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Levilimab is anti-interleukin-6 receptor (IL6R) monoclonal antibody. The article presents data obtained during 24 weeks of the SOLAR phase

III study.

Objective: to confirm efficacy and safety of levilimab in combination with methotrexate (MTX) in patients with methotrexate resistant active

rheumatoid arthritis (RA).

Patients and methods. 154 adult patients, aged ≥18 years with the diagnosis of RA (ACR/EULAR 2010) and confirmed disease activity at

screening despite treatment with MTX for at least 12 weeks (in a stable dose 15-25 mg/week). Patients were randomized 2:1 in levilimab (162

mg once a week, subcutaneously) + MTX (n=102) or placebo + MTX (n=52) group.

The hypothesis of superiority of levilimab over placebo was tested for two co-primary efficacy endpoints: proportion of subjects who achieved

ACR20 at week 12 and proportion of subjects who achieved low disease activity (LDA) of RA (DAS28-CRP <3.2) at week 24. Safety was

assessed through monitoring of adverse events (AEs).

Results and discussion. Seventy (68.6%) subjects who received levilimab and 20 (38.5%) who received placebo achieved ACR20 response at

week 12. Fifty three (52%) subjects who received levilimab and 3 (5,8%) subjects who received placebo achieved LDA at week 24. The most

common adverse events (reported in ≥5% of subjects) in levilimab and placebo arms, respectively were (by decreasing frequency): blood c

holesterol increase (24% vs 12%), alanine aminotransferase elevation (11% vs 8%), lymphocyte count decrease (9% vs 8%), blood total
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bilirubin increase (11% vs 0%), blood triglycerides increase (10% vs 2%), aspartate aminotransferase elevation (7% vs 4%), positive 

interferon-gamma release assay (IGRA) with M.tuberculosis antigen blood test (5% vs 6%), absolute neutrophil count decrease (8% vs 0%).

No deaths were occurred.

Conclusion. The study confirmed superior efficacy of levilimab + MTX over placebo + MTX in subjects with MTX resistant active RA.

Levilimab showed favorable safety profile and low immunogenicity. No new important safety risks were detected.

Keywords: levilimab; monoclonal anti-IL-6 receptor antibody; rheumatoid arthritis.

Contact: Anton Aleksandrovitch Lutckii: lutskii@biocad.ru
For reference: Mazurov VI, Korolev MA, Prystrom AM, et al. Effectiveness and safety of levilimab in combination with methotrexate in treat-

ment of patients with active rheumatoid arthritis resistant to methotrexate monotherapy (double-blinded randomized placebo controlled phase

III clinical study SOLAR). Sovremennaya Revmatologiya=Modern Rheumatology Journal. 2021;15(4):13–23. DOI: 10.14412/1996-7012-

2021-4-13-23

Rheumatoid arthritis (RA) is an immune-mediated inflam-

matory (autoimmune) rheumatoid disease of unknown origin,

associated with chronic erosive arthritis and systemic involvement

of internal organs. The disease leads to early disability and a

decrease in life expectancy [1, 2]. On average, the prevalence of

RA in the world is 51 cases per 10,000 population [3]. Despite the

advances in the treatment of RA, a significant number of patients

receiving treatment according to current clinical practice guide-

lines still experience main manifestations of the disease, develop

primary drug resistance, or adverse events (AEs) that require ther-

apy discontinuation [4].

Levilimab is an originator belonging to anti-interleukin-6

receptor (IL-6R) monoclonal antibodies. A recent phase II clin-

ical trial (CT) AURORA evaluated the pharmacokinetics, phar-

macodynamics, efficacy and safety of levilimab following repeat-

ed-dose administration in patients with active RA. Subcutaneous

(SC) levilimab 162 mg QW or Q2W has been shown to effective-

ly suppress immune inflammation, have superior clinical efficacy

over placebo and a favorable safety profile in MTX-resistant

active RA [5]. This article presents the results of the main 24-

week double-blind period of the phase III CT SOLAR.

Objective. The study aimed to confirm the efficacy and safe-

ty of levilimab in combination with MTX in patients with MTX-

resistant active RA. 

Patients and methods. SOLAR is an international multicen-

ter comparative randomized double-blind placebo-controlled

phase III CT (ClinicalTrials.gov NCT04227366) conducted in

compliance with the Declaration of Helsinki of the World

Medical Association and the Good Clinical Practice (GCP) in 19

centers in the Russian Federation and 2 centers in the Republic of

Belarus.

Eligibility criteria and study design. Males and females aged 18

years and older diagnosed with RA at least 24 weeks before inclu-

sion, who met the ACR/EULAR criteria (American College of

Rheumatology/European Alliance of Associations for

Rheumatology) 2010 [6], with persisting disease activity for 12

weeks despite MTX monotherapy at a stable dose of 15–25

mg/week for ≥4 weeks were eligible. Patients with Felty's syn-

drome and ACR functional class IV (1991) [7], who had signifi-

cant comorbidity, previously treated with IL-6/IL-6R inhibitors

and prednisolone at a dose >10 mg/day, Janus kinase inhibitors,

anti-B-cell drugs, leflunomide and tumor necrosis factor-р

inhibitors within the last 8 weeks and alkylating agents within the

last 12 months before the enrollment were not eligible.

The study design included a screening period (4–6 weeks), a

double-blind, placebo-controlled main period (24 weeks), and a

follow-up period (weeks 25–56), during which all patients

received open-label levilimab. At the time of preparing the man-

uscript, the main study period was completed, while the follow-

up period was ongoing.

Within the screening period, patients received MTX provid-

ed by the sponsor, then, if RA activity persisted, they were ran-

domized in a 2:1 ratio to receive either levilimab 162 mg/week SC

in combination with MTX or placebo in combination with MTX.

A centralized computer system was used to randomize and assign

the investigational product (IP). IP was administered at the trial

site during the visits (once every 4 weeks) and self-administered

by patients between visits.

During the study, patients could continue the use of gluco-

corticoids (GCs) at a dose of ≤10 mg/day, as well as non-steroidal

anti-inflammatory drugs (NSAIDs) if their dose was stable for ≥4

weeks. Starting treatment with GCs, disease-modifying anti-

rheumatic drugs (DMARDs), except for MTX, as well as increas-

ing the dose of GCs and NSAIDs during the study was not

allowed. 

For ethical reasons, patients who did not achieve a ≥20%

reduction in tender/swollen joint count (66/68) at week 12 of treat-

ment received rescue therapy at the discretion of the investigator. A

course of GCs, or DMARDs, or NSAIDs were used as rescue ther-

apy. If rescue therapy was used at week 12, all subsequent efficacy

assessments for this patient were considered missing.

Assessment parameters. The efficacy, safety, and immuno-

genicity of levilimab were evaluated over 24 weeks of the main

double-blind study period.

Efficacy parameters. The study used two co-primary end-

points: 

• proportion of patients who achieved 20% improvement in RA

symptoms according to the ACR criteria (ACR20) [8] at week 12

• proportion of patients with low disease activity (LDA) of

RA according to the disease activity score for 28 joints (DAS28-

CRP <3.2) [9] at week 24

Secondary endpoints:

• proportion of patients with moderate and good response

according to the EULAR criteria [10]

• proportion of patients with RA LDA and remission,

changes in RA activity according to DAS28, CDAI (Clinical

Disease Activity Index), SDAI (Simplified Disease Activity

Index) [9]

• changes in ESR and CRP levels relative to baseline values

• changes over time in radiographic joint destruction accord-

ing to van der Heijde modified total Sharp score (mTSS) [11].

Safety parameters. The safety assessment included vital signs,

complete blood count and blood chemistry tests, urinalysis, elec-



trocardiogram, interferon-γ release assay (IGRA) with M. tuber-

culosis antigen, chest radiograph. AE were reported according to

CTCAE v. 5.0 (Common Terminology Criteria for Adverse

Events). Reported AEs were encoded in accordance with the

MedDRA v. 23.1 (Medical Dictionary for Regulatory Activities).

Considering the terminology adopted in the ICH E2A

(International Council for Harmonisation of Technical

Requirements for Pharmaceuticals for Human Use), an AE was

defined as is any untoward medical occurrence in a patient admin-

istered a medicinal product and which does not necessarily have to

have a causal relationship with this treatment. An adverse reaction

was defined as an AE related to the study therapy. 

Immunogenicity. This parameter was assessed using a validat-

ed immunoassay based on the results of a test for binding and, if

any, neutralizing anti-drug antibodies at weeks 4, 12 and 24.

At week 24 of the study, after assessing the efficacy, safety

and immunogenicity, patients proceeded to the follow-up period

and started open-label treatment with levilimab QW without

placebo.

Statistical analysis. Sample size. The sample size was calcu-

lated based on efficacy data for levilimab from the phase II CT

AURORA [5] and literature data on the efficacy of biologics with

a similar mechanism of action [12, 13]. Based on the expected

effect size of 42% for the ACR20 at week 12 and 38% for the

DAS28-CRP <3.2 at week 24, the sample size required to pro-

vide an 80% statistical power was 52 (26:26) and 62 (31:31)

patients, respectively. Thus, to test the hypothesis of superiority

for both primary efficacy endpoints, the minimum number of

patients in each treatment arm was 31. To ensure sufficient data

to assess the safety and exposure required for this, the number of

patients in the levilimab arm was increased to 100: it was planned

to randomize at least 150 (100:50) patients in levilimab and

placebo arms.

Analysis of study data was performed using the SAS v. 9.4

(SAS Institute Inc., Cary, NC, USA).

The main efficacy population was the population of all ran-

domized patients (intention-to-treat, ITT). To replace missing

data, we used "non-responder imputation" methods for frequen-

cy variables and "baseline observation carried forward" for quan-

titative variables. 

To determine the sensitivity of results to significant study

protocol deviations and violations, analysis by primary endpoints

was also carried out in the population of patients who completed

24 weeks of the study as per protocol (PP). 

The safety population included patients who received at least

one IP injection.

The superiority hypothesis was tested using the Pearson's

chi-squared test and a one-sided 97.5% confidence interval (CI)

according to Wilson's method, applying a continuity correction

separately for each of the primary endpoints. To demonstrate the

superiority of levilimab over placebo, the lower CI bounds for the

difference in proportions between the arms had to be above zero

(ε>0) for both primary endpoints.

To compare treatment arms in terms of frequency parame-

ters, the Pearson chi-squared test and Fisher's exact test were

used. Parametric (Student's test) and nonparametric

(Mann–Whitney test) statistics were used to compare treatment

arms in terms of parameters corresponding to quantitative vari-

ables. Two-sided hypotheses were tested with a significance level

of р=0.05 in all statistical tests, except for the primary efficacy

assessment.

Results
Baseline characteristics. The main period of the study was

conducted between November 2019 and January 2021. A total

of 246 patients were included in the screening, of which 154

were randomized to receive either levilimab (n=102) or place-

bo (n=52). All randomized patients received at least one IP

injection. Of these, 148 completed the main study period

(Fig. 1). 2 (2.0%) patients from the levilimab arm and 1

(1.9%) from the placebo arm withdrew from the study due to

AEs. In addition, 2 (2.0%) patients from the levilimab arm

and 1 (1.9%) patient from the placebo arm withdrew their

consent to participate in the study.

Rescue therapy at week 12 was administered to 9 (8.8%)

patients in the levilimab arm and in 9 (17.3%) in the placebo arm.

The study arms were comparable in terms of the main demo-

graphic, anthropometric characteristics, and clinical manifesta-
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Figure 1. Distribution of patients by treatment arms.
SAE – serious AE; IC – informed consent
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tions of RA, as well as the comorbidity profile and concomitant

medications (Table 1).

Efficacy assessment. Primary efficacy analysis showed superi-

ority of levilimab over placebo for both co-primary endpoints.

The superiority for the proportion of patients who achieved

ACR20 at week 12 was 30.1% (lower limit of 97.5% CI: 12.5%;

p=0.0003; Fig. 2, a). 

The superiority for the proportion of patients who achieved

RA LDA (DAS28-CRP<3.2) at Week 24 was 46.2% (lower limit

of 97.5% CI: 31.2%; p<0.0001; Table 2). The analysis of PP pop-

ulation yielded similar results.

The frequency of achieving 20, 50 and 70% improvement

in RA symptoms based on the ACR20/50/70 criteria was sig-

nificantly higher in the levilimab arm compared with the place-

bo arm (p<0.05) both at treatment weeks 12 and 24 (see Fig. 2,

a). The same was true for the frequency of achieving LDA,

which varied depending on the indices used to assess RA activ-

ity. Thus, at week 24, LDA rates were 35.3 and 60.8% accord-

ing to the CDAI and DAS28-ESR criteria, respectively. In the

placebo arm, LDA at week 24 was observed in only 3.8% of

patients using DAS28-ESR and 7.7% using SDAI (see Table 2).

RA remission rates also varied depending on the RA activity

index used. Thus, in the levilimab arm at week 24, RA remission

based on CDAI and ACR/EULAR (2011) was reported in 6.9%

of cases, while being reported in 42.2% with DAS28-ESR index.

In the placebo arm, RA remission was reported in only 1 patient

and only based on DAS28-ESR (see Table 2).

In the levilimab arm at week 12 of treatment, 64.7% of patients

achieved moderate response to therapy based on the EULAR cri-

teria. At week 24, their number decreased to 55.9% due to the tran-

sition to the category of those who achieved good response (see Fig.

2, b). In the placebo arm, moderate response rate at weeks 12 and

24 was 55.8 and 57.8% of cases, respectively, while there was no sig-

nificant increase in the proportion of patients with good response

(1.9% at weeks 12 and 5.8% at week 24).

Analysis of RA activity and inflammation markers at weeks

12 and 24 showed a significantly more pronounced (p<0.05)

decrease in the levilimab arm compared with the placebo arm

(Fig. 3).

In the levilimab arm, there was a decrease in the severity of

functional impairment according to the HAQ-DI (Health

Assessment Questionnaire-Disability Index) questionnaire over

24 weeks. However, the maximum improvement in HAQ-DI was

achieved at week 24 (-0.5±0.5). In the placebo arm, changes over

time in this parameter at week 24 were less prominent (-0.3±0.5).

At this point in the study, the differences between the arms

reached statistical significance (p=0.0275).

Assessment of the quality of life (QoL) in both arms showed

an increase in the EQ-5D-3L score, which corresponded to an

improvement in QoL. Moreover, QoL was significantly higher in

the levilimab arm vs. the placebo arm both at week 12 (0.8±0.1

and 0.7±0.2, respectively; p=0.0025) and week 24 (0.8±0.1 and

0.7±0.2, respectively; p=0.0152).

The results of assessing changes over time in structural joint

damage in patients of the compared arms are presented in Table 3.

Safety assessment. AEs were reported in 68 (66.7%) patients

in the levilimab arm and in 28 (53.8%) patients in the placebo

arm (Table 4). The most common AEs (observed in ≥5% of

Figure 2. Efficacy endpoints: ACR20, ACR50 and ACR70 response
rates(A); proportion of patients with a moderate and good response
according to the EULAR criteria (B). * – p<0.05, ** – p<0.01,
*** – p<0.001. Comparisons are shown for patients with a satis-
factory and good response to therapy between the levilimab and

placebo arms at weeks 12 and 24



patients) in both arms were laboratory abnormalities (58.8 and

40.4%), as well as infections/infestations (6.9 and 11.5%) and

injection site reactions (7.8 and 1.9%).

In the levilimab arm vs. the placebo arm, AEs specific for IL-

6R inhibitors and grade 3–4 AEs were reported with higher fre-

quencies (p<0.05). The latter were mainly represented by labora-

tory abnormalities: increased alanine aminotransferase

(ALT)/aspartate aminotransferase (AST), cholesterol/triglyc-

erides, and serum bilirubin. There were no cases of severe

leukopenia/neutropenia.

One SAE case was reported in each

arm. In the levilimab arm, 1 patient was

diagnosed with vertebral disk protrusion

(grade 3), which required hospitalization.

In the opinion of the investigator, this

SAE was not related to the therapy, the

patient continued to participate in the

study. In the placebo arm, 1 patient was

diagnosed with a renal cancer (grade 3),

which was regarded by the investigator as

an AE related to bDMARD (as assessed

in a double-blind period). This patient

was referred for an examination and treat-

ment to a specialized hospital and was

withdrawn from the study. 

Along with this, 2 patients from the

levilimab arm were prematurely with-

drawn from the study due to grade 2

hyperemia at the injection site. 

No cases of death were reported dur-

ing the main study period.

Table 4 shows overall safety data and

a list of the most common and severe

(grade 3–4) AEs. 

Laboratory findings

Complete blood count. The increase in

blood hemoglobin level was observed in

patients of the levilimab arm: the mean

values were 124±13.7 g/L at baseline,

reaching 135 ± 13.9 and 136±13.3 g/L at

weeks 12 and 24, respectively. No

improvement was observed in the placebo

arm (Fig. 4, a). In addition, 4 (7.7%)

patients from this arm had anemia (grade

1–2), while there were no cases of anemia

in the levilimab arm. 

A decreased lymphocyte count was

observed in 9 (8.8%) patients in the levil-

imab arm and in 4 (7.7%) patients in the

placebo arm. A decreased neutrophil

count was detected only in the levilimab

arm (7.8%, see Table 4). All cases of decreased lymphocyte and

neutrophil counts were of grade 2. 

Decreased white blood cell (WBC), lymphocyte, and neu-

trophil counts in the levilimab arm occurred within the first 4

weeks of therapy, further these parameters did not change signifi-

cantly until the end of the analyzed period (see Fig. 4, b, c). 

Blood chemistry. Increased ALT was reported in 11 (10.8%)

patients in the levilimab arm and in 4 (7.7%) patients in the

placebo arm. Increase in ALT level reached grade 3 in 5 (4.9%)

patients of the levilimab arm. A similar pattern was observed for

the AST level (see Table 4, Fig. 4, d). 

Eleven (10.8%) patients in the levilimab arm had increased

blood bilirubin, with 2 of them having grade 3 increase (see Table

4, Fig. 4, e). There was no increase in total bilirubin in the place-

bo arm (p<0.05).

Increased blood cholesterol levels were observed in 24

(23.5%) patients in the levilimab arm and 6 (11.5%) in the place-

bo arm. Most of the cases were grade 2. Grade 3–4 increased

cholesterol was reported in isolated cases in patients of the levil-

imab arm (see Table 4, Fig. 4, f). Increases in blood triglyceride
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Figure 3. Dynamics of RA activity indices and inflammation markers: DAS28-CRP (A),
DAS28-ESR (B), CDAI (C), SDAI (D), CRP (E), ESR (F)* – p<0.05; ** – p<0.01; 

*** – p<0.001
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levels were also more common in the levilimab arm (9.8%) vs. the

placebo arm (1.9%; see Table 4).

It should be noted that AEs related to complete blood count

and blood chemistry abnormalities did not require exclusion of

patients from the study in any case, and in majority of cases did

not require treatment discontinuation or interruption and

resolved without sequelae. 

Infections and infestations

Tuberculosis. Screening for tuberculosis (TB) at week 24

showed no differences between the arms in the frequency of pos-

itive results: the IGRA with M. tuberculosis antigen was positive

in 8 (7.8%) patients in the levilimab arm and in 5 (9.6%) in the

placebo arm. 

The IGRA was positive with the absence of TB signs on a

chest radiograph in 5 (4.9%) patients in the levilimab arm and 3

(5.8%) in the placebo arm. The latent TB was diagnosed in 2

(2.0%) patients in the levilimab arm and 2 (3.8%) in the placebo

arm, whose IGRA was positive in the absence of TB signs on a

chest radiograph. One patient from the levilimab arm with a pos-

itive IGRA had signs of pulmonary TB on chest scans and, there-

fore, he was excluded from the study in the open-label period

after Week 24.

Infections. During the study, 2 (2.0%) patients in the levil-

imab arm and 1 (1.9%) in the placebo arm had pneumonia caused

by a novel coronavirus infection (COVID-19) with an improve-

ment/recovery outcome.

Other respiratory viral infections, bronchitis, pharyngitis and

acute sinusitis were observed in isolated cases.

Neoplasms. One patient in the placebo arm was diagnosed

with renal cancer. 

A lung neoplasm was found in 1 patient from the levilimab

arm. Based on the investigation, which included follow-up spiral

tomography of the lungs and consultation with a thoracic sur-

geon, the malignant nature of the neoplasm was ruled out, and a

lung cyst was diagnosed. The patient continued to participate in

the study.

Injection site reactions. In the levilimab arm, 6.9% of cases

developed injection site reactions manifested as grade 1 and 2

hyperemia. 2 (2.0%) patients were withdrawn from the study due

to these events. No injection site reactions were reported in the

placebo arm.

Immunogenicity assessment. In patients of the levilimab arm,

binding antibodies against the investigational product were not

detected at any of the evaluated time points.

Discussion. Analysis of the efficacy data for the primary end-

points showed that the difference in ACR20 response rates at

week 12 between the levilimab and placebo arms was 30.1%, and

the difference in LDA rates by DAS28-CRP (<3.2) at week 24

was 46.2%. Since the lower limits of 97.5% CI for the difference

in proportions for both primary endpoints is above the prespeci-

fied superiority margin (?>0), and the estimated treatment effect

size for both endpoints is clinically significant, considering the

efficacyq of other approved IL-6R inhibitors [13–15], it was con-

cluded that the hypothesis of the superiority of the investigation-

al product over placebo was confirmed.

Secondary endpoint analysis showed that at week 12 of ther-

apy, the number of patients who achieved the minimal clinical

response (20% reduction in the tender/swollen joint count of

66/68) was greater in the levilimab arm compared to the placebo

arm. The differences in the number of patients who achieved

ACR20 at week 12 were statistically significant and persisted at

week 24. In the levilimab arm, significantly more patients

achieved ACR50/70 response at both weeks 12 and 24 compared

with the placebo arm.

In addition, higher rates of low disease activity and remission

of RA based on DAS28-CRP and DAS28-ESR at weeks 12 and

24 and remission of RA based on SDAI at week 24 was reported

in patients of levilimab arm, which was also confirmed by the

dynamics of RA activity indices and inflammatory markers.

Despite the lack of statistical significance of differences

between the levilimab and placebo arms in the number of patients

who achieved RA remission based on CDAI and ACR/EULAR

criteria (2011), numerically higher rate of remission was reported

in the levilimab arm. 

Evaluation the dynamics of radiographic signs of joint

destruction revealed a decrease in structural progression in



patients treated with levilimab compared

to placebo. However, these differences did

not reach statistical significance during

the main double-blind study period.

It can be assumed that the absence of

statistically significant differences in indi-

vidual secondary endpoints between the

compared arms is primarily related to

early performed efficacy assessment,

which does not allow to assess the slowly

changing manifestations of RA. Results of

open-label follow-up period, will provide

more data for an accurate assessment of

levilimab efficacy in RA. 

The safety analysis showed that the

most specific AEs for levilimab are

increased liver enzymes, bilirubin, choles-

terol and blood triglycerides, as well as a

decreased neutrophil count, which are

predominantly mild or moderate and do

not require treatment discontinuation. 

Drug-related AEs reported during

the main double-blind study period were

predominantly expected, cases of early

withdrawal for safety reasons were isolat-

ed. Levilimab demonstrated no signifi-

cant immunogenicity during the analyzed

study period.

Conclusion. Results of the main dou-

ble-blind period of the study indicate the

high efficacy of levilimab in combination

with MTX in patients with active MTX-

resistant RA, which is confirmed by a sig-

nificant decrease in RA activity, inhibition

of structural joints damage progression,

and improvement of the patients' QoL.

During the analyzed period, levilimab 162

mg QW SC showed a favorable safety pro-

file consistent with the known data on IL-

6R inhibitors.
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Figure 4. Dynamics of laboratory parameters: hemoglobin concentration (A), absolute
leukocyte count (B), absolute neutrophil count (C), ALT activity (D), total bilirubin con-

centration (D) and total cholesterol (E)
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