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COVID-19
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Background: Ensovibep (MP0420) is a designed ankyrin
repeat protein, a novel class of engineered proteins, under
investigation as a treatment of SARS-CoV-2 infection.

Objective: To investigate if ensovibep, in addition to remdesi-
vir and other standard care, improves clinical outcomes among
patients hospitalized with COVID-19 compared with standard
care alone.

Design: Double-blind, randomized, placebo-controlled, clin-
ical trial. (ClinicalTrials.gov: NCT04501978)

Setting:Multinational, multicenter trial.

Participants: Adults hospitalized with COVID-19.

Intervention: Intravenous ensovibep, 600 mg, or placebo.

Measurements: Ensovibep was assessed for early futility on
the basis of pulmonary ordinal scores at day 5. The primary
outcome was time to sustained recovery through day 90,
defined as 14 consecutive days at home or place of usual resi-
dence after hospital discharge. A composite safety outcome
that included death, serious adverse events, end-organ disease,
and serious infections was assessed through day 90.

Results: An independent data and safety monitoring board
recommended that enrollment be halted for early futility after
485 patients were randomly assigned and received an infusion

of ensovibep (n=247) or placebo (n=238). The odds ratio
(OR) for a more favorable pulmonary outcome in the ensovi-
bep (vs. placebo) group at day 5 was 0.93 (95% CI, 0.67 to
1.30; P=0.68; OR>1 would favor ensovibep). The 90-day cu-
mulative incidence of sustained recovery was 82% for ensovi-
bep and 80% for placebo (subhazard ratio [sHR], 1.06 [CI, 0.88
to 1.28]; sHR>1 would favor ensovibep). The primary compos-
ite safety outcome at day 90 occurred in 78 ensovibep partici-
pants (32%) and 70 placebo participants (29%) (HR, 1.07 [CI,
0.77 to 1.47]; HR<1 would favor ensovibep).

Limitation: The trial was prematurely stopped because of
futility, limiting power for the primary outcome.

Conclusion: Compared with placebo, ensovibep did not
improve clinical outcomes for hospitalized participants with
COVID-19 receiving standard care, including remdesivir; no
safety concerns were identified.

Primary Funding Source: National Institutes of Health.

Ann Intern Med. doi:10.7326/M22-1503 Annals.org
For author, article, and disclosure information, see end of text.
This article was published at Annals.org on 9 August 2022.
* For the writing group members, see end of text. For a list of all members
of the ACTIV-3/TICO Study Group, see Supplement 1 (available at Annals.
org).

O ral antivirals, intravenous remdesivir, and antispike
neutralizing antibodies are effective at preventing

disease progression in early COVID-19 (1–5). However,
for hospitalized patients, finding effective antiviral ther-
apy remains a challenge (6–8). Monoclonal antibody
treatments in inpatients have been assessed (6, 7, 9), and
although the combination of casirivimab and imdevimab
improved clinical outcomes, this was only among patients
without detectable antibodies to SARS-CoV-2 at random-
ization, and before the emergence of the Omicron variant
(10).

Designed ankyrin repeat proteins (DARPins) are a
new class of engineered protein therapeutics. Derived
from naturally occurring ankyrin repeats, they are designed
to bind with high affinity and specificity to other proteins
(11, 12). Ensovibep (previously MP0420) was selected to
bind the SARS-CoV-2 spike protein with in vitro ribosome
display based on a physical library with a diversity of
approximately 1 trillion DARPin molecules. After a screen-
ing process to identify the most potent monovalent
DARPin domains that neutralize angiotensin-converting
enzyme 2, ensovibep was assembled to generate a multi-
specific neutralizing candidate against variants of SARS-
CoV-2 (13). It consists of 5 linked DARPin domains, 3 of

which cooperatively engage the 3 receptor-binding
domains of the trimeric SARS-CoV-2 spike protein to
inhibit angiotensin-converting enzyme 2 interaction
and cellular entry and 2 of which bind to serum albu-
min for systemic half-life extension, thereby enabling
single-dose administration (13, 14).

In a therapeutic hamster model of COVID-19, ensovi-
bep reduced virus replication in both the lower and
upper respiratory tract and protected against severe
disease (13). In a recently completed phase 2 study
(EMPATHY [Randomized, Double-blind, Placebo-controlled,
Multicenter Study of Ensovibep in Ambulatory Patients
With Symptomatic COVID-19] [15]) in outpatients with
mild to moderate COVID-19, ensovibep demonstrated
antiviral and clinical efficacy with a 78% (95% CI, 16% to
95%) reduction in hospitalizations, emergency depart-
ment visits caused by COVID-19, or deaths (15). Here we
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report results from the TICO (Therapeutics for Inpatients
With COVID-19) platform trial comparing ensovibep ver-
sus placebo, on a background of remdesivir plus other
standard care, among adults hospitalized with COVID-19.

METHODS

Trial Design and Oversight
TICO is a master protocol to evaluate the safety and

efficacy of multiple investigational agents targeting ei-
ther the host immune response to SARS-CoV-2 infection
or viral control (16). The trial is a phase 3, randomized,
double-blind, controlled platform trial. For efficiency, the
design of the study allows pooling of control participants
frommore than 1 concurrent trial therapy.

The study protocol (Supplement 2, available at
Annals.org) was approved by a governing institutional
review board for each participating center. All enrolled
participants or their legal representative gave written
informed consent. All trials done under the master proto-
col are overseen by an independent data and safety moni-
toring board (DSMB).

Study Participants and Stratification
Hospitalized adults (aged ≥18 years) were eligible

for randomization if they had SARS-CoV-2 infection docu-
mented by a nucleic acid amplification test or equivalent
and if their COVID-19 symptoms had been present for at
most 12 days at the time of randomization. Vaccination
against SARS-CoV-2 was not exclusionary. The study pro-
tocol excluded persons requiring any of the following
interventions at baseline: invasive mechanical ventilation,
extracorporeal membrane oxygenation or other forms of
mechanical circulatory support, vasopressor therapy,
or commencement of renal replacement therapy dur-
ing admission (a complete list of exclusion criteria is
in Supplement 1, available at Annals.org).

Randomization and Blinding
Eligible participants at each site were randomly

assigned in a 1:1 ratio to receive ensovibep or placebo.
When possible, placebo controls were shared among
investigational agents. The study medication was pre-
pared by unblinded pharmacists at local pharmacies, and
all other study staff and recipients remained blinded
(Supplement 1).

Interventions and Treatments
Participants were randomly assigned and given their

blinded study infusion on study day 0. Ensovibep was
administered intravenously over 1 hour in a 1-time infu-
sion containing 600 mg. Supplement 1 describes blind-
ing procedures. Remdesivir was provided to all study
participants, including those who had already started
receiving this agent, as standard of care unless contrain-
dicated; it was administered as a 200-mg intravenous
loading dose followed by a 100-mg intravenous mainte-
nance dose once daily while hospitalized up to a 10-day
total course. Dexamethasone or other corticosteroids
were administered per the local standard of care.

Study Procedures
Participants were followed per TICO study protocols

(6, 7, 16) and assessed for clinical outcomes and adverse
events daily from randomization through day 7 and ret-
rospectively on days 14, 28, 60, and 90. Supplement 1
describes adverse event grading and reporting. Blood
samples were collected from participants before admin-
istration of the study infusion for plasma measurement of
neutralizing antibody concentrations against the recep-
tor-binding domain of the SARS-CoV-2 spike protein
(GenScript SARS-CoV-2 Surrogate Virus Neutralisation
assay; GenScript), total antibody concentration against
SARS-CoV-2 nucleocapsid antigen (Bio-Rad Platelia
SARS-CoV-2 Total Ab assay; Bio-Rad), and SARS-CoV-2
nucleocapsid antigen concentrations (Quanterix assay;
Quanterix). The SARS-CoV-2 RNA load in the nasal
swab material was determined using extraction, master
mix preparation, and reverse transcriptase polymerase
chain reaction as described in the Centers for Disease
Control and Prevention's instructions for the 2019-
Novel Coronavirus (2019-nCoV) Real-Time RT-PCR
Diagnostic Panel. The lower limit of quantification for this
measurement is 399 copies/mL. Advanced Biomedical
Laboratories centrally measured viral RNA. In addition,
the presence of the Delta variant versus other variants was
determined with a reverse transcriptase polymerase chain
reaction assay. Supplement 1 describes these assays in
detail.

Outcomes
The initial futility assessment evaluated two 7-cate-

gory ordinal outcomes collected at day 5 after random-
ization, the pulmonary and the pulmonary-plus ordinal
scales (for details of the futility outcome, see the Trial
Design and Treatments section in Supplement 1). The
first scale classifies participants according to the intensity
of respiratory support, whereas the second also includes
extrapulmonary manifestations. These ordinal scales
were originally used in influenza studies (17) and have
been used in previous COVID-19 studies (18, 19).

The primary efficacy outcome was time to sustained
clinical recovery up to day 90, defined as the time from
randomization to return to home (the participant's resi-
dence or a facility that provided the same or a less in-
tensive level of clinical care before COVID-19) for 14
consecutive days. Mortality through 90 days and time to
hospital discharge were also assessed. Supplement 1
details the composite safety outcomes at days 5, 28, and
90, along with all study outcomes.

Statistical Analysis
The planned sample size was 1000 participants; this

was intended to coincide with 843 sustained recovery
events, which would provide 90% power to detect a
subhazard ratio (sHR) of 1.25 comparing the time to
sustained recovery between the treatment groups at a
1-sided significance level of 0.025. An independent
DSMB reviewed interim data and used prespecified
guidelines to assess futility. On 15 November 2021, the
DSMB recommended stopping the study for futility
(Supplement 1).
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After the end of enrollment, all participants were
followed for at least 90 days. The analysis population
for efficacy and safety outcomes was restricted to par-
ticipants who received a complete or partial infusion
of ensovibep or placebo (modified intention to treat).
The distributions of the pulmonary and pulmonary-
plus ordinal scales were compared between treatment
groups using proportional odds models, as described in
the Methods section and Supplement Table 3 (available
at Annals.org). Proportional odds models were fitted with
the same covariates for the ordinal outcomes at days 1 to
7, 14, and 28.

The cumulative incidences of sustained recovery and
hospital discharge were estimated using the Aalen–
Johansen estimator, treating death as a competing
risk. The cumulative incidence of death was estimated
using Kaplan–Meier methods. Subhazard ratios comparing
the time to sustained recovery and hospital discharge were
estimated using the Fine–Gray model. A Cox proportional
hazards model was used to estimate the HR comparing
time to death between the treatment groups; models were
stratified by study site pharmacy (Supplement Table 3).

The composite safety outcome up to day 5 was com-
pared between groups using logistic regression stratified
by study site pharmacy. Times to the composite safety
outcomes through days 28 and 90 were analyzed using
Cox proportional hazards models, also stratified by study
site pharmacy. To assess the consistency of the overall
findings for the various outcomes, the following sub-
groups based on baseline characteristics were consid-
ered: pulmonary ordinal scale on day 0, duration of
symptoms, age, gender, race and ethnicity, antibody and
antigen levels, vaccination status, and immunosuppressive
status. For the subgroup analysis based on SARS-CoV-2
antigen levels, baseline antigen levels were dichotomized
into those above and below themedian value.

All analyses were done using SAS, version 9.4 (SAS
Institute), or R, version 4.0 (R Foundation). The master

protocol for the TICO study is registered at ClinicalTrials.
gov (NCT04501978).

Role of the Funding Source
The funding organizations had no direct involvement

in the decisions related to the trial or the drafting or revi-
sion of the manuscript.

RESULTS

Study Enrollment and Patient Characteristics
Between 11 June 2021 and 15 November 2021, the

study enrolled 496 participants; 255 were assigned to
the ensovibep group and 241 to the placebo control.
Among the 496 participants, 485 persons from 62 sites
in 10 countries received the blinded infusion and are
included in the modified intention-to-treat analyses
(Figure 1). Sites, enrollment status, and infusion infor-
mation are detailed in Supplement Tables 1 to 3
(available at Annals.org).

The 2 groups were similar with respect to baseline
characteristics (Table 1; Supplement Tables 4 to 7, avail-
able at Annals.org). Overall, the median age was 57
years (IQR, 45 to 68 years), and 49.5% of participants
were non-Hispanic White, 24.7% were non-Hispanic
Black, and 16.1%were Hispanic. Of note, 47.1% of partic-
ipants had a body mass index of 30 kg/m2 or greater.
The median time between onset of symptoms and ran-
domization was 8 days (IQR, 6 to 9 days).

Participants entered the trial in 1 of the following 4
pulmonary ordinal categories: no supplemental oxygen
(19.6%), conventional supplemental oxygen at less than
4 L/min (29.9%), conventional supplemental oxygen at 4
L/min or higher (30.3%), or high-flow nasal oxygen or
noninvasive ventilation (20.2%). Corticosteroids (>10 mg
of prednisone or equivalent) were used by 72% of par-
ticipants, 72% had received remdesivir before enroll-
ment, and 68% were unvaccinated. Concomitant use of

Figure 1. Study flow diagram.

Participants enrolled (n = 496)

Randomly assigned to ensovibep (n = 255) Randomly assigned to placebo (n = 241)

Did not receive
infusion (n = 3)

Included in mlTT
analysis (n = 238)

Day 5 ordinal pulmonary outcome assessed (n = 233)
Day 14 ordinal pulmonary outcome assessed (n = 223)
Day 28 ordinal pulmonary outcome assessed (n = 220)
Vital status known at day 90 (n = 223)
Recovery status known at day 90 (n = 229)

Did not receive
infusion (n = 8)

Included in mlTT
analysis (n = 247)

Day 5 ordinal pulmonary outcome assessed (n = 242)
Day 14 ordinal pulmonary outcome assessed (n = 232)
Day 28 ordinal pulmonary outcome assessed (n = 227)
Vital status known at day 90 (n = 236)
Recovery status known at day 90 (n = 239)

mITT=modified intention-to-treat.
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medication at day 5 and day 28 was also similar between
groups (Supplement Table 8, available at Annals.org).

Efficacy Outcomes
The day 5 ordinal outcome was assessed for 95% of

participants, and the sustained recovery outcome at day

90 was known for more than 96% of participants (Figure
1). The adjusted odds ratio (OR) (ensovibep vs. placebo)
for participants having a better pulmonary ordinal score
at day 5 was 0.93 (CI, 0.67 to 1.30; OR> 1 would favor
ensovibep) (Table 2 and Figure 2; Supplement Table 9,
available at Annals.org). Results were similar for the

Table 1. Baseline Characteristics of the Modified Intention-to-Treat Population Used as the Primary Analytic Population

Characteristic Ensovibep (n = 247) Control (n = 238) Total (n = 485)

Median age (IQR), y 57 (45–68) 56 (44–68) 57 (45–68)
Female sex, n (%) 100 (40.5) 110 (46.2) 210 (43.3)
Race and ethnicity, n (%)
Non-Hispanic White 124 (50.2) 116 (48.7) 240 (49.5)
Non-Hispanic Black 60 (24.3) 60 (25.2) 120 (24.7)
Hispanic 40 (16.2) 38 (16.0) 78 (16.1)
Asian 15 (6.1) 15 (6.3) 30 (6.2)
Other 8 (3.2) 9 (3.8) 17 (3.5)

Body mass index, n (%)
<30 kg/m2 135 (54.7) 121 (50.8) 256 (52.8)
30–39.9 kg/m2 80 (32.4) 83 (34.9) 163 (33.6)
≥40.0 kg/m2 32 (13.0) 33 (13.9) 65 (13.4)
Unknown 0 (0.0) 1 (0.4) 1 (0.2)

Coexisting chronic illness, n (%)*
Any 143 (57.9) 138 (58.0) 281 (57.9)
Hypertension treated with medication 102 (41.3) 89 (37.4) 191 (39.4)
Diabetes mellitus treated with medication 62 (25.1) 52 (21.8) 114 (23.5)
Renal impairment 23 (9.3) 23 (9.7) 46 (9.5)
Asthma 20 (8.1) 25 (10.5) 45 (9.3)
Chronic obstructive pulmonary disease 12 (4.9) 18 (7.6) 30 (6.2)

Immunosuppression, n (%)† 18 (7.3) 12 (5.0) 30 (6.2)
SARS-CoV-2 vaccination status, n (%)‡
Fully vaccinated 62 (25.1) 62 (26.1) 124 (25.6)
Partially vaccinated 12 (4.9) 17 (7.1) 29 (6.0)
Not vaccinated 173 (70.0) 159 (66.8) 332 (68.5)

Median time since symptom onset (IQR), d 8 (5–9) 8 (6–9) 8 (6–9)
Medication use before randomization, n (%)§
Remdesivir 172 (69.6) 161 (67.6) 333 (68.7)
Corticosteroid (>10 mg prednisone or equivalent) 180 (72.9) 170 (71.4) 350 (72.2)
Immunomodulator 22 (8.9) 20 (8.4) 42 (8.7)
Antiplatelets/anticoagulants 187 (75.7) 185 (77.7) 372 (76.7)

Pulmonary ordinal scale category, n (%)||
Not receiving supplemental oxygen 47 (19.0) 48 (20.2) 95 (19.6)
Conventional supplemental oxygen <4 L/min 68 (27.5) 77 (32.4) 145 (29.9)
Conventional supplemental oxygen ≥4 L/min 82 (33.2) 65 (27.3) 147 (30.3)
High-flow nasal cannula or noninvasive ventilation 50 (20.2) 48 (20.2) 98 (20.2)

Median National Early Warning Score (IQR) 4 (2–6) 4 (3–6) 4 (2–6)
Borg dyspnea score (IQR) 2 (1–4) 3 (1–4) 3 (1–4)
Delta variant, n/N (%)¶ 193/240 (80) 194/228 (85) 387/468 (83)
GenScript neutralizing antispike antibody positive, n/N (%)** 154/240 (64) 118/227 (52) 272/467 (58)
Bio-Rad antinucleocapsid antibody positive, n/N (%)†† 154/240 (64) 134/227 (59) 288/467 (62)
Quanterix antispike IgG positive, n/N (%)‡‡ 142/240 (59) 114/227 (50) 256/467 (55)
Median nucleocapsid antigen concentration (IQR), pg/mL§§ 1386 (142–5899) 1361 (206–4196) 1374 (165–4758)
Positive (concentration ≥3 pg/mL), n/N (%) 229/240 (95) 212/226 (94) 441/466 (95)

Nasal swab fluid positive for viral RNA, n/N (%) 208/237 (88) 205/228 (90) 413/465 (89)
Mean viral load if RNA positive (SD), log10 copies/mL 4.77 (1.51) 4.83 (1.48) 4.80 (1.49)

* A full list is in Supplement Table 5 (available at Annals.org).
† Defined as receiving antirejection medications or biologic medications to treat autoimmune disease or cancer (excluding interleukin-1, interleukin-6,
janus kinase, and tumor necrosis factor inhibitors), HIV, or another immunosuppressive condition.
‡ Fully vaccinated = primary vaccine series dose(s) completed ≥14 d before the onset of symptoms; partially vaccinated = primary vaccine series
dose(s) completed ≤14 d before the onset of symptoms, or 1 dose received of a 2-dose series; not vaccinated = first dose of vaccine received after
onset of symptoms or no known vaccine doses received. Details on vaccination status are provided in Supplement Table 4 (available at Annals.org).
§ A detailed list of medications, including specifics on therapeutic anticoagulation and antiplatelets, is in Supplement Table 4.
|| For participants receiving long-term supplemental oxygen therapy before COVID-19, categorization on the pulmonary ordinal scale was based on
oxygen flow rates above the pre–COVID-19 oxygen flow rate.
¶ Determined from a midturbinate swab at baseline based on reverse transcriptase polymerase chain reaction detection of the N-terminal domain
of the Delta spike.
** GenScript cPass surrogate SARS-CoV-2 neutralization assay (antispike); positive: ≥30% binding inhibition.
†† Bio-Rad Platelia antinucleocapsid assay (total antibody); positive: ≥1.0 sample/cutoff ratio.
‡‡ Quanterix Simoa antispike assay (IgG); positive: ≥770 ng/mL.
§§ Quanterix Simoa nucleocapsid antigen; positive: ≥3 pg/mL.
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pulmonary-plus ordinal score at day 5 (adjusted OR for
ensovibep vs. placebo, 0.95 [CI, 0.69 to 1.32]) (Table 2;
Supplement Table 10, available at Annals.org). One-
sided P values were greater than 0.30, the guideline for
assessing futility, for both the pulmonary and pulmonary-
plus outcomes. The percentage of participants with an
improvement in the 7-category ordinal scale between
baseline and day 5 was 44.6% in the ensovibep group
versus 46.8% in the placebo group (Supplement Table
11, available at Annals.org). No evidence suggested that
the assumption of proportional odds was violated
(Supplement Table 12, available at Annals.org). The
adjusted ORs for the pulmonary ordinal outcome for
other time periods also showed no evidence of benefit
of ensovibep versus placebo (Figure 2; Supplement
Tables 13 to 15, available at Annals.org). Sustained re-
covery by day 90 was achieved by 82% in the ensovibep
group and 80% in the placebo group (sHR, 1.06 [CI, 0.88
to 1.28]) (Table 2 and Figure 3). The sHR for hospital dis-
charge was 1.07 (CI, 0.90 to 1.28; sHR> 1 would favor
ensovibep) (Table 2; Supplement Figure 1, available at
Annals.org). Through day 90, a total of 30 participants
(12.1%) in the ensovibep group and 35 (14.7%) in the
placebo group died (HR, 0.83 [CI, 0.51 to 1.35]) (Table 2
and Figure 3).

Safety Outcomes
Four participants (2 in each group) had their infusion

paused for adverse reactions. There was no evidence of
a difference between treatment groups with respect to
infusion reactions; incidence or prevalence of adverse
events by day 7, 14, or 28; or serious adverse events
through day 90 (Supplement Tables 16 to 22, available
at Annals.org). The percentage developing the compos-
ite safety outcome (all-cause mortality, serious adverse
event, grade 3 or 4 adverse event, organ failure, or seri-
ous co-infection) through day 5 was 24.7% in the ensovi-
bep group and 29.0% in the placebo group (OR, 0.80
[CI, 0.53 to 1.21]; OR< 1 would favor ensovibep) (Table
2). Through day 28, these percentages were 34.0% and
40.3%, respectively (HR, 0.81 [CI, 0.60 to 1.09]; HR< 1

would favor ensovibep) (Table 2; Supplement Figure 2,
available at Annals.org). Through day 90, the composite
safety outcome (all-cause mortality, serious adverse
event, organ failure, or serious co-infection) through day
90 occurred in 78 participants (31.6%) in the ensovibep
group and 70 (29.4%) in the placebo group (HR, 1.07 [CI,
0.77 to 1.47]) (Table 2; Supplement Figure 3, available at
Annals.org).

Individual components of the composite safety out-
comes also did not differ between treatment groups
through day 5, 28, or 90 (Supplement Tables 23 to 25,
available at Annals.org). Incidence of clinical organ fail-
ure through day 90, including liver and renal dysfunction
and cardiovascular and thromboembolic events, was
similar between groups (Supplement Table 26, available
at Annals.org). The most common events were respira-
tory failure (ensovibep vs. control, 42 vs. 35 events), inter-
current serious infection (26 vs. 19 events), hypotension
requiring a vasopressor (19 vs. 25 events), and throm-
boembolic events (13 vs. 10 events). Rash was a safety
event of special interest for this trial and occurred in 7
participants in the ensovibep group and 4 in the placebo
group (1.6% and 1.3%, respectively) (Supplement Table
27, available at Annals.org). In both groups, most of
these events did not present with concurrent events
(Supplement Table 27).

Subgroup Analyses
Subgroup analyses provided no evidence for hetero-

geneity in the treatment effect for either efficacy or safety
outcomes (Supplement Figure 4 and Supplement Tables
28 to 37, available at Annals.org).

DISCUSSION

The TICO platform was designed to rapidly assess
the safety and efficacy of candidate COVID-19 therapies
with an early futility analysis based on 2 pulmonary ordi-
nal outcomes through day 5 (16). Ensovibep was the fifth
antiviral agent in the TICO platform trial to be tested in
patients hospitalized with COVID-19 and is the first

Table 2. Summary of Key Clinical Outcomes

Outcome Ensovibep
(n = 247), n (%)

Placebo
(n = 238), n (%)

Point Estimate
(95% CI)*

Efficacy outcomes
Pulmonary ordinal outcome at day 5 – – 0.93 (0.67–1.30)
Pulmonary-plus ordinal outcome at day 5 – – 0.95 (0.69–1.32)
Sustained recovery 203 (82) 190 (80) 1.06 (0.88–1.28)
Discharge from hospital 219 (89) 204 (86) 1.07 (0.90–1.28)

Safety outcomes
Infusion reactions (any grade) 16 (6) 12 (5) 1.29 (0.59–2.82)
Composite safety outcome (day 5)† 61 (25) 69 (29) 0.80 (0.53–1.21)
Composite safety outcome (day 28)† 84 (34) 96 (40) 0.81 (0.60–1.09)
Composite safety outcome (day 90)‡ 78 (32) 70 (29) 1.07 (0.77–1.47)
Death through day 90 30 (12.1) 35 (14.7) 0.83 (0.51–1.35)

* Odds ratio, hazard ratio, or subhazard ratio, according to Section 2 of Supplement 1 (available at Annals.org). Subhazard ratios >1 for sustained recov-
ery and hospital discharge, as well as odds ratios and hazard ratios <1 for death, infusion reactions, and composite safety outcomes, favor ensovibep.
† Composite of death, serious adverse events, grade 3 or 4 adverse events, incident organ failure, or serious co-infection.
‡ Composite of death, serious adverse events, incident organ failure, or serious co-infection. Adverse events not collected after day 28.
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DARPin anti-infective to enter human clinical trials. This
DARPin molecule, in contrast with conventional mono-
clonal antibodies, is designed as a pan-variant antiviral
that can be produced efficiently through Escherichia coli
fermentation and scaled upmore easily (11, 13–15).

Ensovibep did not pass the protocol-defined futility
assessment based on day 5 clinical data from 421 partici-
pants, and further participant accrual was halted per DSMB
recommendation. Because enrollment was stopped for futil-
ity, the study was underpowered to assess many outcomes,

with a wide 95% CI for the sHR comparing the primary
end point of time to sustained recovery across treatment
groups (CI, 0.88 to 1.28). The results of this trial are similar
to those of trials testing other antiviral agents in the TICO
platform, highlighting the difficulty of finding an effective
therapy to improve outcomes among patients hospital-
ized with COVID-19 who are already receiving back-
ground remdesivir, corticosteroids, and other immune
modulators. Bamlanivimab, sotrovimab, and BRII-196 plus
BRII-198 did not pass the early futility assessment when

Figure 2.Distribution of patients on the pulmonary ordinal scale on day 5, 14, and 28.

Cumulative Percentage Percentage in Category

Ensovibep

Placebo

Placebo

Placebo

Ensovibep

Ensovibep

OR, 0.93 (95% Cl, 0.67–1.30)

OR, 1.10 (95% Cl, 0.77–1.55)

OR, 1.13 (95% Cl, 0.77–1.65)

Category

1 = Can independently undertake usual activities with minimal/no symptoms
2 = No supplemental oxygen; symptomatic and unable to independently undertake usual activities
3 = Supplemental oxygen <4 L/min
4 = Supplemental oxygen ≥4 L/min
5 = Noninvasive ventilation or high-flow nasal cannula
6 = Invasive ventilation, ECMO, mechanical circulatory support, or renal replacement therapy

7 = Death

D
ay

 2
8

D
ay

 1
4

D
ay

 5

n 1 2 3 4 5 6 7

242 18.6 24.0 15.3 16.1 19.0 6.6 0.4

233 21.9 21.0 19.3 12.9 19.3 4.3 1.3

232 43.5 18.5 14.2 6.0 4.3 5.6 7.8

223 41.7 24.2 11.2 3.1 3.6 8.5 7.6

227 56.4 14.5 11.0 2.2 2.2 4.01 9.7

220 55.9 17.7 5.9 2.3 0.0 6.8 11.4

0 25 50 75 100

ECMO= extracorporeal membrane oxygenation; OR= odds ratio.
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tested in TICO (6, 7) despite having been found to be
effective at reducing progression to hospitalization and
death in outpatients with early disease (1, 5, 6). For a
fourth monoclonal antibody, tixagevimab–cilgavimab, the
full trial enrollment was achieved. This agent given with
remdesivir as the standard of care was not associated with
improved time to sustained recovery but was associated
with lower mortality than standard care alone (8).

The data from this trial differ from the preliminary
findings of the EMPATHY study of ensovibep versus pla-
cebo among outpatients with symptomatic COVID-19
(15). Results from the dose-finding part of this study were
recently presented, and ensovibep met the primary end
point of viral load reduction from baseline to day 8 in
comparison with placebo, with a statistically significant
reduction in viral load at all 3 doses tested (75 mg, 225
mg, and 600 mg). The study also showed a 78% (CI, 16%
to 95%) reduction in the secondary end point of death,
hospitalization, or emergency department visits related
to COVID-19. The EMPATHY study enrolled persons
within 7 days of symptom onset, and this finding is con-
sistent with the hypothesis that treatments using a pas-
sive immunity approach (such as monoclonal antibodies)
are more effective when given early and in patients who
do not yet have COVID-19 complications necessitating
hospitalization (1, 4, 7, 8, 20). Consistent with an antiviral
effect of various passive immunotherapies in this situation,
small-molecule antivirals have also consistently been
shown to reduce risk for hospitalization early in the dis-
ease course of ambulatory COVID-19 (3, 5, 21, 22). Taken
together with the reported result from the EMPATHY trial,
our findings suggest that ensovibep treatment in COVID-
19 may be effective at preventing progression rather than

treating severe disease in patients with a shorter duration
of symptoms.

Of note, the anti–SARS-CoV-2 monoclonal antibodies
casirivimab–imdevimab and bamlanivimab (10, 23) were
both reported to be more effective in seronegative
patients, and as a result, an a priori hypothesis of this trial
was that ensovibep would benefit patients who were
seronegative for SARS-CoV-2 neutralizing antibodies at
baseline. Analysis by major baseline subgroups, includ-
ing serostatus, for time to sustained recovery and mortality
identified no statistically significant interactions between
treatment group and subgroup. With its early termination,
however, this trial lacks precision in the point estimates for
subgroups.

Strengths of this trial include enrollment of a diverse
population from 62 sites across 10 countries. Antiviral
treatment with remdesivir was standardized, and the trial
was run with blinding of the investigational agent and con-
tinuous DSMB oversight. Regarding study limitations, as a
result of its early termination, this study is underpowered
to detect modest benefits from ensovibep, particularly
among important subgroups, such as those defined by
baseline serostatus, disease severity, or comorbid condi-
tions. These factors should be incorporated into the
design of future studies, including the study of ensovibep
in ambulatory patients. Because ensovibep was tested in
a population of patients who received background
remdesivir treatment, the efficacy of ensovibep without
remdesivir is unknown. Generalizing the results of this
study must be considered in light of the fact that it was
done primarily among patients with Delta variant infec-
tions, with a minority of patients (26%) fully vaccinated
and only 30 (6%) categorized as immunosuppressed.

Figure 3. Time to sustained recovery and death through day 90 for ensovibep vs. placebo.
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In conclusion, among patients hospitalized with
COVID-19 receiving remdesivir and other standard care,
ensovibep did not improve clinical outcomes. Ensovibep
was well tolerated, even in seriously ill patients receiving
high-flow nasal oxygen, with few hypersensitivity reac-
tions. Overall, a broadly applicable and highly effective
antiviral therapy for patients hospitalized with COVID-19
remains a major unmet need.
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