectious complication as the reviewers determined it to be con-
sistent with the infectious complication definition. All infectious
complications had to be identified after enrollment and occur
during the AE monitoring period (Table 1). Respiratory failure re-
quiring mechanical ventilation could not be used as an infectious
complication in VITAL as mechanical ventilation was a require-
ment for study enrollment. In ZEPHyR, we determined if partic-
ipants met criteria for respiratory failure requiring mechanical
ventilation by assessing all AEs included in the “respiratory, tho-
racic, and mediastinal disorders” system organ class and including
anyone with a new requirement for mechanical ventilation after
the start of treatment. The reviewers were blinded to the treat-
ment and agreement between reviewers had to be unanimous.
Any events that were unable to be resolved were taken back to
the full DOOR Task Force for review.

SAEs

We included all participants coded as having an SAE during the
follow-up period used for AE monitoring (Table 1). SAEs were
defined according to International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human
Use E6 Good Clinical Practice guidelines (21 Code of Federal
Regulations 312.32) and included any event that (1) resulted
in death, (2) was life-threatening, (3) required inpatient hospi-
talization or prolongation of existing hospitalization, (4) result-
ed in persistent or significant disability/incapacity, or (5) was a
congenital anomaly/birth defect [22].

Ranking
After determining how many DOOR events (absence of clinical
response, infectious complications, and SAEs) occurred for
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Table 1.

Study Characteristics of the Randomized Controlled Trials Analyzed Using Desirability of Outcome Ranking

Characteristic ZEPHYR

VITAL

No. of participants in mITT population® 448

Study design

Study population
pneumonia

Dates of enrollment Oct 2004-Jan 2010

Study drugs Vancomycin vs linezolid
Duration of therapy 7-14d

Original primary endpoint Clinical outcome at end of study
Test of cure® EOT+7-30d

Time frame for monitoring adverse EOT + 7-30° (~days 14-44)

events, d

Phase 4, multicenter, double-blind RCT
Hospital-acquired or healthcare-associated MRSA

718

Phase 3, multicenter, double-blind, double-dummy RCT

Ventilated hospital-acquired or ventilator-associated
gram-positive pneumonia

Jun 2014-Jun 2018

Linezolid vs tedizolid

7 d tedizolid; 10 d linezolid

Clinical outcome at TOC and 28-d all-cause morality

EOT +7-14d

Days 28-32

Abbreviations: EOT, end of therapy; mITT, modified intention to treat; MRSA, methicillin-resistant Staphylococcus aureus; RCT, randomized controlled trial; TOC, test of cure.

mITT was defined as all randomized patients who received >1 dose of study drug.
®In ZEPHyR, this was labeled the end of study visit.

each participant, a mutually exclusive rank was assigned. Rank
1 is the most desirable outcome and includes participants who
were alive and did not experience any of the undesirable events.
Rank 5 is the least desirable outcome and includes participants
who died. Ranks 2 through 4 include participants who were
alive but had 1, 2, or 3 events, respectively (Figure 1A). If a par-
ticipant had >1 event in the same category (eg, 2 SAEs), this
was classified as meeting only 1 event category. However, if
an infectious complication also met criteria for an SAE, this
was categorized as having 2 event categories.

Statistical Analysis

For both trials, our primary analysis used the modified
intention-to-treat (mITT) population, which was defined as
all randomized participants who received at least 1 dose of
study drug. For ZEPHyR, the mITT population only included
participants with MRSA as the cause of pneumonia. In an ex-
ploratory analysis of ZEPHyR, we also analyzed the primary
study’s evaluable, per-protocol population to allow for a direct
comparison with the published results [20].

In the primary analysis we compared the DOOR distribution
between treatment groups and calculated the DOOR probability
(ie probability of having a more desirable outcome in 1 treatment
group compared to the other) by Wilcoxon-Mann-Whitney sta-
tistic with a 2-sided 95% confidence interval (CI) [23]. A DOOR
probability of 50% indicates no statistical difference between
groups. For each DOOR component, we also calculated the
probability specific to that event. Additionally, we derived prior-
itized DOOR probabilities, 1 prioritizing efficacy and 1 prioritiz-
ing safety. When comparing 2 participants with the same
number of undesirable events, the efficacy DOOR prioritizes
avoidance of clinical failure over SAEs or infectious complica-
tions, whereas the safety DOOR prioritizes the avoidance of
SAEs and infectious complications over clinical failure [18].

We performed subgroup analyses in which we calculated the
DOOR probability for participants with specific clinical charac-
teristics. The subgroups were chosen by the DOOR Task Force
prior to analysis, based on the clinical relevance and the avail-
ability of the variables in both datasets. In a sensitivity analysis,
we changed our classification of participants with
indeterminate or missing clinical outcomes in 3 ways: (1)
Participants with indeterminate or missing outcomes were
ranked above those with clinical failure if they otherwise had
the same rank (“tiebreaker” analysis); (2) participants with in-
determinate or missing outcomes were counted as “clinical
cure”; and (3) participants with indeterminate or missing out-

comes were excluded.

Partial Credit Analysis

We completed a DOOR partial credit analysis using 3 hypo-
thetical scoring keys (Scenarios A, B, and C) that were also
used in the cUTT DOOR analysis [18]. One advantage of the
partial credit scoring approach is that it can allow for personal-
ized grading of DOOR ranks. As previously described, in a par-
tial credit analysis, the DOOR categories are scored like an
academic test. Rank 1 (most desirable) is given a score of 100
and Rank 5 (least desirable) is given a 0. Ranks 2-4 are given
“partial credit,” which can be any score between 0 and 100, as
long as the original rank order is maintained. Patients or clini-
cians can adjust the scores given to Ranks 2-4 based on their
own preferences or values. For example, one patient may be-
lieve that having 1 undesirable event may not be that impactful
and give Rank 2 a score of 90, but another patient may decide
that any undesirable events would severely hinder their quality
of life and give Rank 2 a score of 30. Treatment arms are com-
pared by calculating the difference between the mean partial
credit scores in each group. A difference of zero indicates no
significant difference between the 2 groups. In a prospective
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VITAL: TZD 45.2
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H Alive with 1 event
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B Death

100%

Alive with 2 events  m Alive with 3 events

Figure 2. Desirability of outcome ranking distribution by treatment groups for ZEPHyR and VITAL. The events include absence of clinical response, infectious complications,
serious adverse events, and death (definitions included in Figure 1). Abbreviations: LZD, linezolid; TZD, tedizolid; VAN, vancomycin.

clinical trial, the partial credit grading key should be prespeci-
fied to ensure transparency and reproducibility.

Analyses were not adjusted for multiple comparisons. All
analyses were conducted using SAS version 9.4 (SAS Institute,
Cary, North Carolina) or R version 4.0.3 (R Foundation for
Statistical Computing, Vienna, Austria) statistical software.

RESULTS

Four hundred forty-eight participants were included in the
mITT population for ZEPHyR and 718 participants were in-
cluded in the mITT population for VITAL (Table 1). In
ZEPHYyR, <40% of the participants had the most desirable out-
come (alive with zero events), and the mortality rate was <20%.
In VITAL, a greater proportion had the most desirable out-
come (45%-48%), but the mortality rate in both arms was high-
er (approached 30%) (Figure 2).

For both trials the DOOR distribution between treatment arms
was similar (Figure 2). In ZEPHYR, the probability that a partic-
ipant treated with linezolid would have a more desirable outcome
than a participant treated with vancomycin was 50.2% (95% CI,
45.1%-55.3%). In VITAL, the probability that a participant treat-
ed with tedizolid would have a more desirable outcome than
a participant treated with linezolid was 48.7% (95% CI, 44.8%-
52.6%). Significant differences between groups were not demon-
strated with the DOOR probabilities. The probabilities were sim-
ilar in the DOORs prioritized for efficacy or safety (Figure 3).

As DOOR can be considered a composite outcome, it is im-
portant to analyze the individual components of DOOR

(Figure 3, Supplementary Table 2). For ZEPHyR, we did not
observe a difference between treatment arms in any of the indi-
vidual DOOR components (absence of clinical response, infec-
tious complications, SAEs, or death). However, in VITAL,
participants in the tedizolid group had a less desirable outcome
when considering clinical response (probability, 46.3% [95%
CI, 42.8%-49.9%]). This was balanced by participants in the te-
dizolid group having a more favorable outcome when assessing
SAEs, although this difference was not significant (probability,
52.3% [95% CI, 48.7%-55.9%]).

To compare our results directly with the original ZEPHyR
analysis, we performed an exploratory analysis using the evalu-
able, per-protocol population used in the primary publication
(n=339). In this subset, the primary DOOR analysis revealed
no difference in the overall global outcome between the 2 groups
(DOOR probability, 52.7% [95% CI, 46.9%-58.5%]). However,
in the DOOR component analysis, participants receiving linezol-
id had a more desirable outcome for clinical efficacy than partic-
ipants receiving vancomycin; no difference was observed in the
other DOOR components (Supplementary Figure 1).

In subgroup analyses (Figure 4), we did not observe a differ-
ence between linezolid and vancomycin in any of the groups
defined by age, presence of diabetes, type of pneumonia, and re-
nal function. However, in VITAL, participants with the best re-
nal function (creatine clearance [CrCl] >90 mL/minute) had a
more desirable outcome with linezolid, while participants with
the worst renal function (CrCl <15 mL/minute) had a more
desirable outcome with tedizolid. Additionally, those with
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ZEPHyR

LZD (n = 224) VAN (n = 224)

DOOR probability

No. (%) No. (%) (95% CI)

DOOR h 50.2% (45.1%, 55.3%)
Prioritized DOOR

Prioritized efficacy 9 50.5% (45.3%, 55.7%)

Prioritized safety 49.9% (44.7%, 55.0%)
DOOR components

Absence of clinical response 122 (54.5%) 132 (58.9%) * 52.2% (47.6%, 56.8%)

Infectious complications 23 (10.3%) 19 (8.5%) —_—— 49.1% (46.4%, 51.8%)

SAEs 85 (37.9%) 79 (35.3%) * 48.7% (44.2%, 53.1%)

Death 41 (18.3%) 39 (17.4%) B ——— 49.6% (46.0%, 53.1%)

I T T 1
40% 45% 50% 55% 60%
Probability of a more desirable result comparing LZD vs VAN
VAN more desirable <-----------> LZD more desirable
VITAL
TZD (n = 361) LZD (n = 357) DOOR probability
No. (%) No. (%) (95% Cl)

DOOR —_— 48.7% (44.8%, 52.6%)
Prioritized DOOR

Prioritized efficacy —_—— 48.2% (44.3%, 52.2%)

Prioritized safety _—,-—r 49.2% (45.2%, 53.1%)
DOOR components

Absence of clinical response 155 (42.9%) 127 (35.6%) _— 46.3% (42.8%, 49.9%)

Infectious complications 39 (10.8%) 33(9.2%) ——r 49.2% (47.0%, 51.4%)

SAEs 132 (36.6%) 147 (41.2%) —_— 52.3% (48.7%, 55.9%)

Death 102 (28.3%) 98 (27.5%) _— 49.6% (46.3%, 52.9%)

I T T 1
40% 45% 50% 55% 60%

Probability of a more desirable result comparing TZD vs LZD

Figure 3.

LZD more desirable <----—-——---> TZD more desirable

Forest plot displaying the overall desirability of outcome ranking (DOOR) probability as well as the probability for the prioritized DOOR scales and the DOOR

components (treatment failure, infectious complications, serious adverse events, and death). Abbreviations: Cl, confidence interval; DOOR, desirability of outcome ranking;

LZD, linezolid; SAE, serious adverse event; TZD, tedizolid; VAN, vancomycin.

moderately decreased renal function (CrCl <60 mL/minute)
had a DOOR probability >50% indicating a trend toward im-
proved outcomes with tedizolid.

In the DOOR partial credit analysis, we did not observe dif-
ferences between treatment groups for any of the 3 hypothetical
scenarios (Supplementary Figure 2). Results did not meaning-
fully change in sensitivity analyses where we modified how we
categorized participants with missing and indeterminate out-
comes (Supplementary Figure 3).

DISCUSSION

We have demonstrated that an infectious diseases DOOR anal-
ysis strategy can be adapted and successfully applied to HABP/

VABP RCTs. The HABP/VABP DOOR is designed to be
patient-centered, encompassing more than a single assessment
of clinical efficacy or mortality. DOOR includes issues that may
arise throughout a patient’s follow-up or recovery period in-
cluding infectious complications, SAEs, or death. DOOR pro-
vides clinicians with more detailed information than typically
presented in clinical trials and we believe DOOR should
be prospectively included in future HABP/VABP trials. A
free web-based application (https:/methods.bsc.gwu.edu) is
now available to conduct comprehensive DOOR analyses.

In both ZEPHyR and VITAL, the primary DOOR analysis
revealed similar global outcomes between treatment groups.
However, in VITAL, the DOOR component analysis revealed
that linezolid may be superior to tedizolid in terms of clinical
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ZEPHyR

LZD VAN DOOR probability

DOOR (n=224) (n=224) —‘— 50.2% 232?“2?55.3%)
Age

<85 years (n = 215) 114 101 —_— 47.2% (40.0%, 54.6%)

65-74 years (n = 106) 48 58 —— 60.4% (49.8%, 70.1%)

275 years (n = 127) 62 65 —_— 46.0% (36.7%, 55.6%)
Diabetes

Yes (n = 182) 87 95 ——— 55.1% (47.0%, 62.9%)

No (n = 266) 137 129 — 46.6% (40.1%, 53.2%)
Type of pneumonia

Nosocomial pneumonia (n = 367) 185 182 —_— 49.5% (43.9%, 55.1%)

Healthcare-associated pneumonia (n = 78) 38 40 e = ———— 52.9% (40.7%, 64.8%)
eGFR

=90 mL/min (n = 205) 115 90 _ 49.6% (42.2%, 57.0%)

60-89 mL/min (n = 108) 48 60 —— 48.3% (38.0%, 58.8%)

30~58 mL/min (n = 85) 41 44 e 52.8% (41.0%, 64.3%)

15-29 mL/min (n = 26) 10 16 - 48.8% (29.0%, 68.9%)

<15 mL/min (n = 11) 4 7 - 51.8% (21.6%, 80.7%)

| I I I B B | T T T T 11
15% 25% 35% 45% 55% 65% 75% 85%
Probability of a more desirable result comparing LZD vs VAN
V|TAL VAN more desirable <--------- > LZD more desirable
TZD LZD DOOR probability
(n=361) (n=357) (95% Cl)

DOOR —d— 48.7% (44.8%, 52.6%)
Age

<65 years (n =431) 219 212 —— 44.9% (40.0%, 50.0%)

65-74 years (n = 139) 66 73 —1— 55.0% (46.1%, 63.6%)

2 75 years (n = 148) 76 72 —— 53.4% (44.6%, 62.0%)
Diabetes

Yes (n = 158) 72 86 o W a— 54.4% (45.9%, 62.7%)

No (n = 560) 289 27 — 46.8% (42.4%, 51.2%)
Type of pneumonia

HABP (n = 189) 95 94 — 49.1% (41.4%, 56.9%)

VABP (n = 529) 266 263 —— 48.6% (44.1%, 53.1%)
Creatinine clearance

= 90 mL/min (n = 398) 198 200 _— 44.0% (39.0%, 49.2%)
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Figure 4. Estimated desirability of outcome ranking probabilities and associated 95% confidence intervals for all subgroup analyses. Abbreviations: Cl, confidence interval;
DOOR, desirability of outcome ranking; eGFR, estimated glomerular filtration rate; HAPB, hospital-acquired bacterial pneumonia; LZD, linezolid; TZD, tedizolid; VABP,
ventilator-associated bacterial pneumonia; VAN, vancomycin.
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efficacy. This was balanced by a nonsignificant trend of in-
creased SAEs in the linezolid group. This is an example of
how DOOR can help elucidate potential tradeoffs between ben-
efits and harms of new medications and can be used to inform
shared decision-making discussions between patients and clini-
cians. Additionally, regulatory agencies could explore utilizing
the prioritized versions of DOOR to help determine if new
treatments should be approved and in what clinical scenarios
the benefit: risk ratio is most favorable.

Notably, in ZEPHYR, the clinical effectiveness of linezolid
was superior to vancomycin for the treatment of MRSA pneu-
monia [20]. However, using DOOR, we found that the overall
clinical outcome was similar between the 2 groups. The possible
improved clinical efficacy seen with linezolid was offset by non-
significant increases in infectious complications, SAEs, and
death. This analysis has the potential to change practice pat-
terns of clinicians who frequently use linezolid to treat MRSA
pneumonia.

Using DOOR in subgroup analyses can also identify which
patients would most benefit from new antibiotics. In VITAL,
we observed that outcomes were better in participants with kid-
ney disease treated with tedizolid compared with linezolid.
Given the small number of participants with kidney disease
and the number of subgroups analyzed, this finding should
be interpreted with caution, viewed as hypothesis generating,
and viewed in context of prior work demonstrating that renal
impairment can increase the risk of thrombocytopenia on line-
zolid [24]. Patients with HABP/VABP are often critically ill with
MDROs [3]. In these cases, clinicians may have to choose be-
tween a new antibiotic that may not have much published data
versus an older antibiotic with known risks of AEs. DOOR can
allow for a better understanding of these risks, considering base-
line comorbidities or specific infection characteristics.

Our study is strengthened by the fact that we analyzed 2 large
RCTs for HABP/VABP spanning many years. Additionally, the
DOOR endpoint was informed by a multidisciplinary group of
stakeholders including patient advocates and experts in antibi-
otic development, regulation, and clinical trial design. Data
were provided by pharmaceutical companies to support end-
point development, but they did not sponsor this study or di-
rectly participate in the analysis.

The study also has limitations. First, the review of infectious
complications was limited to coded data, which often do not cap-
ture the full extent of the AE. Specifically we were not able to de-
termine the cause of mechanical ventilation. Second, as our study
was retrospective, we could not change the definition of clinical
efficacy or include any patient-reported assessments of health-
related quality of life. We believe this is important information
to capture in future clinical trials. Third, the studies were not
originally designed to detect differences in DOOR outcomes.
During trial design, the sample size would be selected to detect
a clinically meaningful difference in DOOR distributions based

on the DOOR probability. The ARLG is creating a DOOR
sample-size and power assessment tool that will be included in
the web-based application. Fourth, because we analyzed large
RCTs that have stringent enrollment criteria, our DOOR analy-
sis may not be generalizable to the highest-risk patients frequent-
ly diagnosed with HABP/VABP.

In conclusion, we have demonstrated that DOOR is feasible
to use in HABP/VABP clinical trials and allows for a more
comprehensive understanding of the risks and benefits of novel
therapeutics. We believe DOOR should be used prospectively
in RCTs as an endpoint that provides more actionable informa-
tion to patients, clinicians, and researchers. Future work is
needed to understand how to incorporate patient-reported out-
comes, specifically those related to health-related quality of life,
into the DOOR endpoint.
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