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¢ Purpose. The study assesses the impact of tocilizumab immunogenicity markers on clinical response to con-
ducted treatment in patients with rheumatoid arthritis.

Materials and methods. A total of 17 patients with the confirmed diagnosis of RA receiving tocilizumab therapy
for more than 1 year were enrolled into the study. Blood serum samples were collected once every six months
before every drug injection during 2.5 years of treatment. The concentration of antibodies to tocilizumab and level
of tocilizumab was determined using the ELISA. Additionally, DAS28 values were measured at the first and the
last patient visit during the course of study, whereas levels of C-reactive protein (CRP), white blood cells, platelets,
rheumatoid factor, and circulating immune complexes were only measured at the last examination.

Results. Positive correlations between the antibodies to tocilizumab and the last point DAS28 values were found,
as well as a negative correlation of tocilizumab level and the level of DAS28.

Conclusions. The data obtained indicate a significant effect of serum levels of tocilizumab, as well as of the
concentration of antibodies to tocilizumab on the effectiveness of RA treatment. A routine study of these biomarkers
might be useful for individualizing treatment approaches for RA patients and determining the causes of tocilizumab
resistance.

¢ Keywords: tocilizumab; immunogenicity; rheumatoid arthritis.
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¢ Ilenv uccnedosanus — OLEHUTb BIMsHUE MapKepoB MMMYHOI€HHOCTY TOLIN3yMada Ha 3¢ (eKTUBHOCTD
JIEYEHVA NMTAVIEHTOB C pEBMAaTOMIHbIM apTPUTOM.

Mamepuanvt u memoovt. B vccnefnoBaHme 6bUIM BKIIOUEHBI 17 MallMEHTOB ¢ KPUTEPUATbHO IOATBEPKAEH-
HBIM p€BMATOVJHBIM apTPUTOM, I1O/Ty4YaBIINX I'€HHO-VMIH)XXE€HEPHYIO T€pANNIO TOIH/[)'II/ISYMa6OM B COYE€TAaHUU C ME-
TOTPEKCaTOM MM B BapMaHTe MOHOTepamuy. Y BCeX MAIMEHTOB B TedeHMe 2,5 rofa JedeHNs TOLUIN3yMaboM
pas B MOJITOfja IPOM3BOAM/IN 3a60p KPOBY HEIIOCPECTBEHHO TIepef] CIeYIONM BBe[leHMeM JaHHOTO IIperapara.
KoHIleHTpaluio aHTUTeN K TOIMIN3yMaly ¥ ypOBeHb IIperapara OIpefie/iAny ¢ IOMOLIbI0 UMMYHO(pePMEHTHO-
ro aHa/mu3a. AKTUBHOCTb PeBMATOMHOTO apTPUTa olleHMBamu mo nupekcy DAS28. Hapany ¢ aTum onpepernsamm
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copiep>xanye C-peakTMBHOrO OeJlKa, JeVIKOLMTOB, TPOMOOLMTOB, PeBMaTOMIHOrO (HaKTOpa M LUPKYIUPYIOLINX

VIMMYHHDBIX KOMIIJIEKCOB.

Pe3ynvmamvt. Bpina BblABIeHa IpsMas KOPPE/LLVOHHAA CBS3b MEXAY YPOBHEM aHTUTEN K TOLMIN3YMalOy
¢ DAS28 (B mocnenHelt Touke UCCIENOBaHMA) Y KOMMYIECTBOM JIeMIKOLMTOB. [Ipy 9TOM ypOoBeHb B KPOBM TOLMIN-

3ymaba 06paTHO 3aBucen OT ypoBHs DAS28.

3axmouenue. IlonydeHHbIe JaHHbIE YKA3bIBAIOT HA 3HAYMTENBHOE B/IMAHIE CBIBOPOTOYHOTO yPOBHA IIpenapara,
a KOHIIEHTpalluy aHTUTEII K HeMY — Ha TepaleBTideckuit a¢pdexT Tepanuy peBMaTouHoro aprpura. Ilpencras-
JIeHHBIe OMOMapKepbl MOTYT IIOMOYb IIPY IIPOTHO3UPOBaHNY 3¢ (HEKTUBHOCTY Tepaluyl peBMaTOMHOIO apTPUTa,
a TaKKe CI0COOCTBOBATD BBIAB/ICHNUIO IIPUYVH PE3UCTEHTHOCTY K TOLMIN3YMaby.

¢ KiroueBble c1oBa: TONWIN3YMab; IMMYHOT€HHOCTD; PeBMaTOUIHBII apTPUT.

Rheumatoid arthritis (RA) is a chronic sys-
temic autoimmune disease characterized by sym-
metrical damage to the peripheral joints causing
destruction and ankylosis, as well as the involve-
ment of various organs and tissues in the patho-
logical process. Nowadays, RA is an important
problem of internal medicine because of its high
prevalence (from 0.5% to 1%) in the population,
frequent occurrence in working-age people, and
quite fast onset disability [1]. Significant prog-
ress in understanding the pathogenesis of this
disease has resulted in the development and in-
troduction into clinical practice of genetically
engineered biological drugs (GIBDs) capable of
blocking the cytokines involved in RA develop-
ment. Interleukin-6 (IL-6) plays an important
role in RA pathogenesis as it stimulates the syn-
thesis of acute phase proteins and pro-inflamma-
tory cytokines and participates in the activation
of osteoclasts, which causes the formation of an
erosive process in the joints.

During the first clinical studies, to assess the
effectiveness and safety of various GIBDs, it was
revealed that resistance to GIBD is formed in
30-40% of RA patients already at the initial stages
of therapy. These patients had primary resistance
to GIBD, which was detected during the first
12 weeks of therapy. The causes of primary
resistance are still not fully understood, but it was
found that the response level to GIBD during the
tirst 12 weeks of treatment was inversely correlated
with body mass index, disease duration, smoking,
and RA activity degree [2, 3].

Over time, the so-called secondary resistance
to GIBD can occur in RA patients, which is
formed in the case of a fairly high efficiency of
therapy with biological drugs and accompanied
by an increase in RA activity and a progressive
destructive process in the joints. It should be
noted that secondary resistance is registered on
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average in 30% of RA patients who have been
receiving long-term GIBD treatment. Most re-
searchers attribute the development of second-
ary resistance to a decrease in the GIBD serum
concentration because of the increased degrada-
tion of protein molecules by the reticuloendothe-
lial system and the antibody formation to GIBD
capable of neutralizing the biological effects of
this group of drugs [4]. Most often, the paratope
of neutralizing antibodies are epitopes of GIBD
binding to its ligand. Neutralizing antibodies not
only inhibit the binding of the drug to the target
molecule by forming immune complexes but also
accelerate the clearance of GIBD [5]. In addition
to neutralizing antibodies, binding antibodies can
develop in GIBD-receiving patients, which can be
synthesized to any part of the GIBD molecule [6].

In 2010, the drug tocilizumab (TOC) was
licensed, which is an IL-6 receptor inhibitor,
which is a monoclonal antibody that specifically
binds the membrane and soluble form of the
IL-6 receptor. Like other GIBDs, TOC has shown
high efficiency in reducing the degree of RA
inflammatory activity and slowing the progression
of the erosive process in the joints [7].

This work aimed to study the effect of TOC
immunogenicity on the treatment efficiency of
RA patients.

Materials and methods

The study included 17 patients with a con-
firmed diagnosis of RA according to the
American College of Rheumatology/European
League Against Rheumatism criteria of 2010 and
who received TOC for 2.5 years at the center for
treatment with GIBD of the E.E. Eichwald Clinic.
It should be noted that the TOC combination
therapy with methotrexate was prescribed to eight
patients of this group and TOC monotherapy to
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nine RA patients. Ten patients received TOC at
a dose of 400 mg intravenously once a month,
tive received 600 mg, and two received 360 mg.

All patients agreed to the sampling of biological
material and the use of personal data [8].

Initially, as well as 6 and 18 months before the
next GIBD administration, blood was sampled
to determine the level of TOC and antibodies to
it, as well as the level of blood serum C-reactive
protein (CRP), leukocytes, platelets, rheumatoid
factor, and circulating immune complexes.
In addition, before the start and completion of
the study, the RA activity index was evaluated
using the Disease Activity Score 28 (DAS28).
Point 0 is used as the control group.

The concentration of antibodies to TOC
(ImmunoGuide, Turkey) was determined using
an indirect noncompetitive variant of enzyme-
linked immunosorbent assay (ELISA) based on
the reaction of anti-GIBD antibodies binding
to the adsorbed preparations on the bottom of
the well. All manipulations and measurements
were performed following the manufacturer’s
instructions.

An antibody neutralization test was
performed to confirm the binding specificity of
the antibodies to GIBD. Stepwise dilutions of
TOC at a concentration of 100, 10, and 1 ug/mL
were incubated with a positive control for the
presence of antibodies to this drug. This enabled
to analyze the reaction inhibition of an excess
of GIBD antigen. After that, the samples were
examined by ELISA for the presence of antibodies
to TOC.
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GraphPad Prism 6.0 program was used for
statistical processing. Depending on the type of
normal distribution, parametric or nonparametric
methods for estimating samples were used. The
relationship between the two variables was
investigated using the Spearman rank correlation
method. The significance level for all statistical
tests was less than 0.05.

Results

To confirm the binding specificity of antibodies
to TOC, a neutralization reaction was performed.
High concentrations of TOC (100 ug/mL),
incubated with positive samples, caused the
binding of antibodies to the drug, which in
turn inhibited the chromogenic reaction during
ELISA. With an increase in TOC concentration,
the activity of chromogenic reaction decreased,
and at the maximum concentration, it was
completely absent. The results of the study are
presented in Table.

Reaction of neutralization for tocilizumab
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Tocilizumab
Drug concentration
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Fig. 1. Correlation between concentration of anti-tocilizumab antibodies with DAS28 (a) and number of leucocytes (b)

Puc. 1. Koppensauusa Mexxay KOHIeHTpaLueil aHTUTeN K TounnuayMmady ¢ DAS28 (a) u xonudectBoM JieitkouTos (b)
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The results of the study showed that at the
last observation point, antibodies to TOC were
detected in most RA patients (70.5% of cases).
For this reason, it was important to establish
the relationship between the concentration of
TOC and the levels of antibodies to it, as well as
laboratory parameters and RA activity according
to the DAS28 indices at the beginning of therapy
and the last visit. It turned out that the examined
patient group had a direct correlation between the
anti-TOC level and the DAS28 index at the last
point of the study (r = 0.5653, p = 0.0180), as well
as the leukocyte number (r = 0.6720, p = 0.0031).
An inverse correlation was established between
the TOC blood level in RA patients at the
last point of the study and CRP (r = -0.6417,
p =0.0055). In addition, an inverse correlation
was revealed between the average TOC level for
the entire study period and the DAS28 index at the
last point (r = 0.701, p = 0.0017), as well as CRP
indices (r = -0.6548, p = 0.0043). The results are
presented in Figures 1 and 2.

It should be noted that in this study, the
relationship between GIBD and the antibody
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Fig. 2. Correlation between tocilizumab level with con-
centration of C-reactive protein (a) and correlation of
mean tocilizumab level with C-reactive protein (b) and
DAS28 (c)

Puc. 2. Koppemanus ypoBHA Tonwammsymaba ¢ ypoBHeM
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levels to TOC was not possible to identify.
The fact that the content of TOC in the blood
of the patients examined, as well as the level of
antibodies to them did not differ significantly
in the groups of RA patients who received the
combination therapy with methotrexate or the
TOC monotherapy, was no less interesting.

Discussion

GIBDs used in rheumatology over the past
20 years have enabled not only to achieve RA
remission much more often and improve patients’
quality of life but also to reduce the disability
incidence in working-age patients. However,
when using the GIBD therapy often, secondary
resistance occurs in RA patients; as a result, the
treatment efficiency decreases, and the patient has
to be shifted to other GIBDs or synthetic targeted
drugs. Secondary resistance to GIBD is mainly
caused by a decrease in the drug serum level or
the formation of neutralizing antibodies to it.
Anti-GIBD antibodies are synthesized to a foreign
site of a monoclonal immunoglobulin molecule,
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which is the variable region of the Fab fragment
binding the target molecules. This, in turn, leads
to not only an increased drug elimination rate by
the reticuloendothelial system but also a decrease
in the GIBD biological activity due to the block
of binding of therapeutic immunoglobulin to
the target molecule [5]. However, the maximum
clinical effect of GIBD remains at a high level in
blood serum, which is determined immediately
before the administration of the next drug
dose.

In this study, in 70.5% of patients taking
TOC, an increased concentration of anti-TOC
antibodies was detected after 2.5 years of
therapy. At the same time, the cited research
materials differ significantly from previously
published data indicating a low level of TOC
immunogenicity (up to 2%), which can be
explained not only by a heterogeneous sample of
patients but also by the use of unequal methods
for determining antibodies to TOC [9]. Thus,
most test systems for determining the level of
therapeutic immunoglobulins are based on the
specific binding of the serum drug to a target
molecule adsorbed on the bottom of the well
of an ELISA plate. Other methods include the
adsorption steps on the bottom of the ELISA
plate of monoclonal antibodies specific for the
variable region of the immunoglobulin under
study. Thus, with reference to the methodological
aspects, the GIBD serum level indicates not only
the drug concentration but also the bioavailability
of the functionally significant region of the
protein molecule. Antibodies synthesized against
GIBD block this region, which is manifested
by a decrease in GIBD concentration. Its high
concentrations, in turn, completely saturate the
titer of anti-GIBD antibodies, which can also
affect the study results.

The study demonstrated that the anti-TOC
antibody levels correlated directly with DAS28
and CRP indices and the leukocyte count
at the last point. For real clinical practice, it
seems important that the TOC level, assessed
immediately before the next injection of the
drug, can become one of the markers for
monitoring the effectiveness of RA treatment.
This is confirmed by the high correlation values
of the average TOC level and the DAS28 and
CRP indices, as well as the CRP concentration
at the last point (r=-0.701, p=0.0017 and
r=-0.6548, p = 0.0043, respectively). Moreover,
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the high elimination rate of TOC can be
explained by the synthesis of neutralizing
antibodies to this drug.

Thus, the data obtained suggest that the
increase in RA activity in the examined group of
patients at the last point of the study depended on
a decrease in the blood serum TOC concentration
and an increase in the antibody levels to this
GIBD. Moreover, it can be assumed that the
decrease in the efficiency of RA treatment
depends directly on the low level of TOC before
the next administration of this drug and the
high level of formed antibodies to TOC. The use
of these two markers in real clinical practice
will help not only to personalize approaches to
RA treatment but also to identify the causes of
resistance to this GIBD.
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