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Abstract 

Background:  Ventilator-associated pneumonia caused by Pseudomonas aeruginosa (PA) in hospitalised patients is 
associated with high mortality. The effectiveness of the bivalent, bispecific mAb MEDI3902 (gremubamab) in prevent‑
ing PA nosocomial pneumonia was assessed in PA-colonised mechanically ventilated subjects.

Methods:  EVADE (NCT02696902) was a phase 2, randomised, parallel-group, double-blind, placebo-controlled study 
in Europe, Turkey, Israel, and the USA. Subjects ≥ 18 years old, mechanically ventilated, tracheally colonised with PA, 
and without new-onset pneumonia, were randomised (1:1:1) to MEDI3902 500, 1500 mg (single intravenous dose), or 
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Introduction
Pseudomonas aeruginosa (PA) is a common cause of 
ventilator-associated pneumonia (VAP) in hospitalised 
patients [1–3], associated with mortality rates > 30% 
in patients with antibiotic-susceptible and > 44% with 
multidrug-resistant (MDR) strains [4, 5]. Tracheobron-
chial colonisation with PA increases the odds of devel-
oping VAP by around eightfold [2, 6], but no specific 
guidelines exist for managing these patients before 
pneumonia is diagnosed. Current strategies involve 
antibiotic treatment post-diagnosis [1, 7, 8]. Although 
evidence suggests the earlier treatment may be ben-
eficial [9], routine prophylactic antibiotics to prevent 
VAP can contribute to PA resistance [8, 10, 11]. Con-
sequently, Infectious Diseases Society of America and 
the American Thoracic Society guidelines recommend 
withholding antibiotic treatment in patients with sus-
pected VAP and endotracheal culture results below 
the diagnostic threshold for VAP (protected specimen 
brush [PSB] with < 103 colony-forming units [CFU]/
mL, bronchoalveolar lavage [BAL] with < 104 CFU/mL) 
[12]. No systemic agents are currently approved for the 
pre-emptive treatment of ventilated patients with Pseu-
domonas airway colonisation to prevent PA pneumonia 
[7, 13], highlighting an unmet need for effective, tar-
geted prevention.

Monoclonal antibodies are an attractive alternative to 
systemic antibiotics for the pre-emption of PA pneumo-
nias. Their benefits include enhanced specificity, longer 
half-life, and complementary mechanism of action to 
antibiotics and do not induce antibiotic resistance [7, 

14]. A placebo-controlled phase 2a study highlighted 
the potential for reducing PA pneumonia incidence in 
colonised, mechanically ventilated intensive care unit 
(ICU) patients dosed with a monovalent, monoclonal 
antibody against the PA PcrV protein [6].

MEDI3902 (gremubamab) is a first-in-class bivalent, 
bispecific human immunoglobulin G1 kappa mono-
clonal antibody that selectively binds to the PA PcrV 
protein and Psl exopolysaccharide involved in host cell 
cytotoxicity and PA colonisation and tissue adherence, 
respectively [15–17]. Prophylactic MEDI3902 admin-
istration protected against lethal PA in animal models 
[15, 18], with a significant reduction in the expression 
of genes encoding key inflammatory cytokines in ani-
mals who received MEDI3902 versus control immuno-
globulin G [18].

The use of rapid diagnostic techniques, such as real-
time PCR, in ICU settings can enable prompt identi-
fication of patients with bacterial colonisation of the 
lower respiratory tract before the onset of nosocomial 
pneumonia, bypassing the time required to obtain the 
results of conventional microbiological cultures which 
can take 48–72  h. Accordingly, rapid identification of 
patients with respiratory PA colonisation could assist in 
the timely initiation of pre-emptive or curative thera-
pies. A phase 1, placebo-controlled, dose escalation study 
(NCT02255760) assessed an intravenous (IV) infusion of 
MEDI3902 in 56 healthy adults [16]. MEDI3902 serum 
concentrations through day 29 remained above the tar-
get therapeutic concentration of 5.3  μg/mL (based on a 

placebo. The primary efficacy endpoint was the incidence of nosocomial PA pneumonia through 21 days post-dose in 
MEDI3902 1500 mg versus placebo, determined by an independent adjudication committee.

Results:  Even if the initial sample size was not reached because of low recruitment, 188 subjects were randomised 
(MEDI3902 500/1500 mg: n = 16/87; placebo: n = 85) between 13 April 2016 and 17 October 2019. Out of these, 184 
were dosed (MEDI3902 500/1500 mg: n = 16/85; placebo: n = 83), comprising the modified intent-to-treat set. Enrol‑
ment in the 500 mg arm was discontinued due to pharmacokinetic data demonstrating low MEDI3902 serum con‑
centrations. Subsequently, enrolled subjects were randomised (1:1) to MEDI3902 1500 mg or placebo. PA pneumonia 
was confirmed in 22.4% (n = 19/85) of MEDI3902 1500 mg recipients and in 18.1% (n = 15/83) of placebo recipients 
(relative risk reduction [RRR]: − 23.7%; 80% confidence interval [CI] − 83.8%, 16.8%; p = 0.49). At 21 days post-1500 mg 
dose, the mean (standard deviation) serum MEDI3902 concentration was 9.46 (7.91) μg/mL, with 80.6% (n = 58/72) 
subjects achieving concentrations > 1.7 μg/mL, a level associated with improved outcome in animal models. Treat‑
ment-emergent adverse event incidence was similar between groups.

Conclusions:  The bivalent, bispecific monoclonal antibody MEDI3902 (gremubamab) did not reduce PA nosocomial 
pneumonia incidence in PA-colonised mechanically ventilated subjects.

Trial registration Registered on Clinicaltrials.gov (NCT02​696902) on 11th February 2016 and on EudraCT (2015-​001706-​
34) on 7th March 2016.

Keywords:  Monoclonal antibody, Prevention, Pharmacokinetics, Pseudomonas aeruginosa ventilator-associated 
pneumonia, Safety
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murine model of PA pneumonia where mice were inoc-
ulated with PA 5 × LD100, data on file) in subjects who 
received the highest doses (750, 1500, and 3000  mg), 
and dose-dependent increases in serum anticytotoxic 
and opsonophagocytic killing activities were observed 
[16]. MEDI3902 was well tolerated, supporting further 
assessment in PA-colonised subjects at risk for devel-
oping PA pneumonia. However, previous studies done 
in ICU patients for assessing the potential usefulness of 
monoclonal antibodies in preventing bacterial infections, 
while showing some non-statistically significant trends in 
favour of antibodies in post hoc analyses, were based on 
a limited number of patients and mostly negative, render-
ing difficult any conclusions [6, 14, 19]. Many factors that 
are not influenced by monoclonal antibodies can also 
contribute to the development of pneumonia, including 
disease severity, underlying immune function and con-
comitant therapies, warranting further studies before 
concluding that MEDI3902 represents a valuable com-
plement to conventional measures for preventing lower 
respiratory tract infections caused by PA. Here, we pre-
sent the results of a single-dose, proof-of-concept study 
of MEDI3902 for the pre-emptive treatment of PA noso-
comial pneumonia in PA-colonised, mechanically venti-
lated subjects in the ICU.

Methods
Study design
EVADE (Clinicaltrials.gov NCT02696902; EudraCT 
2015-001706-34) was a phase 2, randomised, paral-
lel-group, double-blind, placebo-controlled study of 
MEDI3902 in mechanically ventilated patients with PA 
lower respiratory tract colonisation, confirmed by a poly-
merase chain reaction (PCR)-based test on tracheal aspi-
rates collected no more than 36 h before randomisation. 
All randomised subjects were positive for PA by PCR, 
while 154/184 (83.7%) had positive cultures, highlighting 
the greater sensitivity of PCR for detecting PA airway col-
onisation in ventilated patients. EVADE was performed 
across 48 sites in 13 countries (Europe, Turkey, the USA, 
and Israel; Additional file 1: Tables S1 and S2).

The study was conducted within the European public–
private partnership Combatting Bacterial Resistance In 
Europe—Molecules Against Gram-Negative Infections 
(COMBACTE-MAGNET) consortium [7] in accordance 
with the ethical principles of the Declaration of Helsinki 
and the International Council for Harmonization Guid-
ance for Good Clinical Practice. The Antibiotic Resist-
ance Leadership group also participated. Study-related 
documents were reviewed and approved by the local 
independent ethics committees or institutional review 
boards. All subjects/legally acceptable representatives 
provided written informed consent.

Subjects
Adults ≥ 18 years of age were eligible if they met the fol-
lowing key inclusion criteria: currently intubated and 
mechanically ventilated and expected to remain so for 
at least 72  h; tracheal PA colonisation as assessed by 
PCR (GeneXpert System with PA Xpert test cartridge 
[research use only], Cepheid, Sunnyvale, CA, USA) no 
more than 36 h and no diagnosis of new-onset pneumo-
nia within 72 h before randomisation (patients with evi-
dence of resolved pneumonia were eligible for inclusion); 
expected to survive for > 2  weeks and participate in the 
study through 49 days post-dose.

Key exclusion criteria were: acute confirmed or sus-
pected pseudomonal disease or active pulmonary dis-
ease; a Clinical Pulmonary Infection Score (CPIS) of at 
least 6 measured no more than 24  h before treatment; 
an Acute Physiology and Chronic Health Evaluation-II 
(APACHE-II) score of at least 25 or a Sequential Organ 
Failure Assessment (SOFA) score of at least 12; and sys-
temic or aerosolised colistin received for > 72  h within 
96 h before randomisation. The Additional file 1: Meth-
ods detail full eligibility criteria.

The modalities of the screening process were left to the 
discretion of the investigators. In a minority of centres, 
mechanically ventilated patients were routinely screened 
for PA colonisation using conventional microbiological 
cultures of endotracheal aspirates (ETA) once or twice a 
week until death or weaning from mechanical ventilation, 
according to standard practice. When cultures grew posi-
tive for PA, informed consent was obtained and tracheal 
colonisation was then confirmed using PCR. The other 
centres did not use routine serial microbiological cultures 
for screening. Patients’ eligibility for study enrolment 
was regularly checked as long as they were expected to 
remain on mechanical ventilation for at least 72 h and did 
not meet any exclusion criteria (see above), and informed 
consent was obtained for using PCR on ETA.

Routine use of VAP prevention bundles was highly 
recommended. To check whether these prevention bun-
dles had been implemented correctly, sites were asked to 
report the VAP bundle application in the electronic case 
report form for each enrolled patient (Table 1 and Addi-
tional file 1: Table S3).

Randomisation and masking
Per protocol, subjects were randomised (1:1:1) to a single 
intravenous (IV) dose of MEDI3902 500  mg, 1500  mg, 
or placebo. Based on previous studies [19, 20] and phar-
macokinetic (PK) data [21] received after the start of the 
study, a single MEDI3902 500 mg dose was not expected 
to maintain a target level of 1.7  μg/mL (derived from a 
murine model of PA pneumonia where mice were inocu-
lated with PA 1 × LD100, data on file) for 21  days, and 
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enrolment in this arm was discontinued after 16 subjects 
were dosed. Interim PK confirmed MEDI3902 1500  mg 
maintained the target level in 80% of patients through day 
21 [21]. Subsequently, following protocol and statistical 
analysis plan (SAP) amendment, subjects were randomised 
(1:1) to MEDI3902 1500 mg or placebo (Additional file 1: 
Fig. S1), stratified by geographical region and duration of 
anti-PA antibiotic treatment within 96 h before randomi-
sation (no antibiotic use, duration of no more than 72 h, 
duration > 72  h [except for systemic or aerosolised colis-
tin; see exclusion criteria]). Subjects were followed until 
the end of the study period (day 50). An interactive web 
response system was used for randomisation to the treat-
ment group and assignment of blinded investigational 
product kit numbers. To complete screening and ensure 
uniformity of inclusion criteria across sites, the eligibil-
ity of all potential patients was confirmed by the Clinical 
Coordinating Centre (Saint-Luc University Hospital, Brus-
sels, Belgium). MEDI3902 and placebo were administered 
in a blinded fashion, and neither the subjects, their legal 
representatives, nor the investigators and sponsor staff 
involved in the treatment or clinical assessment of subjects 
were aware of the treatment received. The investigational 
products were handled by an unblinded investigational 
product manager at each site.

Endpoints and assessments
The primary efficacy endpoint was the incidence of noso-
comial PA pneumonia through 21  days post-dose in 
MEDI3902 1500  mg recipients versus placebo as deter-
mined by a blinded independent Endpoint Adjudication 
Committee (EAC). The EAC included three experts in 
intensive care medicine and two radiologists that used 
prespecified, stringent and non-subjective criteria agreed 
upon by both the US Food and Drug Administration and 
the European Medicines Agency. Subjects must have met 
radiological (new or worsening infiltrate consistent with 
pneumonia on chest X-rays), clinical, and microbiological 
criteria concurrently to be diagnosed with PA pneumonia 
(Additional file  1: Methods). In subjects with suspected 
or confirmed pneumonia, tracheobronchitis, or bacterae-
mia, blood and respiratory specimens were collected, and 
chest X-rays were performed as clinically indicated, until 
clinical resolution. Primary safety endpoints included 
the incidence of treatment-emergent adverse events 
(TEAEs), serious AEs (SAEs), and AEs of special interest 
assessed through 49 days post-dose.

Secondary endpoints were MEDI3902 serum/ETA 
PK parameters and serum anti-drug antibody responses 
through 49 days post-dose. Blood samples were collected 
immediately before MEDI3902 dosing on day 1, at the 

end of infusion, and 8- and 24-h later and on days 4, 8, 15, 
22, 29, and 50 of follow-up.

The Additional file  1: Methods include exploratory 
endpoints and sample collection details.

Statistical analysis
Following protocol/SAP amendment, planned enrol-
ment was approximately 286 subjects randomised (1:1) 
to MEDI3902 1500  mg or placebo. Given the explora-
tory nature of the study, power was calculated based 
on Poisson regression with robust variance comparing 
MEDI3902 versus placebo groups (two-sided, α = 0.2), 
assuming a placebo group PA pneumonia incidence of 
20%, a relative reduction of 50%, at least 80% power, and 
20% adjustment for attrition. A relative reduction of 50% 
was considered clinically meaningful based on expert 
advice and published data [6].

Recruitment was stopped early after 168 patients were 
included (MEDI3902 1500  mg: n = 85; placebo: n = 83) 
due to slow enrolment.

Efficacy and PK were assessed in the modified intent-
to-treat (mITT) population (all subjects randomised and 
dosed, analysed by randomised treatment). Following 
discontinued enrolment in the MEDI3902 500  mg arm 
and protocol/SAP amendment, efficacy was assessed 
in MEDI3902 1500  mg versus placebo recipients. The 
primary endpoint of nosocomial PA pneumonia was 
assessed by relative risk reduction (RRR), defined as 
1—relative risk, and its corresponding two-sided 80% 
confidence interval (CI), as estimated from a Poisson 
regression model with robust variance and treatment 
group as a covariate (two-sided, α = 0.2). A positive RRR 
denoted less PA pneumonia in the MEDI3902 1500  mg 
group compared to placebo, and a negative RRR had 
more PA pneumonia in the MEDI3902 group. Patients 
with mixed culture results that included PA were counted 
towards the primary endpoint. Early discontinuation 
due to death from underlying disease was expected as 
the main cause of missing data. If no PA pneumonia 
occurred before discontinuation, the subject was consid-
ered as having no PA pneumonia infection in the primary 
efficacy analysis. No other imputation was applied to this 
analysis. Time to diagnosis of PA pneumonia, as judged 
by the EAC, was estimated by use of the Kaplan–Meier 
method. Safety was assessed in the as-treated popula-
tion (all subjects randomised and dosed, analysed by 
treatment received). Safety and PK analyses included 
the 16 subjects who received MEDI3902 500  mg. Data 
were summarised descriptively, with no multiplicity 
adjustments.
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Table 1  Demographics and baseline characteristics (mITT)

APACHE-II Acute Physiology and Chronic Health Evaluation-II, BMI body mass index, CLSI Clinical and Laboratory Standards Institute, CPIS Clinical Pulmonary 
Infection Score, CRP C-reactive protein, MDR multidrug-resistant, mITT modified intent-to-treat population, PCR CT polymerase chain reaction cycle threshold, PDR 
pan-drug-resistant, SD standard deviation, SOFA Sequential Organ Failure Assessment, XDR extensively drug resistant. †Preventive ventilator-associated pneumonia 
measures (bundles) were elevation of the head of the bed, daily sedation vacations and extubation readiness assessment, peptic ulcer disease prophylaxis, deep vein 
thrombosis prophylaxis, and daily oral care with chlorhexidine
* n = 15; †n = 82; ‡n = 82; §n = 179; ¶n = 180 #n = 81; **n = 177; ††n = 82; ‡‡minimum inhibitory concentrations were determined by CLSI broth microdilution at a 
centralised laboratory; §§MDR, PDR, and XDR as defined by;[29] ¶¶subjects with PA-positive culture results but missing minimum inhibitory concentration records; ##all 
randomised subjects were positive for PA by PCR within 36 h before randomisation, but not all had positive cultures; ***n = 83; †††n = 81; ‡‡‡n = 99; §§§n = 12; ¶¶¶n = 77; 
###n = 74; ****n = 89; ††††n = 76; ‡‡‡‡n = 92

MEDI3902 500 mg 
(N = 16)

MEDI3902 1500 mg 
(N = 85)

Placebo (N = 83) Total (N = 184)

Age, years; mean (SD) 62.7 (9.3) 60.3 (15.2) 64.1 (12.9) 62.2 (13.8)

 Age < 65 years; n (%) 7 (43.8) 42 (49.4) 39 (47.0) 88 (47.8)

Sex, male; n (%) 10 (62.5) 54 (63.5) 62 (74.7) 126 (68.5)

Race, n (%)

 Asian 0 (0.0) 0 (0.0) 1 (1.2) 1 (0.5)

 Black or African American 0 (0.0) 2 (2.4) 4 (4.8) 6 (3.3)

 Native Hawaiian or Other Pacific Islander 0 (0.0) 0 (0.0) 1 (1.2) 1 (0.5)

 White 16 (100.0) 81 (95.3) 75 (90.4) 172 (93.5)

 Other 0 (0.0) 2 (2.4) 2 (2.4) 4 (2.2)

Weight, kg; mean (SD) 82.5 (25.2) 78.8 (19.5) 84.4 (21.0) 81.6 (20.7)

Height, cm; mean (SD) 167.9 (10.0) 169.1 (9.6) 171.1 (10.0) 169.9 (9.8)

BMI, kg/m2; mean (SD) 29.5 (9.4) 27.5 (6.4) 29.0 (7.7) 28.4 (7.3)

 BMI ≤ 30 kg/m2; n (%) 11 (68.8) 60 (70.6) 54 (65.1) 125 (67.9)

Clinical severity scores at baseline; mean (SD)

 APACHE-II 16.9 (2.9)* 15.3 (5.4)† 15.5 (5.2)‡ 15.5 (5.1)§

 SOFA 4.5 (2.4)* 4.4 (2.7)† 4.0 (2.1) 4.2 (2.4)¶

 CPIS 3.5 (1.5)* 3.0 (1.5)# 3.2 (1.5)# 3.1 (1.5)**

Duration of mechanical ventilation; days, mean (SD) 19.5 (15.5) 25.2 (27.6) 31.1 (28.4)†† –

Previous PA infections ≤ 3 months before randomisation; n (%)

 Yes 7 (43.8) 25 (29.4) 31 (37.8) 63 (34.4)

 No 9 (56.3) 60 (70.6) 51 (62.2) 120 (65.6)

 Missing 0 0 1 1

Use of antibiotics in the 3 months before randomisation; n (%)

 Yes 14 (93.3) 59 (74.7) 63 (81.8) 136 (79.5)

 No 1 (6.7) 20 (25.3) 14 (18.2) 35 (20.5)

 Missing 1 6 6 13

CLSI susceptibility at baseline;‡‡ n (%)

 Any culture result, n 16 83 82 181

 P. aeruginosa positive 15 (93.8) 72 (86.7) 67 (81.7) 154 (85.1)

  Non-MDR 6 (37.5) 37 (44.6) 25 (30.5) 68 (37.6)

  MDR§§ 4 (25.0) 12 (14.5) 16 (19.5) 32 (17.7)

  XDR§§ 4 (25.0) 14 (16.9) 21 (25.6) 39 (21.5)

  PDR§§ 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

  Unknown¶¶ 1 (6.3) 9 (10.8) 5 (6.1) 15 (8.3)

 P. aeruginosa negative## 1 (6.3) 11 (13.3) 15 (18.3) 27 (14.9)

MEDI3902 500 mg 
(N = 16)

MEDI3902 1500 mg 
(N = 85)

Placebo (N = 83) MEDI3902 total (N = 101)

P. aeruginosa PCR CT value; mean (SD) 28.3 (3.7) 28.5 (5.7) 29.2 (6.2) 28.5 (5.4)

White blood cell count, 103/μL; mean (SD) 11.6 (4.4) 13.2 (6.3) 11.4 (6.1) 12.9 (6.1)

Absolute Neutrophil count, 103/μL; mean (SD) 9.1 (4.1) 10.6 (6.0)*** 8.4 (4.3)††† 10.4 (5.7)‡‡‡

Procalcitonin, μg/L; mean (SD) 4.8 (15.5)§§§ 1.0 (2.4)¶¶¶ 0.61 (1.3)### 1.5 (6.1)****

CRP, mg/dL; mean (SD) 7.9 (6.3) 14.7 (37.9)†††† 15.1 (34.3)¶¶¶ 13.5 (34.6)‡‡‡‡

Ventilator-associated pneumonia prevention†

All 5 measures used, n (%) 8 (50) 36 (42.4) 31 (37.3) 44 (43.6)
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Post hoc analyses
An adjusted post hoc analysis of the primary efficacy 
endpoint was done to address possible selection bias due 
to an imbalance in baseline covariates including ECMO, 
PA-positive cultures, absolute neutrophil counts (ANC) 
and procalcitonin (PCT) levels. The impact of key base-
line covariates on the RRR of PA pneumonia and all-
cause mortality in MEDI3902 1500 mg recipients versus 
placebo, and on MEDI3902 serum PK, was also assessed 
(Additional file  1: Methods). Efficacy data were calcu-
lated using PCT and ANC quartiles. The groups with 
high and statistically significant RRR with baseline levels 
of ≤ 0.55 μg/L for procalcitonin and ≤ 8.17 × 103 cells/μL 
for ANC correspond to combined quartiles 1–3 for proc-
alcitonin and combined quartiles 1–2 for ANC.

Role of the funding source
The study sponsor was involved in study design, data col-
lection, data analysis, and data interpretation, with input 
from the authors, and in the writing of the report.

Results
Subjects
Subjects were randomised between 13 April 2016 and 17 
October 2019; the study was completed on 4 December 
2019. Of the 1023 subjects screened, 835 (81.6%) could 
not be included in the study (Fig.  1). Overall, 184 ran-
domised subjects received MEDI3902 1500 mg (n = 85), 
500  mg (n = 16), or placebo (n = 83) (Fig.  1); 134/184 
(72.8%) subjects completed the study, including 59 
(69.4%) MEDI3902 1500 mg, 12 (75.0%) 500 mg, and 63 
(75.9%) placebo recipients. The most frequent reason for 
discontinuation was death in three (18.8%), 24 (28.2%), 
and 19 (22.9%) subjects in the 500 mg, 1500 mg and pla-
cebo groups, respectively.

Baseline demographics, clinical severity scores, and 
Clinical and Laboratory Standards Institute (CLSI) PA 
antibiotic susceptibility results were generally similar 
between groups (Table 1). However, there was a numeri-
cally higher percentage of non-MDR PA-positive cul-
tures in the MEDI3902 1500 (44.6%) mg group versus 
placebo (30.5%). Subjects in the MEDI3902 arms also 
had higher ANC (13.2 vs. 11.4 × 103 cells per microliter 
and PCT levels (1.0 vs. 0.61 μg/L) at baseline versus pla-
cebo  (Table 1). All five components of the VAP preven-
tion bundles were implemented in 42.4% and 37.3% of 
MEDI3902 and placebo recipients, respectively (Table 1 
and Additional file 1: Table S3).

Efficacy
The PA pneumonia incidence was 19/85 (22.4%) in 
MEDI3902 1500 mg recipients and 15/83 (18.1%) in pla-
cebo recipients; RRR −  23.7% (80% CI −  83.8%, 16.8%; 

p = 0.49) (Table  2). The primary endpoint was not met. 
Similar results were observed regarding exploratory 
efficacy endpoints, including all-cause pneumonia, all-
cause pneumonia or death, antibiotic usage and dura-
tion of mechanical ventilation (Table  2 and Additional 
file  1: Results and Table  S4). Specifically, when patients 
who died before study completion without PA pneumo-
nia were classified as failure (and not as success as done 
in the primary analysis), the incidence of all-cause pneu-
monia or death was 30/85 (35.3%) in MEDI3902 1500 mg 
recipients and 22/83 (26.5%) in placebo recipients; RRR 
− 33.3% (80% CI − 79.8%, 1.4%). The results of the time-
to-event analysis are shown in the Additional file (Addi-
tional file 1: Fig. S2), with most PA pneumonia occurring 
15  days after randomisation in both groups. No signifi-
cant difference in the incidence of other serious PA infec-
tions (tracheobronchitis, bacteraemia, intraabdominal 
or deep skin and soft tissue infections) was observed 
between the placebo group and the MEDI3902 1500 mg 
group (Additional file  1: Table  S5). To make sure that 
decisions made by the EAC were in agreement with those 
made by the physicians at the bedside, the number of sub-
jects with an adverse event of PA pneumonia, not con-
firmed as PA pneumonia by the EAC, but who received 
anti-PA antibiotics, was tabulated by the treatment 
group (Additional file  1: Table  S6). Clinicians detected 
and treated with antibiotics only three and 0 additional 
events of potential PA pneumonia in placebo recipients 
and MEDI3902 1500 mg recipients, respectively.

Additional post hoc analyses were done on baseline 
covariates (Additional file 1: Fig. S3). PCT and ANC had 
the greatest effect on RRR in PA pneumonia. At baseline, 
115 patients (68% of the study population) had PCT lev-
els below 0.55 μg/L. In that group of patients with a low 
PCT level, the incidence of PA pneumonia was 23.7% in 
the placebo and 12.5% in MEDI3902 1500  mg groups, 
corresponding to an 47.3% RRR (80% CI: 6.1% to 69.9%; 
p = 0.135). Similar results were observed in the subgroup 
of 83 patients (49% of the study population) with an 
ANC less than 8.17 × 103 cells/µL: PA pneumonia inci-
dence was 17% and 2.8% in the placebo and MEDI3902 
1500  mg group, respectively, corresponding to a 83.6% 
RRR (80% CI 39.5%, 95.5%; P = 0.038) (Additional file 1: 
Tables S7A and S7B). In subjects with ANC ≤ 8.17 × 103/
µL, MEDI3902 treatment was associated with 56.5% RRR 
in all-cause mortality (80% CI 11.9%, 79.4%; P = 0.110). 
Conversely, RRRs were negative in patients with PCT lev-
els above 0.55 μg/L and those with ANC above 8.17 × 103 
cells/µL, denoting more PA pneumonia in the MEDI3902 
group than in the placebo group (Additional file 1: Tables 
S7A and S7B).

Healthcare resource utilisation through 21  days post-
dose for MEDI3902 1500  mg and placebo subjects 
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with PA pneumonia were similar, including duration of 
mechanical ventilation (17.5 vs. 19.7  days, respectively), 
systemic antibiotic use (12.3 vs. 14.4 days) and duration of 
ICU stay (20.6 vs. 22.0 days) (Additional file 1: Table S4). 
Severity scores on day 1 of pneumonia onset and day 
of resolution, as well as changes in cellular and protein 
markers of inflammation, also did not demonstrate any 
significant differences between MEDI3902 patients and 

placebo patients with PA pneumonia (Additional file  1: 
Tables S8 and S10). The results of other exploratory anal-
yses are described in the Additional file 1: Results, Tables 
S4 and S8-11 and Fig. S4.

Pharmacokinetics
Mean serum concentration–time profiles of MEDI3902 
are shown in Figs.  2a and 3a, b. At 21  days following a 

N=835 
Screen failures 
Reasons: 
Did not meet incl/excl criteria (n=809) 
Withdrawal of consent (n=15) 
Lost to follow-up (n=1) 
Other (n=10)

N=188 
Subjects randomised

N=1023 
Subjects screened*

N=2 
Not treated

N=2 
Not treated

N=16 
MEDI3902 500 mg

N=85 
Placebo

N=87 
MEDI3902 1500 mg

N=16 
Treated

N=83 
Treated

N=85 
Treated

Reasons: 
Death (n=24) 

Lost to follow-up (n=1) 
Withdrawal of consent (n=1) 

Reasons: 
Death (n=3) 

Lost to follow-up (n=1)

Reasons: 
Death (n=19) 
Other (n=1)

N=26 
Early discontinuation

N=59 
Completed study

N=4 
Early discontinuation

N=12 
Completed study

N=20 
Early discontinuation

N=63 
Completed study

Fig. 1  Subject disposition. *Subjects signed informed consent

Table 2  MEDI3902 phase II EVADE: efficacy through study day 22 (mITT)

RRR: relative risk reduction (a negative RRR denotes more PA pneumonia in the MEDI3902 1500 mg group compared to placebo); mITT = modified intent-to-treat 
population

All pneumonias were determined by an adjudication committee
a Relative risk reduction (MEDI3902 1500 mg vs. placebo), 80% confidence interval (CI), and p value based on Poisson regression with robust variance
b All-cause pneumonia: P. aeruginosa pneumonia or non-P. aeruginosa pneumonia occurring through study day 22
c All-cause pneumonia or death: P. aeruginosa pneumonia, non-P. aeruginosa pneumonia, or death occurring through study day 22

MEDI3902 
500 mg (N = 16)

MEDI3902 
1500 mg (N = 85)

Placebo (N = 83) RRR​a 80% CIa P valuea

Primary endpoint

 P. aeruginosa Pneumonia 2 (12.5%) 19 (22.4%) 15 (18.1%) − 23.7% − 83.8 to 16.8% 0.491

Exploratory endpoints of interest (FDA)

 All-cause pneumoniab 3 (18.8%) 25 (29.4%) 17 (20.5%) − 43.6% − 104 to -1.1% 0.186

 All-cause pneumonia or deathc 4 (25.0%) 30 (35.3%) 22 (26.5%) − 33.2% − 79.8 to 1.4% 0.222
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1500  mg infusion, the mean (standard deviation [SD]) 
serum MEDI3902 concentration was 9.46 (7.91) μg/mL, 
with 80.6% (n = 58/72) subjects achieving concentra-
tions > 1.7 μg/mL, the target level (Table 3). In ETA, the 
geometric mean (SD) MEDI3902 concentration was 8.73 
(± 11) ng/mL at day 21 (Fig. 2b and Additional file 1: Fig. 
S5); however, significant correlations were not observed 
between MEDI3902 concentrations in serum and ETA 
(R2 = 0.000081; data not shown). MEDI3902 PK param-
eters in serum and ETA are summarised in Table  3. 
Mean clearance from serum was 1.27 L/day, with a mean 
half-life of 5.65  days following a 1500  mg infusion. On 
day 2, the median MEDI3902 ETA/serum PK ratio was 
0.06%, increasing to 0.1% on day 4. A positive exposure–
response relationship was observed after a 1500  mg IV 
infusion, with numerically higher serum MEDI3902 con-
centrations observed in subjects who did not develop PA 
pneumonia versus those who did (Fig.  3a, b and Addi-
tional file 1: Fig. S6).

Serum anti‑drug antibodies
Serum anti-drug antibodies were detected at baseline in 
2/85 (2.4%) subjects in the MEDI3902 1500  mg group, 
2/16 (12.5%) in the 500 mg group, and 3/83 (3.6%) in the 
placebo group. The number of subjects with persistent 
serum anti-drug antibodies (defined as a positive test of 
at least 2 or the last post-baseline assessment) was simi-
lar between the MEDI3902 1500 mg (n = 4/85; 4.9%) and 
placebo (n = 4/83; 5.1%) groups. No differences were 
observed in MEDI3902 PK or safety profiles in subjects 
with and without post-baseline serum anti-drug antibod-
ies responses.

Safety
The incidence of TEAEs, SAEs, and TEAEs of > grade 3 
severity reported through 49  days post-dose was simi-
lar between MEDI3902 1500  mg and placebo groups 
(Table  4). TEAEs related to treatment were reported 
in three subjects receiving MEDI3902 1500  mg (sinus 
tachycardia [n = 1, grade 1, resolved the same day] and 
infusion-related reactions [n = 2, grade 1 and 3, resolved 
during the study]) and in one placebo recipient (acute 
kidney injury, grade 4). No treatment-related SAEs were 
reported.

Overall, 46 deaths were reported until 49  days 
post-dose. A slightly higher number of deaths in the 
MEDI3902 1500 mg group (n = 24/85; 28.2%) versus pla-
cebo (n = 19/83; 22.9%; Table 4) was not statistically sig-
nificant (RRR [80% CI] − 23.3% [− 73.3, 12.2%]; p = 0.43). 
No deaths were considered related to MEDI3902, as 
adjudicated by the blinded investigators and independent 
unblinded DSMB.

Discussion
The primary efficacy endpoint of reduction in PA pneu-
monia incidence, with a relative reduction of 50% con-
sidered clinically meaningful based on expert advice and 
published data [6], was not achieved. However, the cer-
tainty of our overall study findings may be limited given 
that the study was interrupted prematurely before the 
target number of patients was reached due to slow enrol-
ment, and thus, the analyses may be underpowered. A 
single IV dose of MEDI3902 1500 mg provided PK serum 
exposure above the target level of 1.7 µg/mL for at least 
21  days in most subjects, with MEDI3902 concentra-
tions detectable in the ETA. The incidence of persistent 
serum anti-drug antibodies was low, occurring in < 5% 
of MEDI3902 1500 mg recipients. A positive exposure–
response relationship was observed for the MEDI3902 
1500  mg group, with a greater MEDI3902 area under 
the concentration–time curve from time zero to 21 days 
post-dose associated with a lower probability of PA 
pneumonia.

For mechanically ventilated critically ill subjects, high 
baseline inflammatory status or cachexia increases pro-
tein catabolism and volume distribution of many drugs 
[22], potentially lowering MEDI3902 exposure and 
increasing PA pneumonia susceptibility simultaneously. 
A higher MEDI3902 dose and/or direct administration 
into the tracheobronchial tree by aerosolisation may be 
considered for the most seriously ill subjects to achieve 
protection, especially since MEDI3902 ETA/serum PK 
ratio was low (0.1% on day 4).

An imbalance in baseline inflammation was reflected 
in PCT and ANC levels. Subjects with lower baseline 
PCT or ANC had slightly higher mean PK levels and may 
exhibit a greater MEDI3902 treatment response versus 
placebo against PA pneumonia. These results provide 
important lessons on pathogen-specific PA pneumo-
nia complexity in ICU trials with potential implications 
for future study design. Whereas APACHE-II scores 
have been used as eligibility criteria to avoid enrolling 
the sickest patients [23], clinicians might also consider 
baseline levels of certain biomarkers as exclusion crite-
ria and/or for stratifying patients by severity at randomi-
sation, particularly in pre-emptive treatment studies 
of colonised patients. While PCT and ANC levels may 
not correlate directly with PA pneumonia, these mark-
ers may identify patients with higher bacterial load and 
higher inflammatory status, and therefore a higher risk 
of pneumonia. [24–26]. Conversely, patients with higher 
levels of these biomarkers (regardless of apparent path-
ogen levels) may be too sick to benefit from treatment, 
or may have progressed too far in the development of 
symptomatic pneumonia [27]. Whether MEDI3902 
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could have increased the rate of PA pneumonia in 
patients with high inflammatory status in the present 
study remains highly speculative. However, some poten-
tial deleterious effects of monoclonal antibodies have 
already been reported in other studies, including a large 
randomised trial having assessed the benefit of a com-
bination of casirivimab and imdevimab given together 
in patients admitted to the hospital with COVID-19. 
Although the monoclonal combination improved sur-
vival and other clinical outcomes in patients who did not 
have detectable anti-SARS-CoV-2 antibodies (i.e. had 
not yet mounted their own humoral immune response), 

no clinical benefit was observed in patients who were 
seropositive at baseline, suggesting the possibility of a 
conflict between the subjects’ own immune defences 
and the monoclonal antibodies [28]. Further research is 
required to understand the role of these surrogate bio-
markers for the inflammatory response in risk stratifica-
tion and treatment decisions.

The safety profile of MEDI3902 was acceptable, with a 
similar incidence of TEAEs and SAEs in the MEDI3902 
1500  mg and placebo groups. TEAEs were generally 
reflective of the critically ill patient population and the 
numerical imbalance in deaths across treatment groups 

Fig. 2  Concentration–time profile following a single IV dose of MEDI3902 500 mg and 1500 mg in serum (a) and endotracheal aspirate (b) PK 
geometric mean profile. ETA = endotracheal aspirate. IV = intravenous. LLOQ = lower limit of quantification. PK = pharmacokinetic. SE = standard 
error
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was expected due to the observed imbalance in baseline 
disease characteristics.

Limitations
This study has several limitations. First, the trial did not 
achieve its planned sample size, with the recruitment 
being stopped early due to low enrolment and thus was 
underpowered to detect small but clinically important 
treatment effects in the entire study population, as well 
as in specific subgroups of patients. The main contrib-
uting factor of low recruitment was that the proportion 
of patients meeting all the eligibility criteria was lower 

than expected, which resulted in an average of 4 patients 
randomised per site. Other major contributing factors 
included the unusually complex screening process and 
the difficulty for the attending clinicians to distinguish 
patients who were actually infected with PA from those 
only colonised, often resulting in the immediate admin-
istration of new antibiotics and making patients ineli-
gible for randomisation. Second, the investigators may 
not have screened some eligible patients either because 
of the absence of consent or difficulties in identifying 
patients potentially colonised by PA. Since this num-
ber was not recorded, the extent of this bias cannot be 

Fig. 3  a Mean (SE) serum MEDI3902 concentrations in subjects with or without PA pneumonia. LLOQ = lower limit of quantification. SE = standard 
error. b MEDI3902 area under the curve from 0 to 21 days and concentrations obtained after a single IV dose of 1500 mg in patients with and 
without PA pneumonia. Cmax = maximal observed concentration; C21 = concentration 21 days post-dosing; AUC​0to21 = Area under the curve from 0 
to 21 days post-dose
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ascertained. Third, the patient population was primarily 
Western European, thus reflecting the MDR profile from 
one region and the absence of strict guidelines for anti-
biotic treatment resulted in heterogeneity in antibiotic 
use. Fourth, colonisation, as determined by PCR, may not 
coincide with a positive PA culture and, since colonisa-
tion assays were not quantitative, active infection (rather 

than just colonisation) could not be ruled out at the time 
of treatment. Fifth, misclassification of pneumonia is also 
possible due to difficulty in diagnosis, particularly once 
new antibiotics were prescribed. However, the trial was 
double-blinded and a strict protocol was applied to diag-
nose PA pneumonia. Sixth, MEDI3902 endotracheal aspi-
rate concentrations were rather low questioning whether 

Table 3  MEDI3902 PK parameters

AUC​0–21 = the area under the concentration–time curve from time zero to 21 days post-dose. AUC​∞ = the area under the concentration–time curve from zero to 
infinity. CL = clearance. Cmax = maximum observed concentration. C21 = concentration 21 days post-dose. IV = intravenous. n/a = not applicable. SD = standard 
deviation. t½ = half-life
† Due to the large variability in measured endotracheal aspirate concentrations and limited samples per subject, it was not plausible to calculate endotracheal aspirate 
PK parameter at an individual level. Therefore, endotracheal aspirate PK parameters were calculated based on geometric mean concentration–time profile

PK parameter MEDI3902 500 mg (N = 16) MEDI3902 1500 mg (N = 85)

n Mean (SD) n Mean (SD)

Serum

Cmax, µg/mL 16 87.6 (23.9) 84 299 (94.1)

C21, µg/mL 14 2.56 (2.23) 72 9.46 (7.91)

AUC​0–21, day*µg/mL 16 418 (126) 81 1410 (599)

AUC​∞, day*µg/mL 16 440 (135) 81 1510 (675)

CL, L/day 16 1.31 (0.64) 81 1.27 (0.86)

t½, day 16 6.56 (4.03) 81 5.65 (2.69)

n/N % n/N %

Subjects with serum MEDI3902 levels > target level of 
1.7 µg/mL on day 21

7/14 50.0% 58/72 80.6%

Endotracheal aspirate†

Cmax, µg/mL – – n/a 0.083

AUC​0–21, day*µg/mL – – n/a 0.704

AUC​∞, day*µg/mL – – n/a 0.784

t½, day – – n/a 6.3

Table 4  Overall summary of TEAEs through 49 days post-dose

AE adverse event, AESI adverse event of special interest, TEAE treatment-emergent adverse event
* Subjects are counted once for each category regardless of the number of events; †grade 3, severe; grade 4, life-threatening; grade 5, fatal; ‡serious adverse event 
criteria: death, life-threatening, required inpatient hospitalisation, prolongation of existing hospitalisation, persistent or significant disability/incapacity, important 
medical event, congenital anomaly/disorder (in the offspring of the subject); §AESI defined as targeted AEs of hepatic function abnormalities, hypersensitivity 
reactions (including anaphylaxis), infusion-related reactions, and immune complex disease (including vasculitis, endocarditis, neuritis, and glomerulonephritis)

Subjects,* n (%) with ≥ 1 event MEDI3902 500 mg (N = 16) MEDI3902 1500 mg (N = 85) Placebo (N = 83)

TEAE 15 (93.8) 84 (98.8) 81 (97.6)

Treatment-related TEAE 0 (0.0) 3 (3.5) 1 (1.2)

TEAE of ≥ grade 3 severity† 12 (75.0) 60 (70.6) 54 (65.1)

 Death (grade 5 severity†) 3 (18.8) 24 (28.2) 19 (22.9)

Serious‡ TEAE 4 (25.0) 38 (44.7) 35 (42.2)

Serious‡ and/or ≥ grade 3 severity† TEAE 12 (75.0) 60 (70.6) 55 (66.3)

Treatment-related serious‡ TEAE 0 (0.0) 0 (0.0) 1 (1.2)

TEAE leading to discontinuation of treatment 0 (0.0) 0 (0.0) 0 (0.0)

AESI§ 0 (0.0) 2 (2.4) 1 (1.2)

Treatment-related AESI§ 0 (0.0) 2 (2.4) 0 (0.0)

AESI§ of ≥ grade 3 severity† 0 (0.0) 1 (1.2) 1 (1.2)
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adequate epithelial lining fluid levels of the monoclonal 
antibody were present in these patients to prevent infec-
tion. Efficacy may have increased with higher antibody 
doses, which were not assessed in this study. Further-
more, results derived from post hoc analyses should be 
interpreted with caution.

Conclusions
Among ICU patients requiring prolonged mechanical 
ventilation and colonised by PA as detected by PCR, a 
single intravenous dose of 1500 mg of the bivalent, bispe-
cific monoclonal antibody MEDI3902 (gremubamab) 
was safe, with a number of AEs similar to placebo, but 
it did not reduce PA nosocomial pneumonia incidence. 
Whether MEDI3902 may help prevent PA pneumonia, 
with higher doses or in more specific patient populations, 
would require additional studies.
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