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ABSTRACT

The short-term effect of tocilizumab (TCZ) on the radiographic progression of rheumatoid
arthritis has been reported; however, reports on its long-term effects are scarce. In this
study, we aimed to evaluate its long-term effects on joint destruction in patients who had
been treated with TCZ for at least two years and for whom X-rays were available.
Radiographic progression was evaluated with modified Total Sharp Score (mTSS), and struc-
tural remission was defined as the mean annual change in mTSS <0.5. Of the 59 patients
included in this study (median age, 62years; female, 81.4%), 34 patients (57.6%) achieved
structural remission. Patients who achieved structural remission were relatively younger
(59years vs. 64years, p=.06), had relatively higher proportion of anti-citrullinated protein
antibody positivity (91.2% vs. 72.0%, p=.08), relatively lower C-reactive protein level
(0.6 mg/dL vs. 2.2mg/dL, p=.05), and significantly lower erythrocyte sedimentation rate
(ESR) level (28.0mm/h vs 65.5mm/h, p=.003) than those who did not. Multivariate logistic
regression analysis demonstrated that the baseline ESR level was significantly associated
with structural remission (odds ratio, 0.98; 95% confidence interval: 0.96-0.99, p =.049). The
baseline ESR level is a critical determinant of the long-term effect of TCZ on joint
destruction.
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1. Introduction RA [2]. Targeted synthetic DMARDs (tsDMARDs),
such as Janus kinase (JAK) inhibitors, can be used
after risk stratification [3,4].

Tocilizumab (TCZ) is an IL-6 receptor antibody
endorsed as one of the bDMARD:s in the European

League Against Rheumatism (EULAR) recommen-

Rheumatoid arthritis (RA) is characterized by pro-
gressive joint destruction, which causes a significant
decline in physical function and quality of life
(QOL) [1]. Inflammatory cytokines, such as tumor
(TNF) and (IL)-6,
released from the inflamed synovium activate osteo-

necrosis factor interleukin

dations for the management of RA [2]. Since IL-6

clasts, synovial fibroblasts, and other cells, resulting
in joint destruction. Therefore, if patients with poor
prognostic factors show an inadequate response to
conventional disease-modifying
rheumatic drugs (csDMARDs) such as methotrexate
(MTX), blocking inflammatory cytokines using bio-
logical DMARDs (bDMARDs) is highly recom-
mended to prevent joint destruction in patients with

synthetic anti-

and JAK inhibitors show efficacy regardless of the
concomitant use of MTX, their administration is
recommended over other bDMARDs in patients
who do not tolerate MTX [2]. Thus, TCZ has been
used not only as a second-line bDMARD for
patients who failed TNF inhibitors, but also as the
first-line bDMARD for failed
c¢sDMARD therapy.

patients  who
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The efficacy of TCZ in controlling disease activity
has been validated in multiple studies [5-7], and the
short-term inhibitory effect of TCZ on joint destruc-
tion, such as at 52 weeks, has been verified in several
studies [8-10]. However, only a few studies have
evaluated this effect over a long period of time. In
addition, factors associated with the long-term
effects of TCZ on joint destruction remain largely
unknown.

In this study, we evaluated joint destruction using
the van der Heijde-modified Total Sharp Score
(mTSS) in patients who had been treated with TCZ
for at least two years. We also aimed to identify pre-
dictive factors for TCZ’s long-term inhibition of
radiographic progression.

2. Materials and methods
2.1. Study design and patient selection

All patients who fulfilled the 1987 and/or 2010 clas-
sification criteria for RA [11,12] at Kyoto University
Hospital were registered in a prospective study
named the KURAMA cohort. As previously
described [13,14], clinical data were recorded at
baseline and at every visit in the database. This was
a retrospective study using this database. Among the
patients who visited Kyoto University Hospital from
May 2011 to April 2021 and had been treated with
TCZ either intravenously or subcutaneously for
more than two years, we enrolled patients for whom
X-ray evaluation was possible.

2.2. Clinical characteristics

The medical records of the patients were retrospect-
ively reviewed, including information related to age,
sex, disease duration, medication, erythrocyte sedi-
mentation rate (ESR), serum C-reactive protein
(CRP) level, swollen joint count, tender joint count,
physician’s global assessment of RA activity,
patient’s global assessment of RA activity, and the
titers of rheumatoid factor (RF) and anti-cyclic cit-
rullinated peptide antibodies (ACPAs). RF and
ACPA were considered positive if the titers were
>15IU/mL and >4.5U/mL, respectively. The clin-
ical disease activity index (CDAI) was used to moni-
tor disease activity because patients in this study
were treated with TCZ [15].

2.3. Evaluation of joint destruction by mTSS

Radiographs of each patient’s hands and feet were
taken at the time of TCZ introduction and at least
two years after TCZ administration; if multiple
radiographs were taken after two years, the final
radiograph was used for evaluation. Radiographic
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progression was evaluated by two rheumatologists
(RW and KM) who were trained and certified by
Prof. van der Heijde (Leiden University) for the
mTSS scoring system [16-18]. A dedicated DICOM
viewer was provided by the CAC Corporation. The
progression of the mTSS per year (AmTSS/year) was
calculated from the mean progression by the two
readers and the duration of TCZ administration. If
AmTSS/year differed by 10 or more, the two rheu-
matologists discussed and reached a consensus.
Structural remission was defined as AmTSS/year
<0.5 [19], and clinically relevant radiographic pro-
gression (CRRP) was AmTSS/year
>3 [20].

defined as

2.4. Ethics approval and consent to participate

This study was performed in accordance with the
Helsinki Declaration, and the study protocol was
approved by the Ethics
University Graduate School and Faculty of Medicine
(No. R0357). Written informed consent to partici-
pate in the study was obtained from all patients.

Committee of Kyoto

2.5. Statistical analyses

All statistical analyses were performed using
GraphPad Prism 9 software (GraphPad Software, La
Jolla, CA, USA). The Mann-Whitney U test was
used to analyze continuous variables, while Fisher’s
categorical
Receiver operating characteristic (ROC) curve ana-
lysis was used to determine the cutoff value. A
multivariate logistic regression model was used to
evaluate the factors associated with long-term struc-
tural remission. p-values of less than .05 were con-
sidered statistically significant.

exact test was wused for variables.

3. Results

3.1. Clinical characteristics of patients at the
initiation of TCZ

Of the 104 patients who continued TCZ therapy for
>2years, 59 (including 48 women) were available
for X-ray evaluation. At the time of TCZ introduc-
tion, the participants’ median age was 62 years
(interquartile range [IQR], 55-66 years), median dis-
ease duration was 7.0years (IQR 3.0-16.0years),
75% (42 of 56 patients) were RF-positive, and 83.1%
(49 of 59 patients) were ACPA-positive. The median
MTX dose was 8.0mg/week (IQR, 6.0-
12.0 mg/week) in 39 patients (66.1%), and the
median prednisolone (PSL) dose was 5.0 mg/day
(IQR 5.0-7.5mg/day) in 21 patients (35.6%). The
median CDAI score was 13.3 (IQR, 7.3-17.8), and
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44  patients (74.6%) had a  history of

b/tsDMARD use.

3.2. Structural remission rate by long-term
administration of TCZ

X-rays were assessed at median of 3.1years (IQR,
3.0-3.4years) after TCZ introduction. The interob-
server reliability (as determined by intraclass correl-
ation coefficient) was 0.66, and only 2 patients
(3.3%) required re-evaluation of X-rays. The small-
est detectable change in the mTSS in the present
study was 1.23. The structural remission rate
(AmTSS/year <0.5) was 57.6% (34 of 59 patients),
whereas the proportion of CRRP (AmTSS/year >3)
was 11.9% (7 of 59 patients) (Figure 1).

Then, cumulative probability plots were sorted by
several common parameters. The structural remis-
sion rate was not affected by RF positivity (p=1.0,
Figure 2(A)), concomitant use of MTX (p=.79,
Figure 2(B)), concomitant use of PSL (p=.59,
Figure 2(C)), or a history of b/tsDMARD use
(p=.37, data not shown); however, ACPA-positive
patients tended to show a higher structural remis-
sion rate than that of ACPA-negative patients
(63.3% vs. 30.0%, p =.08, Figure 2(D)).

3.3. Comparison between patients who achieved
structural remission and those who did not

Patients who achieved long-term structural remis-
sion were compared with those who did not
(Table 1). Those who achieved structural remission
(59years vs. 64years,

were relatively younger

p=.06), had relatively higher proportion of ACPA
positivity (91.2% vs. 72.0%, p=.08), and signifi-
cantly lower ESR level (28.0mm/h vs. 65.5mm/h,
p=.003) than those who did not; CRP level also
tended to be lower (0.6mg/dL vs. 2.2mg/dL,
p=.05). Other clinical characteristics, including a
history of b/tsDMARDs, did not differ significantly
with the introduction of TCZ. The proportion meet-
ing the definition of difficult-to-treat RA [21] also
did not differ between the two groups. Notably, dis-
ease activity measured by the CDAI did not differ
between the groups study period
(Table 1).

during the

3.4. Multivariate logistic analysis for long-term
structural remission by TCZ

Multivariate logistic regression analysis was per-
formed to identify the factors associated with long-
term structural remission (Table 2). In addition to
the variables that have clinical significance (age, sex,
and ACPA), we have also included the parameter
(ESR) that were significantly different between the
groups as explanatory variables. In model 1, age,
sex, ACPA positivity, and baseline ESR level were
employed. The results showed that ACPA positivity
(odds ratio: 6.5, 95% CI: 1.18-36, p=.032) and the
baseline ESR level (odds ratio, 0.97; 95% CI: 0.95-
0.99, p=.032) were significantly associated with
structural remission. When age, sex, ACPA titers,
and baseline ESR level were employed in model 2,
only the baseline ESR levels were significant (odds
ratio, 0.98; 95% CI: 0.96-0.99, p =.049).

/ImTSS/year >3
7 patients (11.9%)
14
12
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/ImTSS/year <0.5
8 34 patients (57.6%)
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Figure 1. Cumulative probability plots of radiographic progression assessed by the modified Total Sharp Score (mTSS, U/year).
Thirty-four patients (57.6%) showed structural remission (AmTSS/year <0.5), whereas 7 patients showed clinically relevant

radiographic progression (AmTSS/year >3).
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Figure 2. Cumulative probability plots of radiographic progression assessed by the modified Total Sharp Score (mTSS, U/year)
sorted by clinical parameters. (A) Sorted by rheumatoid factor (RF) positivity. (B) Sorted by methotrexate (MTX) use. (C) Sorted
by prednisolone (PSL) use. (D) Sorted by anti-cyclic citrullinated peptide antibodies (ACPA) positivity. The structural remission
rate (AmTSS/year <0.5) was not affected by RF positivity (p = 1.0), concomitant use of MTX (p =.79), concomitant use of PSL
(p=.59), but ACPA-positive patients tended to show higher structural remission rate than ACPA-negative patients (p =.08).

Table 1. Comparison between patients who achieved structural remission and those who did not.

Not achieved Achieved p value

Patients (n) 25 34

Age (year, median, IQR) 64 59 .06
[58-68] [51-65]

Female (n, %) 23 (92.0%) 25 (73.5%) .10

Disease duration (year, median, IQR) 6.5 7.0 73
[3.0-17.0] [2.5-16.0]

RF-positive (n, %) 16 (72.7%) 26 (76.5%) .76

ACPA-positive (n, %) 18 (72.0%) 31 (91.2%) .08

Duration of TCZ administration (year, median, IQR) 3.1 3.1 7
[2.9-3.6] [2.9-3.4]

Concomitant MTX at TCZ introduction (mg/w, median, IQR) 8.0 10.0 24
[6.0-10.0] [6.0-12.0]

Concomitant PSL at TCZ introduction (mg/d, median, IQR) 5.0 5.0 49
[4.0-7.0] [5.0-7.5]

History of b/tsDMARDs (n, %) 17 (68%) 27 (79.4%) 72

TCZ as a 1st bDMARD 8 (32.0%) 7 (20.6%) 37

TCZ as a 2nd bDMARD 6 (24.0%) 11 (32.4%) 57

TCZ as a 3rd bDMARD 7 (28.0%) 8 (23.5%) 77

TCZ as a 4th or later bDMARD 4 (16.0%) 8 (23.5%) .53

ESR at TCZ introduction (mm/h, median, IQR) 65.5 28.0 .003
[38.5-88.5] [19.0-54.0]

CRP at TCZ introduction (mg/dL, median, IQR) 2.2 0.6 .05
[0.65-5.5] [0.18-2.9]

Difficult-to-treat RA at TCZ introduction (n, %) 3 (12%) 4 (11.8%) 1.0

CDAI at TCZ introduction (median, IQR) 12.5 14.3 .84
[6.0-19.3] [10.2-17.0]

CDAI at 12 months (median, IQR) 2.7 3.1 .98
[1.5-5.4] [1.0-8.6]

CDAI at 24 months (median, IQR) 33 33 79
[1.4-7.0] [0.6-7.16]

Total IgG (mg/dL, median, IQR) 1489 1468 78
[1207-1627] [1099-1720]

p-values were calculated to compare the clinical characteristics of patients who showed structural remission with those of
patients who did not. Mann-Whitney U test for continuous variables and Fisher's exact test for categorical variables. ACPA:
anti-cyclic citrullinated peptide antibodies; b/tsDMARDs: biological or targeted synthetic disease-modifying anti-rheumatic
drugs; CDAI: clinical disease activity index; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; IQR: interquartile range;
MTX: methotrexate; PSL: prednisolone; RA: rheumatoid arthritis; RF: rheumatoid factor; TCZ: tocilizumab.
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Table 2. Multivariate logistic analysis for long-term structural remission by tocilizumab.

Model 1 Model 2
95%(Cl 95%Cl 95%(Cl 95%Cl
Odds ratio lower upper p value Odds ratio lower upper p value
Age 0.96 0.90 1.0 33 Age 0.975 0.90 1.03 32
Female 1.93 0.31 12.2 48 Female 245 0.42 14.5 32
ACPA-positive 6.5 1.18 36 .032 ACPA (U/mL) 1 0.99 1 .60
ESR (mm/h) 0.97 0.95 0.99 .032 ESR (mm/h) 0.98 0.96 0.99 .049

Multivariate logistic regression analysis. ACPA: anti-cyclic citrullinated peptide antibody; CI: confidence interval; ESR: erythrocyte sedimentation rate.

A
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Figure 3. Baseline erythrocyte sedimentation rate (ESR) predicts long-term structural remission by tocilizumab. (A) Receiver
operating characteristics (ROC) analysis was performed to determine the cutoff value of baseline ESR. The cutoff value of base-
line ESR was determined to be 73mm/h (area under the curve [AUC]: 0.71, 95%Cl: 0.56-0.86, p =.008). (B) The structural
remission rate was significantly higher in patients with baseline ESR level <73 mm/h than that in those with a baseline ESR
level of >73 mm/h (p =.006). Annual progression of erosion (C) and joint space narrowing (D) were both reduced in the lower
ESR group than in the higher ESR group (p =.0036, p =.0021, respectively). The data are presented as mean + SD.

3.5. ROC analysis to determine the cut-off value
of ESR

Finally, we examined the cutoff value of the baseline
ESR level using ROC analysis. As a result, the cutoff
value of the baseline ESR level was determined to be
73 mm/h (area under the curve: 0.71, 95% CI: 0.56—
0.86, p=.008, Figure 3(A)). Accordingly, the struc-
tural remission rate was significantly higher in
patients with a baseline ESR <73 mm/h than that in
those with a baseline ESR >73mm/h (p=.006,
Figure 3(B)). Annual progression of erosion and
joint space narrowing were both reduced in the
lower ESR group than in the higher ESR group
(p=.0036, p=.0021, respectively, 3(C
and D)).

Figure

4. Discussion

In the present study, the long-term structural remis-
sion rate for patients who had been treated with

TCZ for at least two years, with a median of
3.1years, was 57.6%. Long-term structural remission
was more likely to be achieved in ACPA-positive
younger patients with a low ESR level at the time of
TCZ introduction. This study showed for the first
time that long-term structural remission induced by
TCZ could be predicted using the baseline ESR
level. Therefore, the results of this study may help
identify patients who would most benefit from TCZ
in daily clinical practice.

Few studies have reported the long-term inhibi-
tory effects of TCZ on radiographic progression.
Kaneko et al. conducted a randomized controlled
trial to determine whether an add-on or switch to
TCZ is effective in patients with inadequate
response to MTX (SURPRISE study) [9]. In this
study, the 52-week structural remission rate was
66% in the add-on group and 64% in the switch
group from MTX to TCZ, with no significant differ-
ence (p=.92), whereas CRRP was 7% in the add-on



group and 15% in the switch group, with borderline
significance (p=.07) [9]. The two-year structural
remission rate of this extension study was 83.7% in
the add-on group and 72.9% in the switch group
(p=.23) [22]. Using real-world data, Hirabayashi
et al. showed that the structural remission rate was
66% (33 of 50 patients) in patients receiving TCZ
for three years [23]. The sample size, study duration,
and structural remission rate of this study were
similar to those of our study. They also demon-
strated that three-year structural remission was asso-
ciated with the number of swollen joint counts
being less than or equal to 1 within six months [23].
Thus, their study predicted long-term structural
remission from the clinical response after initiation
of TCZ, while our study predicted it from labora-
tory data at the initiation of TCZ. As suggested by
Kaneko et al. the inhibitory effect of TCZ on joint
destruction is maximized when TCZ is added on to
MTX therapy [9]. The recently published consensus
statement on IL-6 inhibitors also recommends that
TCZ be administered in combination with MTX, at
least in the early treatment phase [24]. However, in
our study, the structural remission rate in patients
who had concomitant use of MTX was not different
from that of patients who did not use MTX
(p=.79), possibly due to the small sample size
(Figure 2(B)).

Since IL-6 is the major regulator of the acute
phase response and increases ESR and CRP levels
[25,26], it is assumed that patients with low baseline
ESR levels, who were likely to achieve long-term
structural remission with TCZ in our study, had low
serum IL-6 levels. Although it has been reported
that IL-6 inhibitors tend to have a better response
than TNF inhibitors when patients have high IL-6
or CRP levels, when patients have moderate or low
serum IL-6 or CRP levels, IL-6 inhibitors show a
similar efficacy and/or drug retention rate to that of
TNF inhibitors [27,28]. With regard to joint
destruction, it has been reported that IL-6 inhibitors
are more effective in suppressing joint destruction
in patients with moderate or low serum IL-6 levels
than in those with high serum IL-6 levels [27],
which is compatible with our study results.

If IL-6 increases both ESR and CRP, why was
ESR, but not CRP, a predictive factor for long-term
structural remission? Since ESR levels are known to
be affected not only by IL-6 but also by immuno-
globulin levels and other factors, we compared total
IgG levels between groups achieving and not achiev-
ing structural remission, which resulted in no differ-
ence (p=.78, Table 1). However, it is possible that
the ESR levels were affected by something other
than IgG, which may have made the ESR a predict-
ive factor for structural remission.
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In addition to serum IL-6, ESR, and CRP levels,
biomarkers that have been reported to predict the
efficacy of TCZ include serum IL-1 levels [29], base-
line hemoglobin levels [30], RF positivity [31],
serum TCZ concentrations [32], and others [33].
Recently, we reported that neutrophil count reduc-
tion after TCZ initiation could be a marker of its
efficacy [34]. As IL-6 affects the expression of adhe-
sion molecules on neutrophils, such as CD162 [35],
IL-6 inhibitor treatment results in neutropenia [36].
Our previous study demonstrated that patients who
showed a reduction in neutrophil counts within one
month of TCZ therapy were likely to achieve clinical
remission within one year without increasing serious
infections [34]. Based on these results, we hypothe-
sized that the reduction in neutrophil count may
reflect serum TCZ concentrations. Whether the
reduction in neutrophil counts within one month of
TCZ therapy is correlated with long-term structural
remission requires further study.

ACPA positivity is a poor prognostic factor in
the treatment of RA [2] and is strongly correlated
with joint destruction [37]. However, in the present
study, patients who achieved long-term structural
remission had a relatively higher proportion of
ACPA positivity than those who did not (p=.08).
In addition, ACPA-positive patients tended to show
a higher structural remission rate than ACPA-nega-
tive patients (p=.08; Figure 2(D)). These results
apparently seem inconsistent. However, it has been
reported that ACPA-positive patients are prone to
joint destruction as well as joint repair [38], indicat-
ing that they may have higher bone turnover or
remodeling potential than ACPA-negative patients.
Although the small sample size precludes definitive
conclusions, our data demonstrate that TCZ can
achieve long-term structural remission, even in
ACPA-positive patients.

This study had several limitations. First, this was
a single-center retrospective study with a small sam-
ple size. In addition, this study did not include
patients who discontinued TCZ or for whom X-rays
were not available, which biased the results. Because
treatment after discontinuation of TCZ varied
widely from patient to patient, this study was lim-
ited to only those who continued TCZ. Second,
annual radiographic evaluations using mTSS were
not performed. Radiographs taken at TCZ initiation
and after at least two years were evaluated. Third,
this study did not measure the serum IL-6 levels,
TCZ concentrations, or other markers.

Despite these limitations, we evaluated long-term
joint destruction in patients who had been treated
with TCZ and found that baseline ESR levels could
be a predictor of long-term structural remission.
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The results of this study may be informative for
shared decision making with patients.
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