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Abstract
Enpatoran is a selective inhibitor of toll-like receptors 7 and 8 (TLR7/8) that 
potentially targets pro-inflammatory pathways induced by severe acute respir-
atory syndrome coronavirus 2 (SARS-CoV-2). A phase II study conducted in 
Brazil, the Philippines, and the USA during the early pandemic phase assessed 
the safety and efficacy of enpatoran in patients hospitalized with COVID-19 
pneumonia (NCT04448756). A total of 149 patients, who scored 4 on the 
World Health Organization's (WHO) 9-point ordinal severity scale, were 
randomized 1:1:1 and received enpatoran 50 mg (n = 54) or 100 mg (n = 46), 
or placebo (n = 49) twice daily (b.i.d.) for 14 days plus standard of care. The 
primary objectives were safety and time to recovery (WHO 9-point scale ≤3). 
Clinical deterioration (WHO 9-point scale ≥ 5) was a key secondary objective. 
Treatment-emergent adverse events (TEAEs) were comparable across groups 
(56.5%–63.0%). Treatment-related TEAEs were numerically higher with en-
patoran 50 mg (14.8%) than 100 mg (10.9%) or placebo (8.2%). Serious TEAEs 
were numerically lower with enpatoran (50 mg 9.3%, 100 mg 2.2%) than pla-
cebo (18.4%). The primary efficacy objective was not met; median time to 
recovery was 3.4–3.9 days across groups, with placebo-treated patients re-
covering on average faster than anticipated. Clinical deterioration event-free 
rates up to Day 7 were 90.6%, 95.6%, and 81.6% with enpatoran 50 mg, 100 mg, 
and placebo, respectively. Enpatoran was well tolerated by patients acutely 
ill and hospitalized with COVID-19 pneumonia. Positive signals in some sec-
ondary end points suggested potential beneficial effects, supporting further 
evaluation of enpatoran in patients with hyperinflammation due to infection 
or autoimmunity.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is a single-stranded RNA (ssRNA) virus 
that causes coronavirus disease 2019 (COVID-19).1 In 
the early stages of infection, SARS-CoV-2 proteins sup-
press the production and downstream signaling of type 
I interferon (IFN), a key part of the antiviral response 
that protects against viral dissemination.2,3 This enables 
unrestrained replication of SARS-CoV-2, which later 
promotes high levels of IFN production and the over-
stimulation of inflammatory cytokines (cytokine storm) 
leads to serious illness in certain susceptible individu-
als.1,4,5 While corticosteroids are a broad strategy used 
to treat hyperinflammation in patients with COVID-
19, targeted treatments are needed to further improve 
patient outcomes. Drugs that target the production of 
cytokines, including interleukin-6 (IL-6), tumor necro-
sis factor (TNF), and Janus kinase inhibitors, have been 
tested in clinical trials with varied results.5

Toll-like receptors 7 and 8 (TLR7/8) reside in the 
endosome of certain immune cells and trigger innate 

and adaptive immune responses following detection of 
ssRNA viruses.6 TLR7 activation results in the secre-
tion of type I IFN and other cytokines, B-cell activation, 
and antibody production.7,8 The activation of TLR8 in 
cells of myeloid origin (monocytes, macrophages, and 
neutrophils) leads to the production of cytokines and 
the activation of host protective mechanisms such as 
NETosis.7,9

Targeting TLR7/8 for the treatment of severe 
COVID-19 is supported by several studies. First, TLR7 
and TLR8 expression is increased in nasopharyngeal ep-
ithelial cells from patients with symptomatic COVID-19 
compared with that in patients with COVID-19 without 
clinical symptoms as well as SARS-CoV-2-negative con-
trols (healthy individuals, those with symptoms similar 
to that of COVID-19, and hospitalized patients).10 Ex-
pression of TLR7 and TLR8 correlates with the level of 
inflammation and oxygen saturation, suggesting that 
their hyperactivation may be linked to the severity of 
COVID-19 symptoms and the need for supportive care 
in hospital.10 Second, blood and lung samples from pa-
tients hospitalized in the intensive care unit (ICU) with 

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Enpatoran is a dual toll-like receptor 7 and 8 (TRL7/8) inhibitor shown to target 
pro-inflammatory pathways that are activated in autoimmune disorders such as 
lupus and are induced by single-stranded RNA viruses such as SARS-CoV-2.
WHAT QUESTION DID THIS STUDY ADDRESS?
We hypothesized that intervention with enpatoran at a critical point in the devel-
opment of COVID-19 may prevent the hyperinflammation and cytokine storm 
associated with severe disease.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
In this randomized, exploratory phase II study, enpatoran up to 100 mg twice 
daily for 14 days was well tolerated by patients hospitalized with COVID-19 pneu-
monia. Despite a numerical trend towards higher recovery rates in both enpa-
toran groups compared with placebo, the primary efficacy end point of the time 
to recovery from Day 1 through Day 28 was not met. However, there was some 
evidence that enpatoran provided measurable treatment effects, particularly with 
the highest enpatoran dose tested, based on secondary and exploratory objectives. 
A trend towards decreased likelihood of clinical deterioration was observed in the 
overall study population, and the time to recovery was improved in patients with 
high interferon-gene signature scores at baseline.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
To our knowledge, this is the first study to clinically evaluate a TLR7/8 inhibitor 
in an infectious disease. Although the primary efficacy end point was not met, the 
results provide important safety data and show potential beneficial effects that 
support further evaluation of TLR7/8 inhibitors such as enpatoran in patients 
with hyperinflammation due to infection or autoimmunity.
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COVID-19 show hallmarks of TLR7 hyperactivation.11 
Finally, ssRNAs from the related SARS-CoV were iden-
tified that induce the release of pro-inflammatory cyto-
kines through TLR7 and TLR8.12

Enpatoran, a highly selective and potent dual TLR7/8 
inhibitor with potential to modulate innate and adaptive 
immune processes, is being developed as a novel oral treat-
ment for autoimmune disorders including systemic and 
cutaneous lupus erythematosus.13,14 Enpatoran blocked 
both synthetic and natural TLR7/8 ligands in vitro, includ-
ing microRNAs and Alu RNA, and inhibited RNA-induced 
cytokine secretion in human peripheral blood mononu-
clear cells and whole blood.13,15 In the first-in-human study 
in healthy participants, enpatoran up to 200 mg once daily 
for 14 days was well tolerated.14 Pharmacokinetic (PK) and 
pharmacodynamic (PD) data from this study were used 
in population PK/PD model-based simulations to inform 
dose selection for clinical trials.16 A phase I ethno-bridging 
study demonstrated no ethnic differences in PK, PD, or 
safety between healthy Japanese and Caucasian partici-
pants across a range of single enpatoran doses, supporting 
the inclusion of Asian participants in clinical trials.17

Preclinical and early clinical studies demonstrated 
that enpatoran targets the pro-inflammatory pathways in-
duced by ssRNA viruses such as SARS-CoV-2, inhibiting 
IL-6 release more strongly than IFN-α.13,14,16 It was there-
fore hypothesized that intervention with enpatoran at a 
critical point in COVID-19 development, following pro-
gression to pneumonia but before mechanical ventilation, 
may prevent the hyperinflammation and cytokine storm 
associated with severe COVID-19. The objective of this ex-
ploratory phase II study was to assess the safety and effi-
cacy of enpatoran in hospitalized patients with COVID-19 
pneumonia.

METHODS

Study design and ethics

This exploratory, randomized, double-blind, placebo-
controlled phase II study (ANEMONE, NCT04448756) 
was conducted between July 29, 2020 and August 16, 
2021 in Brazil, the Philippines, and the USA in ac-
cordance with international guidelines, including the 
Belmont Report18 and International Council for Har-
monisation (ICH) E6 (R2). Patients received enpatoran 
50 mg, enpatoran 100 mg, or placebo tablets orally twice 
daily (b.i.d.) for 14 days in addition to standard of care 
(SoC), with monitoring to Day 28 and safety follow-up to 
Day 60 (Figure S1). The enpatoran doses were selected 
based on PK/PD modeling and simulations of early clin-
ical data.16

The study was conducted in two parts; Part A was an 
assessment of safety planned in 15 patients (5 per group), 
before expanding in Part B to a full clinical evaluation 
planned in an additional 135 patients (45 per group), for 
a total of 150 patients (Figure S1). An independent data 
monitoring committee (IDMC) provided ongoing surveil-
lance of patient safety during the study and recommended 
proceeding to Part B following review of available safety 
data from Part A.

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki, applicable Good 
Clinical Practice guidelines from the ICH, and applicable 
local laws and regulations. Ethics approval was obtained 
from institutional review boards and ethics committees at 
all participating sites. Study participants provided written 
informed consent before enrollment.

Study participants

Patients were eligible if they were aged 18–75 years, 
tested positive for SARS-CoV-2 as established by a nu-
cleic acid amplification test, polymerase chain reaction, 
antigen test, or another commercial or public health 
assay (based on locally accepted guidelines) less than 
10 days prior to randomization, and were hospitalized 
with chest imaging consistent with COVID-19 pneumo-
nia. Patients were not on mechanical ventilation and 
had SpO2 < 94% in room air and PaO2/FiO2 ≥ 150 with 
a maximum FiO2 of 0.4. Based on these eligibility crite-
ria, all patients were expected to score 4 on the World 
Health Organization's (WHO) 9-point ordinal severity 
scale at enrollment.19

Patients with clinically significant cardiovascular dis-
ease, or history of uncontrolled illness within the past 
3 months, were excluded. Patients were to receive the 
local SoC but could not receive antimalarials or other im-
munomodulating drugs. Corticosteroids initiated prior to 
randomization at a maximum dose of 40 mg prednisone-
equivalent dose per day, and antivirals (e.g., remdesivir) 
that were part of the SoC for the local hospital, were per-
mitted. Following commencement of the study, the proto-
col was updated to include SARS-CoV-2 vaccination in the 
exclusion criteria.

Interventions

Enpatoran, which has been characterized previously,13,14,16 
and matching placebo tablets were identical in physical 
appearance. Four tablets (4 placebo; 2 placebo and 2 en-
patoran 25 mg; or 4 enpatoran 25 mg) were taken orally 
every 12 h (within a 2-h window). Patients who entered 
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the ICU were able to receive study treatment orally or by 
nasogastric tube. If a patient was discharged prior to treat-
ment completion, they self-administered at home.

Randomization and blinding

Patients were enrolled by study investigators and cen-
trally allocated to either enpatoran 50 mg b.i.d., enpatoran 
100 mg b.i.d., or placebo b.i.d. in a 1:1:1 ratio using an In-
teractive Web Response System and a computer-generated 
randomization list. In Part A, patients were stratified by 
the presence/absence of obstructive lung disease. In Part 
B, patients were stratified based on: (i) use of corticoster-
oids at a prednisone-equivalent daily dosage of ≤15 mg or 
>15 mg within 48 h prior to randomization; (ii) use of anti-
viral therapy, including convalescent plasma, within 48 h 
prior to randomization; and (iii) country.

The study was double-blinded. For patients who re-
ceived treatment via nasogastric tube, an independent 
pharmacist may have been unblinded to prepare tablets 
for administration. The IDMC received partially un-
blinded data, provided by an independent statistician who 
was not involved with the study.

Outcomes

The primary objectives were: (i) to assess the safety of en-
patoran compared with placebo through Day 60; and (ii) 
to evaluate the time to recovery (WHO 9-point scale score 
of ≤3) from Day 1 up to Day 28 with enpatoran compared 
with placebo. Prespecified secondary end points included 
the time to clinical deterioration (WHO 9-point scale 
score of ≥5) assessed from Day 1 to Day 28, clinical status 
(WHO 9-point scale) and all-cause mortality through Day 
60, and modulation of inflammatory biomarkers to Day 
28. Exploratory end points included assessment of the PK 
of enpatoran by sparse sampling on Days 1, 3, and 7. A 
post-hoc exploratory analysis was performed to evaluate 
the time to recovery for patients with high versus low IFN-
gene signature (IFN-GS) scores at baseline.

The primary efficacy objective was defined initially 
as the proportion of patients who were alive and not re-
quiring supplemental oxygen at Day 14. This was based 
on data from the initial phase of the pandemic, when pa-
tients hospitalized with COVID-19 pneumonia receiving 
SoC had a median duration of hospitalization and a me-
dian time to clinical improvement of 16 days.20 It was later 
reported that remdesivir shortened the time to recovery 
for patients hospitalized with COVID-19; median time to 
recovery was 10 days for patients who scored 4–7 on the 
WHO's 9-point scale at baseline, and 5 days for those who 

scored 4 at baseline.21 Remdesivir was approved subse-
quently by the Food and Drug Administration (FDA) in 
October 2020. Considering the rapidly changing SoC for 
COVID-19, the primary end point was updated (while 
study staff and investigators were still blinded) to the time 
to recovery from Day 1 up to Day 28; this end point would 
capture an earlier discharge or shorter duration of hospi-
talization compared with the beginning of the pandemic.

Study assessments

All patients were evaluated during hospitalization at least 
once daily. Patients discharged from hospital had study 
visits, either by telephone or at the study site, on Days 3, 
5, 7, 10, 14, 21, 28, 44, and 60. Clinical score was recorded 
daily during hospitalization, at the time of hospital dis-
charge, and on study visits following discharge up to Day 
60, using the WHO 9-point ordinal scale that captures in-
formation such as hospital discharge, ICU stay, and me-
chanical ventilation. Adverse events (AEs) and vital signs 
were recorded each day at approximately the same time 
throughout hospitalization and on study site visits fol-
lowing discharge through Day 60. AEs of special interest 
(AESIs) included serious and opportunistic infections, 
seizures, clinically significant arrythmias, and serotonin 
syndrome.

Whole blood was collected for measurement of enpato-
ran plasma concentrations and/or serum biomarkers and 
cytokines while the patients remained in hospital. In Part 
A, PK was assessed pre-dose and 1, 2, 6, and 12 h post-dose 
on Day 1, and 1, 2, and 6 h post-dose on Day 7. In Part B, 
PK was assessed pre-dose and 1–2, 4–6, and 8–12 h post-
dose on Day 1, and 1–2 and 4–6 h post-dose on Days 3 and 
7. Inflammatory biomarkers C-reactive protein (CRP), fer-
ritin, and D-dimer were tested during screening and on 
Days 1, 3, 7, 10, at early termination/hospital discharge, 
and at the end of the treatment (Day 14) and surveillance 
(Day 28) periods. Normal biomarker levels are <10 mg/L 
for CRP, 30–400 μg/L (men) or 13–150 μg/L (women) for 
ferritin, and <0.5 mg/L for D-dimer.22

IFN-GS scores were evaluated at baseline using DxTer-
ity's IFN-I Test (DxTerity, California, USA), which evalu-
ates the expression of HERC5, IFI27, IFIT1, and RSAD2. 
The cut-off for high and low IFN-GS was −0.5; this was 
predefined and based on expression profiles in lupus pa-
tients and healthy controls (data on file).

Statistical analysis

The total sample size was set at 150 patients. For the time 
to recovery from Day 1 up to Day 28, 150 patients at a 1:1:1 
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ratio would allow the detection of an individual hazard 
ratio (HR) between 2.0 and 1.6 with a respective power of 
86% and 51%, under the assumption of piecewise constant 
hazards, controlling the overall one-sided type I error of 
0.025 with a Sidak correlation for multiplicity.

Baseline characteristics and safety data were sum-
marized using descriptive statistics. Statistical testing of 
efficacy data was considered exploratory due to the explor-
atory nature of the study, and results are presented with 
no adjustment of type I error for multiplicity. Time to re-
covery and time to clinical deterioration were estimated 
via Kaplan–Meier (KM) analysis, presented with two-
sided 95% confidence intervals (CIs). The effect of each 
dose level compared with placebo was evaluated using a 
stratified log-rank test. Strata were defined by: (i) use of 
corticosteroids at a prednisone-equivalent daily dose of 
≤15 mg or >15 mg within 48 h prior to randomization; (ii) 
use of antiviral therapy and/or convalescent plasma (pres-
ence or absence) within 48 h prior to randomization; and 
(iii) country. Time to recovery was defined as time from 
Day 1 to first occurrence of WHO 9-point ordinal scale of 
≤3. Time to clinical deterioration was defined as time from 
Day 1 to first occurrence of WHO 9-point ordinal scale of 
≥5.

Estimation of the effect of each treatment dose com-
pared with placebo was planned to be based on HR from a 
stratified Cox regression model, with terms for treatment 
group, use of corticosteroids at a prednisone-equivalent 
daily dosage of ≤15 mg or >15 mg within 48 h prior to 
randomization, and country. However, because the pro-
portional hazards assumption was not met, only KM 

estimates and nominal one-sided p values from stratified 
log-rank tests are presented.

All patients who received at least one dose of study 
intervention, referred to as the safety analysis set, were 
included in the efficacy and safety analyses and analyzed 
according to the actual treatment received. The PD anal-
ysis set comprised all patients who received at least one 
dose of active treatment, with at least one post-baseline 
serum biomarker assessment, and with no relevant pro-
tocol deviations or other events that may have influenced 
PD. The PK analysis set comprised all patients who re-
ceived at least one dose of active treatment, with at least 
one quantifiable serum concentration of enpatoran, and 
without any relevant protocol deviations or factors that 
may have influenced PK.

RESULTS

Patient demographics

Of the 200 patients enrolled across 17 sites, 149 were ran-
domized and received treatment (safety analysis set), 54 
received enpatoran 50 mg b.i.d., 46 received enpatoran 
100 mg b.i.d., and 49 received placebo (Figure  1). The 
majority (88%) of patients completed the full course of 
treatment. The median (quartile [Q]1–Q3) duration of 
treatment was 13.4 (13.3–13.5), 13.5 (13.4–13.5), and 13.4 
(13.3–13.5) days in the enpatoran 50 mg b.i.d., enpatoran 
100 mg b.i.d., and placebo groups, respectively. Treatment 
compliance was similar across groups; the respective 

F I G U R E  1   Patient disposition. Efficacy and safety analyses were according to the actual treatment received: enpatoran 50 mg b.i.d. 
n = 54, enpatoran 100 mg b.i.d. n = 46, and placebo n = 49 (safety analysis set). b.i.d., twice daily. a151 patients were eligible to be randomized; 
however, 2 patients received intervention but were not randomized (enpatoran 50 mg n = 1; placebo n = 1).

200 patients enrolled

149 patients randomizeda

Reasons for discontinuation prior to randomization
Withdrew consent: n=5
Entry criteria not met: n=38
Other: n=6

48 randomized to placebo
48 received intervention as randomized
1 received intervention but was not 
randomized  

54 randomized to enpatoran 50 mg BID
53 received intervention as randomized
1 did not receive any intervention
1 received intervention but was not 
randomized  

47 randomized to enpatoran 100 mg BID
46 received intervention as randomized 
1 did not receive any intervention  

46 (93.9%) completed the study
3 (6.1%) discontinued the study

Adverse event: n=0
Death: n=2 (4.1%)
Withdrawal by the patient: n=0
Other: n=1 (2.0%)

49 (90.7%) completed the study
5 (9.3%) discontinued the study

Adverse event: n=1 (1.9%)
Death: n=1 (1.9%)
Withdrawal by the patient: n=3 (5.6%)
Other: n=0

45 (97.8%) completed the study
1 (2.2%) discontinued the study

Adverse event: n=0 
Death: n=0 
Withdrawal by the patient: n=1 (2.2%)
Other: n=0
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proportions of patients who received 80%–110% of the as-
signed study treatment were 91% (n = 49), 91% (n = 42), 
and 88% (n = 43). Two patients received treatment via na-
sogastric tube (placebo n = 1; 50 mg b.i.d. n = 1).

Patient demographics were balanced across groups 
(Table  1). Median age was 50 (range: 21–75) years, 
65.8% were male, the majority were White (45.0%) or 
Asian (27.5%), and 64.4% were Hispanic or Latino. The 
mean ± SD body mass index (BMI) was 30.5 ± 6.0 kg/m2 
and 46.3% of patients had a BMI ≥30 kg/m2.

The mean ± SD time since COVID-19 symptoms onset 
and diagnosis was 10.2 ± 3.6 and 4.8 ± 4.0 days, respec-
tively, and there were no meaningful differences between 
groups (Table 1). Half (50.3%) of the patients had at least 
one COVID-19 comorbidity at study entry; the most com-
mon comorbidities were hypertension (39.6%) and diabe-
tes (23.5%) (Table S1). All patients received at least one 
concomitant medication, including systemic corticoste-
roids (89.3%), antithrombotic agents (87.9%), antibiotics 
(71.8%), and antivirals (22.8%; Table S2). Mean IFN-GS 
scores (50 mg b.i.d. –0.84; 100 mg b.i.d. –0.74; placebo 
–0.91) and the proportion of patients with high IFN-GS 
scores at baseline (50 mg b.i.d. 35%; 100 mg b.i.d. 43%; pla-
cebo 35%) were reasonably consistent across treatment 
groups.

Safety

A total of 88 (59.1%) patients reported treatment-
emergent AEs (TEAEs), the incidence of which was 
comparable between treatment groups (Table  2). The 
proportion of patients who reported treatment-related 
TEAEs was numerically higher with enpatoran 50 mg 
(n = 8, 14.8%) than enpatoran 100 mg (n = 5, 10.9%) or 
placebo (n = 4, 8.2%). Both enpatoran groups (50 mg 
b.i.d. 3.7%; 100 mg b.i.d. 0%) had a lower incidence 
of Grade ≥3 TEAEs compared with the placebo group 
(10.2%); no patient in the enpatoran 100 mg b.i.d. group 
reported a TEAE of Grade ≥3. The proportion of patients 
in the enpatoran groups (50 mg b.i.d. 9.3%; 100 mg b.i.d. 
2.2%) reporting serious TEAEs was numerically lower 
than the placebo group (18.4%). Two patients in the pla-
cebo group died due to AEs of sepsis and one patient in 
the enpatoran 50 mg b.i.d. group died due to an AE of 
COVID-19 worsening; none of these were considered 
treatment related.

The most frequently reported TEAEs, occurring in ≥10% 
of patients overall, were in the System Organ Classes of 
gastrointestinal disorders (15.4%), investigations (14.1%), 
metabolism and nutrition disorders (14.1%), and infec-
tions and infestations (13.4%; Table 3). The most common 
TEAEs (reported by ≥5% of patients) in the enpatoran 

50 or 100 mg b.i.d. groups were constipation, COVID-19 
worsening, diarrhea, hypokalemia, transaminase increase 
(Table 3), rash (50 mg b.i.d. 0%; 100 mg b.i.d. 6.5%; placebo 
2.0%), and sinus bradycardia (50 mg b.i.d. 1.9%; 100 mg 
b.i.d. 6.5%; placebo 0%).

Four patients (2.7%) reported AESIs. Two patients 
(3.7%) in the enpatoran 50 mg b.i.d. group had clinically 
significant arrythmias of intermittent tachycardia and 
prolonged QTc interval. Two patients (4.1%) in the pla-
cebo group experienced concurrent infection with sepsis 
that was not deemed to be treatment-related and led to the 
death of the patients. The TEAE of intermittent tachycar-
dia was considered to be treatment-related. There were no 
cases of seizure or serotonin syndrome during the study, 
and no other AESIs were identified.

There were no clinically meaningful findings in vital 
sign measurements, electrocardiogram (ECG) mea-
surements, or other observations related to enpatoran 
safety.

Efficacy

Primary outcome

The primary efficacy end point of the time to recovery 
from Day 1 through Day 28 was not met, despite a numeri-
cal trend towards higher recovery rates in both enpatoran 
groups (50 mg b.i.d. n = 48, 88.9%, p = 0.054; 100 mg b.i.d. 
n = 42, 91.3%, p = 0.107) compared with the placebo group 
(n = 37, 75.5%). The median time to recovery was similar 
across groups (3.4–3.9 days), with a lack of differentiation 
until Day 6 (Figure 2). The KM-estimated cumulative re-
covery rates up to Day 14 (95% CI) were 88.7% (78.6, 95.4), 
93.3% (83.6, 98.3), and 78.7% (66.2, 89.0) in the enpatoran 
50 mg b.i.d., enpatoran 100 mg b.i.d., and placebo groups, 
respectively.

Secondary outcomes

There was a trend towards reduced likelihood of clinical 
deterioration from Day 1 through Day 28 in the enpatoran 
groups (50 mg b.i.d. 9.3%, p = 0.0390; 100 mg b.i.d. 6.5%, 
p = 0.0249) versus placebo (20.4%). The cumulative KM-
estimated event-free rates up to Day 7 were numerically 
higher in the enpatoran treatment groups with estimated 
event-free rates (95% CI) of 90.6% (78.8, 96.0) and 95.6% 
(83.5, 98.9) for the enpatoran 50 mg and 100 mg b.i.d. 
groups, respectively, compared with 81.6% (67.7, 90.0) for 
the placebo group.

The proportion of patients in each WHO ordinal scale 
category from Day 1 to Day 60 is shown in Figure 3. Fewer 
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T A B L E  1   Patient demographics and baseline disease characteristics (safety analysis set).

Parameter

Total Enpatoran Enpatoran Placebo

(N = 149) 50 mg b.i.d. (n = 54) 100 mg b.i.d. (n = 46) (n = 49)

Age

Mean ± SD (years) 49.6 ± 12.9 51.0 ± 12.3 49.2 ± 12.4 48.4 ± 14.1

<60 years, n (%) 115 (77.2) 40 (74.1) 38 (82.6) 37 (75.5)

Sex, n (%)

Male 98 (65.8) 35 (64.8) 32 (69.6) 31 (63.3)

Female 51 (34.2) 19 (35.2) 14 (30.4) 18 (36.7)

Body mass index

Mean ± SD (kg/m2) 30.5 ± 6.0 31.7 ± 6.9 30.2 ± 5.0 29.4 ± 5.8

≥30 kg/m2, n (%) 69 (46.3) 26 (48.1) 24 (52.2) 19 (38.8)

Missing, n (%) 5 (3.4) 1 (1.9) 3 (6.5) 1 (2.0)

Race, n (%)

Asian 41 (27.5) 16 (29.6) 12 (26.1) 13 (26.5)

Black or African American 14 (9.4) 7 (13.0) 4 (8.7) 3 (6.1)

Native Hawaiian or Other Pacific 
Islander

1 (0.7) 0 0 1 (2.0)

White 67 (45.0) 20 (37.0) 25 (54.3) 22 (44.9)

Othera 26 (17.4%) 11 (20.4) 5 (10.9) 10 (20.4)

Ethnicity – Hispanic or Latino, n (%)

Yes 96 (64.4) 38 (70.4) 29 (63.0) 29 (59.2)

Missing 3 (2.0) 1 (1.9) 2 (4.3) 0

Country, n (%)

Brazil 108 (72.5) 39 (72.2) 34 (73.9) 35 (71.4)

Philippines 35 (23.5) 12 (22.2) 11 (23.9) 12 (24.5)

USA 6 (4.0) 3 (5.6) 1 (2.2) 2 (4.1)

Tobacco use, n (%)

Never used 115 (77.2) 42 (77.8) 36 (78.3) 37 (75.5)

Former user 30 (20.1) 10 (18.5) 10 (21.7) 10 (20.4)

Current user 4 (2.7) 2 (3.7) 0 2 (4.1)

Mean ± SD days since

COVID-19 symptoms onsetb 10.2 ± 3.6 9.8 ± 3.7 10.3 ± 3.2 10.5 ± 4.0

COVID-19 diagnosisc 4.8 ± 4.0 5.1 ± 5.4 4.2 ± 2.9 5.1 ± 3.0

COVID-19 symptoms, n (%)

Cough 129 (86.6) 46 (85.2) 40 (87.0) 43 (87.8)

Dyspnea 109 (73.2) 40 (74.1) 31 (67.4) 38 (77.6)

Fever 99 (66.4) 33 (61.1) 33 (71.7) 33 (67.3)

Fatigue/malaise 70 (47.0) 23 (42.6) 27 (58.7) 20 (40.8)

Myalgia 60 (40.3) 24 (44.4) 15 (32.6) 21 (42.9)

Loss of appetite 33 (22.1) 14 (25.9) 11 (23.9) 8 (16.3)

Loss of smell 26 (17.4) 11 (20.4) 9 (19.6) 6 (12.2)

Diarrhea 25 (16.8) 9 (16.7) 7 (15.2) 9 (18.4)

Loss of taste 24 (16.1) 9 (16.7) 9 (19.6) 6 (12.2)

Abbreviations: b.i.d., twice daily; COVID-19, coronavirus disease 2019; SD, standard deviation.
aIncludes mixed race and not reported.
bDefined as: date of first administration of study treatment – date of symptoms onset (which was patient-reported).
cDefined as: date of first administration of study treatment – date of diagnosis (based on testing performed by the hospital).
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T A B L E  2   Overview of treatment-emergent adverse events (safety analysis set).

Total
Enpatoran 50 mg 
b.i.d.

Enpatoran 100 mg 
b.i.d. Placebo

Number (%) of patients (N = 149) (n = 54) (n = 46) (n = 49)

Any TEAE 88 (59.1) 34 (63.0) 26 (56.5) 28 (57.1)

Grade ≥3 TEAE 7 (4.7)a 2 (3.7) 0 5 (10.2)

Grade ≥4 TEAE 3 (2.0)b 1 (1.9) 0 2 (4.1)

Treatment-related TEAE 17 (11.4) 8 (14.8) 5 (10.9) 4 (8.2)

Serious TEAE 15 (10.1)c 5 (9.3) 1 (2.2) 9 (18.4)

TEAE leading to death 3 (2.0)b 1 (1.9) 0 2 (4.1)

TEAE leading to treatment discontinuation 9 (6.0)d 4 (7.4) 1 (2.2) 4 (8.2)

Note: TEAEs are defined as events that start or worsen any time on or after the first dose of study treatment. TEAEs were graded according to NCI-CTCAE 
Version 5.0. Events were considered to be serious TEAEs if, in the view of the investigator or sponsor, they were life-threatening, required hospitalization 
(initial or prolonged), or resulted in congenital anomaly, disability, or death.
Abbreviations: b.i.d., twice daily; TEAE, treatment-emergent adverse event.
aTwo were considered treatment-related (placebo n = 1, 50 mg b.i.d. n = 1).
bNone were considered treatment-related.
cOne (placebo group) was considered treatment-related.
dFour were considered treatment-related (50 mg b.i.d. n = 3 [alanine aminotransferase increased n = 1, transaminases increased n = 1, mental disorder n = 1], 
100 mg b.i.d. n = 1 [nausea]).

T A B L E  3   Summary of treatment-emergent adverse events that were reported by ≥10 of patients at the System Organ Class level (safety 
analysis set).

Number (%) of patients

Total
Enpatoran 50 mg 
b.i.d.

Enpatoran 100 mg 
b.i.d. Placebo

(N = 149) (n = 54) (n = 46) (n = 49)

GI disorders 23 (15.4) 15 (27.8) 4 (8.7) 4 (8.2)

Constipation 8 (5.4) 6 (11.1) 0 2 (4.1)

Diarrhea 4 (2.7) 4 (7.4) 0 0

Nausea 4 (2.7) 0 2 (4.3) 2 (4.1)

Dyspepsia 2 (1.3) 1 (1.9) 1 (2.2) 0

Hematochezia 2 (1.3) 2 (3.7) 0 0

Investigations 21 (14.1) 7 (13.0) 5 (10.9) 9 (18.4)

Alanine aminotransferase increased 8 (5.4) 1 (1.9) 1 (2.2) 6 (12.2)

Transaminases increased 5 (3.4) 3 (5.6) 1 (2.2) 1 (2.0)

Oxygen saturation decreased 2 (1.3) 0 0 2 (4.1)

Metabolism and nutrition disorders 21 (14.1) 8 (14.8) 6 (13.0) 7 (14.3)

Hypokalemia 8 (5.4) 3 (5.6) 4 (8.7) 1 (2.0)

Hyperglycemia 3 (2.0) 1 (1.9) 1 (2.2) 1 (2.0)

Hyperuricemia 2 (1.3) 0 1 (2.2) 1 (2.0)

Hypocalcemia 2 (1.3) 1 (1.9) 0 1 (2.0)

Infections and infestations 20 (13.4) 9 (16.7) 2 (4.3) 9 (18.4)

COVID-19 worsening 9 (6.0) 5 (9.3) 0 4 (8.2)

Sepsis 2 (1.3) 0 0 2 (4.1)

Note: TEAEs were coded using MedDRA Version 24.0. Primary System Organ Classes in which ≥10% of patients overall reported events are included, and 
TEAEs that were reported by at least two patients in total are shown. Investigations included laboratory tests and other medical investigations.
Abbreviations: b.i.d., twice daily; COVID-19, coronavirus disease 2019; GI, gastrointestinal; TEAE, treatment-emergent adverse event.
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disease progression events were observed with enpatoran 
compared to placebo. The observed proportion of patients 
with a score of >4 numerically increased until Day 5 in 
the placebo group and increased slightly less in the enpa-
toran 50 mg b.i.d. group, before decreasing until the end 
of the study. In the enpatoran 100 mg group, the observed 

proportion remained low and no patient had a score of ≥5 
after Day 3.

All-cause mortality (95% CI) through Day 60 was 1.9% 
(0.3, 9.8), 0.0% (0.0, 7.7), and 4.1% (1.1, 13.7) for the en-
patoran 50 mg b.i.d., enpatoran 100 mg b.i.d., and placebo 
groups, respectively.

F I G U R E  2   Cumulative distribution function of (a) time to recovery and (b) time to clinical deterioration. Time to recovery (the time 
from Day 1 to first occurrence of WHO 9-point ordinal scale of ≤3) was not improved despite a numerical trend towards higher recovery 
rates in both enpatoran groups. Recovery rates from Day 1 through Day 28 were 75.5% (n = 37/49) with placebo compared with 88.9% 
(n = 48/54) with 50 mg b.i.d. and 91.3% (n = 42/46) with 100 mg b.i.d. (p = 0.054 and 0.107 vs. placebo, respectively). The event-free rates for 
clinical deterioration (the time from Day 1 to first occurrence of WHO 9-point ordinal scale of ≥5) were higher in the enpatoran groups 
compared with placebo. Clinical deterioration rates Day 1 through Day 28 were 20.4% (n = 10/49) with placebo compared with 9.3% 
(n = 5/54) with 50 mg b.i.d. and 6.5% (n = 3/46) with 100 mg b.i.d. (p = 0.0390 and 0.0249 vs. placebo, respectively). Kaplan–Meier curves are 
shown. Safety analysis set, N = 149. Two patients in the placebo group had SpO2 ≥94% at the first timepoint and were therefore not counted 
as at risk in the time to recovery analysis. b.i.d., twice daily.
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F I G U R E  3   Proportion of patients in each ordinal scale category from Day 1 to Day 60 in the (a) placebo, (b) enpatoran 50 mg b.i.d., 
and (c) enpatoran 100 mg b.i.d. groups. Clinical score was recorded daily during hospitalization, at the time of hospital discharge, and on 
study visits following discharge up to Day 60, using the WHO 9-point ordinal scale. Fewer disease progression events were observed with 
enpatoran compared to placebo. Safety analysis set, N = 149. Data presented as collected with no imputation of missing data. b.i.d., twice 
daily. Key: 0 = Uninfected; 1 = Ambulatory: no limitation of activities; 2 = Ambulatory: limitation of activities; 3 = Hospitalized, mild 
disease: no oxygen therapy; 4 = Hospitalized, mild disease: oxygen by mask or nasal prongs; 5 = Hospitalized, severe disease: noninvasive 
ventilation or high-flow oxygen; 6 = Hospitalized, severe disease: intubation and mechanical ventilation; 7 = Hospitalized, severe disease: 
ventilation plus additional organ support; 8 = Death.

(a)

(b)

(c)
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Exploratory outcome

In the subgroup with high IFN-GS scores at baseline, 
the KM-estimated cumulative recovery rates up to Day 
14 were numerically higher for patients who received 

enpatoran (50 mg b.i.d. n = 11, 78.6% [95% CI 55.2, 94.8]; 
100 mg b.i.d. n = 15, 88.2% [95% CI 68.8, 98.0]) compared 
with those who received placebo (n = 8, 53.3% [95% CI 
31.1, 78.8]; Figure 4). This was consistent to Day 28, when 
recovery rates were 73.3% (p = 0.031) and 88.2% (p = 0.031) 

F I G U R E  4   Cumulative distribution function of time to recovery for patients with (a) high and (b) low interferon-gene signature 
(IFN-GS) scores at baseline. IFN-GS scores were evaluated at baseline using DxTerity's IFN-I Test. The cut-off for high and low IFN-GS 
was predefined based on expression profiles in previous studies (data on file). Time to recovery was defined as the time from Day 1 to first 
occurrence of WHO 9-point ordinal scale of ≤3. In the subgroup with high IFN-GS, the cumulative recovery rates were higher for patients 
who received enpatoran compared to those who received placebo. From Day 1 through Day 28, recovery rates in the high IFN-GS group 
were 73.3% (n = 11/15; p = 0.031) and 88.2% (n = 15/17; p = 0.031) with enpatoran 50 mg b.i.d. and enpatoran 100 mg b.i.d., respectively, 
and 53.3% (n = 8/15) with placebo. In the subgroup with low IFN-GS, there was a lack of differentiation between placebo and enpatoran. 
From Day 1 through Day 28, recovery rates in the low IFN-GS group were 100% (n = 28/28; p = 0.236) and 91.3% (n = 21/23; p = 0.458) with 
enpatoran 50 mg b.i.d. and enpatoran 100 mg b.i.d., respectively, and 86.2% (n = 25/29) with placebo. Kaplan–Meier curves are shown. High 
IFN-GS score subgroup, N = 47; low IFN-GS score subgroup, N = 80. b.i.d., twice daily.
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with enpatoran 50 mg b.i.d. and enpatoran 100 mg b.i.d., 
respectively, and 53.3% with placebo.

Placebo-treated patients in the subgroup with low 
IFN-GS scores at baseline had higher recovery rates at 
Day 28 (n = 25, 86.2%) than those in the high IFN-GS sub-
group, and there was a lack of differentiation between pla-
cebo and enpatoran (50 mg b.i.d. n = 28, 100%, p = 0.236; 
100 mg b.i.d. n = 21, 91.3%, p = 0.458).

Biomarkers

Serum concentrations of inflammatory biomarkers 
were assessed from baseline to Day 28 (Figure S2). The 
baseline concentrations of CRP (median [Q1–Q3]: 30.04 
[11.40–98.02] mg/L), ferritin (993 [496–1636] μg/L) and 
D-dimer (0.62 [0.39–1.01] mg/L) were above normal 
levels and were variable but similar across the treat-
ment groups. Mean levels of CRP and ferritin decreased 
from baseline to Day 28 in all treatment groups, with no 
discernable differences across groups. The levels of D-
dimer were highly variable with no apparent meaning-
ful change over time.

Pharmacokinetics

Mean plasma enpatoran concentration profiles, based on 
sparsely collected PK samples, increased with increasing 
dose (Figure  S3). Mean enpatoran exposure (Cmax and 
Ctrough) appeared to be dose-proportional. Comparable 
Cmax (42.1 and 44.0 ng/mL with 50 mg b.i.d.) and Ctrough 
(14.6 and 16.4 ng/mL) were observed on Days 3 and 7 after 
multiple b.i.d. enpatoran dosing (Table  S3), indicating 
that enpatoran PK steady state was achieved as early as 
Day 3, which is consistent with the half-life of 7–12 h dem-
onstrated previously.14

DISCUSSION

The primary goal of this randomized, exploratory trial was 
to investigate the safety profile of enpatoran in patients 
hospitalized with COVID-19 pneumonia. In this popula-
tion, enpatoran up to 100 mg b.i.d. for 14 days was well 
tolerated, while enpatoran exposure and PK parameters 
were generally consistent with those observed in healthy 
participants.14 Trends in clinical improvement were also 
evaluated. Although the primary efficacy end point was 
not met as the time to recovery (classed as no longer re-
quiring oxygen therapy) was not improved with enpa-
toran compared with placebo, trends towards improved 
outcomes in some secondary efficacy end points were 

observed, including decreased time to worsening of symp-
toms with enpatoran versus placebo.

The study was conducted during the early phase of 
the COVID-19 pandemic, when the pre-delta and delta 
variants were prevalent in participating countries and 
the treatment landscape was rapidly evolving.23 The im-
pact of enpatoran treatment on subsequent SARS-CoV-2 
variants, which differ in the levels/severity of hyper-
inflammation and the predominant area of respiratory 
system infection, were not evaluated. Placebo-treated 
patients recovered on average within 3.4 days, which 
was faster than originally anticipated in this study, and 
the 10 days observed in the remdesivir COVID-19 trial,21 
supporting the decision to change the primary efficacy 
end point during the study. This may have been due to 
the enrollment of younger patients who had fewer co-
morbidities than in similar COVID-19 trials,21,24,25 as 
well as improvements in SoC including the high (89%) 
use of corticosteroids following the RECOVERY trial re-
sults, may have contributed to the faster than expected 
recovery rates in this study.26 In addition, the patients 
presented late in their disease course (mean time since 
symptom onset was 10 days).

TLR7/8 are a key part of the first line of defense against 
viral infections, including the detection and clearance of 
SARS-CoV-2. TLR7 recognizes SARS-CoV-2 in the respi-
ratory tract and initiates the early immune response (type 
I IFN) that could halt development of severe disease.27 
In addition, loss-of-function TLR7 mutations have been 
identified that are associated with severe disease in young, 
previously healthy men.28 TLR7 and TLR8 have essential, 
non-redundant roles in the immune response to ssRNA 
from viruses and their activation results in the production 
of proinflammatory cytokines, including IFN-α, IL-6, and 
TNF-α.7,13,29

Given the protective roles of TLR7/8 in the viral re-
sponse phase of COVID-19 infection, the timing of dosing 
with a TLR7/8 inhibitor should halt progression to the host 
inflammatory phase and severe immunopathology with-
out compromising viral clearance. Therefore, patients with 
abnormal chest imaging who were expected to be in the 
pulmonary phase of COVID-19 infection were selected. 
The patients had begun to progress to a hyperinflamma-
tory state, as demonstrated by high CRP, D-dimer, and 
ferritin levels, and TLR7/8 inhibition did not exacerbate 
COVID-19 pneumonia, suggesting that enpatoran did not 
impact viral clearance, or increase the risk of development 
of other infections. Further, there was some evidence that 
TLR7/8 inhibition provided measurable treatment effects, 
particularly with the highest enpatoran dose tested. A nu-
merical trend towards decreased likelihood of clinical dete-
rioration was observed in the overall study population, and 
the time to recovery was numerically improved in patients 
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with high IFN-GS scores at baseline; a biomarker associ-
ated with certain autoimmune disorders including lupus.30

This study has several limitations: (i) the number of 
patients was relatively small (particularly the IFN-GS 
subgroups), although the study was powered to show an 
effect on the primary outcome; (ii) SoC differed across 
hospital sites but this was not found to impact the results; 
and (iii) anti-SARS-CoV-2 antibody titers were not mea-
sured at study entry or prospectively, which may have pro-
vided greater insight into patients' immune responses and 
treatment outcomes. The patients recovered quickly on 
average, therefore, the results are not generalizable to all 
populations of hospitalized patients. All statistical analy-
ses were considered exploratory and there was no adjust-
ment for multiplicity.

CONCLUSIONS

ANEMONE was the first trial to evaluate the safety and 
efficacy of a TLR7/8 inhibitor in an infectious disease. 
Enpatoran treatment up to 100 mg b.i.d. for 14 days was 
well tolerated by hospitalized patients acutely ill with 
COVID-19 pneumonia and although the primary effi-
cacy end point was not met, potential beneficial effects 
on prevention of disease progression were observed, 
supporting further evaluation of enpatoran in patients 
with hyperinflammation due to infection or autoim-
munity. The results do not raise any safety concerns that 
treatment with enpatoran might put patients at higher 
risk of adverse effects, including worsening of COVID-
19 pneumonia.
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