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The aim of the article is to study pharmacokinetic characteristics of intravenous olokizumab in patients with moderate
COVID-19 to relieve a hyperinflammation syndrome.

Materials and methods. The pharmacokinetic study was conducted as a part of a phase Il clinical study (RESET, NCT05187793)
on the efficacy and safety of a new olokizumab regimen (intravenous, at the doses of 128 mg or 256 mg) in COVID-19
patients. Plasma concentrations of olokizumab were determined by the enzyme immunoassay. The population analysis was
performed using a previously developed pharmacokinetic model based on a linear two compartment.

Results. The pharmacokinetic analysis included the data from 8 moderate COVID-19 patients who had been administrated
with olokizumab intravenously at the dose of 128 mg. According to the analysis results in this population, there was an increase
in the drug clearance, compared with the data obtained in healthy volunteers and the patients with rheumatoid arthritis:
0.435, 0.178 and 0.147 |/day, respectively. The parameters analysis within the framework of a population pharmacokinetic
model showed that the main factors for the increased olokizumab clearance are a high body mass index. In addition, the
presence of COVID-19 itself is an independent factor in increasing the drug clearance.

Conclusion. After the intravenous olokizumab administration, an increase in the drug clearance is observed in moderate
COVID-19 patients against the background of the disease course. The main contribution to the increased clearance is made
by the characteristics of the population of COVID-19 patients associated with the risk of a severe disease and inflammation.
When administered intravenously at the dose of 128 mg, a therapeutically significant olokizumab level was maintained
throughout the acute disease phase for 28 days.
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Abbreviations: IL(s)—interleukins; PAIT—proactive anti-inflammatory therapy; Ig(s) —immunoglobulins; PK—pharmacokinetics;
RA — rheumatoid arthritis; RESET — hyperinflammation; CRP — C-reactive protein; CT — computer tomography; RR — respiratory
rate; ALT —alanine aminotransferase; AST — aspartate aminotransferase; ULN — upper limit of normal; BMI —body mass index;
ELISA — enzyme-linked immunosorbent assay; T, , — half-life; AUC,, — area under the concentration-time pharmacokinetic
curve from zero to the last blood draw; Kel — elimination constant; AUC, _ —area under the concentration-time curve from
time zero to infinity; CL — clearance; T _ —time to reach the maximum concentration of olokizumab in blood plasma; C__ —
maximum concentration of olokizumab in blood plasma; MRT — Mean Resident Time.
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Lienb. M3yyeHne ocobeHHocTen GapMaKOKMHETUKM ONOKM3yMaba Npu BHYTPUBEHHOM BBeAEHUU y naumeHToB ¢ COVID-19
CpeAHETAXEeNOro Te4eHNA A4 KYNMPOBaHUA CUHAPOMA rMnepBoCnaneHns.

Martepuanbl U meTtogbl. V3yyeHne dapmMaKOKMHETMKM MPOBOAMIOCL B PaMKax KAMHWYECKoro uccieposaHua Il ¢pasbl
(nccnemosaHmne RESET, NCT05187793) acddeKTMBHOCTM M HE30MacHOCTM HOBOFO peXMMa MpPUMEHEeHMsA O0Ku3ymaba
(BHYTPMBEHHO, B A03ax 128 mr uan 256 mr) y naumeHtos ¢ COVID-19. OnpegeneHmne KOHUEHTpauun 0oKkM3ymaba B naasme
KPOBW NPOBOAMAN METOAOM MMMYHOPEPMEHTHOrO aHanu3a. MonynALMOHHbBIN aHaAW3 BbIMOJAHEH C MOMOLLbIO paHee
pa3paboTaHHOM papMaKOKUHETUYECKOWM MOLEAN HA OCHOBE IMHEMHOW ABYXKaMePHOW MOgENN.

Pe3ynbratbl. B aHann3 GpapmMaKoOKMHETUKK Bblan BKAOYEHb! AaHHble 8 nauueHToB ¢ COVID-19 cpegHeTAXKeNnoro TedeHus,
nosy4asLuve o1oKM3ymab B go3e 128 mr BHyTpMBeHHO. CornacHo pesy/ibTaTam aHain3a B 4aHHOM nonynauum Habaoganoch
yBe/MYeHne KAUpeHca npenapaTa, MO CPABHEHUIO C AAHHBIMU, NOAYYEHHBIMU Y 340POBbIX 40O6POBONLLEB M NALMEHTOB C
pesmatonaHbim aptputom: 0,435, 0,178 n 0,147 n/cyT, COOTBETCTBEHHO. AHa/IM3 MapaMeTPOB B PaMKax Mony/iAaLMOHHOM
bapMaKOKMHETUYECKOW MOAENM MOKasas, YTO OCHOBHbIMU GaKTOpaMM MOBbILEHHOTO K/AMPEHCa 0/I0KM3ymMaba aBasAoTCA
BbICOKUIM MHAEKC macchl Tena. Kpome Toro, HesaBUCMMbIM GaKTOPOM MOBBILIEHUA KAMPEHCA Mpenapata ABAAETCA Camo
Hananyme COVID-19.

3aknioyeHue. Y naumeHToB co cpegHeTaxenbim TeyeHnem COVID-19 nmocne BHYTPMBEHHOrO BBeAEHWA ONOKM3ymaba
Habnlojaetca yBennyeHWe KAMpeHca npenapata Ha ¢oHe TeyeHusa 3aboneBaHuA. OCHOBHOW BKAaZ, B MOBbILIEHHbIN
K/IMPEHC BHOCAT 0COBEHHOCTU nonynauun naumeHtos ¢ COVID-19, cBA3aHHbIe C PUCKOM TAXKENOro TeyeHusa 3aboneBaHuA
M BbIPaXKEHHbIM BocnaneHvem. lpu BHYTPUBEHHOM BBeAeHWM B fAo03e 128 mr TepaneBTUYECKM 3HAYUMMbIA YPOBEHb
0/10KM3yMaba CoXpaHAICA B TeYeHMe BCei ocTpoi dpasbl 3a601eBaHUA Ha NPOTANKEHUMN 28 AHEN.

KntoueBblie cnosa: COVID-19; 0n0Kn3ymab; KanpeHc; papmMaKkoKMHETUYECKas MOAENb

Cnucok cokpaweHuin: W1 — wuHTepnelikuHbl; YMT — ynpexagawowasa MpoTMBOBOCNAAUTENbHAA Tepanusa; g —
MMMYHON06ynunHbl; DK — dapmakokuHeTuKa; PA — peBmaTouaHbii apTpuT; RESET — runepsocnaneHue; CPB — C-peakTuBHbIN
6enok; KT — KomnbtoTepHaa tomorpadwms; YA — yactoTa AbixaTenbHbIX ABUXKeHWUIU; AJ/IT — anaHMHamuHoTpacdepasa;
ACT —acnapTtatammnHoTpaHcdepasa; BI'H —BepxHaa rpaHuua Hopmbl; UMT —uHAeKe maccbl Tena; UPA —nmmyHOopepMeHTHbI
aHanus; T , — nepuog nonysbisefeHus; AUC  _niowaap nog bapMaKOKMHETUYECKOM KPUBOW «KOHLLEHTPALUA-BPEMSA»
OT Hyna [0 nocnefHero otbopa kposu; K, — KOHCTaHTa anumuHauuu; AUC — — nnowadp noj GapMakoKMHETUYecKow
KPUBOMN «KOHLLEHTPaLMA-BPeMA», HaYMHAA C HYNEeBOro 3HAYeHWA BPEMEHM, IKCTPAnoNMpoBaHHAA A0 6ECKOHe4yHOCTH;

CL—knupeHc; T

max

— Bpems SOCTUKEeHUA MaKCMMalbHOM KOHLLeHTPALLMKW 0N10KM3yMaba B niasme Kposu; C

— MaKCuMmanbHaA

max

KOHLEHTpaLMa 010KM3yMaba B niasme Kposu; MRT — cpeaHee pesnaeHTHOE Bpems.

INTRODUCTION

In December 2019, a large outbreak of a disease
caused by a novel coronavirus (SARS-CoV-2) affecting
the lower respiratory tract, occurred in Wuhan, China
[1].

Most patients suffer from a mild form of the
disease (like an acute respiratory viral infection), but
the infection can turn into an acute respiratory distress
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syndrome. In this case, there is a rapid replication of
the virus, a rapid release of pro-inflammatory cytokines
against the background of the inflammatory infiltrates
formation in the lung parenchyma and pulmonary
vascular endothelium, damage to the alveoli, vascular
microthrombosis, etc. There is a pattern of systemic
hyperinflammation with increased levels of interleukins
(ILs) cytokines such as IL-1B, IL-1Ra, IL-6 and the IL-2
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receptor. The progressive development of systemic
pathological inflammation results in a pronounced
increase in the severity of the disease and the
development of multiorgan damage [2-4].

According to the Interim Guidelines (IGs) of the
Russian Ministry of Health “Prevention, diagnosis and
treatment of novel coronavirus infection (COVID-19)"%,
the use of proactive anti-inflammatory therapy (PAIT)
in combination with active anticoagulant therapy is
currently the standard of care. Monoclonal antibodies —
blockers of the IL-6, IL-6, IL-1 receptors, can be used
among others as PAIT.

Olokizumab (Artlegia®) is a humanized monoclonal
antibody of the immunoglobulin (Ig) G4/kappa isotype
that can specifically bind to the IL-6 molecule. The drug
has a unique action mechanism, sinceit directly binds IL-6
and thus blocks the pathological cascade of inflammatory
reactions. In this, it differs from tocilizumab, sarilumab,
and levilimab, which are antagonists of the IL-6 receptor
[5-7]. Due to the high affinity for IL-6 and the mode of
action (inhibition of the interaction between IL-6 and
the glycoprotein gp130), the pharmacodynamic effects
of olokizumab are realized at lower doses [8, 9].

Olokizumab was originally developed as a drug
for the treatment of rheumatoid arthritis (RA) and has
successfully passed a full-fledged clinical development
program that included phase Il studies [10] in 380
patients, and phase Il studies in 2443 patients
(CREDO 1%, CREDO 23, CREDO 3* and CREDO 4°), as well
as post-marketing studies [11]. According to the studies,
the recommended olokizumab dose in RA is 64 mg once
every 2 or 4 weeks when administered subcutaneously.
In case of pathogenetic therapy of a cytokine release
syndrome in a new coronavirus infection (COVID-19) —
64 mg subcutaneously once.

Subsequently, the effect of olokizumab was studied
in COVID-19 patients. The use of olokizumab as a

! Interim Guidelines of the Russian Ministry of Health “Prevention,
diagnosis and treatment of novel coronavirus infection (COVID-19),
version 16, 18.08.2022. Available from: https://static-0.minzdrav.gov.
ru

2 Evaluation of the Effectiveness and Safety of Two Dosing Regimens of
Olokizumab (OKZ), Compared to Placebo, in Subjects With Rheumatoid
Arthritis (RA) Who Are Taking Methotrexate But Have Active
Disease (CREDO 1). Available from: https://grisbase.ru/clinicaltrails/
clintrail/2763

3 Evaluation of the Efficacy and Safety of Two Dosing Regimens of
Olokizumab (OKZ), Compared to Placebo and Adalimumab, in Subjects
With Rheumatoid Arthritis (RA) Who Are Taking Methotrexate But
Have Active Disease (CREDO 2). Available from: https://clinicaltrials.
gov/ct2/show/NCT02760407

4 Evaluation of the Efficacy and Safety of Two Dosing Regimens of
Olokizumab (OKZ), Compared to Placebo, in Subjects With Rheumatoid
Arthritis (RA) Who Were Taking an Existing Medication Called a Tumour
Necrosis Factor Alpha Inhibitor But Had Active Disease (CREDO 3).
Available from: https://clinicaltrials.gov/ct2/show/NCT02760433

5 Efficacy and Safety of Olokizumab in Subjects With Moderately
to Severely Active Rheumatoid Arthritis (CREDO 4). Available from:
https://clinicaltrials.gov/ct2/show/NCT03120949
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part of the complex therapy for COVID-19 revealed a
number of pharmacokinetic characteristics of the drug
in this population, compared with healthy volunteers
and RA patients. In general, the patient population in
which olokizumab was prescribed as proactive anti-
inflammatory therapy (PAIT) is characterized by a number
of trends in both demographic data and laboratory
parameters. In particular, a body mass index, or rather
overweight, which, in turn, is a risk factor for severe
COVID-19, has a known effect on the pharmacokinetics
of drugs. In COVID-19, a typical pattern of deviations
in the biochemical analysis of blood is observed: an
increase in the levels of inflammatory markers, a change
in the levels of protein fractions, reflecting the course
and severity of the inflammatory process, which also
affects the drugs pharmacokinetics.

THE AIM of the article is to study pharmacokinetic
characteristics of intravenous olokizumab in patients
with moderate COVID-19 to relieve hyperinflammation
syndrome.

MATERIALS AND METHODS

Study design

Currently, according to the Interim guidelines
(version 16 dated 18 Aug 2022), the intravenous
administration of olokizumab is included in the
recommended standards of COVID-19 therapy. The
pharmacokinetics of the drug when administered
intravenously in COVID-19 patients, was evaluated
as a part of a multicenter, open, randomized phase Il
research, the aim of which was to study the efficacy and
safety of a new olokizumab regimen (at the doses of 128
and 256 mg, respectively, administered intravenously)
in COVID-19 patients with signs of hyperinflammation
(RESET). The randomization of patients in the study was
central and it was performed using an electronic system.
The patients were randomized into 2 groups at the
ratio of 1:1 — the olokizumab group (group 1) and the
comparison group (group 2). In order to evenly distribute
patients into the treatment groups, the stratification was
carried out according to the following criteria:

e according to the need for the oxygen support at
screening (yes / no),

e the presence of a concomitant disease that is a
risk factor for severe COVID-19 (no risk factors or there
is one or more risk factors).

Thus, as a result of the stratification, the patients
in groups will be equivalent in terms of the presence of
respiratory failure and risk factors for severe COVID-19.

Selection criteria for the study
The RESET study was conducted with the approval
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of the Ethics Council of the Department for Regulation
of the Circulation of Medicines (Ministry of Health of the
Russian Federation, Protocol No. 273 dated 20 Apr 2021);
the local ethics committees of Voronezh Regional Clinical
Hospital No. 1 (Protocol No. 117 dated 22 Jul 2021) and
Inozemtsev City Clinical Hospital (Protocol No. 11 dated
28 May 2021). The results of the pharmacokinetic study
in the subgroup of COVID-19 patients, compared with
the data from the previous studies in healthy volunteers
and RA patients, are presented in this paper. The
study included hospitalized patients with a confirmed
moderate-to-severe coronavirus infection and signs of
hyperinflammation, aged over 18 years.

The main inclusion criteria were: moderate
COVID-19, pneumonia on computer tomography (CT)
and the body temperature > 38°C, in combination
with 1 or more features, including the saturation level
(Sp0O,) < 95%, respiratory rate (RR) > 22, dyspnea
on exertion, C-reactive protein (CRP) >10 mg/l; the
presence of one of the risk factors (diabetes mellitus,
severe cardiovascular pathology, chronic renal failure,
oncological pathology, obesity, or age =65 years);
the presence of the hyperinflammation signs (a body
temperature >38°C for 2 days or more, in combination
with 1 or more signs: a CRP level >3xupper limit of
normal (ULN), the leukocyte count — 2.0-3.5 x 10%/I, the
absolute number of lymphocytes — 1.0-1.5x10°%/1).

The main exclusion criteria were: a severe or
extremely severe COVID-19 course, the presence of
severe laboratory abnormalities (hemoglobin <80 g/I, an
absolute neutrophil count <0.5x109/I, a leukocyte count
<2.0x109/1, a number of platelets <50 x 109/L, alanine
aminotransferase (ALT) > 3.0 x ULN and/or aspartate
aminotransferase (AST) = 3.0 x ULN), the creatinine
clearance < 30 ml/min, confirmed sepsis by pathogens
other than COVID- 19, a high probability of a disease
progression to death within the next 24 hours.

Selection criteria for the pharmacokinetics

subgroup

The pharmacokinetics (PK) study subgroup included
patients with a body mass index (BMI) in the range of
18.5-35.0 kg/m?who had signed an additional voluntary
informed consent form for the inclusion in the PK study.
A total of 9 patients were included in the PK subgroup.
These patients were administrated with Artlegia®
(INN: olokizumab), a solution for the subcutaneous
administration, 160 mg/mg, as an intravenous 60-minute
infusion, at the dose of 128 mg (8 patients were
administrated with the drug once at the dose of 128
mg), 1 patient was not included into statistical analysis
(total dose 256 mg). 1 patient was administrated with
the drug twice with a total dose of 256 mg).

Tom 10, Beinyck 5, 2022

In addition to olokizumab, the patients received
baricitinib (4 mg/day, for 7 days) and low-doses of
glucocorticosteroids (dexamethasone at the doses
of 4-20 mg/day IV or IM, or methylprednisolone at
the dose of 1 mg/kg intravenously every 12 hours), as
well as etiotropic therapy for COVID-19 (favipiravir or
remdesivir), symptomatic and anticoagulant therapy
drugs.

In the patients included in the PK assessment
subgroup, blood biosamples were taken to study
olokizumab concentrations as follows: before the start
of the infusion, then after 2, 4, 8, 24, 48 and 72 hours;
then every day, starting from 4 to 10 days; at the end on
days 14 and 28 after the first administration of the drug
(i.e. from the moment the infusion began). After the
selection, plasma biosamples were frozen and stored at
the temperature not exceeding —65°C.

For the analysis of biosamples, a bioanalytical
method based on enzyme immunoassay (ELISA) was
developed. The method is based on the interaction of
olokizumab with IL-6 associated with goat antibodies
to human IL-6 immobilized on the surface of the plate.
The method was validated in the concentration range of
2.5-100 pg/ml.

Statistical analysis

To assess a possible influence of various factors on
the olokizumab clearance, the results were combined
with a previously created phases 1 and 2 database
of olokizumab clinical trials, including the data from
the pharmacokinetic samples analysis of 30 healthy
volunteers and 30 RA patients, and the ones who had
received a single intravenous olokizumab injection at
various concentrations [12].

The description of the olokizumab pharmacokinetics
was performed using a linear 2 compartment model with
the absorption kinetics and the first order elimination.
The model parameterization included pharmacokinetic
parameters such as clearance (CL), an distribution
volume (V), an elimination rate constant (K ) and
rate constants of exchange between compartments
(Q/Ve, Q/Vp) (Fig. 1). Interindividual variability (l1V)
parameters were included in the final model for the
volume of distribution parameters of the central (Vc)
and peripheral compartments (Vp). The influence of the
following covariates was assessed: age, sex, body weight,
serum albumin, liver enzymes, bilirubin, creatinine
clearance. Since study CL04041094 did not collect data
on participants’ albumin levels, for modeling purposes,
missing individual albumin levels were reconstructed
using the following formula (ALB =—-0.4714xCRP+50.714)
based on the literature data [13].
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Figure 1 — Diagram of linear two compartment model to describe olokizumab pharmacokinetics
Note: Q/Vc, Q/Vp — speed constants of exchange between cameras; K — elimination rate constant.
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6- O [l [ 1 ' [ 6- = [ ' [ 1
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TAD IPRED

Figure 2 — Goodness of fit plots for the final model
Note: DV — dependent variable; PRED — predicted values; IPRED — individual predicted values; TAD — time after the last dose;
CWRES - conditional weighted residuals calculated using the FOCI algorithm.
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Figure 3 — Assessments of the normality assumption of interindividual variability
Note: ETA = n; IV — interindividual variability; CL - clearance; Vc — volume of the central chamber; Vp — volume of the peripheral chamber;
Normal QQ Plot — quantile-quantile plot for assessing normality of the distribution.
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Figure 4 — Graphical representation of observed and predicted pharmacokinetic olokizumab profiles

for COVID-19 patients, healthy volunteers, and RA patients

Note: The area marked in pink is the boundaries of the 95% confidence interval for estimating the median; the areas marked in gray are the

boundaries of the 95% confidence interval for estimating the 5" and 95" percentiles.

Table 1 - Individual pharmacokinetic olokizumab parameters and mean values

Crnax (1g/ml)

Mean (£SD) 21.4 (+0.842) 22.28 (+3.9) 40.20 (+18.06)

Geometric mean (CV%) - 21.98 (17.53) 35.69 (44.93)
Tmax (h)

Median 4.00 2.00 6.00

L.Qu., U.Qu. 2.03-4.00 2.0-14.0 2,0-18,0

Geometric mean (CV%) - 4.49 (123.26) 7.44 (159,72)

AUC,: (hxmcg/ml)

Mean (£SD)

9 427 (£524)

7 001.58 (+1,259.89)

7 802,19 (+4005,29)

Geometric mean (CV%)

6911.9 (17.99)

6 855.77 (51.34)

AUC;... (hxmcg/ml)

Mean (£SD) 10 435 (+1,266) 13 979.67 (+3,267.86) 13 117.51 (+9,777.32)
Geometric mean (CV%) - 13 633.52 (23.38%) 10 600.21 (74.54)

Ty2 (days)
Mean (+SD) 27.9 (+12) 30.66 (+14.2) 13.8 (+10.86)
Geometric mean (CV%) - 28.13 (46.31) 10.35 (78.65)

CL, I/day
Mean (+SD) 0.177 (+0.020) 0.145 (+0.03) 0.349 (+0.214)

Geometric mean (CV%)

0.143 (20.372)

0.289 (61.275)

Vd, |

Mean (£SD)

7.08 (+3.04)

6.29 (+2.97)

5.26 (+4.56)

Geometric mean (CV%)

5.79 (47.23)

4.33 (86.81)

Notes: SD — standard deviation; CV% — coefficient of variation; L.Qu. — lower quartile (25%); U.Qu. — upper quartile (75%); IV — intravenously;
max. — maximum; min. — minimum; n is the number of patients; CL — clearance; Vd — volume of distribution; 1 — the comparison table includes
only the data of volunteers administrated with olokizumab at the dose of 1 mg/kg intravenously. A total of 87 volunteers participated in the phase
1 studies, 67 —in the European population (RA0001), 20 — in the Asian (Japanese) population (RA0074).
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Table 2 — Mean pharmacokinetic olokizumab parameters in general population of RA and COVID-19 patients

CL (I/day) 01 0.154 - 6.8
ve (1) 82 4.1 - 5.6
Q (I/day) 03 0.348 - 16.3
Vp (1) 04 1.67 - 12.2
Residual error — frequent sampling 07 0.167 5.9 -
IV CL (CV%) ni 34.2 2.2 -
1V Vc (CV%) n2 27.3 2.6 -
IV Vp (CV%) n3 56.7 16.0 -
Correlation of random effects

1V CL—11V Vc CORRy,; 0.651 - -
IV CL-1IV Vp CORRy3 0.110 - -
1V Ve -1V Vp CORRy3 0.512 - -

Note: RSD — relative standard deviation; CL — total clearance; Vc, Vp — volume of distribution of the central, peripheral, respectively; Q/Vc, Q/
Vp — speed constants of exchange between cameras; IIV(CV%) — interindividual variability (coefficient of variation %); 0 is a parameter with a fixed
value; n is the variability parameter given by a value with a normal distribution; CORR — correlation between random effects.

Table 3 - Effects of individual patients’ characteristics

Impact of body weight on CLand Q 08 0.654 57.3
Impact of body weight on Vc andVp 014 0.498 60.0
Impact of COVID-19 disease on CL 016 0.965 23.4

Note: 6 — parameter with a fixed value; RSD — relative standard deviation; CL — total clearance; Q — intercompartmental clearance; Vc, Vp —volume

of distribution of the central, peripheral, respectively.

Diagnostic plots were used to assess model
assumptions  and goodness-of-fit; satisfactory
n-shrinkage values were obtained, and Visual Predictive
Check was performed. The stability of the model, the
asymmetry and kurtosis of the n distribution were also
evaluated [13, 14].

Population pharmacokinetic olokizumab parameters
were evaluated using the First Order Condition
Estimation (FOCE) algorithm in NONMEM 7.4 software.
The construction of diagnostic plots, the exploratory
analysis, and post-processing of the NONMEM
output data were performed using R version 3.5.3
software. The analysis was performed in accordance
with FDA® and EMEA’ guidelines for population
pharmacokinetics.

RESULTS

The mean age of the patients was 56.4 (+10.0) years
[45 to 74 years], the majority were males (87.5%), the
average body weight of the patients was 87.0 (+15.1) kg,

6 Guidance for Industry: Population Pharmacokinetics. U.S. Department
of Health and Human Services, Food and Drug Administration,
Center for Drug Evaluation and Research (CDER), Center for Biologics
Evaluation and Research (CBER), February 2022.

7 EMEA report. Guideline on Reporting the Results of Population
Pharmacokinetic Analyses, 2007.

Tom 10, Beinyck 5, 2022

and BMI — 26.8 (+3.4). All patients were Caucasian. In
five patients, biosamples were taken at all planned
points, in 2 patients the sampling was completed at the
point of 366 hours and in 1 —at the point of 240 hours (a
withdrawal due to death).

Standard non-compartmental PK parameters from
individual studies are presented in Table 1, compared
with the results of the previous studies in healthy
volunteers and RA patients. After the administration,
the drug was distributed fairly fast. In the studied
population, C__~ was reached quite fast and was
about 36 pg/ml, the median T  wasb hours. Further
on, the concentration decreased during the entire
subsequent observation period. Despite a faster
decrease in the concentration compared with the
intravenous (IV) olokizumab administration at the
dose of 1 mg/kg (mean 75 mg) in RA patients [10], 7
days after the administration, in 7 out of 8 patients,
the plasma concentration of olokizumab exceeded
10 mcg/ml; after 14 days, in 5 out of 7 patients, the
concentration was above 5 mcg/ml. In this case, the
mean T, , was about 13.8 days, which was significantly
than when administered intravenously to
(27.9 days) and RA patients

lower
healthy volunteers
(30.66 days).
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Analysis of individual characteristics influence

on olokizumab clearance

A graphical analysis of the goodness-of-fit criteria
and a visual assessment of the compliance with the
model predictions demonstrated the satisfactory ability
of the selected population pharmacokinetic model to
describe plasma concentrations of olokizumab (Fig. 2—-4).

The pharmacokinetic ~ olokizumab
parameters in the general population of RA and
COVID-19 patients, determined on the basis of the
developed population pharmacokinetic model, generally
corresponded to the previously obtained individual
pharmacokinetic parameters in the RA population
(clearance 0.153 I/day vs. 0.147 |/day)3.

The covariates analysis showed that a body weight
has the greatest effect on the drug elimination rate
(Table 3). After adjusting for albumin and body weight,
a COVID-19 disease was found to be an independent
significant factor in increasing olokizumab clearance by
96.5% (616).

average

DISCUSSION

The peak intravenous concentration in COVID-19
patients was about 36 pg/mL; it was consistent with
the previous data in healthy volunteers and RA patients
however, in only two patients T__ exceeded 8 hours.
Thus, in general, the time to peak concentration was
comparable in all studied populations, the observed
differences may be associated with differences in
the speed and techniques of intravenous infusion
of the drug in different studies. Although the rate of
elimination and the volume of olokizumab distribution
did not significantly differ between healthy volunteers
and RA patients, the patients with moderate COVID-19
showed a significantly faster clearance of the drug. The
median of T,/, in COVID-19 patients was about 6 days
compared to about 30 days in healthy volunteers and
RA patients. For a more detailed analysis, a previously
developed population pharmacokinetic model based on
the results intravenous administration of olokizumab in
healthy volunteers and patients with RA program, was
adapted to assess the impact of individual patients’
characteristics on the drug clearance in COVID-19
patients. It has been shown that a decrease in albumin
levels and an increase in body weight are associated
with an increase in the rate of olokizumab clearance.
Decreased albumin levels are a hallmark of a COVID-19
disease: hypoalbuminemia is observed in 30-50% of

8 Instructions for drug use Artlegia®. Available from: https://artlegia.
com/#close
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hospitalized patients and can serve as an independent
predictor of a severe disease and death [23, 24], while
average levels of albumin in healthy volunteers and
RA patients do not differ. An increased body weight is
a risk factor for severe COVID-19, and therefore such
patients are more likely to be hospitalized and are
disproportionately represented in the study populations.
The median body weight of patients in the COVID-19
patient cohort was higher compared to RA patients
and healthy volunteers (92, 78 and 76 kg, respectively).
Thus, in COVID-19
patients may be partly explained by a higher incidence
of hypoalbuminemia and the greater body weight of
patients. A COVID-19 disease was also independently
associated with increased olokizumab clearance, which

a faster olokizumab clearance

may be due to the acceleration of protein metabolism
in infectious and inflammatory diseases [25], one of
the markers of which can serve as a reduced level of
albumin. Hypoalbuminemia is a characteristic feature
of a COVID-19 disease: it is observed in 30-50% of
hospitalized patients and plays an independent predictor
of a severe disease and death [17-22], while mean
albumin levels do not differ between healthy volunteers
and RA patients.

A similar effect, comparable in magnitude, was
previously demonstrated for another inhibitor of the
IL-6 signaling pathway, tocilizumab, in patients with
severe COVID-19 [21]. In the review by Leung E. et al.
(2022), 2 routes for the elimination of monoclonal
antibodies are described. The first pathway, providing
a linear clearance, is associated with proteolytic
catabolism of drugs after the administration. The second
pathway involves a specific a ligand-receptor (e.g., IL-6
receptor and tocilizumab) binding to both soluble and
membrane-bound targets, followed by an internalization
and an intracellular degradation. This process provides
a non-linear clearance and depends on the relative
expression of the target. Therefore, this mechanism may
be influenced by patient-specific factors such as the type
and severity of the disease. In this case, the linear part
of the tocilizumab clearance, apparently, to some extent
depends on a body weight.

Inthe study by Moes D.J.A.R. etal (2021), in patients
with severe COVID-19, the clearance (CL) estimate was
0.725 I/day and it was higher than the estimate in adult
RA patients (0.2-0.3 I/day), children with systemic
juvenile idiopathic arthritis (0.17 1/day), children and
adults with a CAR T-induced cytokine release syndrome
(0.5 I/day) [26]. Similar trends are shown by the ratio
of the olokizumab clearance in patients with moderate
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COVID-19 (0.349 I/day) and RA patients (0.145 |/day).
However, it should be taken into account that the study
did not show the feasibility of calculating the dose
of tocilizumab based on the body weight of patients,
the use of fixed doses is preferable. Given these data,
a caution should be exercised when interpreting
the study results of this population olokizumab
pharmacokinetics. Thus, until further pharmacokinetic
data are obtained in COVID-19 patients, a revision of
the dosing olokizumab regimen seems unreasonable in
this population.

CONCLUSION

After the intravenous administration of olokizumab,
during the disease course, in patients with moderate
COVID-19, an increase in clearance was demonstrated

compared with previously studied populations
of healthy volunteers and RA patients. The main
contribution to the increased olokizumab clearance is
made by the characteristics of the COVID-19 patients
population associated with the risk of the severe
disease (overweight) and the effect of accelerated
protein metabolism due to the severe inflammation,
characterized by hypoalbuminemia. At the same time,
the contribution of the unidentified factors of the
increased clearance associated with a COVID-19 disease,
and probably due to the interaction of the mechanism of
olokizumab action and COVID-19 pathogenesis, was also
observed. However, when administered intravenously
at the dose of 128 mg, a therapeutically significant
olokizumab level was maintained throughout the acute
phase (28 days) of the disease.
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