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Effects of IL-6, JAK, TNF inhibitors,
and CTLA4-Ig on knee symptoms
in patients with rheumatoid
arthritis
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Hideo Onizawa?', Masao Tanaka?, Akio Morinobu® & Shuichi Matsuda?

This study aims to identify factors influencing the alleviation of knee joint symptoms in patients with
rheumatoid arthritis treated with biologic or target synthetic disease-modifying antirheumatic drugs
(b/tsDMARDSs). Among 2321 patients who started b/tsDMARDs between 2010 and 2023, we focused
on 295 patients who had knee swelling or tenderness at the initiation of b/tsDMARDs and continued
b/tsDMARDs at least 3 months, with recorded knee symptoms 6 months later. Symptom relief after
6 months was 78.2% for interleukin 6 (IL-6) inhibitors, 68.6% for Janus kinase (JAK) inhibitors, 65.8%
for tumor necrosis factor (TNF) inhibitors, and 57.6% for cytotoxic T lymphocyte-associated antigen-
4-1g (CTLA4-Ig). The initial use of b/ftsDMARDs and the use of IL-6 inhibitors in comparison to CTLA4-Ig
emerged as a significant factor associated with the improvement of knee joint symptoms. Among
141 patients who underwent knee radiography at baseline and two years later, the deterioration in
knee joint radiographs was 7.7% for IL-6 inhibitors, 6.3% for JAK inhibitors, 21.9% for TNF inhibitors,
and 25.9% for CTLA4-1g. The use of IL-6 inhibitors was a significant factor associated with the
improvement of knee joint symptoms and the inhibition of joint destruction compared to CTLA4-Ig.
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Rheumatoid arthritis (RA) is a multifactorial autoimmune disease of unknown etiology with an estimated preva-
lence of 0.5 to 1% in adults, which can damage joints and deteriorate the quality of life'. Recent advances in
treatment strategies using biological disease-modifying antirheumatic drugs () DMARDs) and targeted synthetic
disease-modifying antirheumatic drugs (tsDMARDs) improve disease activity and quality of life*’. However,
limited information is available regarding large weight-bearing joints.

The weight-bearing joints of the lower limbs are important for daily activities*. Damage to the weight-bearing
joints results in substantial deterioration of both daily activities and quality of life. The suppressive effect of bio-
logical/targeted synthetic disease-modifying antirheumatic drugs (b/tsDMARDs) on the progression of joint
structural damage has been evaluated using the modified Sharp-van der Heijde scoring method?, which assesses
small joints of the hands and feet. Although the method helps estimate the treatment efficacy early in the disease
process, it does not provide any information about damage to large joints.

The knees are the body’s largest weight-bearing joint, with a joint surface 26-fold greater than that of the
metacarpophalangeal joint®. A large volume of synovial tissue may require large amounts of drug. In addition,
early suppression of synovitis may be necessary. Previous reports indicate that tumor necrosis factor (TNF)
inhibitors were ineffective in inhibiting the progression of joint destruction once it reached a degree beyond
mild destruction in weight-bearing joints’. These findings suggest that different strategies are required to treat
knee symptoms in patients with RA.
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This study investigates the factors influencing improvements in knee symptoms who started b/tsDMARDs.
We also analyze the risk factors for structural damage to the knee joint via radiography.

Methods

Patients

The analyses in the current study were conducted using the Kyoto University Rheumatoid Arthritis Manage-
ment Alliance (KURAMA) cohort database, with approval from the ethics committee of Kyoto University
Hospital. Written informed consent was obtained from all patients. The KURAMA cohort was established at
Kyoto University Hospital in 2010 to strictly control RA using patients’ clinical and laboratory data for clinical
investigations®-1°. Clinical, biological, and functional data were recorded for each patient at the initial visit and
at every subsequent visit, which enabled the assessment of the occurrence, resolution, and treatment of knee
symptoms in RA. All patients with RA satisfied the classification criteria of the American College of Rheuma-
tology (ACR) criteria revised in 1987 or the ACR/European League Against Rheumatism (EULAR) criteria
revised in 2010"2. Owing to the low sensitivity of the 2010 ACR/EULAR classification criteria for seronegative
patients, we used the 1987 and 2010 ACR/EULAR classifications.

Patients who started b/tsDMARDSs between January 2010 and August 2023 (n=2321) were retrospectively
analyzed. The baseline was defined as the time at which patients started using the b/tsDMARDs. Patients with
swelling or tenderness in the knee joint at baseline (n=>573) were included. A total of 438 patients returned for
follow-up 6 months later with available medical record. Patients with a history of total knee arthroplasty (n=18)
or who had undergone total knee arthroplasty on the symptomatic side during follow-up (n =7) were excluded.

The following b/tsDMARDs were used: infliximab (IFX), adalimumab (ADA), golimumab (GLM), etanercept
(ETN), certolizumab, pegol (CTZ), abatacept (ABT), tocilizumab (TCZ), sarilumab (SAR), tofacitinib (TOF),
baricitinib (BAR), peficitinib (PEF), and filgotinib (FIL). The medications were categorized into four groups
based on their mode of action'®: TNF inhibitors (IFX, ADA, GLM, ETN, CTZ), T-cell costimulation inhibitor
(cytotoxic T lymphocyte-associated antigen-4-Ig [CTLA4-Ig] or ABT), interleukin 6 (IL-6) inhibitors (TCZ,
SAR), and Janus kinase (JAK) inhibitors (TOF, BAR, PEFE, FIL).

Radiographic evaluation

The knee joints were evaluated using the Larsen grade' by two researchers trained in radiographic assessments
(K.M. and T.E). Disagreements were resolved by consensus. The Larsen grade was defined as follows: grade
0 (no change), the joint was normal in appearance; grade I (slight changes), periarticular soft tissue swelling,
osteoporosis, and slight narrowing of the joint spaces; grade II (definite early changes), narrowing of the joint
spaces and erosion of all except the weight-bearing joints; grade III (moderate destructive changes), narrowing
of the joint spaces and erosion of all joints; grade IV (severe destructive changes), extreme joint space narrowing,
erosion of all joints, and bone deformation at the weight-bearing joints; grade V (mutilating changes), disap-
pearance of the original articular surfaces and gross bone deformation. Aggravations other than Larsen grades
0-I were recorded*.

Statistical analysis

All statistical analyses were conducted using SAS statistical software, version 9.4, and JMP Pro 15 software (SAS
Institute Inc., Cary, NC, USA). The Kruskal-Wallis test and one-way analysis of variance (one-way ANOVA) were
used to compare numerical data across three or more groups. The Steel-Dwass test was used to test for differences
in disease activity. Pearson’s chi-square test was used to analyze categorical variables. The Cochran-Armitage test
was used to assess the trend of the alleviation of knee joint symptoms across the group. A multivariate logistic
regression analysis was conducted to evaluate the risk factors associated with improving knee joint symptoms.

Ethical approval
This study was conducted following the Declaration of Helsinki and approved by the Ethics Committee of Kyoto
University Hospital (E1308). Written informed consent was obtained from all participants.

Results

Factors contributing to the alleviation of knee symptoms

From January 2010 to August 2023, a total of 2,321 patients initiated treatment with b/tsDMARDs (Fig. 1).
Among them, 573 had knee tenderness and/or swelling at the time of initiating b/tsDMARDs (considered as
the baseline). 6 months later, 438 individuals returned for a follow-up, and swelling and/or tender joints were
recorded. We excluded patients who had total knee arthroplasty on the symptomatic side (n =18) and those who
had undergone TKA during the follow-up period (n=7). As a result, 413 patients were included in the study
(Supplementary Table S1). Next, we focused on patients who continued b/tsDMARDs for at least 3 months.
Consequently, 295 cases were analyzed. The mean age at baseline was 60.9 years, ACPA positivity was 78.3%, RF
positivity was 76.6%, females were 85.1%, and the average RA duration was nine years (Table 1).

The alleviation of symptoms after 6 months in patients who continued b/tsDMARDs for 3 months was 78.2%
for IL-6 inhibitors, 68.6% for JAK inhibitors, 65.9% for TNF inhibitors, and 57.6% for CTLA4-Ig (p <0.01, Fig. 2).
The rates of knee joint symptom relief after 3 months were 66.3% for IL-6 inhibitors, 51.2% for JAK inhibitors,
61.4% for TNF inhibitors, and 55.6% for CTLA4-Ig, without statistical significance (p =0.32, Supplementary Fig.
Sla). Significant differences were observed in the proportion of improvement in knee joint symptoms between
3 and 6 months for all b/tsDMARDs. Notably, further improvement in knee joint symptoms from 3 to 6 months
was noted for both IL-6 and JAK inhibitors (Supplementary Fig. S1b).
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Figure 1. Study flow chart.

At 3 months from baseline, the continuation rate was 76.5% for IL-6 inhibitors, 74.5% for JAK inhibitors,
63.1% for TNF inhibitors, and 85.5% for CTLA4-Ig (p <0.01; Fig. 3a).

In patients who continued b/tsDMARDs after 3 months, disease activity (DAS28-ESR, disease activity score
28-joint count with erythrocyte sedimentation rate [DAS28-ESR], clinical disease activity index [CDAI], and sim-
plified disease activity index [SDAI]) improved at 3 and 6 months compared with baseline (Fig. 3b-f). Although
differences in the values of DAS28-ESR, CDAI, and SDAI at 3 and 6 months, as well as differences from the
baseline, were observed among these drugs, IL-6 inhibitors were not inferior to the other drugs in any of these
indicators.

When investigating treatments associated with the alleviation of knee joint symptoms in patients who contin-
ued b/tsDMARDs therapy after 3 months, the utilization of IL-6 inhibitors emerged as a significant contributing
factor, outperforming TNF inhibitors in resolving knee joint symptoms (Fig. 4, odds ratio [OR] 2.1, 95% confi-
dence interval [CI] 1.1-4.3, p=0.03) or CTLA4-Ig (OR 3.0, 95% CI 1.4-6.5, p=0.005). The OR for the alleviation
of knee joint symptoms when using b/tsDMARD:s as the first-line treatment was 1.72 (95% CI 0.99-2.99, p=0.05).
Methotrexate (MTX) or glucocorticoid use was not found to be a significant risk factor.

Factors contributing to the inhibition of knee joint destruction

Next, we focused on 141 patients who continued b/tsDMARD therapy for 3 months and underwent knee joint
radiography at baseline and two years later. At baseline, there were no significant differences in disease activity
as measured by DAS28-ESR, SDAI and CDAI (Supplementary Table S2). After 3 months, the DAS28-ESR was
higher in patients using JAK inhibitors and CTLA4-Ig, at 4.0 and 4.1, respectively, compared to 3.0 in those using
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Total IL-6 inhib TNF inhit CTLA4-Ig JAK inhibitor | p value
Number of cases 295 78 123 35 59
Age 609 (143) | 58.8(14.4) 59.6 (15.3) 662 (11.0) | 61.7(13.7) 0.01*
Female (%) 85.1 82.1 82.9 91.5 829 0.35*
Disease duration (yr) 9.0 (10.6) 8.5(10.3) 7.4(10.2) 12.5(11.1) 10.0 (11.2) 0.04*
Knee tenderness (%) 88.1 83.3 89.4 88.1 94.3 0.36*
Knee swelling (%) 66.8 73.1 69.9 62.7 48.6 0.05*
TJC 5.4(5.2) 4.7 (4.4) 5.2 (4.9) 5.1(4.7) 7.6 (7.6) 0.39*
SJC 4.4 (4.5) 4.5 (4.6) 4.0 (3.8) 4.9 (4.6) 5.2 (6.3) 0.69"
DAS28-ESR 5.0 (1.1) 5.1(1.1) 5.0 (1.1) 5.1(1.1) 5.1(1.3) 0.9"
SDAI 22.8 (12.0) 23.6 (11.4) 21.7 (11.1) 22.5(12.0) 25.5 (15.5) 0.64"
CDAI 20.2 (10.7) 19.9 (9.6) 19.4 (10.1) 20.2 (10.8) 23.7 (14.5) 0.55
ESR (mm/h) 49.3 (30.8) 57.2(36.8) 47.1 (26.5) 46.5 (27.6) 44.3 (34.1) 0.07+
CRP (mg/dL) 25(3.1) 35(3.8) 22(27) 22(27) 1.7 (3.1) 0.008*
MMP3 (ng/mL) 363.1 (441.4) | 437.7 (469.7) 363.2 (442.6) 273.0 (295.1) | 340.0 (555.2) 0.23*
ACPA positivity (%) 78.3 77.8 76.3 90.4 67.7 0.07*
RF positivity (%) 76.6 80.5 71.9 87.9 65.7 0.03*
MTX usage (%) 57.3 52.6 69.9 48.6 424 0.001*
MTX dose (mg/week) 8.7(3.3) 9.4(3.2) 8.7(3.3) 6.9 (3.3) 9.3(3.5) 0.017
Glucocorticoid usage (%) 38 43.6 30.9 429 42.4 0.21*
Glucocorticoid dose (mg/day) 5.4 (6.0) 5.4(2.9) 5.3 (2.5) 4.2(3.5) 8.3 (14.6) 0.17F
1st b/ts DMARDs (%) 60.7 47.4 74.8 69.5 25.7 <0.001*

Table 1. Demographics and disease characteristics of patients with knee joint symptoms at the initiation
of b/tsDMARD:s treatment who continued the medication for 3 months and exhibited recorded knee joint
symptoms after 6 months. Values either represent mean + standard deviation or percentage. TJC, tender
joint count; SJC, swelling joint count; DAS28-ESR, disease activity score 28-joint count with erythrocyte
sedimentation rate; CDALI, clinical disease activity index; SDAI, simplified disease activity index; ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein; MMP3, matrix metalloproteinase-3; ACPA,
anticitrullinated protein/peptide antibodies; RE, rheumatoid factor; MTX, methotrexate; b/tsDMARDs,
biological/targeted synthetic disease-modifying antirheumatic drugs. *One-way ANOVA; +, Wilcoxon/
Kruskal-Wallis test; %, Pearson’s chi-square test.
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Figure 2. Rates of knee joint symptom alleviation after 6 months of treatment, categorized by each drug’s
mode of action, in patients with knee joint symptoms at the initiation of biological/targeted synthetic disease-
modifying antirheumatic drugs (b/tsDMARDs) treatment who continued therapy for 3 months. IL-6,
interleukin 6; JAK, Janus kinase; CTLA4-Ig, cytotoxic T lymphocyte-associated antigen-4-Ig; TNF, tumor
necrosis factor. ** p<0.01 by Cochran-Armitage trend test.
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Figure 3. Continuation rates and disease activity for each drug. (a) The proportion of patients with knee joint
symptoms at the initiation of b/tsDMARDs treatment who continued therapy for 3 months. **; p<0.01, by
Chi-square test (b) Baseline disease activity (c) Disease activity after 3 months of treatment. (d) The difference
in disease activity from baseline after 3 months of treatment. (e) Disease activity after 6 months of treatment. (f)
The difference in disease activity from baseline after 6 months of treatment. *; p <0.05, **; p <0.01, ***; p<0.001
by Steel-Dwass test. DAS28-ESR, disease activity score 28-joint count with erythrocyte sedimentation rate;
CDAL clinical disease activity index; SDAIL simplified disease activity index

IL-6 inhibitors. The use of MTX was lower in the CTLA4-Ig users; however, this difference was not statistically
significant. Additionally, the use rate of JAK inhibitors as first-line b/tsDMARDs was lower.
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Figure 4. Multivariate logistic regression analysis of knee joint symptom alleviation after 6 months of
treatment. MTX, methotrexate.

At baseline, there were no significant differences in the Larsen grade among the various drugs (Fig. 5a). Over
two years, excluding the progression from grade 0 to grade I, aggravation of the Larsen grade was observed in
5.2% of patients treated with IL-6 inhibitors, 6.3% with JAK inhibitors, 19.4% with TNF inhibitors, and 28%
with CTLA4-Ig (Fig. 5b, p <0.01).

Concordantly, when considering the use of MTX, glucocorticoids, the use of b/tsDMARD:s as a first-line
treatment, and the mode of action as covariates, the use of IL-6 inhibitors emerged as a protective factor against
the worsening of knee joints compared to CTLA4-Ig (OR 0.14, 95% CI 0.02-0.78, p=0.02, Fig. 5¢).
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Figure 5. Radiographic evaluation of the knee. (a) X-ray image of the knee at baseline and two years, assessed
by the Larsen grade. (b) Percentage of patients with progression in Larsen grade on X-rays from baseline to
two years, excluding progression from grade 0 to I. **; p <0.01 by Cochran-Armitage trend test. (c) Factors
contributing to the progression of Larsen grade on X-rays from baseline to two years, by multivariate logistic
regression analysis.

Scientific Reports |  (2024) 14:15226 |

https://doi.org/10.1038/s41598-024-66064-3 nature portfolio



www.nature.com/scientificreports/

Discussion

In this study, we analyzed the factors influencing the alleviation of knee joint symptoms in patients with RA
treated with b/tsDMARDs. The use of IL-6 inhibitors was associated with the resolution of knee joint symptoms
compared to the use of TNF inhibitors or CTLA4-Ig. It was also associated with the inhibition of knee joint
destruction in comparison to CTLA4-Ig.

It is difficult to completely distinguish between symptoms associated with active synovitis and those associated
with structural destruction of the knee joint. Active synovitis should be treated with DMARDs, and structural
destruction should be resolved with joint replacement surgery. There was a discrepancy between knee pain and
radiographic changes'®. Although patients with knee synovitis have high serum C-reactive protein (CRP) levels'®,
mild synovitis does not increase serum markers such as CRP and matrix metalloproteinase 3 (MMP3). Testing
joint fluid and performing joint ultrasound examinations can also aid in diagnosis'’. However, it is challenging
at times to distinguish joint inflammation symptoms from those caused by structural destruction. Occasion-
ally, an overlap exists. Distinguishing what proportion of these factors contributes to the symptoms is difficult.
Therefore, we first performed an analysis that included all knee symptoms and then performed the analysis in
several models to exclude non-inflammatory joint symptoms.

Limited information is available on the large joints involvement (LJI) in patients with RA. In a post-hoc
analysis of the U-Act-Early trial in 317 patients with very early RA, Rubbert-Roth et al. reported that patients
with LJT at baseline had significantly more disease activity and functional disability at baseline'®. Additionally,
while the disease activity score was similar after 2 years of follow-up compared with patients without LJI, the
difference in functional disability remained. Furthermore, patients with LJI had a lower chance of achieving
drug-free remission. Shirasugi et al. found the similar findings. They showed that CDAI in patients with LJI was
higher than in those without LJI. CDAI also remained higher over time in patients with LJI'°. Another report
demonstrated that arthritis of large joints—the knee in particular—was associated with higher CRP levels at
presentation with RA and a more destructive disease course!'®.

In a study of 42 patients, Seki et al. reported that after treatment with TNF inhibitors, including IFX and
ETN, the radiographic progression of joint damage was inhibited in most grade 0-II weight-bearing joints, but
was prominent in those with pre-existing damage (grade III/IV), even in patients responding well to therapy’.
In a study of 92 patients, Nakajima et al. found progressive damage, defined by the Larsen grade, in 8.7% of the
patients. The health assessment questionnaire-disability index score was also associated with the radiographic
progression of large joint damage. They concluded that Larsen grade should not exceed three at the start of
bDMARD treatment to avoid radiographic progression®?!. These data suggest that patients with LJI, includ-
ing the knee, may have a higher disease activity and a different disease course compared to those without LJI.
Additionally, once joint destruction progresses, it may be difficult to control the destruction.

Reports on the effective DMARD:s treatment on large joints are scarce. Most studies investigated knee joint
damage in patients treated with TNF inhibitors. However, Maeda et al. reported that IL-6 inhibitors were more
effective than non-IL-6 inhibitors in improving knee joint symptoms after 3 months®. However, reports were
limited to symptom alleviation and did not mention any radiographic progression. To the best of our knowledge,
our study is the first to demonstrate the distinct contributions of b/tsDMARDs to the radiographic destruction
of large joints.The mechanisms through which IL-6 inhibitors alleviate knee joint symptoms remain unknown.
Recently, an IL-6 inhibitor was associated with improved disproportionate articular pain, which was more severe
than expected based on the amount of joint swelling?. Although the detailed mechanism is unknown, the
pleiotropic effects of IL-6, especially the expression of gp130 throughout the nervous system, may contribute
to pathological pain®*. Moreover, IL-6 may affect RA-associated fatigue and mood disorders®. Treatment with
IL-6 inhibitors can positively affect these symptoms and exert substantial anti-inflammatory effects on synovitis.

The limitations of this study include its retrospective design. The extent of structural joint damage and
synovitis in the knee may not have been the same across all groups. Concomitant medications may also not be
equivalent. Furthermore, b/tsDMARD:s selection may have been influenced by factors other than the presence
or absence of knee joint symptoms. However, the fact that IL-6 users have higher baseline levels of CRP, ESR,
and MMP3 compared to CTLA4-Ig users, along with similar rates of MTX and glucocorticoid usage, and a lower
percentage of patients using these as their first b/tsDMARDs, does not detract from the value of this study’s
results when comparing the effects of IL-6 inhibitors to those of CTLA4-Ig.

Additionally, knee joint symptoms were analyzed without discriminating between inflammatory synovitis and
non-inflammatory conditions such as joint deformity and osteoarthritis. Moreover, the study included patients
treated with a focus on controlling conditions other than knee joint symptoms. Furthermore, radiography was
not performed for all patients, and an accurate radiographic evaluation of the performance of each drug was not
possible. Further study, such as a randomized controlled trial focusing on knee, is required to accurately compare
the effects of drugs on knee joint symptoms while adjusting for confounding factors.

To conclude, in patients presenting knee joint symptoms at the initiation of b/tsDMARDs treatment and
continuing the therapy for 3 months, the utilization of IL-6 inhibitors emerged as a significant factor in the alle-
viation of knee joint symptoms, surpassing the impact of TNF inhibitors or CTLA4-Ig. Additionally, radiography
revealed that in contrast to CTLA4-Ig the use of IL-6 inhibitors was associated with inhibiting the progression
of knee joint destruction after two years of treatment initiation. Our findings will be useful for future decision
making on the use of b/tsDMARDs in RA patients with knee joint involvement.

Data availability
The datasets used and/or analyzed in the current study are available from the corresponding author upon rea-
sonable request.
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