
Vol.:(0123456789)

BioDrugs (2024) 38:61–71 
https://doi.org/10.1007/s40259-023-00634-1

REVIEW ARTICLE

Targeting IL‑6 or IL‑6 Receptor in Rheumatoid Arthritis: What Have We 
Learned?

Ali Berkant Avci1 · Eugen Feist2 · Gerd R. Burmester3

Accepted: 18 October 2023 / Published online: 21 November 2023 
© The Author(s) 2023

Abstract
The use of different pathways in the treatment of rheumatoid arthritis has led to a significant decrease in the number of 
treatment-resistant patients. In this context, interleukin (IL)-6 inhibition has filled an important gap in rheumatoid arthritis 
treatment with its effectiveness and safety in both monotherapy and combinations. The process of IL-6 inhibition initiated 
with IL-6 receptor blockers has prompted questions regarding the potential impact and safety of different inhibitions of this 
pathway, such as the direct blockade of IL-6. Following the termination of the development of sirukumab because of mortal-
ity data in early studies, the investigation of olokizumab, which targets a different region of the IL-6 cytokine, has renewed 
the hope in this area and the safety concerns have been largely alleviated by the open-label extension data. In addition, the 
efficacy and safety of tocilizumab and sarilumab have led to a rapid investigation of biosimilars and new potent IL-6 recep-
tor blockers. A comprehensive understanding of mechanisms of this pathway with further long-term clinical data and basic 
research may provide a decisive impact on selecting the appropriate mechanism as the first choice in personalized treatments.

Key Points 

The role of the interleukin (IL)-6 pathway in the treat-
ment of rheumatoid arthritis has the potential to progress 
with different inhibitions of this pathway such as IL-6 
cytokine blockade and trans-signaling blockade, in addi-
tion to IL-6 receptor blockers.

The favorable efficacy/safety profile of tocilizumab has 
prompted the rapid development of biosimilars and new 
potent IL-6 receptor inhibitors.

The potential impact of modalities targeting different 
antigenic sites of the IL-6 cytokine on efficacy and safety 
data highlights the importance of both clinical and basic 
research in revealing the true potential of this pathway.

The efficacy demonstrated by olokizumab in phase III 
studies, along with its open-label extension safety data, 
has shown that direct IL-6 inhibitors may also have an 
important place in this field.
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1  Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease 
causing articular and extra-articular damage due to tissue 
and organ infiltration by leukocytes and prolonged systemic 
inflammation driven by proinflammatory cytokines. In this 
regard, interleukin-6 (IL-6), which is an important cytokine 
in the control of the acute-phase reaction, has a key posi-
tion. Interleukin-6 is crucial for both the innate and adap-
tive immune systems [1]. It is a pleotropic cytokine that is 
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also involved in hematopoietic, metabolic, and hormonal 
regulation [2–4]. Interleukin-6 can demonstrate its biologi-
cal activities only by binding to its specific IL-6 receptor 
(IL-6R) and this cytokine-receptor complex associates with 
the gp130 IL-6R β-subunit leading to intracellular signal-
ing [5, 6]. Two case reports that failed to show an acute-
phase reaction as a result of a homozygous mutation in the 
IL-6R in 2019 again showcased the importance of IL-6 in 
acute-phase mechanisms [7].

Interleukin-6 receptor is expressed as a membrane-bound 
(mIL-6R) form but also as a soluble form (sIL-6R). The 
soluble form is proteolytically cleaved from the cell mem-
brane by a disintegrin and metallopeptidase domain 17 
(ADAM17) [8]. The pathways generated by mIL6-R and 

sIL-6R are different, while the cascade by mIL-6R is called 
‘classic signaling’, the cascade by sIL-6R is called ‘trans-
signaling’ (Fig. 1). The recent application of the sgp130Fc 
(olamkicept), which exclusively blocks IL-6 trans-signaling 
without affecting classic signaling, led to new insights in 
the IL-6 pathway [9]. Inhibition of trans-signaling with 
sgp130Fc was effective in controlling inflammation without 
compromising the immune response to infections, suggest-
ing that proinflammatory effects of IL-6 occur via the trans-
signaling pathway, while protection against infections and 
regenerative functions occurs via classic signaling [10–13]. 
In addition, sgp130Fc (olamkicept) has also taken its place 
in clinical studies in inflammatory bowel diseases with the 
hypothesis that it can control inflammation while affecting 

Fig. 1   Interleukin (IL)-6 signaling cascade. Interleukin-6 demon-
strates its biological activities only by binding to its specific recep-
tor, IL-6R. This cytokine-receptor complex then associates with the 
IL-6R β-subunit, gp130, leading to intracellular signaling. Classical 
IL-6 receptor signaling occurs in cells that express IL-6R and gp130. 
IL-6 receptor can be proteolytically cleaved from the cell membrane 
by ADAM17, generating sIL-6R. This mechanism of trans-signaling 
allows IL-6 to act on cells that lack IL-6R. Both modes of IL-6 recep-
tor signaling lead to gp130 activation of Janus kinases 1 and 2 and 
tyrosine kinase 2, and a series of proximal tyrosine residues that acti-
vate the STAT1, STAT3, MAPK, and PI3K cascade. In addition to 
the JAK/STAT pathway, IL-6 signaling also stimulates SFK-depend-
ent signaling, which probably leads to the activation of different tran-
scriptional regulators including YAP. Phosphorylation of the tyrosine 

motif 759 in the cytoplasmic tail of gp130 is important for negative 
regulation of IL-6 signal transduction. SHP2 and SOCS3 bind to this 
phosphotyrosine and attenuate the IL-6 downstream JAK/STAT sign-
aling. In trans-presentation, mIL-6Rα in complex with IL-6 is pre-
sented by dendritic cells and sensed by gp130 molecules expressed on 
T cells. ADAM17 a disintegrin and metallopeptidase domain 17, IL-6 
interleukin-6, IL-6R interleukin-6 receptor, Jak Janus kinase, MAPK 
mitogen-activated protein kinase, mIL-6R membrane bound IL-6R, 
PI3K phosphatidylinositol-4,5-bisphosphate 3-kinase, SFK Src-fam-
ily kinase, SHP2 Src homology 2-containing protein tyrosine phos-
phatase 2, sIL-6R soluble IL-6R, SOCS3 suppressor of cytokine sign-
aling 3, STAT​ signal transducer and activator of transcription, Tyk2 
Tyrosine kinase 2, Tyr759 tyrosine residue 759, YAP YES-associated 
protein
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less the immune response to infections [14]. However, cur-
rently, this product is not being investigated for use in RA.

Additionally, a third mechanism of IL-6 signaling, called 
‘trans-presentation,’ has been described in which T cells 
respond to IL-6 in the absence of IL-6Rα expression [15]. 
Here, mIL-6Rα in complex with IL-6 is presented by den-
dritic cells and sensed by gp130 molecules expressed on 
T cells. The formation of the IL-6-IL-6Rα complex occurs 
within the intracellular compartments of dendritic cells 
before being transported to the membrane. Unlike classical 
IL-6 signaling and IL-6 trans-signaling, anti-IL-6 antibodies 
fail to inhibit IL-6 trans-presentation. However, anti-IL-6Rα 
antibodies can neutralize trans-presentation.

In recent years, the success of the IL-6R inhibitors tocili-
zumab (TCZ) and sarilumab (SAR) in the treatment of RA 
has further highlighted the important role of this cytokine. 
The high efficacy even with monotherapy and the acceptable 
risk profile has encouraged researchers to target different 
points of this pathway. In addition to RA, IL-6R inhibitors 
have been approved for use in various other diseases such 
as juvenile idiopathic arthritis, polymyalgia rheumatica, 
giant cell arteritis, cytokine-release syndrome in CAR-T cell 
therapy, Castleman disease, COVID-19, and others, in all of 
which inflammation and the acute-phase response play an 
important role [16, 17]. Of note, use in systemic sclerosis-
induced interstitial lung disease has also been approved by 
the US Food and Drug Administration (FDA) [18]. Further 
indications such as adult-onset Still’s disease and Schnit-
zler’s disease are also highlighting that additional research 
is needed to understand the full potential of IL-6 inhibition. 
General characteristics of biologics targeting IL-6 or IL-6R 
have been shown in Table 1.

Under steady-state conditions, serum levels of sIL-6R 
and sgp130 are roughly about 1000 times higher than IL-6 
levels. In septic conditions, serum IL-6 levels can increase 
by more than 1000 times; however, in chronic inflamma-
tory diseases such as rheumatoid arthritis, this elevation is 
more constrained, and serum levels of sIL-6R and sgp130 
remain relatively consistent with serum IL-6 levels [11, 19, 

20]. sIL-6R and sgp130 together serve as a buffer against 
high IL-6 levels and act as a barrier against inflammatory 
diseases. Preliminary data also suggest that there may be 
potential advantages of targeting the IL-6 cytokine over 
targeting IL-6R in the context of systemic complications 
associated with RA, such as depression and cardiovascular 
diseases [21].

Finally, on the basis of lower levels of circulating 
cytokine versus receptor, polymorphisms in the IL-6R gene, 
and the fact that the IL-6R has additional ligands, it was 
assumed that IL-6 inhibition may have additional advantages 
over IL-6R inhibition, such as lower drug load, longer half-
life, and more specific and efficacious responses [22–24]. In 
this context, various direct IL-6 inhibitors have been inves-
tigated in clinical studies and only recently, the first drug of 
this class, olokizumab (OKZ) has been approved in Russia 
for the treatment of RA [25].

In this review, we discuss the current status of new agents 
targeting the IL-6 pathway in RA treatment. We also exam-
ine the emergence of TCZ biosimilars into the landscape 
following the broader utilization of TCZ and SAR and try 
to explore where we stand regarding the direct inhibition of 
the IL-6 cytokine.

2 � IL‑6 Inhibitors for the Treatment of RA

2.1 � Olokizumab (OKZ)

Olokizumab came to the fore with three pivotal, phase III 
core publications in 2022. In a phase III study in which 
patients with RA whose disease was not adequately con-
trolled with methotrexate (MTX), both OKZ 64 mg every 
2 weeks (q2w) and OKZ 64 mg every 4 weeks (q4w) in 
combination with MTX, established a significant superi-
ority over placebo (PBO) plus MTX in the primary effi-
cacy outcome, American College of Rheumatology 20% 
(ACR20) response at week 12 (63.6%; 70.4%; 25.9%, 
respectively, p < 0.0001 for both comparisons) [26]. 

Table 1   General characteristics of biologics targeting IL-6 or IL-6R

IL-6 interleukin-6, IL-6R interleukin-6 receptor, IV intravenous, SC subcutaneous, w weeks

Biologics Target molecules Antibody Route of administration and dose Intervals

Tocilizumab IL-6R Humanised IV 8 mg/kg 4 w
SC 162 mg 1–2 w

Sarilumab IL-6R Human SC 150 mg, 200 mg 2 w
Levilimab IL-6R Human SC 162 mg 1–2 w
Vobarilizumab IL-6R Humanised SC 75 mg, 150 mg, 225 mg 2–4 w
Olokizumab IL-6, site 3 Humanised SC 64 mg 2–4 w
Sirukumab IL-6, site 1 Human SC 50 mg, 100 mg 2–4 w
Clazakimumab IL-6, site 1 Humanised SC 25 mg, 100 mg, 200 mg Once monthly
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Additionally, the secondary endpoint of Disease Activ-
ity Score 28-joint count C-reactive protein (DAS28-CRP) 
< 3.2 at week 12 was met significantly higher in both OKZ 
dosage groups compared with the PBO group (38.7%; 
33.6%; 3.5%, respectively, p < 0.0001 for both compari-
sons). The Health Assessment Questionnaire-Disability 
Index-based physical function also significantly improved 
in the OKZ groups with least-squares mean changes of 
0.54, 0.56, and 0.20, respectively (p < 0.0001 for both 
comparisons). Safety was consistent with the expected 
range for this class of agents and the observed immu-
nogenicity was low. Treatment-emergent adverse events 
(TEAEs), which were reported in 52.9% of patients, were 
mostly mild to moderate leading to treatment discontinu-
ation in 3.5 and 4.9% of patients on OKZ q4w and q2w 
compared with 0.7% of patients on PBO. Treatment-emer-
gent serious adverse events (TESAEs) were numerically 
higher in patients on OKZ q2w and q4w compared with 
PBO (5.6, 5.6, and 2.8%, respectively), with infections 
being the most common adverse event, occurring in 2.8% 
of the patients on OKZ q2w and 1.4% on PBO. Serious 
infection was not reported in the OKZ q4w group. One 
TEAE leading to death because of septicemia was reported 
in OKZ q2w group.

In another phase III study in patients with RA who did 
not respond to anti-tumor necrosis factor treatments, patients 
were randomized to OKZ 64 mg q2w, OKZ 64 mg q4w, or 
PBO plus MTX. All subjects in the PBO group were re-ran-
domized to receive either OKZ 64 mg q2w or OKZ 64 mg 
q4w at week 16 [27]. The primary endpoint was met with 
ACR20 response rates of 60.9, 59.6, and 40.6%, respectively 
(p < 0.01 for both comparisons, at week 12). Additionally, 
the major secondary efficacy endpoint (DAS28 [CRP] < 3.2) 
at week 12 was significantly superior in both OKZ arms 
compared with PBO (p < 0.0001 for OKZ q2w and 0.0035 
for OKZ q4w). The safety profile was similar to monoclonal 
antibodies to the IL-6 receptor. Most of the TEAEs were 
mild to moderate in severity and were reported in 64.7% 
of patients with 64.3% in the OKZ q2w group, followed 
by 59.7% group in the OKZ q4w group (up to week 44, 
OKZ groups including the period before and after re-rand-
omization) compared with 50.7% in the PBO group (up to 
week 16) group. Prior to re-randomization, discontinuation 
because of TEAEs were observed in 4.1% of the OKZ q2w 
group and 5.4% in the OKZ q4w group compared with 1.4% 
in the PBO group. Up to week 16, no TESAEs were reported 
in the PBO group, TESAEs reported in the OKZ groups 
during the first 16 weeks were 6.5% in the q2w group com-
pared with 1.9% in the q4w group. Furthermore, numerically 
higher TESAEs were reported in the OKZ 64-mg 2w group 
up to week 44. No deaths were reported.

In a head-to-head study, patients with RA with an inad-
equate response to MTX were randomly assigned to receive 

subcutaneous OKZ at a dose of 64 mg every 2 or 4 weeks, 
adalimumab (ADA) 40 mg q2w, or PBO while continuing 
background MTX [28]. At week 12, OKZ resulted in a better 
efficacy than PBO with respect to the primary efficacy end-
point ACR20 response, 70.3% in OKZ q2w, 71.4% in OKZ 
q4w, and 44.4% of the patients receiving PBO (p < 0.001 
for the superiority of each OKZ dose to PBO) and 66.9% in 
patients receiving ADA. Of note, OKZ was non-inferior to 
ADA in both doses in terms of the percentage of patients 
with an ACR20 response at week 12. The rates of serious 
adverse events were similar among treatment groups: 4.8% 
in the OKZ q2w group, 4.2% in the OKZ q4w group, 5.6% 
in the ADA group, and 4.9% in the PBO group. Infections 
were the most commonly reported serious adverse events 
with rates of 1.3, 1.5, 3.5, and 1.6% in the respective groups. 
Three deaths were reported in the OKZ q2w group followed 
by two in the OKZ q4w group, and one in each of the ADA 
and PBO groups because of adverse reactions.

Following phase III core studies, patients were enrolled in 
an open-label extension study. During the extension period, 
patients on OKZ 64 mg q2w and q4w continued their medi-
cation, patients on ADA and PBO were switched to OKZ 64 
mg q2w or q4w [29]. Adverse events were assessed at week 
82 and safety monitoring was continued for an additional 
20 weeks. In 73.5% of the patients, TEAEs were observed, 
with infections being the most common adverse event, 
occurring in 38.5% of the patients. Adverse events leading 
to treatment discontinuation were infections in 2.5% of the 
patients followed by laboratory changes such as elevated 
liver function tests or changes in blood counts in 2% of 
the patients. Serious adverse events occurred in 11.8% of 
patients, while serious infections occurred in 4.1%. Deaths 
were reported in 1.2% of patients, with similar rates in both 
groups. Throughout the study, the efficacy of OKZ remained 
consistent, and patients who were switched from PBO or 
ADA to OKZ treatment groups achieved similar responses 
to those in the initial OKZ groups and no significant differ-
ence was observed in terms of efficacy or safety among the 
OKZ treatment groups. Olokizumab was well tolerated and 
had low dropout rates. The main efficacy results of OKZ 
phase III trials and an overall summary of adverse events 
and immunogenicity in safety population were shown in 
Tables 2 and 3.

2.2 � Sirukumab (SRK)

Sirukumab (SRK) had completed phase III studies and dem-
onstrated similar clinical efficacy compared to TCZ and 
other IL-6 inhibitors [30–32]. However, death rates in the 
SRK arms compared with PBO, especially in the controlled 
period, led to the decision by the FDA not to grant approval 
of SRK in August 2017 and the company terminated its 
development program. In 2021, the long-term extension 
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study of the SIRROUND-D and SIRROUND-T studies 
enrolling 1820 patients with a median exposure of 2.34 and 
2.07 years in the SRK 50-mg q4w group and the 100-mg 
q2w group, respectively, were published [33]. The efficacy 
was maintained and the safety profile did not change from 
the reported profile in SIRROUND-D and SIRROUND-T 
studies. Throughout the studies, 32 deaths were reported, 27 
during the primary study periods and five in the long-term 
extension. The death rates were 0.5/100 year (50 mg q4w) 
and 0.4/100 year (100 mg q2w) mainly due to serious infec-
tions and major adverse cardiovascular events. As mentioned 
in the discussion of the study, mortality rates were similar 
with long-term TCZ and SAR data [34, 35]

2.3 � Other IL‑6R Inhibitors

Clazakizumab (BMS945429; ALD518) is another mono-
clonal humanized antibody that binds to circulating IL-6 
cytokine and blocks both classic and trans-signaling [36]. 
Although it was more potent than TCZ in in-vitro assays, 
and showed efficacy in phase II trials, the company stopped 
further development in RA and phase III trials have not 
been performed [37, 38]. Additionally, MEDI5117, a fully 
human monoclonal antibody targeting IL-6 has been devel-
oped from the progenitor anti-IL-6 human monoclonal anti-
body CAT6001 by variable domain engineering to achieve a 
higher affinity and an improved half-life; however, a phase 
I trial in patients with RA has been terminated because of 
difficulties with patient recruitment (ClinicalTrials.gov iden-
tifier NCT01559103) [39, 40]. Another recombinant human-
ized monoclonal antibody (gerilimzumab, GB3224) against 
IL-6 has been evaluated in healthy adults in a phase I study. 
A single-dose subcutaneous administration of gerilimzumab 
was well tolerated with desirable pharmacokinetics and a 
low immunogenicity [41]. However, a phase II study evalu-
ating further the safety and efficacy profile in RA was not 

started because of a sponsor’s decision (ClinicalTrials.gov 
identifier: NCT02795299) [42].

3 � New IL‑6R Inhibitors for the Treatment 
of RA

3.1 � Levilimab (LVL)

Following the successful worldwide use of IL-6R inhibi-
tors TCZ and SAR, results for a new IL-6R inhibitor, lev-
ilimab (LVL), were shown at the European League Against 
Rheumatism (EULAR) Congress 2021. Twenty-four-week 
results of efficacy and safety of a phase III, double-blind, 
PBO-controlled, randomized clinical study (SOLAR) have 
been mainly reported [43]. The study aimed to confirm 
the superiority of LVL (162 mg, subcutaneously, once 
weekly) plus MTX over PBO plus MTX in patients with 
RA resistant to treatment with MTX, in terms of ACR20 
at week 12 and low disease activity at week 24. Levilimab 
plus MTX achieved both primary outcome points (71 vs 
40% for ACR20; p = 0.0003 and 52 vs 6% for low disease 
activity; p < 0.0001) at the end of the study. The spectrum 
of adverse events observed in this period were similar to 
other IL-6R inhibitors without any new safety signals.

At EULAR 2022, 1-year results of the open-label 
period of the SOLAR study have been presented [44]. 
In the open-label period, patients who achieved DAS28-
CRP ≤ 2.6 at week 24, were switched to a maintenance 
dose of LVL, every 2 weeks plus MTX. Patients with a 
DAS28-CRP score over 2.6 continued the weekly regi-
men of LVL+MTX. In the q2w LVL group, the ACR70 
response, DAS28-CRP <  2.6, and ACR/EULAR2011 
remission rates were 55.6, 85.2, and 25.9%, respectively 
at week 24. After 1 year, the rates were 63.0, 77.8, and 
44.4%, respectively. The rates did not differ significantly 

Table 2   Main efficacy results in OKZ phase III trials

ACR​ American College of Rheumatology Response, ADA adalimumab, aTNF-IR anti-tumor necrosis factor inadequate responders, CDAI Clini-
cal Disease Activity Index, CRP C-reactive protein, DAS28 (CRP) Disease Activity Score based on CRP, MTX methotrexate, MTX-IR metho-
trexate inadequate responders, OKZ olokizumab, PBO placebo, q2w every 2 weeks, q4w every 4 weeks, w week, w12 at week 12, w24 at week 
24, (%) percentage of responders

Outcomes OKZ q2w vs OKZ q4w vs PBO 
(plus MTX) [MTX-IR] [26]

OKZ q2w vs OKZ q4w vs PBO 
(plus MTX) [aTNF-IR] [27]

OKZ q2w vs OKZ q4w vs ADA 
vs PBO (plus MTX) [MTX-IR] 
[28]

ACR20-w12 (%) 63.6/70.4/25.9 60.9/59.6/40.6 70.3/71.4/66.9/44.4
ACR50-w12 (%) 37.8/38/4.2 33.3/32.3/15.9 40.9/42.8/39.2/15.6
ACR50-w24 (%) 42/48.6/7.7 33.3/40.6 50.4/50.1/46.3/22.6
DAS28CRP < 3.2, w12 (%) 38.7/33.6/3.5 39.9/28.0/11.6 45.3/45.7/38.3/12.8
DAS28CRP < 3.2, w24 (%) 48.6/37.8/7.7 45.7/42.9 52.2/53.9/46.1/21.8
CDAI ≤ 2.8, w12 (%) 2.8/1.4/0 6.5/3.1/0 7.8/7.7/8.0/3.3
CDAI ≤ 2.8, w24 (%) 8.4/7.7/0 10.1/5.6 11.2/12.1/13/4.1
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in terms of the ACR70 response and DAS28-CRP remis-
sion rates and even further increased with respect to 
ACR/EULAR 2011 remission criteria after 52 weeks. 
These findings suggested the possibility of switching to 

a maintenance dose of LVL q2w in patients with RA who 
achieved remission.

Moreover, patients who could not achieve DAS28-CRP 
remission at week 24 and had a continued weekly regimen 

Table 3   Overall summary of adverse events and immunogenicity (OKZ safety population) [reproduced with permission from Feist et al. [29]]

ADA antidrug antibodies, AE adverse event that occurred after the first dose of the open-label (OLE) study treatment, ALT alanine aminotrans-
ferase, BL baseline, n number of subjects, Nab neutralizing antibodies, OLE open-label extension, q2w every 2 weeks, q4w every 4 weeks, ULN 
upper limit of normal, % percentage of subjects calculated relative to the total number (N) of subjects in the population
a Psoriasis, cutaneous vasculitis, alopecia areata, hypersensitivity vasculitis, pyoderma gangrenosum, vasculitic rash, vitiligo
b Chronic gastritis, ulcerative keratitis, ocular myasthenia, vasculitis, rheumatoid vasculitis, autoimmune thyroiditis, type 1 diabetes mellitus, 
rheumatoid lung
c AEs leading to death by System Organ Class: infections and infestations 7 (0.3%), general disorders and administration-site conditions 5 (0.2%), 
cardiac disorders 3 (0.1%), neoplasms benign, malignant, and unspecified (central nervous system neoplasm, metastatic neoplasm, pancreatic 
carcinoma metastatic) 3 (0.1%)

All cases, n (%) OKZ 64 mg q2w
N = 1061

OKZ 64 mg g4w
N = 1043

≥ 1 AE 793 (74.7) 753 (72.2)
≥ 1 AE, related to study treatment 352 (33.2) 318 (30.5)
> 1 serious AE 120 (11.3) 129 (12.4)
 Serious infection 47 (4.4) 40 (3.8)

≥ 1 AE of special interest 611 (57.6) 598 (57.3)
 Infections 398 (37.5) 389 (37.3)
  Opportunistic infections 22 (2.1) 19 (1.8)

 Malignancies 6 (0.6) 9 (0.9)
  Melanoma 0 0
  Basal cell carcinomas 1 (<0.1) 2 (0.2)

 Hyperlipidemia 138 (13.0) 120 (11.5)
 Systemic injection and hypersensitivity reactions 100 (9.4) 99 (9.5)
  Anaphylactic reactions 0 0

 Injection-site reactions 34 (3.2) 34 (3.3)
 Gastrointestinal perforation 2 (0.2) 1( <0.1)
 Cytopenias 168 (15.8) 146 (14.0)
 Potential hepatotoxicity (ALT > 3 ULN) 63 (5.9) 68 (6.5)
 Demyelination in the peripheral or central nervous system 1 (< 0.1) 0
 Autoimmune disorders 41 (3.9) 48 (4.6)
  Musculoskeletal and connective tissue disorders 30 (2.8) 34(3.3)
   Rheumatoid arthritis 28 (2.6) 28 (2.7)
   Rheumatoid nodule 2 (0.2) 4 (0.4)
  Systemic lupus erythematosus 0 2 (0.2)
  Skin and subcutaneous tissue disordersa 5 (0.5) 5 (0.5)
  Other disordersb 6 (0.6) 10 (1.0)

 Respiratory, thoracic, and mediastinal disorder 68 (6.4) 60 (5.8)
  Pulmonary embolism 4 (0.4) 2 (0.2)

 Major adverse cardiac events (adjudicated) 7 (0.7) 15 (1.4)
 AE leading to discontinuation of study drug  90 (8.5) 87 (8.3)
 Deathc 13 (1.2) 13 (1.2)

Immunogenicity
 ADA OLE BL positive confirmatory results 18 (1.7) 27 (2.6)
 ADA any time post-BL positive confirmatory results 34 (5.0) 17 (2.6)
 Nab OLE BL positive confirmatory results 0 1 (0.1)
 Nab any time post-BL positive confirmatory results 2 (0.3) 2 (0.3)
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of LVL+MTX reached remission rates of 46.7% of DAS28-
CRP and 10.7% of ACR/EULAR 2011 remission and 36% 
ACR70 response after 1 year, confirming the maintained 
efficacy of LVL+MTX in patients with active RA resist-
ant to treatment with MTX. The safety analysis was again 
similar to other IL-6R inhibitors. No deaths occurred. Sub-
sequently, LVL has been approved in Russia, but no results 
from real-life clinical practice have been reported so far [45]. 
The main efficacy results and most common adverse events 
in LVL phase III trials are shown in Table 4.

3.2 � Vobarilizumab

ALX-0061 (vobarilizumab) is a bispecific anti-IL-6R nano-
body designed to have an extended half-life in vivo by target-
ing human serum albumin, in combination with strong target 
binding using a single anti-IL-6R building block in order to 
inhibit the proinflammatory activities. It appears to modulate 
the IL-6 trans-signaling pathway in addition to the classical 
mIL-6R-dependent pathway [46]. Because of the small size, 
these nanobodies have low in-vivo toxicity and immuno-
genicity and can be rapidly eliminated from the body by 
the kidneys [47, 48]. Compared with TCZ, ALX0061 has a 
2400-fold higher affinity for the sIL-6 receptor and a 17-fold 
higher affinity for mIL-6R. In a phase I/II study, ACR 20 

response rates reached up to 84% and DAS28 remission rates 
up to 58% [49]. In a phase IIb monotherapy study conducted 
head-to-head with TCZ in 251 patients with RA, ALX0061 
demonstrated comparable or superior efficacy in primary 
and secondary efficacy endpoints [50]. In an open-label 
extension study assessing the long-term efficacy and safety 
of ALX-0061 in RA over 104 weeks, ACR20, ACR50, and 
ACR70 rates reached 97, 84, and 72%, respectively [51].

3.3 � Tocilizumab (TCZ) Biosimilars

The successful results of TCZ in many inflammatory condi-
tions have brought biosimilars to the agenda after expiration 
of its patent period. In this regard, BAT1806/BIIB800 has 
been approved for use in RA by China’s National Medi-
cal Products Administration and has been filed applied for 
approval to both at the FDA and the European Medicines 
Agency [52].

The results of the phase III study BAT1806/BIIB800 in 
patients with RA with moderate-to-severe disease activity 
and irresponsive to MTX were published at the EULAR 
Congress in 2022 [53]. With a randomization of 2:1:1, 
patients were divided into three groups: (1) those who 
received BAT1806/BIIB800 for 48 weeks; (2) those who 
received TCZ for 48 weeks; or (3) those who received TCZ 
for 24 weeks followed by BAT1806/BIIB800 for the next 
24 weeks. The administrations were performed at a dose of 
8 mg/kg every 4 weeks. The primary endpoints of the study 
were the ACR responses at week 12 and week 24. ACR20 
rates in BAT1806/BIIB800 and TCZ groups were 68.97 ver-
sus 64.82% at week 12 and 69.89 versus 67.94% at week 
24, respectively. The confidence intervals for the estimated 
differences were within the pre-defined equivalence margins. 
Compared to reference TCZ, BAT1806/BIIB800 exhibited 
comparable efficacy at both the 12th and 24th weeks of the 
study. Moreover, at the 24th week, the pharmacokinetic pro-
files, safety, and immunogenicity were similar.

The results from week 24 to week 48 were published at 
the American College of Rheumatology Convergence 2022 
[54]. At week 48, the ACR20 rates in groups 1, 2, and 3 
were 92.9, 92.2, and 93.5%, respectively. The ACR20/50/70 
responses and mean changes in DAS28-erythrocyte sedi-
mentation rate and DAS28-CRP scores from baseline were 
similar between the groups. No deaths occurred during this 
period. Safety, immunogenicity, and pharmacokinetic pro-
files were comparable among the three groups, and no addi-
tional safety or immunogenicity concerns were observed in 
the group that switched from TCZ to BAT1806. Other TCZ 
biosimilars such as HS628, QX003S, and MSB11456 have 
also been developed and entered into a clinical trial program 
[55–59].

Table 4   Main efficacy results and most common adverse events in 
levilimab phase III trialsa [43, 44]

ACR​ American College of Rheumatology Response, ALT alanine 
transaminase, ANC absolute neutrophil count, AST aspartate transam-
inase, CRP C-reactive protein, DAS28(CRP) Disease Activity Score 
based on CRP, IGRA​ interferon-gamma release assay, LEV levilimab, 
M. tb Mycobacterium tuberculosis, PBO placebo, w12 at week 12, 
w24 at week 24, WBC whole blood count, (%) percentage of respond-
ers or percentage of patients experiencing an adverse effect
a Efficacy results of first 24 weeks before re-randomization, adverse 
events reflect 1-year safety data of the open-label period (reported in 
≥ 5% of subjects)

ACR20, w12 (%) [LEV/PBO] 71/40
DAS28(CRP) < 3.2, w24 (%) [LEV/PBO] 52/6
DAS28(CRP) < 2.6, w24 (%) [LEV/PBO] 18/0.6
Blood cholesterol increase (%) 30.3
ALT increase (%) 23.0
Lymphocyte count decrease (%) 17.1
ANC decrease (%) 16.4
Blood triglyceride increase (%) 13.8
Bilirubin increase (%) 11.2
AST increase (%) 9.9
WBC decrease (%) 9.9
IGRA with M. tb antigen positive (%) 7.2
Injection-site reactions (%) 5.9
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4 � Discussion and Conclusions

Recent advances in the treatment of RA have made signifi-
cant breakthroughs, with IL-6 inhibitors playing an impor-
tant role alongside other biologics in both combination 
therapy with MTX and as monotherapy. The combination 
of acceptable safety data with high efficacy has led to long-
term drug survival rates in treatment with IL-6R inhibitors. 
The successful introduction of IL-6R inhibitors, TCZ and 
SAR, in therapy have led to the rapid development of bio-
similars in addition to new potent and safe IL-6R inhibi-
tors. In this context, LVL, a new IL-6R blocker such as TCZ 
and SAR, has exhibited a similar efficacy and safety profile 
reflecting the group effect in the published data so far. Fur-
thermore, the biosimilar BAT1806/BIIB800 has completed 
phase III trials and has been approved for use in RA by the 
National Medical Products Administration and approval has 
been applied for both at the FDA and European Medicines 
Agency.

The advantages and risks of targeting different points of 
the IL-6 cytokine pathway, such as directly neutralizing IL-6 
or inhibiting trans-signaling, have been the focus of current 
discussions. Despite the development of sirukumab being 
halted, data from extension studies of phase III trials of SRK 
and the successful use of another IL-6 cytokine inhibitor, 
OKZ, have largely alleviated safety concerns. Moreover, in 

a recently published network meta-analysis of randomized 
controlled trials, TCZ, SAR, and OKZ were compared in 
terms of efficacy and safety in active RA despite MTX [60]. 
While they were more effective than ADA in terms of effi-
cacy, all three drugs targeting the IL-6 pathway were simi-
larly effective and safe compared to each other.

Interleukin-6 inhibitors can bind to different antigenic 
sites on IL-6 [61, 62] (Fig. 2). In this regard, SRK and cla-
zakizumab bind to site 1, interfering with the binding of IL-6 
to IL-6Rα in the IL-6–IL-6R–gp130 trimolecular complex 
and preventing dimerization, while OKZ binds to site 3, 
blocking hexamer formation by disrupting the interaction of 
IL-6 and the IL-6–IL-6R dimer with the signal-transducing 
β-receptor subunit gp130 part of the receptor complex [5, 
28, 63–65]. This also brings the advantage of inhibiting the 
binding of IL-6 and sIL-6R dimers to the membrane portion 
of the receptor, preventing continued cell activation [27]. 
Additionally, hypothetically, dimeric or trimeric complexes 
can still form, and the physiological buffering system contin-
ues to function, thereby facilitating better control of inflam-
mation. Unlike SRK, OKZ demonstrated low mortality rates 
both in the PBO-controlled and long-term extension period. 
In a recent systematic review, pairwise analysis, and network 
meta-analysis of OKZ, both in the pairwise and the network 
meta-analysis, no difference was found in the incidence of 
any-cause mortality between different OKZ regimens and 
PBO, without any observed heterogeneity [66]. Therefore, 

Fig. 2   Interleukin-6 inhibitors can bind to different antigenic sites on 
interleukin (IL)-6. Sirukumab and clazakizumab bind to site 1 and 
interfere with the binding of IL-6 to the IL-6 receptor (IL-6R)-α in 
the IL-6–IL-6R–gp130 trimolecular complex and prevents dimeriza-

tion. Olokizumab binds to site 3 and blocks hexamer formation by 
disrupting the interaction of IL-6 and the IL-6–IL-6R dimer with the 
signal-transducing β-receptor subunit gp130 part of the receptor com-
plex
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targeting different antigenic regions of IL-6 separately or 
simultaneously may result in different outcomes in terms 
of efficacy and/or safety and can be an important topic for 
future drug development research. 

Finally, the potential clinical outcomes of new strategies, 
such as selective blockade of trans-signaling or trans-pres-
entation, in contrast to IL-6 and IL-6R blockade, remain 
a subject of interest. In this context, the development of 
new drugs based on basic research and their evaluation in 
advanced clinical trials will contribute to the optimal thera-
peutic approach of this pathway’s potential in translational 
and clinical research.
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