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Background: Tocilizumab (TCZ) is humanized monoclonal antibody against the interleu-
kin-6 (IL-6) and receptor that has prominent efficacy for the treatment of rheumatoid arthritis
(RA). We conducted a retrospective observational study to determine how long TCZ controls
RA.

Patients and Methods: We retrospectively reviewed the medical records of RA patients
treated with TCZ. The aim of this study was to evaluate the contribution of clinical
parameters to disease control time (DCT) in RA patients.

Results: Overall, 144 patients were enrolled in the study. The median age of patients was 66
years (range: 34-85 years). In univariate analysis, DCT was significantly increased in
patients who had never received previous biologic disease-modifying anti-rheumatic drugs
treatment (P = 0.0064). We also analyzed the contribution of the base line value of C-reactive
protein (CRP) to DCT. We divided the patients with RA into two groups according to
a cutoff value of 1.000 mg/dl. The median control times were 77.5 months (95% confidence
interval [CI]: 44.8—not reached to median) and 34.5 months (95% CI: 17.0-79.3) for patients
with high and low CRP value, respectively. In univariate analysis, DCT was significantly
increased in patients with a high CRP value (P = 0.0283). Multivariate analysis clearly
revealed that a high baseline CRP value was an independent favorable predictive factor for
longer DCT (hazard ratio, 0.608, 95% CI: 0.378-0.981, P = 0.0416).

Conclusion: These data clearly demonstrate that the baseline value of CRP was closely
associated with long time DCT in patients of RA treated with TCZ.

Keywords: rheumatoid arthritis, tocilizumab, C-reactive protein, platelet large cell ratio,
disease control time

Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory disease characterized by
the destruction of the structural architecture of joints." The pathogenic process of
RA is modulated by a series of proinflammatory cytokines including interleukin-
1 (IL-1), interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a). Recently,
these cytokines have become accepted targets of biologic disease-modifying anti-
rheumatic drugs (bDMARDs). Of note, IL-6 has a crucial role in the pathogenic
process of RA, and inhibiting its signal transduction cascade is a promising
strategy for the treatment for RA. Tocilizumab (TCZ), a humanized monoclonal
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antibody against the human IL-6 receptor, and strongly
blocks IL-6 signal transduction by inhibiting the binding
IL-6 to its receptor.” Numerous clinical reports have
demonstrated a significant clinical efficacy of TCZ in
the treatment of RA.>® However, precise favorable pre-
dictive factors for the treatment of RA with TCZ have
not been identified. In terms of disease control time
(DCT) other than disease remission rate, no obvious
predictive factors have been reported. Therefore, we
conducted a retrospective observational study to deter-
mine how long TCZ controls RA using a statistical tech-
nique with a time-to-event analysis. In this study, we
revealed that a high value of baseline C-reactive protein
(CRP) was an independent favorable predictive factor for
the longtime disease control of RA treated with TCZ.

Patients and Methods

Data Collection

The medical records of all patients with RA who received
treatment with TCZ from April 2008 to August 2018 at
Kansai Medical University Medical Center (Moriguchi-
City, Japan) were retrospectively reviewed. The clinical
diagnosis of RA was made according to the 2010
American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) criteria or the
1987 ACR criteria.”® Data on sex, age and other covari-
ates in the patients of RA, observed before the adminis-
tration of TCZ were obtained retrospectively from the
patients’ medical records. Informed consent was obtained
in the form of opt-out on the website (http://www.kmu.ac.
jp/takii/hospital/scq14r0000000yul.html).  Those
rejected consent were excluded from the study.

who

This retrospective study was performed in accordance
with the Declaration of Helsinki and was approved by the
institutional ethics review board for Clinical Research of
Kansai Medical University Medical Center (institutional
ID: 2019156, UMIN-CTR: UMIN000040027).

Biochemical Analysis of Blood Samples
Complete blood cell count (CBC) and various platelet
volume indices were measured using ethylenediaminete-
traacetic acid (EDTA)-treated blood. An automated blood
cell counter was used for these analyses (Sysmex XE-
2100, Kobe, Japan). The CRP concentration was measured
using an automatic analyzer (Beckman Coulter AU5400,
Miami, FL, USA).

Endpoint Definition

We created a new outcome measure for this study. The
DCT was defined as the time from the date patients were
initially administrated TCZ to the time the treating physi-
cian decided to discontinue the TCZ treatment due to an
inadequate efficacy. The event was classified into three
categories: (1) TCZ treatment was discontinued due to
inadequate efficacy; (2) death of a patient from any reason;
(3) TCZ treatment was discontinued due to an unaccepta-
ble adverse effect. Censoring was classified into the four
categories: (1) TCZ treatment was continued at the time of
analysis; (2) TCZ treatment was discontinued at the time
of analysis due to disease remission; (3) the last observa-
tion of patients lost to follow up; (4) patient refusal to
TCZ
progression.

continue treatment without obvious disease

Statistical Analysis

Statistically significant differences between the groups
were compared using the chi-square, Student’s t or
Mann—Whitney U-test. Receiver operating characteristics
(ROC) curve analysis was used to estimate an optimal
cutoff value for the various hematological factors.

Univariate and multivariate analyses of DCT were per-
formed using the Kaplan—Meier product-limit method with
the Log rank test and the Cox proportional hazards model,
respectively. The 95% confidence interval (CI) for the
disease control rate was calculated using Greenwood’s
method. To calculate the 95% CI of the median control
time (MCT), the Brookmeyer and Crowley method was
used.

All statistical analyses were conducted using the JMP
(version 9.0.2) software program for Windows (SAS
Institute Inc, Cary, NC, USA). All statistical tests were
two-sided, and P < 0.05 was considered to be statistically
significant.

Results

Patient Characteristics

Overall, 144 patients with RA who were treated with TCZ
were enrolled in this study. The characteristics of these 144
patients are summarized in Table 1. All the patients were
Asian (Japanese, Korean, or Chinese), their median age was
66 years (range: 34—85 years), and they included 114 women
and 30 men. Their median duration of disease of RA was
73.9 months (inter quantile range [IQR]: 23.1, 199.7) and
their mean body mass index (BMI) was 23.0 kg/m?. One
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Table | Patient Characteristics
Characteristics Total Patients (n = 144) CRP >1.000 (n = 84) CRP <1.000 n = 60) P value
Age, years
Median (range; min—max) 66 (34-85) 64.5 (35-85) 66 (35—84) 0.7046
Sex
Female 114 (79.2) 65 (77.4) 49 (81.7) 0.4142
Male 30 (20.8) 19 (31.7) I1(18.3)
BMI, kg/mZ 23.0 £ 4.04 228 + 38 233+ 44 0.5557
Disease duration, Month
Median (IQR) 73.9 (23.1-199.7) 78.1 (21.2-207.2) 71.2 (26.1-376.0) 0.8347
Previous bDMARDs
None 60 (41.7%) 38 (45.2%) 22 (36.7%) 0.3915
>| bDMARDs 84 (58.3%) 46 (54.8) 38 (63.3%)
Concomitant use of GC
No 44 (30.6%) 21 (35.0%) 23 (27.4%) 0.3621
Yes 100 (69.4%) 39 (65.0%) 61 (72.6%)
Concomitant use of MTX
No 49 (34.0%) 24 (28.6%) 25 (41.7%) 0.1117
Yes 95 (66.0%) 60 (71.4%) 35 (58.3%)
CRP, mg/dI
Median (IQR) 1.329 (0.3513-3.2138) 2.747 (1.6568-4.6915) 0.2175 (0.1103-0.5618)

Abbreviations: CRP, C-reactive protein; BMI, body mass index; IQR, inter quantile range; bDMARD:s, biologic disease-modifying anti-rheumatic drugs; GC, glucocorticoid;

MTX, methotrexate.

hundred patients had concomitantly received glucocorticoid,
whereas remaining 44 patients had not. Ninety-five patients
had received methotrexate (MTX) in addition to TCZ,
whereas the remaining 49 patients had received TCZ treat-
ment alone. A history of previous bDMARD:s treatment was
reported in 84 patients, whereas the remaining 60 patients
had been never treated with bDMARDs. The details of the
previous bDMARDs treatment included 28 regimens of
infliximab, 25 regimens of adalimumab, 12 regimens of
golimumab, 7 regimens of certolizumab pegol, 27 regimens
of etanercept, 14 regimens of abatacept and 1 regimen of
tofacitinib. Median value of base line CRP was 1.329 mg/dl
(IQR: 0.3513-3.2138). Eighty-four patients had base line
CRP value higher than or equal to 1.000 mg/dl, whereas
the base line CRP value of the remaining 60 patients were
lower than 1.000 mg/dl.

Clinical Outcomes

We conducted a series of survival analyses on
December 31, 2020. At that time, 34 patients had discon-
tinued TCZ treatment due to insufficient efficacy, 1 patient
discontinued TCZ treatment due to disease remission, 4
patients had died from any cause, 32 patients discontinued

TCZ treatment due to an unacceptable adverse event, 4
patients refused to continue TCZ treatment from any
cause, 27 patients were lost to follow-up, and the remain-
ing 42 patients continued TCZ treatment with adequate
disease control. Consequently, the censoring rate was
51.4%. In the 34 patients with insufficient efficacy, 9
patients were primary failure (<6 months) and 25 patients
were secondary failure (>6 months).

The causes of death of four patients were two acute
myocardial infarctions, one infection of clostridium diffi-
cile, and one primary lung cancer. The Kaplan—-Meier
curve for DCT is shown in Figure 1A. The MCT was
59.4 months (95% CI: 36.4-79.3). The 1-, 2-, and 5-year
disease control rates were 79.3% (95% CI: 72.5-86.0),
67.8% (95% CI: 59.9-75.7), and 49.9% (95% CI: 40.6—
59.1), respectively. In univariate analysis, DCT was sig-
nificantly increased in patients who had never received
previous bDMARDs treatment (P = 0.0064) (Table 2,
Figure 1B). However, age (P = 0.1017), sex (P = 0.7950),
disease duration (P = 0.2225), concomitant use of gluco-
corticoid (P = 0.5865) and concomitant use of MTX (P =
0.3983) were not statistically significant (Table 2). We also
analyzed the contribution of the base line value of CRP to
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Figure | Kaplan—Meier curves of patients of rheumatoid arthritis treated with tocilizumab. (A) Kaplan—Meier curve of disease control time (DCT) for patients enrolled in
this study. The median control times (MCTs) was 59.4 months. (B) The Kaplan—Meier curves for DCT according to the previous treatment history of biologic disease-
modifying anti-rheumatic drugs (-DMARDs). The MCTs for the group with no previous bDMARD:s history and those for the group with previous bDMARDs history were
not reached to median and 35.5 months, respectively (log-rank; P=0.0064). (C) The Kaplan—Meier curves for DCT according to the baseline value of C-reactive protein
(CRP). The MCTs for baseline CRP <1.0 and baseline CRP 21.0 were 34.5 and 77.5 months, respectively (log-rank; P=0.0283). (D) The Kaplan—Meier curves for DCT
according to the baseline value of platelet large cell ratio (P-LCR). The MCTs for baseline P-LCR <19.1 and baseline P-LCR 219.1 were 105.0 and 39.4 months, respectively

(log-rank; P=0.0239). *P<0.05.

DCT. Because a previous report showed that a cut off value
of CRP predicted disease remission, we divided the
patients with RA into two groups according to a cutoff
value of 1.000 mg/dl for CRP.° The MCT was 77.5 months
(95% CI: 44.8-NR) and 34.5 months (95% CI: 17.0-79.3)
for patients with high and low CRP value, respectively
(Table 2, Figure 1C). In univariate analysis, the DCT was
significantly increased in the patients with a high CRP
value (P = 0.0283).

Comparisons According to the Baseline
CRP Value

Next, we compared the various characteristics between the
two groups: RA patients with a high and those low CRP
values. The characteristics of the two groups are summar-
ized in Table 1. There were no significant differences in
age, sex, BMI, disease duration, concomitant use of glu-
cocorticoid and concomitant use of MTX between the two
groups. Although a history of bDMARDs treatment was
a significant predictive factor for a shorter DCT, there

were no significant differences between the two groups
(Table 1). We also analyzed various hematological indices
in two groups (Table 3). The erythrocyte sedimentation
rate (ESR), white blood cell (WBC) count, and platelet
count (PC) were significantly increased in RA patients
with a high baseline CRP value compared with those
with a low baseline CRP value (P < 0.0001, P = 0.0011
and P < 0.0001 respectively). In contrast, hematocrit (Ht),
hemoglobin (Hb), red blood cell distribution width
(RDW), mean platelet volume (MPV), platelet distribution
width (PDW) and platelet-large cell ratio (P-LCR) were
significantly decreased in RA patients with a high baseline
CRP value compared with those with a low baseline CRP
value (P =0.0139, P =0.0217, P =0.0353, P = 0.0009, P =
0.0017 and P = 0.0010 respectively). All other all variates
were not significantly different between the two groups.
These covariates that correlated with baseline CRP value
were analyzed using logistic regression analysis followed
by ROC curve analysis, and the optimal cut off values
were determined. Using these cut off value, we conducted
a series of univariate analysis for DCT (Table 4). In
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Table 2 Univariate Analysis of Disease Control Time

Variable MCT (Months) | P value
Age <65 years vs 265 years 79.3 vs 42.4 0.1017
Female vs Male 73.7 vs 485 0.7950
Disease duration

<74 months vs 274 months 73.7 vs 55.1 0.2225
Previous bDMARDs

None vs 2| bDMARDs NR vs 35.5 0.0064*
Concomitant use of GC, No vs Yes 77.5 vs 56.0 0.5865
Concomitant use of MTX, No vs, Yes | 35.5 vs 76.8 0.3983
Rheumatoid factor

Positive vs Negative 56.0 vs 105.0 0.9522
Base line CRP, 21.000 vs <1.000 77.5 vs 34.5 0.0283*

Note: *P<0.05.

Abbreviations: MCT, median control time; NR, not reached the median; CRP,
C-reactive protein; bDMARD:s, biologic disease-modifying anti-rheumatic drugs;
GC, glucocorticoid; MTX, methotrexate.

conclusion, only a low proportion of P-LCR and a low
value of Hb were significantly correlated with a longer
DCT (MCT: 105.0 Mo vs 39.4 Mo, P = 0.0239, MCT:
105.0 Mo vs 55.1 Mo, P = 0.0454, respectively) (Table 4,
Figure 1D).

Table 3 Hematological Parameters

Table 4 Univariate Analysis of Confounding Factors of Base Line
CRP for Disease Control Time

Variable MCT (Months) P value
ESR 236.7 vs <36.7 73.7 vs 56.0 0.6104
WBC 284 vs <84 44.8 vs 77.2 0.6081
Hb 211.0 vs <I1.0 55.1 vs 105.0 0.0454*
Ht 237.5 vs <37.5 48.5 vs 105.0 0.1481
MCV 297.8 vs <97.8 55.1 vs 76.8 0.2698
RDW 246.9 vs <46.9 44.8 vs 105.0 0.0908
PC 225.4 vs <25.4 77.5 vs 55.7 0.4062
MPV 29.3 vs <9.3 44.8 vs 105.0 0.0964
PDW 210.0 vs <10.0 48.5 vs 105.0 0.1615
P-LCR 219.1 vs <I9.1 39.4 vs 105.0 0.0239*

Note: *P<0.05.
Abbreviation: MCT, median control time.

Multivariate Analysis for DCT

We also conducted a multivariate analysis for DCT
(Table 5). Multivariate analysis clearly revealed that
a high baseline CRP value was an independent favorable
predictive factor for longer DCT (hazard ratio [HR],
0.608, 95% CI: 0.378—0.981, P = 0.0416). In addition,
no history of bDMARDs was also an independent favor-
able predictive factor for longer disease control (HR,
0.470, 95% CI: 0.275—0.780, P = 0.0031). In contrast,

Characteristics Total Patients (n = 144) CRP >1.000 (n = 84) CRP <1.000 (n = 60) P value
ESR, mm/h 53.1 £ 32.1 66.2 + 32.1 346 £21.2 < 0.0001*
RF, IU/mL

Median (IQR) 62.5 (17.5-156) 79 (23-171) 57 (14-137) 0.1002

n n = 140 n =283 n =57

Positive/negative 108/32 66/17 42/15 0.4221
WBC, 10%/uL 763 £247 82.0 + 234 68.4 + 245 0.001 1*
RBC, 10%/uL 411.0 £ 50.5 405.1 + 433 419.2 + 58.6 0.1162
Ht, % 37.81 £ 4.00 37.11 £3.83 38.78 + 4.06 0.0139*
Hb, g/dI 12.27 + 1.45 12.04 + 1.44 12.59 + 1.41 0.0217*
MCV, fl 92.78 £ 6.17 91.94 + 594 93.96 £ 6.36 0.0560
MCH, pg 30.08 + 2.51 29.77 £ 2.59 3051 £235 0.0751
MCHC, pg/fl 3240 £ 1.14 3235+ 1.20 32.47 £ 1.05 0.5164
RDWY, fl 48.90 £ 5.31 48.07 £ 4.32 50.07 £ 6.30 0.0353*
PC, 10%/uL 27.10 £ 9.85 29.78 £ 10.61 2327 £7.18 < 0.0001*
MPV, fl 9.38 £ 0.71 9.21 £ 0.67 9.60 + 0.70 0.0009*
PDWy, fl 9.97 £ 1.27 9.69 + 1.19 10.36 + 1.27 0.0017*
P-LCR, % 19.53 + 5.45 18.27 + 5.03 21.31 £5.03 0.0010*

Notes: Data are presented as the mean * standard deviation; *P<0.05.

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; RF, rheumatoid factor; IQR, inter quantile range; WBC, white blood cell; RBC, red blood
cell; Ht, hematocrit; Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW,
red cell distribution width; PC, platelet count; MPV, mean platelet volume; PDWY, platelet distribution width; P-LCR, platelet large cell ratio.
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Table 5 Multivariate Analysis of Disease Control Time

Covariate HR 95% CI P value
Previous bDMARDs, No vs Yes 0.470 | 0.275-0.780 | 0.0031*
Base line CRP, 21.000 vs <1.000 0.608 | 0.378-0.981 | 0.0416*
Age, <65 years vs, 265 years 0.631 | 0.381-1.033 | 0.0673
Sex, Male vs, Female 0.953 | 0.506—1.678 | 0.8743
Concomitant use of GC,Novs Yes | 0.799 | 0.456-1.345 | 0.4073
Concomitant use of MTX, No vs 1.104 | 0.658-1.816 | 0.7099
Yes

Note: * P<0.05.

Abbreviations: HR, Hazard ratio; CRP, C-reactive protein; BMI, Body mass index;
IQR, Inter quantile range; bDMARDs, Biologic disease-modifying anti-rheumatic
drugs; GC, glucocorticoid; MTX, Methotrexate.

age younger than 65 years old (P = 0.0673), being male
(P = 0.8743), concomitant use of glucocorticoid
(P = 0.4073), and concomitant use of MTX (P = 0.7099)
were not significant factors. These results clearly showed
that concomitant use of glucocorticoid or MTX in addition
to TCZ treatment had no additional benefit for disease
control of RA compared with TCZ monotherapy.

Discussion

CRP was firstly reported by Tillett and Francis at 1930."°
It was induced in vivo in response to a streptococcal
capsular polysaccharide.!' Most CRP is produced by hepa-
tocytes, and it forms a pentamer in circulating blood.
Currently, it is widely accepted as an important acute-
phase protein and is used as a universal surrogate marker
of inflammatory condition in various clinical situations.
Castel et al clearly showed that IL-6 was a major regulator
of CRP synthesis in adult human hepatocytes.'” Thus,
CRP is thought to be a candidate predictive factor for the
clinical efficacy of TCZ treatment, because the target of
TCZ is the IL-6 receptor. Pers et al reported that the
baseline CRP value >1.0 mg/dl was a favorable predictive
factor for better disease remission in patients with RA
treated with TCZ.° On the basis of their results, we
assessed the contribution of baseline value of CRP in
patients with RA treated with TCZ. We clearly showed
that a baseline CRP value >1.0 mg/dl was an independent
favorable predictive factor for longtime disease control.
These findings strongly suggested that TCZ treatment is
suitable for patients in whom inflammatory condition have
accelerated. Unfortunately, we could not obtain adequate
data to evaluate the disease remission (for example,
Disease Activity Score-28 for Rheumatoid Arthritis with
ESR (DAS28-ESR) or Clinical Disease Activity Index
(CDAI) because of the retrospective nature of this

study."® Therefore, we could not assess whether the pre-
dictive factors for DCT and for the disease remission rate
were identical. Therefore, a prospective study is
warranted.

Previous experimental data clearly showed that at least
distinct two mechanisms are involved in the pathogenic
process of RA. IL-6 blockade did not affect the pathogen-
esis of the spontaneous arthritis in TNF-a transgenic mice
although it completely inhibited the pathogenic process of
collagen-induced arthritis in DBA/1J mice.'* Moreover,
Fujimoto et al showed that anti-mouse IL-6 receptor
monoclonal antibody inhibited Th17 mobilization and
pathogenic process of collagen-induced arthritis in DBA/
1J mice."” These findings suggested that patients suitable
for TCZ or TNF-o inhibitors might be quite different.

In the past decade, the time-to-event analysis technique
has been applied in the clinical research field of RA.
Numerical studies employed “drug retention” for time-to-
event analysis.'"®'® However, there are some issues
regarding the definition of “event” and “censored for
drug retention”. Regarding the definition of drug retention,
treatment discontinuation due to disease remission was
also treated as an event. Therefore, time-to-event analysis
has become complicated and unintuitive, and additional
subset analyses related to the reason for treatment discon-
tinuation must be performed. Therefore, we defined new
outcome measures, DCT and disease control rate, in this
study. Using our new outcome measures, discontinuation
due to disease remission was excluded from events; there-
fore, a simple time-to-event analysis was possible.

We also assessed the correlation between various
hematological parameters and baseline CRP value.
However, only two factors, Hb and P-LCR, were signifi-
cant variates in the Log rank test for DCT. Previous reports
showed that Hb and P-LCR were closely correlated with
the serum concentration of IL-6.'%2° However, IL-6
induces the production of CRP. Therefore, we concluded
that Hb and P-LCR were confounding factors for baseline
CRP and they were excluded from our multivariate analy-
sis for DCT. Nevertheless, they are ubiquitous blood bio-
markers that predict the longtime disease control of TCZ
treatment because Hb and P-LCR data are obtained from
a common complete blood count test.

We also revealed that no treatment history with
bDMARDs was an independent favorable predictive factor
for longtime disease control for TCZ treatment. However,
all patients included in this study had no history of treat-

ment with anti-IL-6 receptor antibody. There is an enigma
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that the previous history of treatment failure with
bDMARDs other than anti-IL-6 receptor antibody contrib-
uted to the clinical efficacy of anti-IL-6 receptor antibody
treatment whereas all patients had never received anti-IL-6
receptor antibody. One possible explanation to this issue is
that previous failure of any bDMARDs treatment might be
a selection bias in favor of refractory RA.?' The patients of
refractory RA demonstrated an insufficiency to multiple
bDMARD:s
a situation, a selection of patients who had no treatment
history with bDMARDs could be a “cherry picking”,
resulting in reduce the likelihood of refractory RA and

targeting various cytokines. In such

leading to better efficacy of TCZ treatment.

Despite the retrospective nature and small size of the
present study, we revealed that a high baseline CRP value
might indicate a dominant inflammatory pathogenic pro-
cess of RA patients for whom TCZ treatment might
achieve longer disease control. Further investigation
should lead to a better understanding of therapeutic selec-
tion of appropriate patients in the treatment of TCZ.
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