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Summary
Background Severe COVID-19 is associated with innate immunopathology, and CD14, a proximal activator of innate
immunity, has been suggested as a potential therapeutic target.

Methods We conducted the COVID-19 anti-CD14 Treatment Trial (CaTT), a Phase II randomized, double-blind,
placebo-controlled trial at 5 US-sites between April 12, 2021 and November 30, 2021 (NCT04391309). Hospitalized
adults with COVID-19 requiring supplemental oxygen (<30 LPM) were randomized 1:1 to receive 4 daily doses of
intravenous IC14, an anti-CD14 monoclonal antibody, or placebo. All participants received remdesivir. The
primary outcome was time-to-resolution of illness, defined as improvement on the 8-point NIH-Ordinal COVID-
19 Scale to category ≤3. Secondary endpoints were safety and exploratory endpoints were pro-inflammatory and
antiviral mediators in serum on days 0–5 & 7. The trial was stopped after 40 patients were randomized and
treated due to slow enrollment.

Findings 40 participants were randomized and treated with IC14 (n = 20) or placebo (n = 20). The median time-to-
recovery was 6 days (95% CI, 5–11) in the IC14 group vs. 5 days (95% CI, 4–10) in the Placebo group (recovery
rate ratio: 0.77 (95% CI, 0.40, 1.48) (log-rank p = 0.435). The number of adverse events was similar in each group,
and no IC14-attributable secondary infections occurred. In repeated-measures mixed-effects analyses, IC14
treatment increased serum sCD14 concentrations, an expected pharmacodynamic effect. Pre-planned, exploratory
analyses suggested that IC14 treatment decreased the trajectories of circulating MIP-1β and TNF-α.

Interpretation IC14 treatment did not improve time-to-resolution of illness in hypoxemic patients with COVID-19 in
this small trial. Results of exploratory analyses suggested IC14 had biologic effects that warrant future clinical
investigation.
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Research in context

Evidence before this study
CD14 is an important proximal activator of innate immunity
in response to infection and tissue damage. Prior to this trial,
we searched Pubmed for studies published, up to February
2021, using the following terms: “cluster of differentiation
14” OR “CD14” OR “IC14” OR “CD14-blockade” AND “COVID-
19” OR “SARS-CoV-2” OR “severe acute respiratory syndrome
related coronavirus 2” AND “clinical trial” OR “treatment” OR
“RCT”. We did not identify prior publication of a clinical trial
investigating CD14 blockade with the monoclonal antibody
IC14 in COVID-19. Severe COVID-19 is associated with innate
immunopathology and derangements in CD14-pathway
specific markers. Animal studies, pre-clinical studies and early
phase clinical studies suggest CD14-blockade with a specific
monoclonal antibody (IC14) may effectively reduce
immunopathology in diseases involving excessive activation
of innate immunity, such as bacterial sepsis and viral lung
injury. Taken together, CD14 was identified as a potential
therapeutic target for the treatment of hospitalized and
hypoxemic patients with COVID-19.

Added value of this study
This clinical trial evaluated the potential anti-inflammatory
effects of anti-CD14 therapy in hospitalized hypoxemic
patients with COVID-19 pneumonia. In this small trial, IC14
treatment had the expected pharmacodynamic effect on
sCD14, but did not improve time-to-resolution of illness in
hypoxemic patients with COVID-19. Exploratory analyses
suggested that IC14 was associated with a decrease in several
plausible downstream proinflammatory mediators,
particularly in patients with higher O2 requirements. The
incidence of adverse events was similar in the IC14 and
placebo groups, and no IC14-attributable secondary infections
occurred.

Implications of all the available evidence
CD14 blockade with IC14 may warrant additional clinical
investigation to determine whether anti-CD14 therapy might
improve systemic inflammation and patient centered
outcomes in patients with COVID-19 pneumonia.
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Introduction
The coronavirus disease (COVID-19) global pandemic
has resulted in more than 6 million deaths worldwide
(source: COVID-19 Map - Johns Hopkins Coronavirus
Resource Center (jhu.edu)). While significant strides
have been made to identify and adopt the use of effective
immune modifiers in patients with COVID-19 pneu-
monia and respiratory failure (e.g. dexamethasone,1

tocilizumab,2 and baricitinib3), the mortality of hospital-
ized patients with progressive respiratory failure remains
unacceptably high at approximately 30%.4 In COVID-19,
progressive respiratory failure is thought to be driven in
part by overly exuberant innate immune activation
resulting in deleterious inflammation, acute lung injury
with alveolar flooding, and inadequate viral clearance.5–7

CD14, a proximal point in the innate immune
response to infection, has been identified as a potential
target to reduce innate immune activation in COVID-19
respiratory failure.8–10 During infection with SARS-CoV-
2, pathogen-associated molecular patterns (PAMPs) and
damage-associated molecular patterns (DAMPs) are
recognized by a family of membrane toll-like receptors
(TLRs) on macrophages, neutrophils and other innate
immune cells.9 Membrane bound (mCD14) and soluble
CD14 (sCD14) cooperate with TLRs to facilitate innate
immune responses.8 IC14, a chimeric monoclonal
antibody, is an investigational anti-CD14 therapeutic.
The putative mechanism of action of IC14 in COVID-19
is to block interactions between CD14 and PAMPs and
DAMPs, thus attenuating the inflammatory cascade that
leads to tissue injury and COVID-19-related lung
dysfunction.10
The rationale for investigating CD14 blockade in
COVID-19 is supported by comprehensive immune
profiling in COVID-19 and prior work investigating the
effects of CD14 blockade in other disease states. In
COVID-19, an enhanced inflammatory phenotype
characterized by activated innate immunity pathways in
lung immune cells, an increase in circulating CD14+
monocytes, and a proinflammatory cytokine rich milieu
is associated with adverse outcomes.11–16 Several studies
suggest that modulation of this heightened innate im-
mune response may improve clinical outcome. In fact,
the effects of successful immune modulating medica-
tions in COVID-19, such as baricitinib and dexameth-
asone, may be mediated by a reduction in innate
immune mediators (e.g. IL-6 and TNF-alpha (TNF-α))
that may be affected by targeting CD14.17–20 Presepsin,
an N-terminal fragment of full length CD14 that is
generated in the setting of CD14-dependent innate
immune activation, and a marker of CD14 signaling,9,21

has been associated with clinical outcomes in obser-
vational studies of patients with severe COVID-19.22–26

In early phase clinical trials in bacterial sepsis and
ARDS, IC14 reduced systemic inflammation (e.g.
circulating IL-6, TNF-α, MIP-1beta (MIP-1β)) but the
trials were not powered to detect patient-centered
clinical outcomes.27 In pre-clinical models, CD14-
mediated innate immune responses have been shown
to drive lung and other organ injury during infection
with other respiratory viruses, including: SARS-CoV-
1,28 RSV,29 and influenza A.30 These data suggest that
CD14 may play a role in amplifying deleterious
inflammation in COVID-19 illness. We hypothesized
www.thelancet.com Vol 93 July, 2023
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that therapeutic blockade of CD14 with IC14 may
dampen immunopathology in patients with COVID-19
and improve clinical outcome.10,14

We conducted a randomized, double-blind, placebo-
controlled clinical trial, “COVID-19 anti-CD14 Treat-
ment Trial” (CaTT), to assess the efficacy of CD14
blockade using the IC14 monoclonal antibody in hos-
pitalized hypoxemic patients with COVID-19 pneu-
monia. The primary objective was to evaluate the effect
of IC14 on time to resolution of illness. The key sec-
ondary objective was to assess the safety of IC14, and
exploratory objectives were to assess the effects of IC14
on downstream pro-inflammatory and antiviral media-
tors of COVID-19 illness.
Methods
Trial design
CaTT was a multicenter, double-blind, randomized,
placebo-controlled trial in patients hospitalized with
COVID-19 illness who had hypoxemia and radiographic
features consistent with SARS-CoV-2-related pneu-
monia. The efficacy and safety of treatment with intra-
venous IC14 vs. placebo were evaluated over a 60-day
period. Participants were enrolled from April 12, 2021 to
November 30, 2021 at 5 centers in the United States.
This clinical trial was conducted under US IND 153196,
held by the Division of Allergy, Immunology, and
Transplantation (DAIT) within the National Institute of
Allergy and Infectious Diseases (NIAID). Medical
monitors at DAIT/NIAID and the Vanderbilt Coordi-
nating Center (VCC) oversaw trial safety, and a DSMB
chartered by and advisory to DAIT/NIAID reviewed the
protocol prior to trial initiation, and reviewed enroll-
ment and safety data at monthly intervals during the
trial. The VCC led the implementation of trial proced-
ures including data collection and analyses. Implicit
Bioscience Ltd., provided the investigational drug, IC14,
and Gilead Science provided remdesivir, but neither
company participated in the funding, design, data
analysis, or implementation of the trial. The University
of Washington Investigational Review Board (IRB)
served as the central IRB for the trial (approval #:
00010824), which was registered in ClinicalTrials.gov
(NCT04391309).

The trial protocol, which includes a statistical anal-
ysis plan, and the study investigators are included in the
online Supplement. No significant changes to the pro-
tocol were made after the trial began. Study stopping
rules and details of safety monitoring and reporting,
including pre-specified DSMB reviews are outlined in
the study protocol (Supplement, Clinical Trial Protocol,
Sections 11.5 and 12, page 40).

Participants
Hospitalized patients were initially screened through
the electronic medical record under a waiver of consent
www.thelancet.com Vol 93 July, 2023
(Supplement, Clinical Trial Protocol, Section 8.2, page
32). Hospitalized patients ≥18 years of age were eligible
for enrollment if they had SARS-CoV-2 infection
confirmed by RT-PCR of a nasal swab specimen,
radiologic findings compatible with diagnosis of SARS-
CoV-2 pneumonia, and hypoxemia defined by the
following: SpO2 ≤ 94% on room air, or requirement for
≥2 L per minute (LPM) O2 per nasal cannula but not
more than 30 LPM to maintain SpO2 ≥ 94%. The trial
protocol includes a full description of enrollment and
exclusion criteria (Supplement, Clinical Trial Protocol,
Section 4, Page 24). Informed consent (written or elec-
tronic) was obtained from each participant or a legally
authorized representative by the site principal investi-
gator or a designee.

Randomization and masking
Participants were randomized in a 1:1 ratio to receive
IC14 or placebo. The sponsor, investigators, and par-
ticipants were blinded to the treatment group.
Randomization was stratified by groups of trial site and
baseline use of dexamethasone. Computer-generated
random block allocation with random block size was
performed using an internet-based tool (4G Clinical,
Wellesley, MA) by the VCC. Randomized treatment
assignment was provided securely to an unmasked
pharmacist at each site.

Procedures
The IC14 study drug (4 mg/kg) or an identical appear-
ing placebo (0.9% NaCl) was administered on Day 1,
followed by IC14 (2 mg/kg) or placebo on days 2–4. In
addition, all participants received remdesivir 200 mg
IV × 1 followed by 100 mg daily × 4 days (to complete a
5-day course). Treatment doses were omitted if the
participant was discharged from the hospital prior to day
5. Treatment with dexamethasone was allowed at the
discretion of the attending physicians, and treatment
with other immune modulating medications (e.g. toci-
lizumab, baricitinib) were permitted per NIH Treatment
Guidelines (https://www.covid19treatmentguidelines.
nih.gov/) if there was evidence of clinical worsening.

All participants were assessed daily while hospital-
ized or until hospital discharge. Daily assessments
included eight-point ordinal scale score,31 respiratory
support, clinical labs, physical exam, imaging, and
medications. If discharged, telephone or in-person
follow-up was conducted on days 14, 28 and 60.
Adverse events (AEs) were recorded daily during hos-
pitalization and at post-discharge follow up visits. On-
trial participant information was collected by Research
Staff using a secure electronic data collection system
(VEEVA Vault CDMS, Pleasanton, CA).

Serum was obtained at trial entry and on days 1
through 5, 7, 14, and 28 for exploratory biomarker,
pharmacokinetic and drug antibody measurements.
Nasal swabs for measurement of SARS-CoV-2 viral load
3
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using a reverse transcription polymerase chain reaction
(RT-PCR) assay were obtained at trial entry and on days 4,
7, and 14 as long as participants remained hospitalized.

Outcomes
The primary efficacy outcome was the time to resolution
of illness as measured by a relative recovery rate within
the first 28 days, with recovery defined as improving to
Category 3 or less on the 8-point NIH Ordinal Severity
Scale (OSS).31 Secondary clinical outcomes are listed in
the trial protocol (Supplement, Clinical Trial Protocol,
Section 3.2) and included: change in OSS between trial
entry and days 14 and 28, OSS on day 14, all-cause
mortality through day 60, proportion alive-and-free of
invasive mechanical ventilation through day 28.

Safety of IC14 was assessed by: 1) change in renal,
liver, hematologic and coagulation parameters as
captured by clinical labs through day 28; 2) cumulative
AEs of special interest (AESI) through Day 60, including
new infections, infusion reactions, and new eye abnor-
malities and their relatedness to study-drug adminis-
tration, 3) cumulative incidence of severe AEs through
day 60; 4) viral clearance by SARS-CoV-2 nasopharyn-
geal RT-PCR. AEs were classified according to the Na-
tional Cancer Institute’s Common technology for
Adverse Events (CTCAE) version 5.32

The exploratory objective was to investigate whether
treatment with IC14 had an effect on the serum con-
centrations of a panel of pre-specified circulating bio-
markers, including pathway specific markers (sCD14,
presepsin), pro-inflammatory mediators (IL-6, MCP-1,
TNF-α, MIP-1β, eotaxin, MCP-4, MDC, TARC, IL-10)
elaborated down-stream of CD14 activation that have
been shown to track with COVID-19 severity and out-
comes, and key anti-viral mediators (IP-10, IFN-gamma
(IFN-γ)).7,23,33–41 Based on previously reported IC14
pharmacodynamic effects, we hypothesized that IC14
would increase circulating sCD14 levels by binding
sCD14 and slowing clearance.27 We also hypothesized
that IC14 would attenuate levels of presepsin,23 proin-
flammatory mediators, and anti-viral mediators.

Laboratory measurements
Serum biomarkers were measured at the University of
Washington, Seattle, WA. IL-6, MCP-1, TNF-α, MIP-1β,
IP-10, eotaxin, MCP-4, MDC, TARC, IFN-γ, IL-10, IL-8,
were measured using electrochemiluminescence immu-
noassays (Meso Scale Diagnostics, Rockville,MD). sCD14
and presepsin concentrations were measured using
enzyme-linked immunosorbent assays (sCD14: R&D
Systems, Minneapolis, MN and presepsin: MyBiosource,
San Diego, CA). Immunoassay performance characteris-
tics are summarized in Supplemental Table S1.

Sample size and statistical analyses
The trial was designed to detect an improvement in the
recovery rate ratio of 1.4 in the IC14 treated group
relative to placebo, because a target effect of this
magnitude was thought to be clinically important. Using
a log-rank test, we determined that a total of 278 re-
coveries by 28 days would provide 80% power to detect a
recovery rate ratio of 1.4 in the IC14-treated group
relative to placebo with a two-sided type I error rate of
0.05 using Schoenfeld’s formula.42 We then determined
the number of total participants needed to observe this
number of events using the Weibull distribution to
model the patient recovery experience based on data
from Beigel et al.31 To achieve a recovery rate ratio of 1.4
and assuming the placebo arm in this study would have
a recovery experience similar to the remdesivir arm in
ACTT-1 with a recovery rate of 0.851 by 28 days, the
recovery rate in the IC14 group would be 0.931 based on
the Weibull distribution. Using these recovery rates at
Day 28, we determined that approximately 312 partici-
pants would need to be enrolled (Supplement, Clinical
Trial Protocol, Section 13.11, Supplemental Table S7,
page 52).

The safety and efficacy populations for analyses
consisted of all participants who received at least one
dose of study medication (modified intent to treat, m-
ITT). The primary outcome was evaluated by differ-
ence in time-to-recovery between IC14 and placebo
groups using the log-rank test with death censored at
day 28.43 For the secondary outcomes, differences be-
tween IC14 and placebo groups were evaluated by
point estimates and 95% confidence intervals for the
differences in means (for continuous outcomes) or
proportions (for categorical outcomes). Differences in
AEs between IC14 and placebo groups were evaluated
using point estimates and 95% confidence intervals
for the difference in proportion experiencing at least
one AE per category. For the exploratory biomarker
analyses, we included serial measures from serum
collected at several times (days 1 through 5 and 7) in
order to evaluate the effect of IC14 on the time-related
trajectory of biomarkers, including: 1) CD14 pathway
specific markers; 2) down-stream pro-inflammatory
mediators; and 3) down-stream antiviral mediators.
The analysis used mixed effects models for repeated
measures with treatment by time interaction terms
and adjustment for baseline day 0 (pre-treatment)
measurements. A p-value ≤ 0.05 for the IC14 treat-
ment by time interaction term was considered statis-
tically significant. A sensitivity analysis excluded
participants treated with tocilizumab. To test whether
IC14 was more biologically active amongst those with
more severe lung injury and immune dysregulation, a
post hoc exploratory analysis was performed strati-
fying by median pre-treatment O2 flow rates (2 LPM).
Given the small number of participants in the sensi-
tivity and post hoc analyses, we used a p-value
threshold of ≤0.20 for the IC14 treatment by time
interaction term to detect trends that might be related
to the effects of IC14. Due to the exploratory nature of
www.thelancet.com Vol 93 July, 2023
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the biomarker analyses and the small trial size, we did
not correct for multiple hypothesis testing. Detailed
methods for the biomarker analyses are provided in
the supplement (Supplement, Supplemental Methods,
Biomarker Analyses).

Role of funders
The study was funded by supplements to a cooperative
agreement awarded by the National Institute of Allergy
and Infectious Disease (NIAID). NIAID project scien-
tists participated collaboratively in study design, data
analyses, interpretation, and writing of the report but
not in data collection. The manuscript content is solely
the responsibility of the authors and does not neces-
sarily represent the official views of the National Insti-
tute of Allergy and Infectious Diseases, the National
Institutes of Health or any other Agency of the United
States Government. The authors are solely responsible
for the study design, data collection, interpretation,
manuscript preparation, and decision to submit the
manuscript.
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Results
Trial population
A total of 49 participants were enrolled between April
12, 2021 and December 1, 2021, when the SARS-CoV-2
delta variant was predominant in the US and prior to
the emergence of the Omicron variant. Enrollment was
closed on December 1, 2021 by the trial sponsor, DAIT/
NIAID, based on the recommendation of the Data
Safety Monitoring Board (DSMB), because of a slow
rate of enrollment, due in large part to the relatively
narrow enrollment oxygenation criteria and the
evolving epidemiology of COVID-19 illness. A total of
1282 patients were screened for eligibility (Fig. 1 and
Supplemental Fig. S1). Of these, 49 patients agreed to
participate, signed informed consent and were consid-
ered to be enrolled in the trial. Eight of these partici-
pants were not randomized because they no longer met
eligibility criteria at the time of randomization,
including no longer being sufficiently hypoxemic or
being too hypoxemic (were using high-flow oxygen >30
LPM). Forty-one participants were randomized and
meet eligibility criteria* (N=1119)
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Placebo (N = 20) IC14 (N = 20)

Age 48.0 (36.5–54.5) 53.0 (48.0–66.2)

Gender

Male 13 (65%) 11 (55%)

Female 7 (35%) 9 (45%)

Ethnicity

Hispanic or Latino 4 (20%) 4 (20%)

Not Hispanic or Latino 9 (45%) 10 (50%)

Unknown 7 (35%) 6 (30%)

Race

White 15 (75%) 15 (75%)

Black or African American 1 (5%) 0 (0%)

Asian 0 (0%) 3 (15%)

American Indian or Alaska Native 0 (0%) 0 (0%)

Native Hawaiian or Other Pacific Islander 1 (5%) 0 (0%)

Other 1 (5%) 0 (0%)

Unknown 2 (10%) 2 (10%)

Weight (kg) 98.5 ± 25.0 96.0 ± 24.0

Height (cm) 170.6 ± 12.4 164.6 ± 24.5

Eight-point ordinal scale

4 4 (20%) 1 (5%)

5 14 (70%) 18 (90%)

6 2 (10%) 1 (5%)

Sequential organ failure assessment 2 (1–2) 2 (1–3)

SpO2 (%) 93.0 ± 2.3 (N = 19) 93.8 ± 2.9 (N = 20)

O2 flow (LPM) 3.9 ± 2.0 (N = 14) 3.8 ± 2.4 (N = 19)

Systolic blood pressure (mmHg) 125.1 ± 16.8 124.0 ± 15.7

Diastolic blood pressure (mmHg) 76.7 ± 11.8 73.6 ± 9.3

Heart rate (beats/min) 84.4 ± 13.7 79.8 ± 11.5

Temperature (◦C) 36.9 ± 0.9 36.7 ± 0.8

Respiratory rate (breaths/min) 20.8 ± 3.1 21.6 ± 5.8

CXR opacities

Bilateral 19 (95%) 19 (95%)

Unilateral 1 (5%) 1 (5%)

Treatment with corticosteroids

Yes 19 (95%) 18 (90%)

No 1 (5%) 2 (10%)

Use of remdesivir prior to enrollment

Yes 11 (55%) 12 (60%)

No 9 (45%) 8 (40%)

Study site

University of Washington- Harborview 5 (25%) 5 (25%)

University of Washington- Montlake 0 (0%) 4 (20%)

Swedish Medical Center 2 (10%) 2 (10%)

Virginia Mason Medical Center 2 (10%) 0 (0%)

Sarasota Memorial Healthcare System 11 (55%) 9 (45%)

Mean ± SD or Median (IQR) presented for continuous variables. Frequency (proportion) presented for categorical
variables. NIH Ordinal Scale: 1) Not hospitalized, no limitations; 2) Not hospitalized, limitation on activities and/
or requiring home oxygen; 3) Hospitalized, not requiring supplemental oxygen—no longer requires ongoing
medical care; 4) Hospitalized, not requiring supplemental oxygen—requiring ongoing medical care; 5)
Hospitalized, requiring supplemental oxygen; 6) Hospitalized, on non-invasive ventilation or high-flow oxygen
devices; 7) Hospitalized, on invasive mechanical ventilation or extracorporeal membrane oxygenation (ECMO);
8) Death.

Table 1: Baseline characteristics of the patient population (modified intention to treat
population).
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forty received at least one dose of study medication, 20
in the IC14 group and 20 in the placebo group. One
participant withdrew consent after randomization
before being treated and declined further participation
and was not included in the analysis. Therefore, the
participants included in the safety and m-ITT pop-
ulations were the same.

Demographics and baseline characteristics were
similar in the two treatment groups (Table 1). Mean age
was 54.5 (SD ± 14.7) in the IC14 group and 47.1
(SD ± 13.6) in the placebo group, 11 (55%) participants
in the IC14 group and 13 (65%) participants in the
placebo group were male, and 4 (20%) participants in
each group were Hispanic or Latino. At randomization,
18 (90%) participants in the IC14 group and 19 (95%)
participants in the placebo group were treated by nasal
cannula (OSS = 5) with a mean baseline O2 flow rate of
3.8 LPM (SD ± 2.4) in the IC14 group and 3.9 LPM
(SD ± 2.0) in the placebo group. Study drug adminis-
tration was also similar between groups (Supplemental
Table S2). Treatment with other immunomodulatory
medications was similar between groups. Most partici-
pants received dexamethasone (IC14: n = 18 (90%) vs.
placebo: n = 19 (95%)) (Table 1), whereas ≤10% of
participants received tocilizumab or baricitinib
(Supplemental Table S3).

Clinical efficacy
There was no statistically significant difference in time
to recovery between groups (Fig. 2). The median time to
recovery was 6 days (95% CI, 5–11 days (N = 20)) in the
IC14 group vs. 5 days (95% CI, 4–10 days (N = 20)) in
the Placebo group, and the recovery rate ratio was esti-
mated to be 0.77 (95% CI is 0.40–1.48) (log-rank
p = 0.435). Because of the small study size, analysis of
the primary outcome was not stratified by baseline
receipt of dexamethasone and groups of study sites.
With regard to secondary endpoints, there were very few
events of clinical progression (e.g. worsening of respi-
ratory failure, initiation of mechanical ventilation, or
death) (Table 2). Only one participant in each group
progressed to mechanical ventilation, and each of these
participants died. The change in ordinal scale between
enrollment and day 14 and day 28 was not statistically
different in the IC14 group as compared with the pla-
cebo group (Day 14: IC14: −3.1 ± 1.6 (N = 17) vs.
placebo: −2.8 ± 1.6 (N = 18); mean difference: −0.23
(95% CI, −1.3, 0.84); Day 28: IC14: −3.7 ± 0.6 (N = 15)
vs. placebo: −3.3 ± 1.6 (N = 16); mean difference: −0.35
(95% CI, −1.30, 0.35)) (Table 2).

Safety
The AEs were balanced between treatment groups
(Table 3). Only two AESI occurred in the IC14 group.
Neither was severe and neither was judged to be
www.thelancet.com Vol 93 July, 2023
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Fig. 2: Kaplan–Meier curve for time to clinical improvement in the patient population. Time to clinical improvement was defined as
improving to Category 3 or less on the 8-point Ordinal Scale (OSS). Patients were censored for death at day 28.95% confidence intervals are
provided around the Kaplan–Meier estimate. The recovery rate ratio and 95% confidence interval are displayed. Modified intention to treat
population.
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“related” to the study drug (Table 3 and Supplemental
Table S4). There were no secondary infections in the
IC14 group (Table 3). The incidence of all AEs through
day 60 was similar in both treatment groups (IC14: 17
participants with 39 AEs vs. placebo: 13 participants
with 44 AEs). All AEs occurred after randomization and
on or after the date of study drug initiation. One
participant in each group had a fatal, grade 5, AE; both
died of worsening respiratory failure (Table 3). In the
placebo group, the fatal AE was thought by the investi-
gator to be “possibly related” to the study treatment, and
in the IC14 group the fatal AE was thought to be “not
related” to the study treatment (Supplemental Table S5).
There was no difference in nasopharyngeal SARS-CoV-2
viral load over time between the IC14 and placebo
groups (Supplemental Table S6).

Exploratory biomarkers
Exploratory serum biomarkers by trial day and treat-
ment arm are summarized in Supplemental Table S7.
First, we evaluated the effects of IC14 on CD14 pathway-
specific markers. IC14 treatment caused a marked
increase in the concentration trajectory of sCD14
consistent with the known effect of the IC14 antibody
www.thelancet.com Vol 93 July, 2023
binding to circulating sCD14 (Fig. 3 and Supplemental
Table S8). IC14 treatment did not cause a statistically
significant change in the trajectory of the serum pre-
sepsin concentration (Supplemental Table S8).

Next, we evaluated the effects of IC14 on down-
stream pro-inflammatory mediators and anti-viral me-
diators. IC14 was associated with a statistically
significant reduction in the trajectories of serum TNF-
α and MIP-1β (Fig. 3, Supplemental Table S8). IC14
did not have statistically significant effects on the
serum concentration trajectories of either IL-6 or MCP-
1 (Supplemental Table S8). We performed a sensitivity
analysis removing those participants treated with toci-
lizumab (n = 3) given its known effects on circulating
inflammatory biomarkers such as IL-6 and found that
the effects of IC14 on MIP-1β and TNF-α remained
(Supplemental Fig. S2 and Table S9). Additionally, in
this sensitivity analysis, we observed a trend suggesting
IC14 attenuated the trajectories of presepsin and MCP-
1 (Supplemental Fig. S2 and Table S9). No statistically
significant effects of IC14 on anti-viral mediators were
seen.

We then conducted a post-hoc analysis testing
whether the effects of IC14 on circulating biomarker
7
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Placebo, N = 20 IC14, N = 20 Difference in mean or
proportion (95% CI)

Days alive and free of acute respiratory failure through day 28

0 days 1 (5%) 1 (5%)

24 days 0 (0%) 1 (5%)

27 days 1 (5%) 0 (0%)

28 days 18 (90%) 18 (90%) 0.00 (−0.21 to 0.21)

Alive and free of acute respiratory failure through day 28

Yes 18 (90%) 18 (90%) 0.00 (−0.21 to 0.21)

No 2 (10%) 2 (10%)

Change in the ordinal scale from baseline to days 14 −2.8 ± 1.6 (N = 18) −3.1 ± 1.6 (N = 17) −0.23 (−1.30, 0.84)

Change in the ordinal scale from baseline to days 28 −3.3 ± 1.6 (N = 16) −3.7 ± 0.6 (N = 15) −0.35 (−1.30, 0.35)

Ordinal scale value on day 14 2.0 ± 1.6 (N = 18) 1.9 ± 1.6 (N = 17) −0.06 (−1.10, 0.98)

All-cause mortality through days 28

Alive 20 (100%) 19 (95%) 0.50 (−0.12, 0.24)

Died 0 (0%) 1 (5%)

All-cause mortality through days 60

Alive 19 (95%) 19 (95%) 0.00 (−0.19, 0.19)

Died 1 (5%) 1 (5%)

Days alive and free of invasive mechanical ventilation through day 28

0 days 1 (5%) 1 (5)

28 days 19 (95%) 19 (95%) 0.00 (−0.19, 0.19)

Alive and free of invasive mechanical ventilation through day 28

Yes 19 (95%) 19 (95%) 0.00 (−0.19, 0.19)

No 1 (5%) 1 (5%)

Alive and discharged from the hospital through day 28

Yes 19 (95%) 19 (95%) 0.00 (−0.19, 0.19)

No 1 (5%) 1 (5%)

Begin corticosteroid therapy for worsening COVID-19 illness after randomization

Yes 1 (5%) 1 (5%)

No 19 (95%) 19 (95%) 0.00 (−0.19, 0.19)

Modified intention to treat population. Mean ± SD is presented for continuous variables. Frequency (proportion) is presented for categorical variables. 95% confidence
intervals are constructed using a bootstrap approach for continuous variables and the Wilson score method for categorical variables.

Table 2: Analysis of secondary clinical efficacy outcomes.
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8

concentrations might be different between groups with
high or low supplemental oxygen needs at baseline as
dichotomized by median baseline oxygen flow
(Supplemental Fig. S3 and Table S10). Within each
stratum, O2 flow rates were comparable between treat-
ment groups (Supplemental Table S11). Amongst par-
ticipants with higher baseline O2 flow rates, treatment
with IC14 was associated with an increase in the trajec-
tory of sCD14, a decrease in the trajectory of presepsin,
and a decrease in the trajectory of TNF-α andMIP-1β. We
also found that among participants with high pretreat-
ment O2 flow rates, treatment with IC14 was associated
with a decrease in the trajectory of IP-10, a relationship
not observed for anti-viral mediators in the trial popula-
tion at large. Amongst participants with low O2 flow
rates, IC14 treatment was not associated with a change in
the trajectory of presepsin or pro-inflammatory media-
tors. However, treatment with IC14 was associated with
an increase in the trajectory of IP-10 in this group.
Discussion
The CaTT trial was designed to test whether CD14-
blockade with the chimeric monoclonal antibody IC14
would reduce the severity of illness and markers of
systemic inflammation in COVID-19 pneumonia. The
trial was stopped early after randomization and treat-
ment of 40 participants because of slow recruitment.
This was well below the intended trial size of 300, so no
conclusions can be drawn regarding clinical efficacy.
IC14 did not improve time to resolution of illness in
hospitalized, hypoxemic patients with COVID-19, how-
ever, inferences are limited by lack of statistical power.
In exploratory biomarker analyses, there was evidence of
relevant biological effects. Notably, IC14 had a predict-
able effect on the circulating concentration of sCD14,
and IC14 appeared to attenuate the circulating concen-
trations of TNF-α and MIP-1β, two pro-inflammatory
mediators associated with the severity of COVID-19
illness. Taken together, the results suggest that IC14
www.thelancet.com Vol 93 July, 2023
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Placebo (N = 20) IC14 (N = 20) Difference in proportions (95% CI)

# Participants # AEs # Participants # AEs

Cumulative adverse events by severity grade

Toxicity Grade

Mild (Grade 1) 10 28 12 21 0.10 (−0.19, 0.37)

Moderate (Grade 2) 2 4 4 4 0.10 (−0.13, 0.33)

Severe (Grade 3) 5 10 9 12 0.20 (−0.09, 0.45)

Life threatening (Grade 4) 1 1 1 1 0.00 (−0.19, 0.19)

Fatal (Grade 5) 1 1 1 1 0.00 (−0.19, 0.19)

Total 13 44 17 39 0.29 (−0.07, 0.44)

Cumulative adverse events of special interest (AESI)

Eye disorders

Eye pain 0 0 1 1 0.05 (−0.12, 0.24)

Infections and infestations

Epstein–Barr virus infection 1 1 0 0 −0.05 (−0.24, 0.12)

Perianal abscess 1 1 0 0 −0.05 (−0.24, 0.12)

Investigations

Sputum abnormal 0 0 1 1 0.05 (−0.12, 0.24)

Skin and subcutaneous tissue disorders

Localized maculopapular rash 1 2 0 0 −0.05 (−0.24, 0.12)

Thrombocytopenia or serious bleeding 0 0 0 0 0.00 (−0.16, 0.16)

Hepatobiliary disorders 0 0 0 0 0.00 (−0.16, 0.16)

Acute renal failure 0 0 0 0 0.00 (−0.16, 0.16)

Total 2 4 2 2 0.00 (−0.21, 0.21)

Modified intention to treat population. Differences in proportions of participants experiencing at least 1 AE are presented. 95% CI is constructed using Wilson score method.

Table 3: Summary of Adverse Events through day 60.

Articles
treatment may reduce deleterious systemic inflamma-
tion in COVID-19 pneumonia.

Although an innate immune response is appropriate
in the setting of infection and/or damaged tissue, overly
exuberant, persistent and dysregulated innate immune
signaling may have a role in the pathogenesis of lung
Fig. 3: IC14 effects on the serum concentration trajectories of serum
pro-inflammatory innate immune mediators. Graphs representative o
adjusting for baseline levels using mixed effects modelling for repeated m
the predicted means of natural log transformed biomarker concentrations
differences in concentration trajectories over time were selected using a p
All treated patients with available biomarker measurements were included
not displayed because they did not meet the criterion of p ≤ 0.05 for the
eotaxin, MCP-4, MDC, TARC, IFN-γ, IP-10, IL-10, and IL-8.

www.thelancet.com Vol 93 July, 2023
dysfunction in COVID-19 pneumonia as well as lung
injury from a variety of other primary stimuli.9,10 In
COVID-19 and other forms of lung injury, DAMPs
elaborated in response to tissue injury may be the pri-
mary drivers of on-going innate immune activation.44,45

The putative mechanism of action of IC14 is to block
sCD14, a pathway specific marker, and TNF-α and MIP-1β, both
f IC14 effects on biomarkers measured in serum on days 1–5 & 7
easures with a time by treatment interaction term. The curves display
in picograms per milliliter (ln pg/mL) and 95% CIs. Biomarkers with

-value threshold of <0.05 for the treatment by time interaction term.
in these analyses (IC14 N = 19; Placebo N = 18). Biomarkers that are
treatment by time interaction term included: presepsin, IL-6, MCP-1,

9
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10
interactions between CD14 and circulating PAMPs and
DAMPs thereby reducing innate immune activation.10

In this study, the observed attenuation of serum MIP-
1β and TNF-α, with IC14 treatment is consistent with
these proposed effects (Fig. 3 and Supplemental
Table S8). There were no statistically significant effects
of IC14 on the concentration trajectories of either IL-6
or MCP-1, although high variance of these biomarkers
may have limited the ability to detect differences
(Supplemental Table S8).

Overall, the patients enrolled in this trial were only
moderately ill and experienced low rates of progression
to mechanical ventilation and death. Indeed, the levels
of circulating inflammatory mediators in the CaTT trial
were globally lower than those seen in patients requiring
higher levels of respiratory support.23,46 Prior studies in
COVID-19 pneumonia suggest that anti-inflammatory
therapies such as dexamethasone and baricitinib are
more likely to show benefit in patients with more severe
respiratory disease. We conducted a post-hoc analysis
stratified by higher vs. lower baseline oxygen flow rates
in order to explore potential differences in the associa-
tion between IC14 treatment and biomarker trends.
Although the sample size was small, the effects of IC14
treatment on inflammatory mediators were more
pronounced among participants who required higher
oxygen flow rates at baseline. In patients with higher
pre-treatment O2 flow rates, IC14 treatment attenuated
more inflammatory mediators, including TNF-α, MIP-
1β, and IP-10, as well as presepsin, a CD14 pathway-
specific marker (Supplemental Fig. S3 and Table S10).
In contrast, in patients with lower pre-treatment O2 flow
rates, IC14 was not associated with attenuation of pro-
inflammatory mediators or presepsin, and IC14 was
associated with a relatively higher IP-10 trajectory. The
attenuation of IP-10 associated with IC14 in the high
oxygen groups suggests a potentially beneficial biologic
effect that may be reversed when oxygen needs are
lower. However, this interpretation is made with caution
and future work will need to clarify how IC14 affects IP-
10 levels. Presepsin is an N-terminal fragment of full
length CD14 that is generated in the setting of CD14-
dependent innate immune activation.21 We and others
have shown strong associations between high circu-
lating levels of presepsin and clinical outcomes (e.g.
death and ventilator-free days) in severe COVID-19 and
in non-COVID-19 respiratory failure.23–25 These findings
suggest that the beneficial effects of IC14 on COVID-19-
induced CD14 activation and inflammation may be
most prominent in patients with more severe lung
injury. Additional support for this assertion comes from
a recently-reported multi-center phase II platform trial
of treatments for COVID-19 that included an arm
testing IC14.47 The IC14 arm was larger than CaTT
(IC14 n = 67, concurrent controls n = 76) and enrolled
patients that were more severely hypoxemic. While the
improvement in recovery did not reach the pre-specified
threshold for efficacy, there was a trend towards
improved mortality (HR for death; 0.86 (95% CI
0.48–1.51). While conclusions based on these post-hoc,
secondary, and exploratory analyses are tentative, taken
together they suggest that future trials of IC14 should
include populations with more severe lung injury who
are likely to have a higher degree of CD14-attributable
immunopathology.

The adverse event profiles were similar in the IC14
and placebo groups. Because CD14 is proximally posi-
tioned in the host response to pathogens, there is a
theoretical concern that IC14 treatment may increase
the risk of new infections and/or delay resolution of
secondary infections. However, there were no secondary
infections in the IC14 group and there was no differ-
ence in SARS-CoV-2 viral clearance between groups as
assessed by serial nasal RT-PCR. While we note that the
sample size was very small and underpowered to detect
infrequent adverse effects, the absence of secondary
infections could reflect the fact that blockade of CD14
should not be globally immunosuppressive as it would
not affect alternative host innate immune pathways that
can initiate responses to infection (e.g. complement,
RIG-1, RNA sensing TLRs).8,9,27

This trial has several limitations. Most importantly,
the premature termination of the trial resulted in a
small sample size that was underpowered to detect
clinically meaningful differences in the primary
endpoint of time to resolution of COVID-19 illness.
Second, our enrollment criteria resulted in a trial pop-
ulation that had relatively mild respiratory disease and
hypoxemia who rarely worsened, further hindering our
ability to detect differences in the primary outcome and
exploratory inflammatory responses. To facilitate
recruitment in a future study, the inclusion criteria
should be modified to include all patients with NIH
respiratory ordinal score 6 or lower, (i.e. hospitalized,
needing oxygen support, but not on mechanical venti-
lation). This would expand the enrolled population to
include those on higher levels of supplemental oxygen,
including those on high flow nasal oxygen and non-
invasive ventilation. Third, because dexamethasone
treatment became standard-of-care as the CaTT trial was
being initiated, most participants were treated with
dexamethasone which may have resulted in an overall
reduction in inflammation and reduced the ability to
detect differences between groups in circulating in-
flammatory biomarkers. Fourth, due to the small trial
size, we were unable to describe the precise time at
which IC14 maximally attenuated inflammatory medi-
ators. Finally, the CaTT trial enrolled patients when the
SARS-CoV-2 delta variant was predominant, potentially
limiting generalizability.

Conclusions
Blockade of CD14 with the monoclonal antibody IC14
did not improve time to resolution of illness in
www.thelancet.com Vol 93 July, 2023
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hospitalized, hypoxemic patients with COVID-19,
though inferences about clinical efficacy are limited by
the small sample size and the high rate of clinical re-
covery. Pharmacodynamic results and observed differ-
ences in circulating inflammatory markers suggest that
additional clinical investigation is warranted to deter-
mine whether IC14 might improve systemic inflam-
mation and clinical outcomes in COVID-19 pneumonia.
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