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Abstract

Background: Evidence-based therapies used to treat
coronavirus disease (COVID-19) remain limited. Azoximer
bromide (AZB; Polyoxidonium®) is an immunomodulating
molecule frequently used in the Russian Federation. It offers
demonstrable therapeutic benefit in upper respiratory tract
infections. This study evaluated the safety and efficacy of AZB
when used in combination with standard of care treatment in
patients hospitalized with COVID-19.

Methods: Hospitalized patients with COVID-19 (n=81;
nine sites) received AZB 12 mg intravenously once daily
for 3 days then intramuscularly every other day until
day 17. The primary endpoint included clinical status

at day 15 versus baseline. Historical control data of 100
patients from a randomized, controlled, open-label trial
conducted in China were included to serve as a direct
control group.

Results: Notable clinical improvement, assessed by
seven-point ordinal scale (OS) score and National Early
Warning Score, was observed. Mean duration of
hospitalization was 19.3 days. Indicators of pneumonia and
lung function showed gradual recovery to normalization.
No patients died but, by day 28, one patient still required
respiratory support; this patient died on day 34. A higher

proportion of patients receiving AZB required invasive or
non-invasive ventilation (OS 5 or 6) at baseline compared
with the historical control group. Improvement in mean OS
score by day 14/15 was not notable in the control group

(OS 3.99-3.87) but was clear in the AZB group (OS 4.36-2.90).
Mean duration of hospitalization was similar in the control
group (16.0 days); however, day 28 mortality was higher, at
25.0% (n=25).

Conclusion: AZB combined with standard of care was

safe and well tolerated. An apparent clinical improvement
could not be fully evaluated due to the lack of a direct
control group; further assessment of AZB for the treatment of
COVID-19 in a randomized, placebo-controlled study is
warranted.

Keywords: azoximer bromide, COVID-19, clinical improvement,
exploratory research, Polyoxidonium®.
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Introduction

The clinical presentation of coronavirus disease 2019 (COVID-19)
ranges from asymptomatic infection to fatal iliness and is
caused by the severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2). SARS-CoV-2 primarily targets the respiratory
system and can cause pneumonia and respiratory failure;
severe infection is associated with high rates of intensive care
admission.'— Cases of COVID-19 in the Russian Federation

have surpassed 4.7 million, with the death toll recently stated
to be over 180,000.*> While almost 200 candidate vaccines

are in development and several have been authorized for use,
evidence-based therapies are currently limited.® These include
remdesivir, a broad-spectrum antiviral shown to modestly
reduce time to recovery in hospitalized adults; dexamethasone,
an anti-inflammatory shown to reduce mortality in patients
requiring invasive mechanical ventilation; and tocilizumab, a
monoclonal antibody shown to improve survival in hospitalized
patients with hypoxia and systemic inflammation.”~® ‘Antiviral
antibody cocktails’ have also demonstrated capacity to reduce
viral load in non-hospitalized patients,'® while combination
therapy with the monoclonal antibodies bamlanivimab and
etesevimab has been shown to reduce viral load in outpatients
with mild-to-moderate disease.'®'" In addition, monoclonal
antibodies, such as casirivimab and imdevimab, have
contributed to the reduction of medical visits in patients with
COVID-19 through the successful in vitro activity of REGEN-COV
against current SARS-CoV-2 variants of concern."

Severe respiratory failure in patients with COVID-19

is associated with complex immune dysregulation or
macrophage activation'?; immune dysregulation, mediated
by overproduction of IL-6, compromises viral clearance.”
Rapid shedding of endogenous IL-6 receptor (IL-6R) occurs
during neutrophil pyroptosis, which affects trans-signalling
by augmenting the soluble IL-6R (sIL-6R)/IL-6 complex;

this stimulates endothelial cells and ultimately increases

the inflammatory response.'* IL-6 blocks dendritic cell

(DC) maturation, which can prevent induction of T cell
differentiation.”” The contribution of immune dysfunction

to the progression of COVID-19 highlights the requirement
for immunological interventions. Multiple randomized trials
indicate that systemic corticosteroid therapy improves clinical
outcomes and reduces mortality in hospitalized patients with
COVID-19 who require supplemental oxygen,'® presumably
by mitigating the COVID-19-induced systemic inflammatory
response that can lead to lung injury and multisystem organ
dysfunction. It is also suggested that, as in cases of SARS and
Middle-East respiratory syndrome (MERS), regulators and
modulators of the immune response, such as interferons, could
perhaps alleviate the pathogenesis of SARS-CoV-2."7-21

Azoximer bromide (AZB; Polyoxidonium®) is an
immunomodulator, macromolecular compound successfully
indicated as an effective agent for the treatment of infectious
and inflammatory diseases of viral, bacterial and fungal origin.
AZB is licensed in the Russian Federation, Commonwealth

of Independent States (both licensed in 1996) and Slovakia
(licensed in 2002) for the treatment of acute and chronic viral
and bacterial infections as well as for various other indications,
including immunodeficiencies (e.g. infection prophylaxis in
rheumatoid arthritis patients taking immunosuppressant
medications).?2 Azoximer bromide is generally well tolerated
with no major safety concerns. In vitro studies have shown
that AZB can induce T cell proliferation, increase natural killer
cell degranulation and increase immature DC expansion; in
addition, certain DC costimulatory molecules that function to
stimulate T cells proliferate following AZB administration.?*
After penetrating leukocytes by endocytosis, AZB localizes in
cytosolic endoplasmic vesicles, resulting in significant dose-
dependent increases in intracellular hydrogen peroxide.?
Hydrogen peroxide has a role in the activation of NF-kB, which
subsequently regulates the transcription of genes involved in
the inflammatory and immune responses, thereby coordinating
several facets of the immune system necessary for infection
resistance.?6?

There is a recognized need to find viable treatments

for COVID-19. Amongst other indications, including
immunodeficiencies, AZB has proven therapeutic benefits

in the treatment of upper respiratory tract infections. We
therefore conducted an open-label, multicentre study to
evaluate the safety and efficacy of AZB in addition to a complex
therapy in patients hospitalized with COVID-19.

Materials and methods
Study design

This was an open-label, multicentre study in patients
hospitalized due to COVID-19 conducted between March and
July 2020 (ClinicalTrials.gov Identifier: NCT04542226, registered
12 March 2020). The study was exploratory in nature and
therefore did not include a placebo group. Eight sites in the
Russian Federation and one site in the Republic of Belarus
took part. The study was conducted in compliance with the
International Council for Harmonisation harmonized tripartite
guideline regarding Good Clinical Practice and the principles
enshrined in the Declaration of Helsinki, the Medicines for
Human Use (Clinical Trials) Regulations 2004, as well as the
standards set out by the Research Governance Framework

and all local laws and regulations. The study was approved by
two Independent Ethical Committees (Ethics Committee LLC
‘PHARMNADZOR': REC Number 229, 09 April 2020; Local Ethical
Committee of the Grodno Regional Infectious Disease Clinical
Hospital, 14 April 2020 [patients enrolled in the Republic of
Belarus were treated at the Grodno Regional Infectious Disease
Clinical Hospital]).

After a screening period (day -1 to day 1), eligible patients were
administered AZB for 17 days (day 1 to day 17). Patients were
monitored during a planned follow-up period between day 18
and day 29+3; in some patients, the final follow-up visit was
performed up to day 73.
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Inclusion/exclusion criteria

Adults aged =18 years hospitalized due to COVID-19 symptoms
with a laboratory-confirmed SARS-CoV-2 infection were
enrolled after providing informed consent. Infection was
confirmed by a polymerase chain reaction from any specimen
collected before study enrolment. Patients who were pregnant
or breastfeeding, had a history of increased sensitivity to any
component of the study treatment, had an acute or chronic
renal failure or exhibited pathological conditions judged to
make study participation impossible were excluded.

Study procedures

Demographic data and detailed medical history were collected
after obtaining informed consent. Eligible patients received
AZB 12 mg (lyophilizate for solution for injections and topical
application reconstituted in sterile saline) intravenously once
daily on day 1 to day 3 then intramuscularly every other day
from day 5 to day 17 (maximum 10 injections). Patients also
received standard of care (SOC) treatment for COVID-19 in
accordance with existing Russian clinical recommendations;
this included the use of certain antibiotics, antivirals,
anticoagulants, hydroxychloroquine and other drugs, as
appropriate.282°

Requirement for oxygen therapy, high flow oxygen devices,
non-invasive ventilation, mechanical ventilation (via an
endotracheal tube or tracheostomy tube) or extracorporeal
membrane oxygenation was assessed daily. Other daily
assessments included clinical status as determined by a seven-
point World Health Organization-recommended Ordinal Scale
(OS) (Table 1) and disease severity according to the seven-

Table 1. Seven-point Ordinal Scale Adapted from
the World Health Organization Master
Protocol. Adapted from ref.*?

Ordinal score Event

1 Not hospitalized, no limitations on
activities

2 Not hospitalized, limitation on
activities

3 Hospitalized, not requiring
supplemental oxygen

4 Hospitalized, requiring supplemental
oxygen

5 Hospitalized, on non-invasive
ventilation or high flow oxygen
devices

6 Hospitalized, on invasive mechanical

ventilation or extracorporeal
membrane oxygenation

7 Death

parameter National Early Warning Score (NEWS; comprising
respiration rate, oxygen saturation (Sp0O,), supplemental
oxygen, temperature, systolic blood pressure, heart rate and
level of consciousness); NEWS parameters were also measured
individually as absolute values.3°

Other assessments included safety laboratory tests (including
C-reactive protein (CRP)), physical examination, clinical signs
and symptoms, electrocardiogram, evaluation of chest
X-ray/computed tomography scans, nasopharyngeal and/

or oropharyngeal smear assessment for polymerase chain
reaction, and bacteriological sputum culture. Adverse events
(AEs) and serious adverse events (SAEs) were graded according
to The Division of AIDS Table for Grading the Severity of

Adult and Pediatric Adverse Events, version 2.1. Patients were
monitored after hospital discharge until completion of an End-
of-Study assessment (at least until day 29). Protocol deviations
were recorded and classified as either significant or non-
significant.

Outcome measures

The protocol-defined primary endpoint was patient clinical
status (according to OS) at day 15 compared with baseline.
Exploratory analyses included clinical severity as determined
by the seven-point OS and NEWS values, hospitalization
duration, signs of pneumonia, body temperature and SpO,,.
Pneumonia presence was determined according to the criteria
outlined in Supplementary File 1 (available at: https://www.
drugsincontext.com/wp-content/uploads/2022/02/dic.2022-1-
1-Suppl.pdf). Patients were assigned COVID-19 severity groups
based on their baseline NEWS: ‘very severe’ (NEWS >9), ‘severe
or moderate’ (NEWS 5-8), or ‘mild’ (NEWS <4). The time-to-
event analysis threshold was set to NEWS <2 and to OS <2
(equating to hospital discharge). For the over-time dynamics
analysis, discharged patients were treated as having an OS
score of 2 commencing the day of discharge until an OS score
was measured at follow-up.

Outcome measures for safety analysis included the cumulative
incidence of AEs/SAEs and the assessment of laboratory
parameters. Permanent or temporary discontinuation of
infusions and/or injections of the study drug was documented.

Statistical analysis

Statistical analyses were performed using SAS’ version 9.4 (SAS
Institute Inc., Cary, NC, USA). Safety analyses were performed
on the intent-to-treat (ITT) population, comprising all patients
who received at least one dose of investigational product and
had at least one valid post-baseline value for primary endpoint
evaluation. All other analyses were performed on the per
protocol (PP) population.

Safety outcome measures were presented using frequency
counts and percentages. Quantitative data were summarized
using descriptive statistics (arithmetic mean and standard
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deviation). Qualitative data were presented using incidences,
percentages or proportions. The significance level was 0.05
with 95% confidence intervals presented in all analyses.
Survival analysis for time-to-event data was performed via the
use of Kaplan—Meier curves. Student t-test’s (for dependent or
independent samples) and analysis of variance (for repeated
measurements) were the standard parametric tests used for
the comparison of quantitative data with normal distribution.
Non-parametric Mann-Whitney U, Wilcoxon and Friedman
tests were used for the comparison of non-normally distributed
quantitative data. Normality of distribution was assessed by
the Shapiro-Wilk test, and incidences were compared with
Pearson’s x? test or Fischer’s exact test.

Historical control data

To address the absence of a direct control group, trends

in a control group of patients with COVID-19 receiving

SOC treatment from a previously published randomized,
controlled, open-label trial were analyzed.?' The study was
identified via conduction of a structured literature search

via PubMed and was selected due to the alignment of

several outcome measures used in the present study; the
search aimed to find clinical trials conducted in patients with
COVID-19 with a control arm comprising SOC treatment only
(data not published). Standard care included treatment with
supplemental oxygen, non-invasive and invasive ventilation,
antibiotic agents, vasopressor support, renal-replacement
therapy and extracorporeal membrane oxygenation as
necessary. The trial was conducted at a single centre in China
between January and February 2020 and recruited 199 patients
hospitalized with a confirmed SARS-CoV-2 diagnosis. Patients
received lopinavir-ritonavir (400 mg and 100 mg, respectively)
twice daily plus SOC for 14 days or SOC alone. The primary
endpoint was time to clinical improvement as determined by
the same seven-point OS used in the present study. Differences
in basic baseline demographics (age, sex, baseline OS score), OS
score at the end of study duration, duration of hospitalization
and day 28 mortality between the two patient groups (AZB or
control) were assessed.

Results

Study population, baseline characteristics
and hospitalization

Eighty-one patients were eligible for study inclusion and
comprised the ITT population. Eighty patients completed

the study. Four patients with very mild COVID-19 symptoms
were incorrectly hospitalized and were excluded from the ITT
population; they did not require hospital treatment (antibiotics,
oxygen support, etc.), had low baseline OS and NEWS values,
and recovered by themselves without medical intervention.
Seventy-seven patients therefore comprised the PP population.
With the exception of safety analyses, all results are presented
for the PP population.

Median age was 53.0 years (range 22-81 years) and 54.5% of
patients were men (Table 2). COVID-19 severity was assessed
as 'very severe’ in 30 patients (39.0%), ‘severe or moderate’ in
28 patients (36.4%) and ‘mild’ in 19 patients (24.7%). Mean (SD)
baseline OS and NEWS values were 4.36 (1.00) and 6.86 (3.14),
respectively. Seventy-four (96.1%) patients displayed signs

of pneumonia at baseline and 59 (76.6%) patients required
respiratory support; 24 (31.2%) patients required oxygen via

a mask, 24 (31.2%) patients required non-invasive ventilation
or high-flow oxygen devices, and 11 (14.3%) patients required
mechanical ventilation. Mean (SD) duration of hospitalization
was 19.32 days (5.33; range 10-38 days). Comorbidities were
recorded in 58 (75.3%) patients, with diabetes and/or metabolic
syndrome (n=25) and arterial hypertension (n=23) the most
frequently reported.

Clinical response including Ordinal
Scale and National Early Warning Score
values

Mean (SD) OS scores were relatively stable and close to baseline
(4.36 (1.00)) during the first 7 days of AZB treatment (Figure 1).
Mean (SD) OS score improved to 2.90 (0.95) by day 15 and the
number of subjects requiring respiratory support (OS 4-6)

was markedly lower on day 15 (n=14, 18.2%) compared with
baseline (n=59, 76.6%). Notable improvements in mean (SD) OS
score were observed from day 9 (4.08 (1.10)) until the end of the
treatment period on day 17 (2.36 (0.71)); this trend continued
until the End-of-Study visit (1.12 (0.71)). This improvement

was most prominent in patients with ‘very severe’ or ‘severe-
to-moderate’ COVID-19 at baseline (Figure 1B); by day 17, the
majority of patients (93.5%; n=72) had an OS score of 2 or

3. Mean (SD) time to an OS score improving to <2 was 15.9
(3.72) days. Improvements in observed OS scores were similar
between patients <65 years and patients =65 years of age
(Figure 1C).

Improvements in mean NEWS were also observed over time
(Figure 2) and were more notable than the improvements

in mean OS scores. The most prominent improvement was
also observed in the patients with ‘very severe’ or ‘severe-to-
moderate’ COVID-19 at baseline (Figure 2B). Patients with ‘mild’
COVID-19 at baseline reached NEWS <2 (hospital discharge)
quicker than patients with more severe disease (Figure 2E);
however, all patient groups reached similar scores by day

17 (Figure 2B). Mean (SD) NEWS improved from 6.86 (3.14)

at baseline to 1.08 (1.18) by the End-of-Study visit with an
improvement probability of >80% after 15 days of treatment
in all patients. Similar improvements in NEWS were observed
between patients <65 years and patients =65 years of age
(Figure 2C) and time to discharge was similar between the two
groups (Figure 2F).

Individual patient data showing the evolution of OS and
NEWS values over time in the ITT population are shown in
Supplementary Files 2 and 3, respectively.
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Table 2. Demographic and baseline characteristics ITT PP
(intent to treat (ITT) and per protocol (PP) population population
populations). n=81 n=77

Non-invasive lung 24 (29.6) 24 (31.2)
U . PP . ventilation or high-
population population flow oxygen devices
n=81 n=77 N
(0] t 24 (29.6 24 (31.2
Age, years nygen erapy (29.6) (31.2)
22 (27.2 18 (23.4
Mean 50.88 52.32 or;e d 27.2) 8234
Time from disease

D a5 .37 onset to treatment

Median 53.0 53.0 initiation, days

Min, Max 18.0, 81.0 22.0,81.0 Mean 6.79¢ 7.05f
Age categories, n (%) SD 5.16° 5.17f

<65 years 71 (87.7) 67 (87.0) Duration of

>65 years 10 (12.3) 10 (13.0) hospitalization, days

<60 years 57 (70.4) 53 (68.8) Mean 19139 19.32"

260 years 24 (29.6) 24 (31.2) SD 5.299 533"
Sex, n (%) Min, Max 10.0,38.09  10.0,38.0

Men 44 (54.3) 42 (54.5) Concomitant

Women 37 (45.7) 35 (45.5) :‘(‘f,z)"am“ by type,

Ordinal Scale score, n Antivirals 46 (56.8) 42 (54.5)
Mean 4.30 4.36 Hydroxychloroquine 37 (45.7) 37 (48.1)
°b oz 1.00 Anticoagulants 41 (50.6) 41 (53.2)

NEWS, n . Body temperature, °C

a

Mean 651 6.8 Mean 38.09 38.14

SD 3.412 3.4 D T 107
Severity according to . o ' '
NEWS, n (%) Cough severity, n (%)

Very severe 30 (37.0) 30 (39.0) No cough 8(9) 761

(NEWS =9) Weak 48 (59.3) 45 (58.4)

Severe or moderate 28 (34.6) 28 (36.4) Strong 25 (30.9) 25 (32.5)

(NEWS 5-8) C-reactive protein,

Mild (NEWS <4) 23(28.4) 19 (24.7) mg/L
Signs of pneumonia’ Mean 43.211 45.25
n (%) SD 53.03 53.67)

Yes 77 (95.) 74 (96.1) aNumber of cases/number of missing cases: 80/1.

No 4 (4.9) 3(3.9 PNumber of cases/number of missing cases: 76/1.
Oxygen saturation ‘Number of cases/number of missing cases: 79/2.
(Sp0.), % dNumber of cases/number of missing cases: 75/2.

2 g eNumber of cases/number of missing cases: 78/3.

Mean 92.71° 92.39 fNumber of cases/number of missing cases: 74/3.

SD 3.53¢ 3.32 9Number of cases/number of missing cases: 80/1.
Respiratory support :‘Number of cases/number of m.iss'ing cases': 76/1.
requirement, n (%) 'Number of cases/number of missing cases: 79/2.

JNumber of cases/number of missing cases: 75/2.

Present 59 (72.8) 59 (76.6) ) )

NEWS, National Early Warning Score; SD, standard

Absent 22 (27.2) 18 (23.4) deviation.

Respiratory support

type, n (%)

Invasive lung 11 (13.6) 11 (14.3)

ventilation
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age: <65 years (n=67), 265 years (n=10). D. Improvement

Indicators of pneumonia and lung function

Mean SpO, at baseline was 92.4% and steadily improved

over the treatment period (Figure 3). This improvement was
most prominent in patients with ‘very severe’ or ‘severe-
to-moderate’ COVID-19 at baseline (Figure 3B) with similar
SpO, values observed in these two groups from day 3 to

day 17. One patient had a slightly low SpO, value of 94% at
study completion (day 29+3); values for all other patients

were normal (reference range 95-99%). Respiratory support
requirement (OS 4-6) improved substantially from 59 (76.6%)
patients at baseline to 14 (18.2%) patients at day 15; no patients
required respiratory support by their End-of-Study assessment.
Mean (SD) SpO, was lower in patients 265 years of age at
baseline (90.0% (4.27)) than patients <65 years of age (92.7%
(3.07); Figure 3C); however, SpO, reached similar levels in

both groups by day 17 (=65 years: 96.90% (1.66); <65 years:
96.98% (1.47)).

Signs of pneumonia gradually reduced from 74 (96.1%)
patients at baseline to 18 (23.4%) patients by the End-of-Study
assessment. Mean (SD) time to vanishing signs of pneumonia
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was 18.45 (9.65) days, with standard improvement
probability curves shown in Figure 4. The highest recovery
probability was in patients with ‘mild’ COVID-19 at baseline
(Figure 4B), suggesting a more rapid recovery. The lowest
recovery probability was in the ‘severe or moderate’ group.
Patients <65 years and =65 years of age had a similar recovery
probability (Figure 4C). Patients <65 years of age requiring
respiratory support (OS 4-6) decreased from 49 (73.1%)
patients at baseline to 3 (4.5%) patients by the end of

the AZB treatment period; in patients =65 years of age,

this decreased from 10 (100.0%) patients to 1 (10.0%)
patient.

Most patients had elevated body temperatures (>37°C) at
baseline (Figure 5). This normalized (<37°C) in all patients

by day 11, and no notable differences were observed when
stratified by baseline NEWS severity score (Figure 5B). The
probability of achieving a normal body temperature after 10
days of treatment was 90% (Figure 5C).

Mean (SD) CRP decreased steadily from 45.25 mg/L (53.67) at
baseline to 13.21 mg/L (19.56) by day 17 (Figure 6).
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Figure 2.
follow-up phases.
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Data are presented overall and stratified by baseline NEWS and age category (per protocol population [n=77]). A. Mean
NEWS during treatment phase. B. Mean NEWS during treatment phase stratified by baseline NEWS severity: ‘very severe’
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stratified by patient age: <65 years (n=67), =265 years (n=10). D. Improvement probability curve plotted for time to
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probability curve plotted for time to decreasing NEWS to <2 stratified by patient age: <65 years (n=67), =65 years (n=10).
NEWS, National Early Warning Score; SD, standard deviation. Note: Crosses on the graphs denote censored observations

Concomitant medications

Changes in NEWS and OS scores, SpO, and body

temperature were stratified by antiviral, anticoagulant and
hydroxychloroquine usage (Table 2). Baseline mean (SD)

NEWS appeared notably worse in patients who were receiving
antivirals (8.17 (2.21); 42 patients) than those not receiving
antivirals (5.31 (3.38); 35 patients). Similarly, baseline mean (SD)
NEWS was worse in patients receiving hydroxychloroquine (5.75
(3.30); 37 patients) than those not receiving hydroxychloroquine
(7.85 (2.65); 40 patients). Time-to-event analysis showed that
mean (SD) time to NEWS improving to <2 was faster in patients
receiving hydroxychloroquine (7.30 (5.78) days) than those not
receiving hydroxychloroquine (13.47 (8.81) days). The opposite
trend was noted in patients receiving antivirals (13.40 (8.51)
days) than those not receiving antivirals (7.03 (5.99) days).

Safety assessments and compliance

In the ITT population (n=81), six (7.4%) patients each
experienced one AE of PQ interval prolongation (two events),
fever (two events), intermittent fever and bacterial pneumonia.
All AEs resolved and none were considered related to AZB

administration. One patient who experienced the event

of bacterial pneumonia discontinued from the study after

two doses of AZB and required further medication; all other
patients completed the study. No deaths were recorded during
the study period. One patient experienced an SAE of Klebsiella
sepsis (determined to not be related to AZB) and died after
study completion (day 34), 17 days after the last AZB injection,
due to associated complications, including respiratory distress,
disease progression, secondary bacterial infection, sepsis and
multiple organ failure. The patient was 30 years old with a body
mass index of 46.3 and had a history of hospital admissions due
to bacterial pneumonia in the previous 3 years.

Thirty-six (44.4%) patients received the complete treatment
course of AZB comprising 10 injections, 24 (29.6%) patients
received 9 injections, 17 (21.0%) patients received 8 injections,
2 (2.5%) patients received 7 injections and 1 (1.2%) patient each
received 6 or 2 injections.

Historical control data

The historical control group (n=100) from the study conducted
by Cao et al. had comparable baseline demographics to
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Figure 3. Oxygen saturation over time during the treatment phase.
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standard deviation. Note: Crosses on the graphs denote censored observations where further data from the patients were

not available.

the patients receiving AZB (Table 3): median age was 58.0
years (range 48.0-68.0 years) with a similarly slightly higher
proportion of men (59.0%; n=59) to women (41.0%; n=41).3
Pre-existing conditions included diabetes (13.0; n=13),
cerebrovascular disease (8.0%; n=8) and cancer (1.0%; n=1).

All historical control subjects had SpO, <94% at baseline
compared with 59 (76.6%) patients in the AZB-treated patients.
Mean baseline OS score was slightly lower in the control group
(3.99) compared with the AZB group (4.36). Baseline OS scores
ranged from 3 to 5 and the majority of patients (67.0%; n=67)
had a score of 4; of patients who received AZB, the majority had
a score of 3 (23.4%; n=18), 4 (31.2%; n=24) or 5 (31.2%; n=24),
whereas 14.3% (n=11) of patients had a score of 6 (Figure 7). A

higher proportion of patients receiving AZB therefore required
invasive or non-invasive ventilation (OS 5 or 6) compared with
the control group. Change in mean OS score from baseline to
day 14/15 was not notable in the control group (3.99-3.87) but
was more pronounced in the AZB group (4.36-2.90). By day 14
in the control group, most patients had an OS score of 2 (28.0%;
n=28), 3 (24.0%; n=24) or 4 (20.0%; n=20) (Figure 7). Six (6.0%)
and 5 (5.0%) patients had an OS score of 5 and 6, respectively,
while 17 (17.0%) patients had died. By day 15 in the AZB group,
the majority of patients had an OS score of 2 (35.1%; n=27) or

3 (45.5%; n=35). Three (3.9%) and 2 (2.6%) patients had an OS
score of 5 and 6, respectively, 1 (1.3%) patient had an OS score
of 1 and no patients had died. By day 28, 25 (25.0%) patients in
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Figure 5. Evolution of body temperature over time and time-to-event analysis during the treatment and
follow-up phases.
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Data are presented overall and stratified by baseline NEWS severity (per protocol population [n=77]). A. Mean body
temperature over time during treatment phase. B. Mean body temperature over time during treatment phase stratified
by baseline NEWS severity: ‘very severe’ (score =9), n=30; ‘severe or moderate’ (score 5-8), n=28; ‘mild’ (score <4), n=19. C.
Improvement probability curve plotted for time to decreasing body temperature to <37°C. NEWS, National Early Warning
Score; SD, standard deviation.

Figure 6. C-reactive protein values over time during the treatment phase.
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Figure 7. Ordinal Scale scores in the active treatment and historical control groups (baseline

and day 14/15).
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standard of care only
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Table 3. Comparison of demographic, baseline and efficacy endpoints with historical control group (per protocol
population).
AZB (active treatment) Standard of care
n=77 (historical control®) n=100
Age, years
Median 53.0 58.0
Min, Max 22.0,81.0 48.0,68.0
Sex, n (%)
Men 42 (54.5) 59 (59.0)
Women 35 (45.5) 41 (41.0)
Baseline Ordinal Scale score, n
Mean 4.36 3.99
Baseline Ordinal Scale score, n (%)
1. Not hospitalized, no limitations on activities 0(0.0) 0(0.0)
2. Not hospitalized, limitation on activities 0 (0.0) 0 (0.0)
3. Hospitalized, not requiring supplemental oxygen 18 (23.4) 17 (17.0)
4. Hospitalized, requiring supplemental oxygen 24 (31.2) 67 (67.0)
5. Hospitalized, on non-invasive ventilation or high flow oxygen 24 (31.2) 16 (16.0)
devices
6. Hospitalized, on invasive mechanical ventilation or 11 (14.3) 0(0.0)
extracorporeal membrane oxygenation
7. Death 0(0.0) 0(0.0)
Day 14 or day 15 Ordinal Scale score, n
Mean 2.90 3.87
Day 14 or day 15° Ordinal Scale score, n (%)
1. Not hospitalized, no limitations on activities 1(1.3) 0(0.0)
2. Not hospitalized, limitation on activities 27 (35.1) 28 (28.0)
3. Hospitalized, not requiring supplemental oxygen 35 (45.5) 24 (24.0)
4. Hospitalized, requiring supplemental oxygen 9 (11.7) 20 (20.0)
5. Hospitalized, on non-invasive ventilation or high flow oxygen 3 (3.9) 6 (6.0)
devices
6. Hospitalized, on invasive mechanical ventilation or 2(2.6) 5(5.0)
extracorporeal membrane oxygenation
7. Death 0(0.0) 17 (17.0)
Day 28 mortality, n (%)
Alive 77 (100.0) 75 (75.0)
Dead 0(0.0) 25(25.0)
Duration of hospitalization, days
Median 19.32¢ 16.0
Min, Max 10.0, 38.0¢ 13.0,18.0
aHistorical control data were obtained from Cao et al.3!
bRecorded on day 14 for patients receiving standard of care (historical control) and day 15 for patients receiving AZB (active
treatment).
‘Number of cases/number of missing cases: 76/1.
AZB, azoximer bromide.
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the control group had died compared with no patients in the
AZB group. Median duration of hospitalization in the control
and AZB groups were similar at 16.0 days (range 13.0-18.0) and
19.3 days (range 10.0-38.0), respectively.

Discussion

COVID-19 has rapidly spread across the globe since December
2019, leading to >225 million confirmed cases and almost

4.7 million fatalities as of 19 September 2021.32 Although the
disease is not as lethal (case fatality ratio (CFR) ~0.3-1%)3334 as
MERS (CFR ~35%)3> and SARS (CFR 14-15%),3¢ it has become
clear that morbidity and mortality are much higher than in
pandemic influenza (CFR 0.1%),%”38 especially amongst the
elderly (3%).3*3? In addition, the viruses’ characteristics are
changing with the emergence of new variants and the clinical
course appears to depend on a person’s age, vaccination status
and certain medial conditions.*°

The results from this open-label, multicentre study in patients
hospitalized with COVID-19 demonstrate that administration

of AZB over a 17-day treatment period was associated with an
improvement in clinical status as assessed by OS and NEWS
values. The main indicators of pneumonia and lung function
(Sp0,, signs of pneumonia, body temperature, CRP) showed
gradual recovery and normalization; the lack of CRP increase
indicates the lack of cytokine storm risk in patients treated with
AZB.# Clinical improvements observed in older patients (=65
years of age) were similar to those observed in younger patients

(<65 years), with similar values obtained by the end of treatment.

Azoximer bromide was generally safe and well tolerated with no
AEs considered to be related to study treatment.

No deaths occurred during the study period; however, one
patient died from complications related to an SAE of Klebsiella
sepsis after study completion. Results from a retrospective
Russian study of 1522 patients with SARS-CoV-2 infection
between March and May 2020 identified mortality rates of
36.8% and 76.5% for patients who required non-invasive or
invasive ventilation, respectively.*? It may therefore have been
likely to expect higher mortality in our patient population
given that 22.2% and 21.0% of patients required non-invasive
and invasive ventilation, respectively. This finding is even more
apparent when considering the relatively high incidence of
patients exhibiting comorbidities and the number of older
patients (=65 years); comorbidities and age are both known
risk factors for severe disease progression and mortality.*® In a
recent study, treatment with the corticosteroid dexamethasone
reduced day 28 mortality only in patients requiring mechanical
ventilation or oxygen alone, with no significant benefit
observed in patients not requiring respiratory support; in
patients not receiving respiratory support, day 28 mortality

of 17.8% was observed.® In contrast, day 28 mortality was

not observed in any subgroup of patients in the present

study, suggesting a treatment advantage of AZB over
dexamethasone, particularly in patients with non-severe
COVID-19. Furthermore, corticosteroid use has been associated

with increased mortality in other respiratory illnesses, such

as flu, which could be due to the known association between
corticosteroids and immunosuppression.*34* With known
immunomodulating properties, AZB could be used in place
of, or in conjunction with, corticosteroids in patients requiring
mechanical ventilation to balance the deleterious effects

on the immune system and improve overall recovery. These
observations merit further investigation.

Improvements in both OS and NEWS values from baseline to
day 17 were observed; however, there were notable differences
in the behaviour of the two parameters. Mean OS values were
relatively stable during the first 7 days of treatment followed
by a prominent decrease. The decrease in mean NEWS values
was more pronounced, with improvements noted several days
earlier, suggesting that OS score is less responsive to early
changes in clinical improvement. We conclude that NEWS may
provide a more sensitive interpretation of patient clinical status
and better reflect overall recovery.

The present study was an open-label study, a major limitation
of which was the absence of a formal control group. Not all
patients in the AZB treatment group received the same dose.
Dosing tended to be driven by the attending physician and
dependent on the clinical status of the patients. Administration
was often halted as patients showed improvements in their
status (67%). Historical control data were identified to provide
a comparable group of patients who did not receive active
treatment. The two groups had comparable demographics,
baseline respiratory support requirements and duration of
hospitalization; however, the groups were not matched in
terms of factors such as age, underlying medical conditions

or treatments, which are known to impact the course of

the disease. A lower proportion of patients in the historical
control group exhibited clinical recovery (according to OS
scores), and a higher mortality rate was observed compared
with patients treated with AZB. Key differences between the
studies were apparent, including participant ethnicity and at
what point during the pandemic the studies were conducted.
COVID-19 has affected countries at different rates, making

it difficult to directly compare data due to inter-country
variation in available treatment options and clinical experience.
Furthermore, SOC recommendations differed between the two
studies (e.g. no anticoagulants or antivirals permitted in the
historical control group); however, both permitted the use of
various other treatments and types of respiratory support. As
such, treatment benefits solely attributable to AZB cannot be
established. In addition, a higher proportion of patients in the
historical control group had SpO, values of <94% at baseline,
which could suggest that these patients were clinically more
severe than patients in the present study; however, without
mean values available, this cannot be established. Comparing
the data suggests that some clinical benefit may have been
achieved in patients administered AZB, whether directly
related to the drug or otherwise. To address this, a randomized,
double-blind, placebo-controlled clinical trial is currently under
way (ClinicalTrials.gov Identifier: NCT04381377).
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Based on the previous studies of AZB, we can propose several
explanations for the nature of the observed effect in patients
with COVID-19. First, AZB can cause indirect antiviral activity

by stimulating interferon release, antigen presentation and
antibody development.># Second, the detoxicant effect of

AZB can participate in symptom reduction (e.g. temperature)
and increased wellbeing in some patients.*” Another possible
explanation of the AZB effect is the prevention of cytokine storm,
which serves as a predictive marker of poor COVID-19 outcome.

Conclusion

In conclusion, the devastating impacts of the COVID-19
pandemic are far from over and global collaboration to find
effective treatments is paramount. At the time of writing this
article, global deaths have surpassed 5.0 million, with the
Russian Federation ranking fourth for cases and eighth for
deaths worldwide.*® The recent deployment of approved
vaccines in several countries represents a huge milestone;
however, continuing research into other treatments is vital.
The promising safety and efficacy results presented herein
support further assessment of AZB in appropriately controlled

drugsincontext.com

conditions, which could serve as an add-on treatment for
patients with COVID-19.
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