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Abstract

MAS825, a bispecific IL-16/Il-18 monoclonal antibody, could improve clinical outcomes in COVID-19 pneumonia by reducing inflammasome-
mediated inflammation. Hospitalized non-ventilated patients with COVID-19 pneumonia (n = 138) were randomized (1:1) to receive MAS825 (10
mg/kg single i.v.) or placebo in addition to standard of care (SoC). The primary endpoint was the composite Acute Physiology and Chronic Health
Evaluation Il (APACHE II) score on Day 15 or on the day of discharge (whichever was earlier) with worst-case imputation for death. Other study
endpoints included safety, C-reactive protein (CRP), SARS-CoV-2 presence, and inflammatory markers. On Day 15, the APACHE Il score was 14.5
+ 1.87 and 13.5 + 1.8 in the MAS825 and placebo groups, respectively (P = 0.33). MAS825 + SoC led to 33% relative reduction in intensive care
unit (ICU) admissions, ~1 day reduction in ICU stay, reduction in mean duration of oxygen support (13.5 versus 14.3 days), and earlier clearance
of virus on Day 15 versus placebo + SoC group. On Day 15, compared with placebo group, patients treated with MAS825 + SoC showed a 51%
decrease in CRP levels, 42% lower I1-6 levels, 19% decrease in neutrophil levels, and 16% lower interferon-y levels, indicative of Il-1p and IL-18
pathway engagement. MAS825 + SoC did not improve APACHE Il score in hospitalized patients with severe COVID-19 pneumonia; however, it
inhibited relevant clinical and inflammatory pathway biomarkers and resulted in faster virus clearance versus placebo + SoC. MAS825 used in
conjunction with SoC was well tolerated. None of the adverse events (AEs) or serious AEs were treatment-related.
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Abbreviations: AE: adverse event; APACHE II: Acute Physiology and Chronic Health Evaluation Il; CRP: C-reactive protein; CT: computed tomography; ECG:
electrocardiogram; FiOZ: fraction of inspired oxygen; ICU: intensive care unit; LLOQ: lower limit of quantification; mAbs: monoclonal antibodies; MMRM: mixed-
effect repeated measures; Pa0,: partial pressure of oxygen; SAEs: serious adverse events; SAPS II: Simplified Acute Physiology Score II; SARS-CoV-2: severe
acute respiratory syndrome coronavirus 2; SoC: standard of care; SOFA: Sequential Organ Failure Assessment; Sp0,: peripheral inspired oxygen; ULOQ: upper

limit of quantification.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection was first reported in December 2019 from
the Wuhan province in China and rapidly spread worldwide,
resulting in a global pandemic infecting hundreds of mil-
lions of people leading to premature deaths, a heavy disease
burden on healthcare systems and the society in general [1].
SARS-CoV-2 infection may present with a range of clin-
ical symptoms; however, patients with mild illness are often
asymptomatic or have minimal symptoms affecting the upper
respiratory tract, such as fever, cough, sore throat, and loss of
taste and smell which are usually self-limiting. In severe cases,
patients may require hospitalization for respiratory support,
and approximately one-third of hospitalized patients develop
pneumonia and pulmonary fibrosis, ultimately resulting in re-
spiratory failure and death [2—4].

Current evidence suggests that a dysregulated host im-
mune response to SARS-CoV-2 may play a significant
role in the pathogenesis and subsequent development of a
hyperinflammatory syndrome [5]. Several studies suggest that
SARS-CoV-2 directly or indirectly activates inflammasomes
(large multiprotein cytosolic assemblies) in response to an
infection, resulting in the secretion of pivotal inflammasome
effector cytokine mediators such as IL-1f3 and IL-18 [6-8].
Although IL-1f3 and IL-18 may be potentially protective in
the early phase of infection, they can become detrimental in
later phases by causing tissue injury due to a dysregulated
hyperinflammatory response [9]. The NLRP3 inflammasome
contributes to the hyperinflammatory response by driving the
secretion and activation of the IL-1p and IL-18, which pro-
mote the release of additional downstream proinflammatory
cytokines, including IL-6 and IFN-y [6-8] in severe pulmonary
and end-organ damage in patients with severe COVID-19.
Further release of downstream cytokines and subsequent im-
mune cell recruitment may amplify the immune response via

positive feedback loops, culminating in a hyperinflammatory
microenvironment associated with severe disease [6]. Lung
infiltration and activation of pro-inflammatory myeloid cells
such as monocytes, macrophages, and neutrophils are also
thought to play a key role in the hyperinflammatory syndrome
observed in severe cases of COVID-19 [10-14].

The standard of care (SoC) for the management of COVID-
19 is continuously evolving and includes high-dose cortico-
steroids, antivirals, and anticoagulants [3], the same was used
during this study. Considering the emerging role of the NLRP3
inflammasome in the progression of COVID-19 pathogenesis,
IL-1B, and IL-18 neutralization was considered a potential
therapeutic option that could be evaluated in this clinical study.

MASS825 is a novel bispecific antibody that combines the
anti-IL-1 and anti-IL-18 monoclonal antibodies (mAbs)
inhibition domains in a single bispecific high-affinity cyto-
kine capture molecule. By simultaneously targeting and neu-
tralizing the key inflammasome effectors, IL-1f3 and IL-18,
MAS825 may potentially have superior clinical efficacy via
more effective downmodulation of the cytokine-mediated
inflammasome cascade in inflammatory diseases. The purpose
of this study was to evaluate the efficacy and safety of MAS825
in addition to the current SoC (MAS825+SoC) compared with
placebo and SoC (placebo+SoC) in controlling the inflamma-
tory response in hospitalized patients presenting with COVID-
19 pneumonia and impaired respiratory function.

Materials and methods

Study design

The MAS-COVID study was a Phase 2, randomized, placebo-
controlled, double-blind, multicenter study to assess the
efficacy and safety of MAS825 in conjunction with SoC
for the treatment of SARS-CoV-2-infected patients with
COVID-19 pneumonia and impaired respiratory function

128-day, 5-stage stratified, Phase 2, randomized, placebo-controlled, double-blind study

Screening period Treatment period*
MAS825 (10 mg/kg)
+ SoC
Single i.v. infusion
(n=68)

Placebo + SoC
Single i.v. infusion
(n=70)

Randomization 1:1

Post-treatment
follow-up period

Safety follow-up
period/EoS

Safety follow-up
period

Day-1to1

Figure 1. Study design. *Endpoint calculated on the day of discharge for patients discharged prior to Day 15. EoS: end of study; SoC: standard of care.

Assessments every
second day during
hospitalization up to
Day 15

Day 2 to Day 15

Assessments every
2 days for hospitalized
patients

Phone call at Day 29 if
the patient is discharged

Day 16 to Day 29

Day 45

Day 127
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(NCT04382651). The study consisted of five stages spanning
a total of 127 days (Fig. 1).

Participants

Eligible participants included patients with clinically diagnosed
SARS-CoV-2, aged >18 years at screening, hospitalized with
COVID-19-induced pneumonia as evidenced by chest X-ray,
computed tomography (CT) scan, or magnetic resonance (MR)
scan (taken within 5 days prior to randomization). Included
patients also had impaired respiratory function, defined as
peripheral oxygen saturation (SpO,) <93% on room air or
partial pressure of oxygen (PaO,)/fraction of inspired oxygen
(FiO,) <300 mmHg at the time of screening. Additional inclu-
sion criteria included an Acute Physiology and Chronic Health
Evaluation (APACHE) II score of 210 and C-reactive protein
(CRP) 220 mg/l or ferritin level 2600 pg/l. Key exclusion cri-
teria included suspected active or chronic bacterial (including
Mycobacterium tuberculosis), fungal, viral, or other infection
(besides SARS-CoV-2); imminent and inevitable progression
to death within the next 24 h in the opinion of the investi-
gator; intubation prior to randomization; and treatment with
anti-rejection and immunomodulatory drugs within the past
2 weeks, or within the past 30 days or five half-lives (which-
ever is longer for immunomodulatory therapeutic antibodies
or prohibited drugs with the exception of antiviral therapies
or corticosteroids). For COVID-19 infection, ongoing cortico-
steroid treatment was permitted at doses per local SoC and for
non-COVID-19 disorders, ongoing corticosteroid treatment
was permitted at doses up to and including prednisolone 10
mg daily or equivalent. The complete inclusion and exclusion
criteria are listed in Supplementary Table S1.

Randomization and blinding

Eligible patients were randomized in a 1:1 ratio to receive
a single i.v. infusion of MAS825 10 mg/kg or matching pla-
cebo in addition to SoC on Day 2 and were assessed until
Day 15 and followed up until Day 29 (safety follow-up until
Day 127). Patients were randomized within a maximum of
24 h after screening. Randomization was stratified by age
(€65 and >65 years), administration of any anti-viral therapy
(e.g. hydroxychloroquine, chloroquine, convalescent plasma,
remdesivir, favipiravir, ritonavir, and lopinavir) as SoC, and
presence of any of the following comorbidities: diabetes,
hypertension, cardiovascular disease, or chronic lung disease.
Participants, investigator staff, persons performing the as-
sessments, and the clinical trial team remained blinded to the
identity of the treatment from the time of randomization until
the end-of-study visit.

Assessments

Study assessments were conducted every 2 days for hospital-
ized patients. After completion of the treatment period (Day
15), patients were observed until Day 29 or until the day of
discharge from the hospital, whichever was sooner. If a pa-
tient was discharged from the hospital prior to Day 15, as-
sessments on the day of discharge were performed according
to the schedule listed under Day 15, and the patient was in-
structed to return to the site for the Day 15 assessment or was
visited at home by a home health nurse for the Day 15 assess-
ment. For patients who were discharged from the hospital
prior to Day 29, a telephone call was conducted on Day 29. A
safety follow-up visit was conducted on Day 45 if the patient
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was still hospitalized. For patients who were discharged from
the hospital prior to Day 43, a study visit was conducted by
telephone on Day 45. An end-of-study safety follow-up visit
was conducted on Day 127 if the patient was hospitalized.
For patients who were discharged from the hospital prior to
Day 127, a study visit was conducted by telephone on Day
127.

Outcomes

The primary endpoint of the study was the change in the
APACHE 1I score on Day 15 or on the day of discharge
(whichever was earlier) in the MAS825 + SoC group com-
pared with the placebo + SoC group. Secondary endpoints
included serum CRP and ferritin levels (to determine the ef-
fect on inflammatory status); survival without the need for
invasive mechanical ventilation on Day 15 and Day 29; at
least one-level improvement in clinical status on Day 15 and
Day 29; clinical status over time; number of participants with
adverse events (AEs), serious adverse events (SAEs), and clin-
ically significant changes in laboratory results and vital signs
(safety). Key exploratory endpoints included the presence
of SARS-CoV-2 virus after treatment measured using poly-
merase chain reaction; mortality rate and hospital outcomes
up to Day 29; change in clinical scores such as Sequential
Organ Failure Assessment (SOFA) score that determined the
extent of organ function and Simplified Acute Physiology
Score IT (SAPS 1I) that determined severity of disease; and
measurement of IL-1f and IL-18 pathway biomarker inhib-
ition such as IL-6, IFN-y and neutrophils known to be linked
to inflammation and disease. For the complete list of explora-
tory endpoints, please refer to Supplementary Table S2.

Statistical analysis

The primary endpoint was evaluated by an analysis of covari-
ance (ANCOVA) model including treatment group and the
three stratification groups (age group, administration of any
anti-viral therapy at baseline, and presence of comorbidities
>1) as factors and baseline APACHE II score as a covariate.
The mean differences of MAS825 in addition to SoC vs. pla-
cebo in addition to SoC were reported with a 90% confidence
interval (CI) and one-sided P value for the overall treatment
was reported. To establish clinical efficacy based on APACHE
I scores, a prior sample size of 60 patients per treatment
group provided an 80% power when tested on a 10% one-
sided alpha level under the assumption that MAS825 in add-
ition to SoC reduces the APACHE II score by 3.6 points more
than placebo. The primary estimate was based on this score
to provide a comprehensive structured assessment of the
clinical, physiological, and laboratory parameters that have
been routinely employed by physicians to access the overall
clinical status of COVID-19 patients with pneumonia and re-
spiratory failure [15]. The safety analysis set included all ran-
domized patients who had received any study drug and was
used for the analysis of the primary and secondary endpoints.
For the secondary endpoints, descriptive statistics (mean,
standard deviation [SD], median, minimum, and maximum)
were provided for numeric or continuous variables, while
frequency distributions (with number and percentage) were
provided for categorical variables. Safety summaries (tables
and figures) included only data from the on-treatment period
except for baseline data, which were summarized where ap-
propriate (e.g. change from baseline summaries). The number
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Randomized (n = 140 |

Treatment administered (n = 138)

(Two subjects who were randomized were not treated due to
subject decision and death before treatment administration)

!

MAS825 (single i.v. infusion of
10 mg/kg) + SoC (n = 68)

Discharged prior to Day 15 (n = 29)
Completed study until Day 15 (n = 52)
Discharged prior to Day 29 (n = 41)
Primary reason for discontinuation

— Death (n = 26)

— Subject decision (n = 1)

Figure 2. CONSORT flowchart of patient disposition. SoC: standard of care.

(and percentage) of participants with treatment-emergent
AEs (defined as events that started after the first dose of study
medication or events present prior to the start of randomized
treatment but that increased in severity based on preferred
term) were summarized by treatment, primary system organ
class and preferred term and by treatment, primary system
organ class, preferred term, and maximum severity. For other
data points, such as vital signs, electrocardiogram (ECG) re-
sults, and clinical laboratory evaluations, data were listed by
treatment group, patient, and visit/ time and summary stat-
istics were provided. Data were listed by treatment group,
summary statistics, and graphical summaries were provided,
and the number of values outside the limits of quantification
were reported in each table. Biomarker data (CRP, IL-6, neu-
trophils, and IFN-y) were reported as concentration results
defined by lower limit of quantification (LLOQ) and upper
limit of quantification (ULOQ). Values that fell below the
LLOQ and ULOQ were reported as <LLOQ * dilution factor.
Parameters with values below the LLOQ were imputed as
LLOQ/2 and values above the ULOQ are imputed as ULOQ.
Biomarker endpoints were assumed to follow a log-normal
distribution. The log-transformed data were analyzed by
fitting a mixed-effect repeated measures (MMRM) model.
The model included treatment, visit, and their interaction as
well as three stratification factors as fixed factors and log-
transformed baseline parameter as a covariate.

Study approval

The study was designed, executed, and reported in accord-
ance with the International Conference on Harmonisation
(ICH) E6 guideline for Good Clinical Practice (GCP), applic-
able local regulations, and the ethical principles laid down
in the Declaration of Helsinki. Before participation, signed
informed consent was obtained by a patient capable of giving
consent or his or her legal/authorized representative.

Results

Patient disposition and baseline demographics

This study was conducted across 21 sites in the USA between
June 11,2020, and April 24,2021, and included 138 subjects;

l

Matching placebo + SoC (n =70)

Discharged prior to Day 15 (n = 31)
Completed study until Day 15 (n = 58)
Discharged prior to Day 29 (n = 42)
Primary reason for discontinuation

— Death (n =23)

— Subject decision (n = 0)

68% (n = 95) of the patients completed the study until Day
29, approximately 43% of the participants were discharged
from the hospital until Day 15, and 59% of the participants
were discharged by Day 29 (Fig. 2).

The mean age of participants in the MAS825 + SoC
group was slightly higher than that in the placebo group
(65.3 versus 63.8 years). The MAS825 + SoC group also
had poorer respiratory status (with one patient requiring
mechanical ventilation, greater use of non-invasive venti-
lation, and higher flow oxygen at baseline) compared with
the placebo + SoC group. At baseline, 37 patients required
high-flow oxygen in the MAS825 + SoC arm compared with
34 in the placebo + SoC arm (54.4% versus 48.6%). Both
groups had a high presence of comorbidities with hyper-
tension and diabetes being the most common (Table 1). A
slightly lower proportion of participants in the MAS825 +
SoC arm received daily high-dose dexamethasone equiva-
lent doses of >12 mg (10.3% versus 15.7%), and a higher
proportion of participants received daily dexamethasone
equivalent at lower doses of 6 to <12 mg (75% versus
62.9%) compared with the placebo + SoC arm. Similarly,
concomitant therapies to treat COVID-19 were adminis-
tered less to the MAS825 + SoC arm compared with the
placebo + SoC arm, with less use of anti-viral medications
(55.9% versus 65.7%), anti-coagulation therapies (70.6%
versus 84.3%), and anti-infective therapies in the MAS825
+ SoC arm (50.0% versus 61.4%).

Primary efficacy outcomes

In safety analysis set, patients receiving MAS825 + SoC or
placebo + SoC did not show a significant difference in their
primary endpoint, composite APACHE 1II scores at Day 15 or
on day of discharge (whichever was earlier) with worst-case
imputation for death (adjusted LSM = SE: 14.5 = 1.87 versus
13.5 = 1.8; LSM difference, 0.98, 90% CI -2.7 to 4.7; P =
0.33). The APACHE II score (range 0-71), a widely used ICU
prognostic scoring model, has been shown to be an accurate
measurement of patient severity and correlates strongly with
the outcome in critical patients [15]. A mixed-effects repeated
measures analysis of APACHE II scores over time showed a
decrease from baseline to Day 15 in both MAS825 + SoC
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Table 1. Baseline characteristics
Characteristic MASS825 Placebo + SoC Total

(10 mg/kg) + (n =70) (N = 138)

SoC
(n = 68)

Age (years) 65.3 +12.54 63.8 +12.97 64.6 =12.74
BMI (kg/m?) 31.2+6.53 30.8 £ 6.53 31.0 £ 6.51
Male, 7 (%) 38 (55.9) 47 (67.1) 85 (61.6)
Days from symptom onset to randomization 9.5 +4.84 10.3 = 4.69 9.9 +4.76
Days from diagnosis to randomization 3.6 £3.25 3.5+3.21 3.6 +3.22
Days from hospital admission to randomization 3.4 +4.97 2.5+2.74 3.0 +4.01
Presence of comorbidities, n (%)
Any comorbidities 59 (86.8) 63 (90.0) 122 (88.4)
Cerebrovascular disorder 2(2.9) 4(5.7) 6 (4.3)
Cardiac disorder 11 (16.2) 8(11.4) 19 (13.8)
Hypertension 51(75.0) 58 (82.9) 109 (79.0)
Chronic kidney disease 6 (8.8) 6 (8.6) 12 (8.7)
Neoplasm malignant 5(7.4) 5(7.1) 10 (7.2)
Diabetes 27 (39.7) 37 (52.9) 64 (46.4)
Chronic lung disease 12 (17.6) 10 (14.3) 22 (15.9)
APACHE II scores (mean = SD) 11.2 = 3.06 11.5 £ 3.79 11.4 = 3.44
Leucocyte level (10°/L) 9.8 +4.51 9.5 +4.44 9.7 = 4.47
CRP (mg/L) 118.8 = 80.36 143.4 = 137.81 131.1 = 113.06

Ferritin (pg/L)

Oxygen support, 72 (%)

Any baseline oxygen support

Low-flow nasal oxygen

Oxygen via face mask

High-flow nasal oxygen

Non-invasive ventilation

Mechanical ventilation

Clinical status (9-point ordinal scale), n (%)

Hospitalized: no oxygen

Hospitalized: oxygen mask/nasal prongs

Hospitalized: non-invasive ventilation/high-flow oxygen

Use of corticosteroids at randomization, n (%)

Any corticosteroids

>20 mg

Anti-viral treatment (prior therapy) at randomization, 7 (%)
Anti-coagulant treatment (prior therapy) at randomization, 7 (%)

Anti-infective treatment (prior therapy) at randomization, 7 (%)

1134.6 = 945.10

1069.2 = 918.88

1101.7 = 929.13

68 (100.0) 69 (98.6) 137 (99.3)
10 (14.7) 16 (22.9) 26 (18.8)
2(2.9) 4(5.7) 6 (4.3)
37 (54.4) 34 (48.6) 71 (51.4)
18 (26.5) 15 (21.4) 33 (23.9)
1(1.5) 0 1(0.7)

0 1(1.4) 1(0.7)
12 (17.6) 19 (27.1) 31 (22.5)
56 (82.4) 50 (71.4) 106 (76.8)
61 (89.7) 59 (84.3) 120 (87.0)
61 (89.7) 59 (84.3) 120 (87.0)
49 (72.1) 54 (77.1) 103 (74.6)
60 (88.2) 60 (85.7) 120 (87.0)
26 (38.2) 33 (47.1) 59 (42.8)

Data are presented as mean = SD unless specified otherwise.

Abbreviations: APACHE: Acute Physiology and Chronic Health Evaluation II; BMI: body mass index; CRP: C-reactive protein; SoC: standard of care.

and placebo + SoC treatment arms. The mean APACHE II
scores up to Day 15 are presented in Fig. 3. When the treat-
ment effects were adjusted for baseline respiratory support,
it was evident that there was a greater reduction in APACHE
II scores in patients requiring more intensive respiratory sup-
port (Supplementary Fig. S1).

Other assessments

Categorical changes in clinical status (i.e. “worsening,” “no
change,” and “improvement”) showed that about half of the
participants were improving and thus discharged at Day 15 in
both the arms (50% in the MAS825 + SoC arm versus 52.9%
in the placebo + SoC arm), and this percentage increased to

57.4% after 4 weeks in the MAS825 + SoC arm versus 61.4%
in placebo + SoC arm with no evidence of a treatment effect.
No treatment differences were observed in the SOFA score
and in the SAPS II score.

Hospital outcomes were also assessed and a reduction
in ICU admission by up to 33% in the MAS825 + SoC
arm (21.1% ICU admission) compared to the placebo +
SoC arm (29.3% ICU admission) was observed on Day 29
(Supplementary Fig. S2). In addition, the mean duration of
ICU stay was lower by approximately a day in MAS825 +
SoC arm versus placebo + SoC arm, i.e. 10.8 days versus
11.8 days, respectively. The mean duration of oxygen support
in participants (general and ICU care) was 13.5 days in the
MAS825 + SoC arm, whereas it was 14.3 days in the placebo
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+ SoC arm (Fig. 4). A higher percentage of patients receiving
MASS825 achieved SARS-CoV-2 virus clearance compared
with those receiving placebo (SARS-CoV-2 positive at Day 8:
60.7% versus 85.3%, Day 15: 52% versus 79.2%, respect-
ively) (Supplementary Table S3).

The mean CRP levels decreased over time in both treatment
arms compared to baseline. There was a 51% decrease ([1 -
Geometric mean ratio] * 100 i.e. [1 - 0.49] * 100 = 51%) in
the MAS825 + SoC arm compared to the placebo + SoC arm
on Day 15 (5.7 mg/L versus 11.6 mg/L) with normalization
of the mean CRP in the MAS82S5 treated patient group only
(<10 mg/L) (Fig. 5; Supplementary Table S4).

There was a reduction in IL-1f3 pathway biomarkers with
mean IL-6 levels and neutrophil counts decreasing over
time in both the arms during the study (Fig. 6A and C).

APACHE Il score
1

T T T
0 8 15

Time since treatment (days)

‘ + MASB25 10 mg/kg i.v. + SoC (n = €8) o Placebo + SoC (n = 70) |

Figure 3. APACHE Il scores up to Day 15 (safety analysis set). Data
presented as mean + SE. APACHE Il scores are modeled using a
mixed-effects model with treatment, visit, stratification factors, visit *
treatment, and visit * stratification factors as fixed effects and baseline
score and visit * baseline as continuous covariates. Stratification factors
were age group (<65 years, >65 years), administration of any anti-viral
therapy (yes/no), and presence of comorbidities >1 (yes/no). One-
sided P-value for the overall treatment factor is P = 0.373. The safety
analysis set included all randomized patients who received any study
drug. APACHE II: Acute Physiology and Chronic Health Evaluation II; i.v.:
intravenous; SoC: standard of care.
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Approximately 42% ([1 - 0.58] * 100 = 42%) lower mean
IL-6 levels were observed with MAS825 + SoC versus placebo
+ SoC on Day 8 (2.99 pg/ml versus 5.15 pg/ml) and on Day
15 (2.88 pg/ml versus 5.00 pg/ml). Similarly, 19% ((1 - 0.81)
* 100 = 19%) lower mean neutrophil levels were observed
in the MAS825 + SoC arm compared to the placebo + SoC
arm on Day 15 (Fig. 6C; Supplementary Table S4). In terms
of IL-18 pathway biomarkers, IFN-y levels were decreased in
both the arms during the study. In addition, 38% ([1 - 0.62]
* 100 = 38%) lower mean IFN-y levels were observed in the
MAS825 + SoC arm on Day 8 (3.12 pg/ml versus 5.01 pg/ml)
and 16% ([1 - 0.84] * 100 = 16%) lower on Day 15 (3.41 pg/
ml versus 4.07 pg/ml) compared to placebo + SoC arm (Fig.
6B; Supplementary Table S4).

Other inflammatory markers, including IL-8, IL-10, IP-10,
TNF-a, and IL-2RA levels, were similar in both treatment
groups with the mean values of 65.34 pg/ml, 1.17 pg/ml,
746.42 pg/ml, 2.20 pg/ml, and 3508.62 pg/ml, respectively,
for the MAS825 + SoC group and 52.58 pg/ml, 0.74 pg/ml,
636.53 pg/ml, 2.27 pg/ml,and 3169.02 pg/ml, respectively, for
the placebo + SoC group at Day 15. Other cellular and liquid
inflammatory, coagulation, and cardiac biomarkers such as
ferritin, D-dimers, lactate dehydrogenase, and troponin were
similar in both treatment groups with mean values of 502.90
ng/l, 1.6227 mg/l, 309.9301 U/l, and 0.0134 ng/l, respectively,
for MAS825 and 504.20 pg/l, 1.5829 mg/1,280.1892 U/l, and
0.0070 pg/l, respectively, for the placebo group, at Day 135.

Safety

The total number of AEs reported in the MAS825 + SoC
group was lower than that in the placebo group (61.8% [n
=42] versus 75.7% [n = 53]), with slightly more SAEs in the
MASS825 + SoC group [45.6% [n = 31] versus 40.0% [n =
28]). Fatal events up to Day 29 were 30.9% (n = 21) in the
MAS825 + SoC arm versus 27.1% (7 = 19) in the placebo
+ SoC arm. In both arms, most deaths were reported in the
context of progressive worsening of the underlying COVID-
19 infection. In addition, no AEs or SAEs were related to
MASS8235, as reported by the blinded investigators in this
COVID-19 population (Table 2). Overall, the most frequent

Duration (days) Treatment

Duration of hospitalization MAS825 10 mg/kg i.v. + SoC

Duration of hospitalization Placebo + SoC

Duration of ICU MAS825 10 mg/kg i.v. + SoC

Duration of ICU Placebo + SoC
Duration of oxygen support MAS825 10 mg/kg i.v. + SeC

Duration of oxygen support Placebo + SoC

Mean
Mean duration (+ SE) n (SE) Median
—_— 68 13.1(0.95)12
—e— 70 13.5(0.97) 12
_— 38 10.8(1.07)9
—a— 41 11.8(1.3)10
_— 68 13.5(1.05)12

—— 70 14.3(1.03)12.5

Duration of mechanical ventilation MAS825 10 mg/kg i.v. + SoC = 11 9.5(2.26)7
Duration of mechanical ventilation Placebo + SoC —_—— 16 9.4 (2)7

I T I T I

5 8 11 14 17

Duration (days)

Figure 4. Forest plot of in-hospital outcomes in patients receiving MAS825 versus placebo at Day 29. ICU: intensive care unit; i.v.: intravenous; SE:

standard error; SoC: standard of care.
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Figure 5. CRP levels in patients receiving MAS825 + SoC versus
placebo during the treatment period (PD analysis set). Data presented
as estimated geometric mean ratio to baseline in CRP + SE. Log-
transformed CRP data is modeled using MMRM model with treatment,
visit, stratification factors, visit * treatment and visit * stratification
factors as fixed effects and log-transformed baseline score and visit *
log-transformed baseline score as a continuous covariate. Stratification
factors = age group, administration of any anti-viral therapy, presence
of comorbidities. Results were back transformed to obtain adjusted
geo-mean, geo-mean ratio, and 90% CI. CRP: C-reactive protein; i.v.:
intravenous; MMRM: mixed-effect repeated measures; SoC: standard of
care.

SAEs (reported in >5% of patients) in any of the treatment
groups by primary system organ class included respiratory,
thoracic, and mediastinal disorders (7 = 39, 28.3%), infec-
tions and infestations (7 = 15, 10.9%), cardiac disorders (n
=11, 8.0%), and renal and urinary disorders (1 = 9, 6.5%).
No unexpected fatal events or SAEs were reported in the
MASS825 or placebo group, with respiratory failure being the
most common fatal event (z = 9, 6.5%) (Table 3). Based on
the safety data, MAS825 at 10 mg/kg i.v. was well tolerated
by patients with COVID-19 respiratory failure and inflam-
mation.

Discussion

This Phase 2, randomized, double-blind, multicenter study
was conducted to evaluate the efficacy and safety of a novel
bispecific antibody that inhibits both IL-1f and IL-18 simul-
taneously in COVID-19-infected and COVID-19-hospitalized
patients. This study supports the assessment of preliminary
efficacy and safety of MAS825 in addition to SoC in the
critically ill COVID-19 population. The study did not meet
its primary endpoint of showing a significant difference in
APACHE 1I scores from baseline compared with placebo.
However, MAS825 reduced the levels of pro-inflammatory
cytokines (CRP, IL-6, and IFN-y) and neutrophil counts and
resulted in more rapid clearance of the SARS-CoV-2 virus,
which might have potentially resulted in lesser duration of
oxygen support, lower ICU admissions, and shorter stay in
ICU as compared with those in the placebo arm. MAS825
was well tolerated in patients with COVID-19 respiratory
failure and inflammation.

This study provides proof of concept for dual pathway en-
gagement of IL-1p and IL-18 by MAS82S5 in patients with
hyperinflammation. Patients treated with MAS8235 had lower
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IL-6 and neutrophil levels compared with placebo, indicative
of IL-1f pathway engagement. In parallel, there was evidence
of a sustained reduction in IFN-y levels, as compared with
placebo, providing evidence of IL-18 pathway engagement.
Despite the MAS-COVID study being adequately powered
for primary endpoints, the study was relatively small to de-
tect significant changes in all exploratory outcomes evaluated.
The observed promising reductions of key biomarkers war-
rant further investigation in a larger study.

The overall results from the MAS-COVID study are similar
to several small randomized controlled studies in hospital-
ized COVID-19 patients with tocilizumab or sarilumab (both
anti-IL-6 receptor mAbs) where despite pathway engagement,
reduction in CRP, and some improvement in clinical param-
eters, there was little impact on overall survival [16-18].
An overall benefit on mortality was observed only in much
larger studies in COVID-19 patients with more severe disease,
where both arms included high-dose steroid treatment, such
as the RECOVERY trial, which randomized 4116 patients
(1:1) with severe COVID-19 pneumonia and CRP >75 mg/l
to receive either tocilizumab + SoC or SoC alone [19]. This
suggests that despite the MAS-COVID study being a random-
ized, placebo-controlled that which was adequately powered,
the study was relatively small to detect an MAS825 treatment
effect. In addition, most of the clinical variables captured in
APACHE 11, such as system organ failure, kidney failure, and
parameters such as white blood cells, creatinine, sodium, po-
tassium, or arterial pH were not exacerbated in this popula-
tion. The variables mainly contributing to the change in the
APACHE 1I score were limited to oxygen support, respira-
tory rate, and temperature. Additionally, the optimal timing
of IL inhibition remains elusive. Inflammasomal modulation
may be more effective if initiated prior to recalcitrant end-
organ damage. Determining reliable clinical indicators of
an impending hyperinflammatory state and preventing the
resultant tissue damage may prove beneficial. Our analysis
did adjust for age but not for potential confounding factors
such as sex and type of respiratory support, due to the limited
sample size. Hence, the results should be interpreted with cau-
tion for a larger set of population.

Additional limitations of this study include the great
use of high-dose steroids, and concomitant therapies (e.g.
anti-infectives) in the placebo arm during the study; and the
poor respiratory status at baseline in the MAS825 arm which
may have contributed to lower observation of the MAS825
treatment effect. In addition, the researchers also faced
multiple challenges, such as the rapidly evolving treatment
landscape, the heterogenicity of the COVID-19 patient popu-
lation, and geographical spread of the disease in the United
States. Despite these challenges, this study provided evidence
that MAS825 may simultaneously engage the IL-1f and
IL-18 pathways and can reduce key markers of inflammation
and further studies are now underway to explore the poten-
tial role of MAS825 as a therapeutic option in diseases where
both IL-1f and IL-18 contribute to disease pathophysiology,
such as NLRC4-GOF (NCT04641442) and hidradenitis
suppurativa (NCT03827798).

Conclusion

The MAS-COVID study did not meet the primary efficacy
endpoint of an improvement in APACHE II score; however,
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Figure 6. Analysis of IL-6, neutrophils, and IFN-y in COVID-19 patients receiving MAS825 + SoC versus placebo during treatment period (PD

analysis set). Data presented as estimated geometric mean + SE. Biomarker data was reported as concentration results defined by the lower limit

of quantification (LLOQ) and upper limit of quantification (ULOQ). Values that fell below the LLOQ and ULOQ were reported as <LLOQ * dilution

factor. Parameters with values below the LLOQ are imputed as LLOQ/2 and values above the ULOQ are imputed as ULOQ. Biomarker parameters
were analyzed by MRMM. Log-transformed biomarker data is modeled using mixed-effects model with treatment, visit, stratification factors, visit *
treatment, and visit * stratification factors as fixed effects and log-transformed baseline score and visit * log-transformed baseline score as continuous
covariate. Stratification factors = age group, administration of any anti-viral therapy, presence of comorbidities. Results were back transformed to obtain
adjusted geometric mean, geometric mean ratio, and 90% Cl. COVID-19: coronavirus disease-19; IFN-y: interferon gamma; I1-6: interleukin-6; i.v.:
intravenous; MMRM: mixed-effect repeated measures; SoC: standard of care.

Table 2. Overall incidence of adverse events

MAS825 + SoC Placebo + SoC Total
(N = 68) (N = 70) (N=138)

nE nS (%) nE nS (%) nE nS (%)
AE, patients with AE 188 42 (61.8) 225 53(75.7) 413 95 (68.8)
Mild AE 54 28 (41.2) 102 33 (47.1) 156 61 (44.2)
Moderate AE 65 24 (35.3) 66 27 (38.6) 131 51(37.0)
Severe AE 69 31 (45.6) 57 29 (41.4) 126 60 (43.5)
Study-drug—related AE 0 0 2 2(2.9) 2 2(1.4)
Study-drug-related SAE 0 0 0 0 0 0
SAE 66 31 (45.6) 48 28 (40.0) 114 59 (42.8)
AE leading to discontinuation of study treatment 0 0 0 0 0 0
Study-drug-related AE leading to discontinuation of study treatment 0 0 0 0 0 0

Percentages are based on the number of subjects. Only treatment-emergent AEs, i.e. from the date of administration of study treatment to Day 127, are
considered.

Abbreviations: AE: adverse event; N: number of subjects studied; nE: number of AEs in the category; nS: number of subjects with at least one AE in the
category; SAE: serious adverse event; SoC: standard of care.
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Table 3. Serious AEs by system organ class and preferred term

Primary system organ class MAS825 Placebo Total
Preferred term + SoC +SoC N=138
N=68 N=70 n (%)
n (%) n (%)
Number of subjects with at least one AE 31 (45.6) 28 (40.0) 59 (42.8)
Blood and lymphatic system disorders 2(2.9) 0 2(1.4)
Pancytopenia 2(2.9) 0 2(1.4)
Cardiac disorders 4(5.9) 7 (10.0) 11(8.0)
Acute coronary syndrome 1(1.5) 0 1(0.7)
Atrial fibrillation 0 2(2.9) 2 (1.4)
Cardiac arrest 2(2.9) 3 (4.3) 5(3.6)
Cardiac failure acute 1(1.5) 0 1(0.7)
Cardiorespiratory arrest 0 2(2.9) 2(1.4)
Cardiogenic shock 1(1.5) 1(1.4) 2(1.4)
Myocarditis 1(1.5) 0 1(0.7)
General disorders 3 (4.4) 1(1.4) 4(2.9)
Hypothermia 1(1.5) 0 1(0.7)
Multiple organ dysfunction syndrome 2(2.9) 1(1.4) 3(2.2)
Infections and infestations 9(13.2) 6 (8.6) 15 (10.9)
COVID-19 2(2.9) 0 2 (1.4)
COVID-19 pneumonia 2 (2.9) 4(5.7) 6 (4.3)
Pneumonia 0 1(1.4) 1(0.7)
Sepsis 2(2.9) 1(1.4) 3(2.2)
Sepsis shock 3(4.4) 0 3(2.2)
Gastrointestinal disorders 0 1(1.4) 1(0.7)
Upper gastrointestinal hemorrhage 0 1(1.4) 1(0.7)
Investigations 1(1.5) 1(1.4) 2(1.4)
Alanine aminotransferase increased 1(1.5) 0 1(0.7)
Aspartate aminotransferase increased 1(1.5) 0 1(0.7)
Electrocardiogram QT prolonged 0 1(1.4) 1(0.7)
Metabolism and nutrition disorders 1(1.5) 1(1.4) 2 (1.4)
Hyperkalemia 0 1(1.4) 1(0.7)
Metabolic acidosis 1(1.5) 0 1(0.7)
Respiratory, thoracic, and mediastinal disorders 24 (35.3) 15 (21.4) 39 (28.3)
Acute respiratory distress syndrome 6(8.8) 0 6(4.3)
Acute respiratory failure 11 (16.2) 8 (11.4) 19 (13.8)
Hypoxia 5(7.4) 1(1.4) 6 (4.3)
Interstitial lung disease 0 1(1.4) 1(0.7)
Pneumomediastinum 1(1.5) 0 1(0.7)
Respiratory arrest 1(1.5) 0 1(0.7)
Respiratory failure 5(7.4) 5(7.1) 10 (7.2)
Vascular disorders 2(2.9) 4(5.7) 6 (4.3)
Distributive shock 1(1.5) 0 1(0.7)
Hypertension 0 1(1.4) 1(0.7)
Hypotension 1(1.5) 1(1.4) 2 (1.4)
Shock hemorrhagic 0 2(2.9) 2 (1.4)
Renal and urinary disorders 4(5.9) 5(7.1) 9 (6.5)
Acute kidney injury 3 (4.4) 4(5.7) 7(5.1)
Nephropathy 1(1.5) 0 1(0.7)
Renal failure 0 1(1.4) 1(0.7)
Nervous system failure 2(2.9) 3(4.3) 5(3.6)
Cerebrovascular accident 1(1.5) 2(2.9) 3(2.2)
Guillain-Barre syndrome 0 1(1.4) 1(0.7)

Abbreviations: AE: adverse event; COVID-19: coronavirus disease 2019; SAE: serious adverse events; SoC: standard of care.
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MASS825 used in conjunction with SoC inhibited relevant
cytokine pathways, with faster SARS-CoV-2 virus clear-
ance, and improved some clinical outcomes in patients with
COVID-19 pneumonia and impaired respiratory function
compared with placebo. MAS825 was well-tolerated and
none of the AEs/SAEs were drug-related SAEs.

Supplementary data

Supplementary data is available at Clinical and Experimental
Immunology online.
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