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Section 3
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Abstract

AIM Assessing viral clearance, pharmacokinetics, tolerability and symp-
tfom evolution following ensovibep administration in symptomatic covip-
19 outpatients.

METHODS |n this open-label, first-in-patient study a single-dose of either
225 mg (n=6) or 600 mg of ensovibep (n=6) was administered intravenously
in outpatients with mild-to-moderate covip-19 symptoms. Pharmacokinetic
profiles were determined (90-day period). Pharmacodynamic assessments
consisted of viral load (gpcr and cultures) and symptom questionnaires.
Immunogenicity against ensovibep and sars-cov-2-neufralizing activity
were determined. Safety and tolerability were assessed throughout a 13-
week follow-up.

RESULTS Both doses showed similar pharmacokinetics (first-order) with a
mean half-life of 14 (sp: 5.0) and 13 days (sb: 5.7) for the 225 and 600 mg
group, respectively. Pharmacologically relevant serum concentrations were
maintained in all subjects for at least two weeks post-dose, regardless of
possible immunogenicity against ensovibep. Viral load changes from base-
line at Day 15 were 5.1 (sp: 0.86) and 5.3 (sb: 2.2) log,, copies/mL for the 225
and 600 mg dose, respectively. covib-19 symptom scores decreased from
10.0 (spb: 4.1) and 11.3 (sb: 4.0) to 1.6 (sb: 3.1) and 3.3 (sb: 2.4) in the first week
for the 225 and 600 mg group, respectively. No anti-sars-cov-2 neutraliz-
ing activity was present pre-dose, all patients had sars-cov-2 antibodies
at Day 91. Adverse events were of mild-to-moderate severity, transient and
self-limiting.

coNcLusioN Single-dose infravenous administration of 225 and 600 mg
ensovibep appeared safe and well tolerated in patients with mild-to-mod-
erafe covip-19. Ensovibep showed favourable pharmacokinetics in pa-
fients and the pharmacodynamic results warrant further research in a larg-
er phase 2/3 randomized-controlled trail.
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Intfroduction

Severe acute respiratory syndrome coronavirus-2 (sArs-cov-2) has affect-
ed over half a billion people since it was first identified in December 2019
Therapies targeting the receptor binding domain (rRBD) of the sars-cov-2
Spike glycoprotein (S) — thereby preventfing virus-host interaction via the
ACE-2 receptor — have proven successful in a clinical setting. Several mono-
clonal antibodies (mAbs) targeting this RBD have shown to reduce hospital-
ization and death in high risk covip-19 patients with mild-to-moderate dis-
ease,”* confirming the clinical benefits of early initiation of virus blocking
therapy. As an RNA-virus that is fransmitted by millions of people worldwide,
new saRrs-cov-2 variants will likely continue to emerge.® Virus susceptibility
to vaccine-induced antibodies and mAbs may be (partially) reduced in new
variants.® It is therefore of utmost importance to bolster the arsenal of ther-
apeutic viral blocking agents.

Ensovibep is a recombinant multispecific DARPIn® molecule that was
engineered to neutralize saArRs-cov-2 with high potency. While the mecha-
nism of action of ensovibep — neutralization of the S protein by binding to
its RBD — is comparable to (monoclonal) antibodies, there are inherent dif-
ferencesinthe binding pattern that differentiates ensovibep from current-
ly available antibody therapies. Ensovibep is a single molecule consisting
of five designed ankyrin-repeat protein (DARPin) modules that are cova-
lently linked. Three DARPIns bind to an overlapping epitope of the reD, but
with different antigen-binding sequences (paratopes). This allows for co-
operative binding of the tri-specific molecule with high avidity and could
limit the development of mutations under therapeutic pressure from enso-
vibep.” In addition, ensovibep contains two human serum albumin binding
domains to extend its systemic half-life.

In vitro studies confirmed the high potency neutralization by ensovibep
of all sars-cov-2 variants of concern described to date.” Moreover, ensovi-
bep was able to neutralize an omicron pseudovirus variant with high po-
tency, signifying that ensovibep’s neutralizing potential endures for the
currently prevalent highly mutated variant of concern. Studies performed
in a sars-cov-2 hamster infection model showed in vivo efficacy with a
significant reduction in viral load and pathogenesis after administration
of ensovibep compared to placebo.?
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Recently a phase 1, randomized, placebo-controlled, single ascending intra-
venous (Iv) dose study was completed in healthy volunteers and showed a
favorable safety and pharmacokinetic (pk) profile (dose range: 3-20 mg/kg)
(manuscript in preparation).

Ensovibep is anticipated to provide benefit to covip-19 patients at the
early stages of infection, when virus replication should be halted to limit
downstream immune-related damage and improve clinical outcomes.
The pharmacological properties of ensovibep in combination with its high
yield production process using an Escherichia coli fermentation-based
process could provide a needed diversification of the current treatment
arsenal against covip-19.

In this artficle, we present the results of a phase 2q, first-in-patient, IV
single-dose escalation study that assessed the viral clearance, PKs, toler-
ability and evolution of covip-19 symptoms following ensovibep adminis-
fration in early symptomatic covip-19 patients.

Methods
STUDY DESIGN AND PATIENTS

This was an open-label, v single-dose escalation, phase 2a study conduct-
ed af the Leiden University Medical Center in non-hospitalized covip-19
patients. The protocol was reviewed and approved by the Medical Ethical
Committee Leiden, Den Haag, Delft (NL76642.058.21) and was registered
at ClinicalTrials.gov (NcT04834856). The trial was conducted in accor-
dance with the Declaration of Helsinki, Good Clinical Practice Guidelines
and the principles of Dutch law on clinical experiments in humans. Written
informed consent was obtained from patients prior to study-related activ-
ities. The Dufch Municipal Healthcare Services assisted in the recruitment
of individuals with positive sars-cov-2 polymerase chain reaction (pPcRr)
tests who expressed an interest in study participation. Male and female pa-
tients were eligible if they were 18-70 years of age with symptomatic mild-
to-moderate covip-19, defined as experiencing af least one mild-to-moder-
afe symptom (fever, cough, sore throat, malaise, fatigue, headache, muscle
pain, gastrointestinal symptoms or shortness of breath with exertion) and
a positive sars-cov-2 rapid antigen fest (Panbio™ covip-19 Ag Rapid Test,
Abbott) on the day of ensovibep administration. The main exclusion criteria
were a high risk for covip-19 related complications or mortality including
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immunodeficiency, need for hospitalization prior to screening or anfi-sars-
cov-2 freatment inifiation. The protocol did not allow a prior history of sars-
cov-2 infection (or vaccination), concurrent or previous use of antiviral med-
ication (including antibodies) or convalescent plasma therapy. Vaccination
was nof allowed during the study until Day 29.

PROCEDURES

Patients received a single dose of either 225 mg (cohort 1) or 600 mg (cohort
2) of ensovibep administered as a 250 mL v infusion over 60 minutes.
Clinical dose and regimen projections for ensovibep were based on an
infegrated analysis of pre-clinical pharmacology results, available clinical
safety, tolerability and pk results from the phase 1 dose-escalation first-in-
human study (NcTO4870164), and pk/pharmacodynamic (pp) modeling.’
The current study had a dose-escalation design, meaning that the 600
mg dose was administered after the data review committee assessed Day
15 safety and tolerability data of the 225 mg dose. Patients remained in
the clinical unit for two hours after ensovibep administration fo monitor
any direct untoward effects. Nasopharyngeal swabs (viral load), blood
samples (P, immunogenicity, blood chemistry and hematology) and
questionnaires (14 Common covip-19-related symptoms and Long-
Covid-syndrome questionnaire) were obtfained prior to ensovibep
administration and on selected fime points post-dose (Figure 7).

A validated electrochemiluminescence assay (Molecular Partners AG,
Switzerland), which uses the rRBD of sars-cov-2 spike glycoprotein as a
capture reagent, was used to quantify free ensovibep levels in serum. The
limit of quantification (LLog) of this assay was 0.02 mg/mL. pk profiles of
ensovibepweredeterminedforbothdoselevels. Descriptive Pk parameters
included the maximum concentration (Cmagx), time to reach maximum
concentration (Tmgx), area under the drug serum concentration-time
curve (auc), half-life (t,,), volume of distribution (Vp) and clearance (cL).
As an exploratory assessment outcome, anti-drug anfibodies (ADAS) in
human serum were measured using an electrochemiluminescence assay
with acid dissociation sample pretreatment followed by neutralization
(Molecular Partners ac, Switzerland). Antibodies were specifically
captured via biotinylated ensovibep and detected with anti-human IgG/
IgM SulfoTag detection antibodies. The assay was validated according
to the Food and Drug Administration guide for industry: immunogenicity
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testing of therapeutic protein products developing and validating assays
for anti-drug antibody detection.'®

Viralload was assessed by quantitative real-time pcr (QPCR) and quan-
fitative virus cultures at Viroclinics Biosciences B.v. (Rotterdam, NL). SARS-
cov-2 gPCR analysis was performed according to a fully validated propri-
etary assay that is based upon the U.S. Centers for Disease Control and
Prevention N1 assay," but with different dyes-quenchers and a pcr pro-
gram internally optimized by Viroclinics Biosciences B.v.

Determination of infectious sars-cov-2 virus fiters was performed ac-
cording to a validated proprietary assay (Viroclinics Biosciences B.v.).
Briefly, inthis assay VeroE6 cells were grown to subconfluent density, after
which a serial dilution of an upper respiratory sample in infection medi-
um was added to the cells in quadruplicate and incubated for 6 days. Cells
were then fixed using a formalin solution and the presence of viral plaques
was detected following immunostaining with an anti-nucleoprotein anti-
body, a peroxidase conjugate and TrueBlue staining. Virus titers were cal-
culated as median Tissue Culfure Infectious Dose 50% (TciD,)/mL using
the Spearman & Karber method.*"

Whole virus next generation sequencing (NGs) for sars-cov-2 was per-
formed from a separate aliquot of the same nasopharyngeal swab used
for viral load assessment by gPCR. Next-generatfion sequencing analysis
was performed af baseline and at the last positive gPCR timepoint above
the cut-off value of 2 4.0 log,, copies/mL, which was defined by the assay’s
capacity for successful amplification.

Serum anti-sars-cov-2 neutralizing activity and anti-sars-cov-2 1gG
antibody levels were determined prior to dosing and at the final follow-
up visit fo assess the endogenous neutralizing immune response to sARs-
cov-2. In the virus neutralization activity assay, performed according to
validated proprietary assay (Viroclinics biosciences B.v.), a serial dilution
intriplicate of a serum sample in infection medium was mixed with a fixed
amount of Isolate Germany/BavPat1/2020 and incubated for 1 hour. The
mixture was added to VeroEé cells at subconfluent density and incubated
for 1 hour, after which the inoculum was removed and replaced by infec-
tfion medium. Cells were incubated for 16-24 hours, then fixed using a for-
malin solution, and the presence of viral plaques was detected following
immunostaining with an anti-nucleoprotein antibody, a peroxidase con-
jugate and TrueBlue staining. Microplaques were imaged and counted in
a sx Ultimate-V Analyzer (Cellular Technology Limited). The neutralization
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titers were calculated from these data according to the method described
by Zielinska et al'* Quantification of sars-cov-2 IgG antibodies was per-
formed with a multiplex serology Meso Scale Discovery (Msp) assay (V-PLEX
saRs-cov-2 Panel 2, IgG kit, k15383u). Serum samples were added in du-
plicates in 96-wells assay plates coated with specific anfigens. Following
binding of serum antibodies to the respective antigens, anti-human IgG
antibodies conjugated fo msb suLFO-TAG™ were used for subsequent de-
tection. The emmitted light was measured with an msp®© instrument (Meso
SecTOR 600 device). Anti-sars-cov-2 antibody levels were reported as in-
ternational standard unit Binding Antibody Units (Bau)/mL.

Serum cytokines concentrations (IFN-y, 1L-1b, IL-6, 1L-8, 1L-10, and TNF-
o) were determined using a multiplex electrochemiluminescent sandwich
immunoassay from msp validated in human serum by BioAgilytix Labs
(Durham, Nc, us). Additional information on bio-analytical assays used in
this frial is provided as Supplementary Material.

Safety was assessed at each follow-up visit by assessment of freat-
ment emergent adverse events (TEAES), vital signs, physical examination,
routine blood chemistry and hematology testing. Local tolerability at the
infusion site was determined by the Visual Infusion Phlebitis (vip) scale.”®
Patients were monitored throughout the study for adverse events of spe-
cial interest, defined as infusion-related reactions, hypersensitivity reac-
fions and cytokine release syndrome, and serious AEs (SAEs). Adverse
events were coded according to the Medical Dictionary for Regulatory
Activities (MEDDRA), version 24.0.

Symptoms related to covip-19 were assessed daily (pre-dose until Day
15) and on Day 22 and 29 using the 14 Common covip-19-Related Symptom
questionnaire® Symptoms were rated on either a three- or four-point or-
dinal scale and a total symptom score was calculated as the sum individ-
ual symptoms (range: 0-40). Assessment of long-term covib-19 symptoms
was performed using an experimental ‘Long-Covid-syndrome’ question-
naire on days 29 and 91 (Supplementary Materials).

STATISTICAL ANALYSIS

As this was an exploratory study, no formal power calculation was per-
formed. Instead, a conventional (for early phase studies) group size per
dose level was used. The study protocol included prespecified criteria to
expand the cohort size to a maximum of 20 patients per dose level, in case of
high inter-individual pk variability or signification deviation from expected

CHAPTER 5 PHARMACOKINETICS AND VIRAL CLEARANCE OF ENSOVIBEP IN AMBULATORY COVID-1Q PATIENTS

-t



92

viral clearance. No formal hypothesis tests were planned nor performed.
Data were summarized using descriptive statistics and graphically present-
ed using GraphPad Prism for Windows (version 6.05). Viral load measure-
ments <LLOQ were considered negative for the analysis. Slope of decline of
viral load was estimated by the mean difference of viral load between suc-
cessive study days divided by the interval (days) between measurements.
Repeated measures correlations were calculated for viral load (indepen-
dent variable) and the covip-19 related total symptom scores to prelimi-
nary assess the relation between virus shedding and symptomatology with-
in subjects. Non-compartmental Pk analysis was performed using R 3.6.1for
Windows or newer (R Foundation for Statistical Computing/R Development
Core Team, Vienna, Austria, 2019) using all Pk samples collected according
to protocol (until Day 971).

NOMENCLATURE

Key protein targets and ligands in this article are hyperlinked to corres-
ponding entries in hftp://www.guidetopharmacology.org, the common
portal for data from the lupHAR/BPS Guide to Pharmacology, and are per-
manently archived in the concise Guide to Pharmacology 2019/20.

Results
PATIENT CHARACTERISTICS

Between April and June 2021, twelve (12) covip-19 patients who met the in-
clusion criteria were enrolled and received either 225 mg (n=6) or 600 mg
ensovibep (n=6) (Figure 2). No patients were vaccinated against covip-19
at baseline. Three patients received their first dose of sarRs-cov-2 vaccine
(BNT162B2, Pfizer-BioNTech) approximately 43, 52 and 69 days, respective-
ly, after ensovibep administration. Baseline characteristics are described
in Table 1. Median time from onset of symptoms was 5 days in both groups
(total range 2-8 days). All patients were symptomatic on baseline and me-
dian covip-19 related symptom scores were similar for both dose groups.

VIRAL CLEARANCE

All patients had a quantifiable sars-cov-2 viral RNA load in upper respira-
tory tract samples determined by gqPCR at baseline, collected before the
administration of ensovibep (Table 1). The alpha virus variant (B.1.1.7) was
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detected in all patients. The mean viral load determined by gPCR was 7.3 +
1.0 log,, copies/mL in the 225 mg group and 6.6 + 1.6 log,, copies/mL in the
600 mg group at baseline. Viral RNA in nasopharyngeal swabs decreased
rapidly in both dose groups during the first two weeks with mean chang-
es from baseline of 5.1 and 5.3 log,, copies/mL for the 225 mg and 600 mg
dose, respectively (Figure 3). The rate of viral load decline was highest in
the first week (Supplementary Table 1), with an estimated daily decrease of
0.72 and 0.67 log,, copies/mL (Day 1-3), 0.41 and 0.71 log,, copies/mL (Day
3-5) and 0.45 and 0.39 log,, copies/mL (Day 5-8) for the 225 mg and 600
mg dose group, respectively. Results for time fo pcr negativity are summa-
rized in Supplementary Figure 1. No virus mutations that could potential-
ly trigger resistance to ensovibep were identified in post-dose nasopha-
ryngeal samples. Viral load in saliva samples was lower compared fo na-
sopharyngeal samples but showed a similar reduction over time (data not
shown). Three patients in the 225 mg group had positive viral culture results
at baseline and one patient had a baseline titer equal to the LLo© (0.75 log, o
TCID, /ML) of the assay. By Day 5, all viral cultures were negative. Viral cul-
tures were negative for all analyzed samples (baseline and follow-up) in the
600 mg group.

PHARMACOKINETICS

Pharmacokinetic parameters are summarized in Table 2. Mean concentra-
tion-time profiles showed log-linear monophasic elimination of ensovibep
(Figure 4). Volume of distribution (Vp) was 2844 mL (sb: 34.3 mL) in the 225
mg group and 2735 mL (sb 37.2 mL) in the 600 mg group. Drug elimination
rates were similar for both doses, with a mean t,/, of approximately 14 days
(sp: 4.9 days) and 13 days (sp: 5.7 days) for the 225 mg and 600 mg dose
group, respectively. Dose escalation to 600 mg resulted in a proportion-
al increase of Cmgx and auc compared to 225 mg. Two individual patients
(one in each cohort) showed an accelerated elimination of ensovibep af
Day 22 (Supplementary Figure 2).

Anti-drug antibodies (ADAs) at baseline were detected in one patientin
the 225 mg group. Treatment—induced ADAs were detected in 5/6 (83%)
patients in each dose group (time of onset, range: 14-91 days). For most
patients who developed ADAs, the elimination of ensovibep remained un-
affected. The two patients who showed increased elimination had a rela-
tively early peak of apa titers at day 29 compared to other patients.

CHAPTER 5 PHARMACOKINETICS AND VIRAL CLEARANCE OF ENSOVIBEP IN AMBULATORY COVID-1Q PATIENTS

93

4



94

SAFETY AND TOLERABILITY

No SAEs, infusion site reactions, hypersensitivity, cytokine release syndrome
or worsening of covip-19 (such asimmune enhancement) were observed. At
least one (21) TEAE was reported by 4/6 (66%) patients in the 225 mg group
and 3/6 (50%) patients in the 600 mg group (Table 3). All TEAEs were ftran-
sient, resolved without intervention and were of mild-to-moderate severity.
Out of 16 reported TEAESs, 5 were deemed related to the treatment and all
5 occurred in the 225 mg group. These events consisted of diarrhea (n=2)
and elevated liver tests (alanine aminotransferase [ALT], aspartate amino-
transferase [asT] and bilirubin, n=3). One of the two patfients with transient
liver enzyme increase had pre-existing elevated ALT tests. Elevated liver tests
were below two times the upper limit of normal.

PATIENT-REPORTED COVID-19 SYMPTOMS

For both groups, an overall decrease in symptoms scores (range of total
symptom score 0-40) was observed. Total symptoms scores showed a rel-
ative fast decline in the first week after ensovibep administration, from 10.0
and 1.3 (baseline) to 1.6 and 3.3 (Day 8) in the 225 mg and 600 mg dose
group, respectively (Supplementary Figure 3). Mean total symptom scores
were <1 in both treatment groups on Day 29, indicating minimal symptom-
afology at the end of the observation period. Only tiredness (n=2), myalgia
(n=1), loss of smell/taste (n=1) were reported by individual patients on Day
29. Within patient, there was a linear correlation between viral load and total
symptom score (r=0.77, p <0.0001).

Compared to their pre-covip status, the majority of patients reported
either no change on all items or only mild worsening on one single item
of the Long-Covid-syndrome questionnaire (16 items in total). Mild fatigue
compared fto pre-covip status was reported most frequently (2/6 [33%)]
in the 225 mg and 3/6 [50%] in the 600 mg group). On Day 91, 1/6 (17%)
patients in each dose group reported mild worsening of >2 items on the
Long-Covid-syndrome questionnaire. One patient reported an incidental
severe change from the pre-covip status at Day 91 for the domain chest
pain/tightness. There were no clinical abnormalities that could explain the
self-reported complaints, however, the complaints could be due to exces-
sive exercise as the patient visited the gym frequently. Daily occupational
activities of patients were not affected by Long-Covid symptoms.
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ANTI-SARS-COV-2 SERUM NEUTRALIZING ACTIVITY AND
CYTOKINE PRODUCTION

Patients neither had anti-sars-cov-2 neutralizing activity nor anfi-sars-
cov-2 antibodies at baseline, in serum prior to ensovibep administration
(data not shown). At Day 91 (final follow-up visit), virus neutralizing activi-
ty was detected in 3/6 (50%) patients in each dose group. All three patients
who received covip-19 vaccinations had positive microneutralization titers
aft Day 91. All patients had developed various levels of endogenous anti-
SsARs-cov-2 anfibodies with the highest values observed in vaccinated sub-
jects. Decreases in serum levels of IFN-gamma, TNF-alpha, 1L.-8 and 1L-10 cy-
tokine were observed during the study in most patients (data not shown). No
apparent changes in 1L-6 and 1L-13 were observed.

Discussion

In this exploratory phase 2a study ensovibep was administered for the first
fime to non-hospitalized symptomatic covip-19 patients. The time of symp-
tom onset and high viral load, in combination with absent sars-cov-2 neu-
tralization activity af baseline, confirmed that enrolled patients were in their
initial phase of infection. All patients showed reduction in viral load after
ensovibep administration. The change from baseline of viral load by gPCR
was comparable for both 225 mg and 600 mg doses, suggesting no dose-
dependent difference on viral clearance in this study population. Jones et
al proposed a model of natural sars-cov-2 infection with a linear increase
and then decline of approximately 0.17 log,, units per day after a peak of
viral load was reached (estimated on approximately day 4 after onset of
shedding).”® In our study we did not observe aninitial increase in viral load,
suggesting that most of the subjects surpassed their initial peak viral load.
Thisis also expected asthe study enrolled symptomatic patients and peak
viral load is expected to occur1to 3 days before symptom onset.'® The viral
load decline in our study was relatively high in the first week following in-
fection (3.6 log,, copies/mL inthe 225 mg group and 3.4 log,, copies/mLin
the 600 mg group on Day 8). Although the viral load dynamics in this first-
in-patient study does not permit comparison to a placebo group, the ob-
served viral load reduction, in comparisonto the model of Jones et al, sug-
gests a potential signal that ensovibep has an effect on viral clearance in
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a population with low risk of covip-19 related complication, consistent with
the results obtained after monoclonal antibody treatments.*'? Ensovibep
displayed first-order kinetics with a long systemic half-life in covip-19 pa-
tients, confirming the in vivo half-life extension properties of its anfi-hu-
man serum albumin DARPin modules in the presence of the compound’s
main binding targef (sars-cov-2 S-protein RBD).

Both doses showed consistent Pk profiles with dose escalation from 225
mg to 600 mg resulting in a proportional increase of serum concentration
and exposure. Due to the low variability of the Pk data and consistent b
results, the expansion of the cohort was not needed. Non-compartmental
Pk analysis showed a relafively low Vp of approximately 2.8 liter (in the
range of systemic circulation) and a long half-life of approximately 13 days.
These characteristics can be attributed to ensovibep’s albumin-binding
domains. It is anficipated that ensovibep will distribute through tissues
alongside with albumin. Albumin (like many other proteins) distributes
across the epithelial lining of the lungs, despite a low Vp.*°* Monoclonal
antibodies exhibit a similar Vp because they are presumed to be relative-
ly confined to the vascular space, however, they still distribute to a suffi-
cient degree to exert local effects. Moreover, several mAbs with a similar
Vp as ensovibep have shown to be effective as treatment or prophylaxis
for covip-19.2"??

All patients, including the fwo patients with an increased elimination
rate, had similar ensovibep exposures (combined with a slow elimina-
tion rate during the first two weeks following dosing). Neutralization of
sARs-cov-2 Wwill be mostimportant during this initial phase of infection, as
prolonged viral shedding of high viral quantities is associated with poor
oufcomes.”

Like other protein therapeutics, including mAbs, immunogenicity has
beendescribed previously.?*?® In this study AbA formation was observed at
various timepoints in most patients, however, mono-exponential elimina-
tion appeared to remain unaffected in most patients (83%). More impor-
tantly, immunogenicity did not appear to alter ensovibep concentrations
in the first fwo weeks post-dose, the time interval where antiviral efficacy
is anticipated to be most relevant.

Ensovibep was well tolerated in covip-19 patients. There were no
SAEs, infusion site reactions, hypersensitivity or clinical worsening of
covip-19 (such as immune enhancement-like phenomena described for
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anfibody-based drugs and vaccines targeting coronaviruses).?® Adverse
events were of mild-to-moderate severity. Related TEAEs consisted of
diarrhoea and fransient mild liver enzyme increases and were only ob-
served in the low dose (225 mg) group. A possible relationship of these
TEAEs and ensovibep could not be ruled out based on the timing of onset.
However, sars-cov-2 can cause gastrointestinal symptoms and can lead
to (transient) hepatocyte injury in various degrees of severity and via var-
ious mechanisms.”-*° Therefore these adverse events could also be at-
tributed to covip-19.

Assessment of common covip-19-related symptoms indicated an over-
all decrease in covipb-19 symptoms during the 29-day follow-up peri-
od, however, the study population already had a paucity of symptoms
at baseline, which makes the interpretability of results difficult. Similar to
viralload decline, there were no apparent differences between the 225 mg
and 600 mg dose in the resolution of covip-19 symptoms. Heterogeneity
of clinical outcome measures in literature and timing of participant inclu-
sion in relation to symptom onset makes it difficult fo compare the ob-
served symptom resolution with natural covip-19 disease course. A study
by Bliddal et al. in non-hospitalized pcr-positive covip-19 patients showed
amediantime until cessation of symptoms of 12to 14 days, with persistence
of symptoms > 4 weeks in approximately 36% of patients.*° In our study
a subset of subjects (4 out of 12 [33%)]) reported symptoms at Day 29 (fa-
tigue, myalgia, smell/taste loss). These symptoms were also most preva-
lent in the study population of Bliddal et al *°

Af the time of the study, there was no standardized clinical case defi-
nition of Long-Covid. The Long-Covid questionnaire was used as explor-
atory tool, to gain preliminary insights on the occurrence of long-term
post covip-symptoms after ensovibep administration. Case identification
of Long-Covid according to the current World Health Organisation (wHo)
definition could therefore not be made.*' Patients reported predominant-
ly no or only mild symptoms on Day 91 compared to their pre-covip sta-
tus and no patients reported impact of symptoms on daily occupational
functioning.

SARS-cOV-2 serum neutralizing activity and endogenous antibody for-
mation were assessed as an exploratory endpoint. All patients had de-
tectable levels of sars-cov-2 antibodies and half of the patients had sars-
cov-2 serum neutralizing activity at Day 91. Because ensovibep levels were
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predicted fo be very low at Day 91, any neutralizing activity in serum was
initially expected to be due to the endogenous response to SARS-cov-2
infection. However, the protocol allowed for covip-19 vaccination after
Day 29. Anfi-sars-cov-2 antibody titers were highest in vaccinated pa-
tients (n=3). These preliminary results indicate that administration of en-
sovibep does not prevent an endogenousimmune response to SARS-COV-2
antigens.

Our study had some limitations. This study was intended to assess the
feasibility of iv ensovibep administration in ambulatory covip-19 before
initiation of larger phase 2/3 randomized controlled trials, while exploring
the first-in-patient Pk and pharmacodynamic effects. The patients in this
study showed clear improvement, both in symptoms and viral clearance.
However, to fully determine the clinical efficacy and effect size, a compar-
ison with an unexposed and representative control group must be made
to differentiate from a natural disease course. The sample size in this ex-
ploratory study in combination with relatively young Caucasian adults,
and the relatively mild disease manifestation limit the extrapolation of the
results to a broader population. Lastly, covip-19 can cause many clinical
abnormalities, which made it difficult to discriminate between disease and
treatment-related adverse effects.

In conclusion, this study provides the first clinical data of ensovibep in
symptomatic, non-hospitalized, covip-19 patients. Single iv administration
of ensovibep (225 mg and 600 mg) was safe and well tolerated in ambula-
tory covip-19 patients. Both explored doses had similar effects on prelimi-
nary pharmacodynamic outcome measures, such asviral load and symp-
tfoms, suggesting that low doses of ensovibep could be targeted in the fu-
ture. The results of this study support the confinued development of en-
sovibep as a potential tfreatment for covip-19 in a follow-up randomized,
double-blind, placebo-controlled phase 2/3 trial (NcT04828161).
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TABLE1 BASELINE CHARACTERISTICS.

Cohort 1 225mg (n=6) Cohort 2 600mg (n=6)

Age, years 23 (21-26) 24 (22-44)

Sex, n female (%) 2(33) 2(33)

Race or ethnicity*, n (%)

Mixed 0(0) 1(17)

White 6 (100) 5(83)
BMI 26 (24-30) 25 (22-30)
Days between symptom onset and dosing 5 (2-8) 5(3-5)
Positive viral culture, n (%) 4(67) 0(0)
Positive qPCR result, n (%) 6 (100) 6 (100)
Viral load by gPCR**, mean (sp) 7.3(1.0) 6.7 (1.7)
covip-19-Related Symptom score*** 10.5 (4-15) 11.0(7-18)

Data are presented as median (range) unless indicated otherwise. *self-reported race or ethnicity of patients,
who could choose from multiple categories, **viral load expressed as log,, copies/mL, ***possible range of
aggregated covip-19-Related symptom score: 0-40. Bmi, body mass index; gPCR, quantitative polymerase chain
reqction.

TABLE 2 SUMMARY OF PHARMACOKINETIC PARAMETERS.

MP0420 225 MG MP0420 600 MG

Parameter n Mean® cV (%) or sp9 n Mean® cV (%) or sp9
AUCinf (W*ug/mL) 5b 37170 18.1 6 100068 37.9

Vp (ML) 5b 2844 34.3 6 2735 37.2

cL (mL/h) 5b 6.13 102 6 6.39 2.81
Cmax (ug/mL) 6 88.8 20.3 6 233 19.3

./, (h) 5b 326 119 6 303 136
Tmax (h) 6 1.42 1.40, 2.70 6 2.04 1.37,2.68

cv, coefficient of variation; Aucjnf, area under the concentration-time curve from time O to infinity; cL,
clearance ;Cpqx, maximum concentration; t,, half-life; Tpmqx, time to maximum concentration following
start of infusion; Vp, apparent volume of distribution.

a) Cmax and aucjpfare reported as geometric mean and coefficient of variation (%); cL,Vp and ty, are
reported as arithmetic mean and standard deviation (sp); Tmax is reported as median (minimummaximum,).
b) t, could not be accurately estimated in one patient. Pk parameters related to t, estimation (including Vp,
Aucjnfand cL) are not reported for this patient.
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TABLE3 NUMBER OF RELATED ADVERSE EVENTS CLASSIFIED BY MEDDRA SYSTEM ORGAN CLASS (SOC) AND
PREFERRED TERM, AND INVESTIGATOR-ASSIGNED RELATIONSHIP TO STUDY MEDICATION.

Cohort 1, 225mg (N=6) Cohort 2, 60omg (N=6)

Not related Related to drug Not related Relafed to drug
to drug administration to drug administration
administration administration

Ear and labyrinth disorder 0 0] 1(17%) 0]
Ear pain 0 0] 1(17%) 0]
Gastrointestinal disorders 1(17%) 2(33%) o] o]
Diarrhoea 1(17%) 2 (33%) 0 0
General Disorders and Administration Site 1(17%) 0 0 0
conditions
Alcoholic hangover 1(17%) o] (o] o]
Investigations o] 3(33%) (o] o]
Alanine aminotransferase increased (o] 1(17%) o] o]
Aspartate aminotransferase increased o] 1(17%) o] o]
Blood bilirubin increased 0 1(17%) 0 0
Metabolism and nutrition disorders 1(17%) 0 0 0
Hypophosphatemia 1(17%) o] o] o]
Musculoskeletal and connective tissue 2 (33%) 0 0 0
disorders
Back pain 1(17%) o] (o] 0
Myalgia 1(17%) o] (o] o]
Nervous system disorders 0 0 4 (50%) 0
Headache 0 0 4 (50%) 0
Respiratory, thoracic and mediastinal 0 0 1(17%) 0
disorders
Cough 0 0 1(17%) 0

n = number of adverse events (percentage of subject)
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FIGURE1 SCHEDULE OF ASSESSMENT.
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FIGURE 2 CONSORT DIAGRAM.
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FIGURE3 MEAN CHANGE FROM BASELINE IN SARS-COV-2 VIRAL LOAD DETERMINED BY QPCR ON UPPER
RESPIRATORY TRACT SAMPLES.
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FIGURE4 SEMI-LOG MEAN SERUM CONCENTRATION VERSUS TIME PROFILES OF ENSOVIBEP FOLLOWING 225- AND
600-MG ADMINISTRATION.
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All mentioned supplementary figures and tables in this chapter can be
found on the corresponding website by scanning this or code.
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