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Table 2 Comparison of disease activity between patients who completed the 52-week TCZ-free period and those who restarted anti-rheumatic

treatment
Before first TCZ infusion n At cessation of TCZ n Last observation n Difference®
(baseline of previous treatment point of this (95 % CI)
studies) (baseline of this study) study
DAS28-ESR, median (range)
Completed 6.3 (2.2-7.5) 24 1.0 (0.0-2.7) 24 2.4 (0.5-3.3) 23 1.05 (0.75-1.35)
Restarted 6.2 (3.2-8.8) 160 1.5 (0.1-3.2) 161 4.3 (0.8-7.8) 161 2.85 (2.67-3.03)
treatment
Tender joint count, median (range), 28-joint count
Completed 9 (0-19) 24 0 (0-2) 24 0 (0-3) 23 0.2 (—0.1 to 0.4)
Restarted 9 (1-28) 160 0 (0-7) 161 3 (0-27) 161 3.9 (3.2-4.5)
treatment
Swollen joint count, median (range), 28-joint count
Completed 8 (0-26) 24 0 (0-2) 24 0 (0-4) 23 0.3 (—0.1t00.7)
Restarted 9 (1-25) 160 0 (0-6) 161 2 (0-16) 161 2.8 (2.3-3.3)
treatment
CRP, median (range), mg/dL
Completed 4.9 (0.5-9.3) 24 0.0 (0.0-0.7) 24 0.1 (0.0-2.3) 23 0.23 (0.02-0.45)
Restarted 3.1 (0.3-20.1) 161 0.0 (0.0-5.2) 161 0.8 (0.0-13.5) 161 1.52 (1.18-1.86)
treatment
ESR, median (range), mm/h
Completed 62 (16-123) 24 4 (1-28) 24 14 (2-53) 23 13.7 (8.0-19.3)
Restarted 57 (11-165) 161 5 (1-26) 161 36 (2-115) 161 34.3 (30.7-37.8)
treatment ,
MHAQ scores, median (range)
Completed 0.3 (0.0-2.0) 24 0.0 (0.0-0.4) 24 0.0 (0.0-0.5) 23 0.02 (—0.01 to 0.05)
Restarted 0.8 (0.0-2.0) 161 0.0 (0.0-1.4) 161 0.3 (0.0-2.1) 161 0.29 (0.23-0.35)
treatment
MMP-3, median (range), ng/mL
Completed 262.0 (38-800) 17 47.7 (32-225) 24 57.1 (13-109) 23 5.7 (0.6-10.8)
Restarted 365.0 (38-800) 88 58.7 (23-697) 157 98.9 (36-800) 142 86.9 (64.4-109.5)
treatment

Percentage of patients whose MMP-3 levels were within normal range (%)

Completed 59 91.7
Restarted 34 56.7
treatment

73.9 -
24.6 -

* Difference: mean of the difference between the value at cessation of TCZ treatment (baseline of this study) and at the last observation point of

this study

DAS28 28-joint disease activity score, ESR erythrocyte sedimentation rate, MHAQ modified health assessment questionnaire, MMP-3 matrix
metalloproteinase 3, Completed patients who completed the 52-week observational period without anti-rtheumatic treatment, Restarted treatment

patients who restarted anti-rheumatic treatment

were within normal range was lower in the group of
patients who restarted anti-rheumatic therapy (56.7 %)
than in the group who completed the 52-week study period
91.7 %).

Even though the median DAS28 was slightly increased
from 1.0 at baseline of this study to 2.4 at the last obser-
vation point of this study (Table 2), tender joint count and
swollen joint count at week 52 did not meaningfully wor-
sen from the baseline of this study in the patients who

completed the 52-week study period. MMP-3 concentra-
tion at week 52 was also almost stable during the study
period in these patients.

In the patients who restarted anti-rheumatic therapy,
disease activity and MMP-3 levels had worsened compared
to the baseline of this study. Nevertheless, the values of
those parameters were no worse than they had been before
the initiation of TCZ treatment in previous studies
(Table 2).
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Factors contributing to the prolongation of duration
of DAS28 remission and LDA

Univariate Cox regression analysis showed the following
variables to be associated with the rate of continued
efficacy: negative RF at baseline of the previous study
and low serum 1L-6 level (<35 pg/mL), under upper limit
of the normal MMP-3 level, no concomitant corticoste-
roid use, DAS28-ESR <median, and an MHAQ score of
zero at TCZ discontinuation.In contrast, disease duration,
gender, functional class, and RA stage were not associ-
ated with continued efficacy (Fig. 2a). Multivariate Cox
regression analysis showed that low serum IL-6 (<35 pg/
mL) and normalisation of MMP-3 levels at TCZ cessation
were independently associated with continued efficacy
(Fig. 2b).

Based on this result, we examined the effects that 1L-6
and MMP-3 levels at cessation of TCZ treatment had on
the rate of continued efficacy. We found that the rate of
continued efficacy in the patients with low serum IL-6
(<35 pg/mL) was 39.3 % (95 % CI1 31.1-47.4) at 24 weeks
and 15.9 % (95 % CI 9.7-22.0) at 52 weeks (Fig. 3a). In
contrast, 69.7 % of the patients with serum IL-6 levels
>35 pg/mL met the criteria for loss of efficacy within
12 weeks, and in none was efficacy maintained until
52 weeks. Analysis of the ROC curve identified the most
sensitive and specific cut-off value for the serum IL-6 level
to be 12.9 pg/mL. The rate of continued efficacy in patients
whose serum IL-6 levels were less than 12.9 pg/mL was

Mod Rheumatol, 2014; 24(1): 17-25

632 % (95 % Cl 48.8-77.5) at 24 weeks and 30.2 %
(95 % C1 16,4-44.0) at 52 weeks (Fig. 3b).

The rate of continued efficacy in those with normalised
MMP-3 levels was 509 % (95 % Cl 41.6-60.2) at
24 weeks and 20.3 % (95 % Cl 12,8-27.8) at 52 weeks
(Fig. 3¢), compared with 11.8 % at 24 weeks and 3.0 % at
52 weeks in patients with abnormal MMP-3 levels.

In patients with both serum IL-6 <12.9 pg/mL and
normalised MMP-3 level, the rate of continued efficacy
reached 70.6 % (95 % CI 55.3-85.9) at 24 weeks and
38.0 % (95 % CI 21.6-54.4) at 52 weeks (Fig. 3d).

Discussion

This study indicated that, in about 13 % of patients who
achieve LDA (70.8 % of them were DAS28 remission)
during long-term TCZ monotherapy, efficacy can be sus-
tained for 1 year after cessation of TCZ treatment without
concomitant use of synthetic DMARDs or immune sup-
pressants; and in 79 % of them (19 patients), efficacy was
maintained without concomitant use of corticosteroids or
NSAIDs. To the best of our knowledge, this is the first
report to show evidence that anti-IL-6 therapy can induce
drug-free remission/LDA for 1 year in RA patients. The
treatment recommendations of the EULAR state that, in
patients who achieve remission with biological products, it
may be possible to taper off the biological product after
tapering off the corticosteroid. However, at present,

Fig. 2 Factors associated with a HR 95%Cl
continued LDA. a Univariate Gend A temal o o 00
Cox regression analysis, ender (male vs. female) 681 (037 - 1. ) ——]
b multivariate Cox regression Disease duration (<median vs. 2median) 081 (060 - 1.10 ) ———
analysis. HR hazard ratio, CI IL6 (<35 pgimL vs. 235 pgimL) 037 (025 -054 ) o
confidence interval, RF
rheumatoid factor, DAS28 MMP-3 (normal vs. abnormal) 033 (024 -046 ) -
28-joint disease activity score, Steinbrocker Stage (1 +1I vs. I[+[V) 077 {057 -1.04 ) o—|
MHAQ modified health Steinbrocker Class (142 vs. 3+4) 082 (020 -333 ) N ¥
assessment questionnaire, /L-6 RF (negative vs. positive 053 (033 - 085 - ’
interleukin 6, MMP-3 matrix (neg P ) 83 (0. 85 ) ——
metalloproteinase 3 Steroid (non-concomitant vs. concomitant) 064 (046 -088 ) o

DAS28 (<median vs. 2median) 059 (044 -081 ) |

MHAQ (0 vs. >0) 073 (053 -0.99 )

0 05 1 15 2
b HR 95%Cl

IL-6 (<35 pg/mL vs. 235 pgimL) 041 (027 -063 ) -—

MMP-3 (normal vs. abnormal) 029 (019 -043 ) -

RF (negative vs. positive) 066 (040 -1.08 ) ——1

Steroid (non-concomitant vs. concomitant) 11 (076 - 1589 ) —leo

DAS28 (<median vs. 2median) 077 (054 -111 ) o

MHAQ (0 vs. >0) 113 {079 - 162 ) —le

— 278 —



Mod Rheumatol Downloaded from informahealthcare.com by Keio University on 02/08/15
For personal use only.

DOI 10.3109/14397595.2013.854079

ﬁ F00 o Y s {54 35 vl
M " £ Y ernerlinb 2 38 pyral
%
R
& 60 3
2 )
-4 H
=3 40 ETY
£ %
5 20 * 12, 4% o 16.9%
Q 3ltt«l!lllﬁ.wvlﬁtnl“.*‘siti“ E
Q . N DY 20,’3%
9 8 16 24 32 40 48 52
weseks

106 1\ e 1 110 NEP-3

» »» v Abnomat NP3
86 I |

L
60 % 50.9%

5
40 4 L

Sy 26.3%

20 11.8%

Continuationrate %) o

'uu.‘ “
i':"““.mt:ub»'iﬁunﬁa,g%
o & 16 24 32 40 4852

weeks

Fig. 3 Effects of serum IL-6 and MMP-3 levels on rate of continued
LDA after cessation of tocilizumab treatment estimated by Kaplan—
Meier method over 52 weeks. Contributing factors: a serum IL-6
level (cut-off level: 35 pg/mL), b serum IL-6 level (cut-off level:

evidence in support of this conjecture is insufficient [26].
We believe that this report supports the possibility of dis-
continuing biological products as per the ACR/EULAR
recommendations.

In a previous study (the BeST study), van der Kooij
et al. [27] indicated that 18 % of patients could discontinue
infliximab and synthetic DMARDs. Even though the
characteristics of the patients in our study differed from
those in BeSt study, the success rate of discontinuing TCZ
without synthetic DMARD:s in our study is comparable to
that of the BeSt study. Moreover, with the use of synthetic
DMARD:s including MTX, a high rate of continued effi-
cacy was shown after discontinuation of infliximab in the
BeSt study [27]. A similar result was shown in the Japanese
RRR study [28]. Therefore, it can be expected that intro-
ducing the use of synthetic DMARDs would similarly
result in an increased rate of continued DAS28 remission
or LDA after cessation of TCZ.

Because multivariate Cox regression analysis identified
low serum IL-6 and normalised MMP-3 levels at the start
of cessation of TCZ to be factors associated with continued
efficacy, it can be considered that these factors may predict
continued efficacy of a preceding TCZ treatment. With
long-term TCZ treatment, reduced serum IL-6 levels are
observed in some patients although TCZ does not directly
inhibit IL-6 production but blocks IL-6R. We previously
reported that, during blockade of IL-6R by TCZ, the serum
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12.9 pg/mL), ¢ MMP-3 level (normal vs abnormal), d combinations
of MMP-3 (normal vs abnormal) and serum IL-6 levels (cut-off level:
12.9 pg/mL). Space between curves represents the contribution of
each factor to rate of continued efficacy

IL-6 level represents the true IL-6 production in vivo and
correlates well with true disease activity in RA patients
[21, 22]. Therefore, TCZ treatment may improve not only
inflammation-related symptoms but also the underlying
cause of RA in patients whose serum IL-6 levels decrease.
This implies that TCZ could be discontinued without acute
disease flare in patients with normalised serum IL-6 levels.
IL-6, as such a biomarker, is available only for anti-IL-6R
antibody therapy but for anti-IL-6 neutralizing antibody
therapies.

MMP-3 is deeply involved in cartilage destruction in
RA and is also correlated with disease activity [29]. Since
normalisation of the MMP-3 level is thought to reflect
inhibition of excessive cartilage and bone destruction in the
joints, normalisation of the MMP-3 level may indicate an
improvement in the underlying cause of RA as well as
synovial inflammation. In this study, we did not examine
the progression of joint damage by imaging after cessation
of TCZ. However, since the MMP-3 level during the TCZ-
free period did not increase in the majority of the patients
showing continued efficacy, it can be inferred that there
was no sudden progression of joint destruction during the
cessation of TCZ treatment. Further study will be necessary
to evaluate this question.

In conclusion, these results showed that TCZ mono-
therapy can induce biologics-free remission/LDA without
concomitant use of conventional DMARDs. Serum levels
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of IL-6 and MMP-3 are useful markers for identifying
patients who could possibly discontinue TCZ without acute
disease flare. This evidence has also encouraged us 1o taper
and adjust the interval of TCZ treatment in patients who
show good response and normalisation of serum IL-6 and
MMP-3 levels.
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Abstract

Objectives To evaluate the safety and efficacy of re-
treatment with tocilizumab (TCZ) in patients who had
participated in the DREAM study (Drug free remission/low
disease activity after cessation of tocilizumab [Actemar]
monotherapy study) and had experienced loss of efficacy.
Methods Patients were retreated with TCZ or other dis-
ease modifying antirheumatic drugs (DMARDs). Disease
activity was measured using the 28-joint disease activity
score (DAS28) for 12 weeks.

Results A total of 164 eligible patients, including 161
who experienced loss of efficacy within 52 weeks of the
DREAM study, resumed treatment: 157 with TCZ and 7

For the MRA study group for RA.
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with DMARDs and/or infliximab. Of TCZ-treated patients,
88.5 % (139 patients) achieved DAS28 <2.6 within
12 weeks, whereas among patients treated with DMARDs
and/or infliximab only 14.3 % (1 patient) achieved DAS28
<2.6. Adverse events were observed in 70 TCZ-treated
patients (44.0 %), but no serious infusion reactions were
observed.

Conclusions Retreatment with TCZ was well-tolerated
and effective in patients who had responded to the pre-
ceding TCZ monotherapy but had experienced loss of
efficacy after cessation of TCZ.

Keywords Interleukin 6 - Retreatment - Drug free -
Rheumatoid arthritis - Tocilizumab
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Introduction

Tocilizumab (TCZ) treatment frequently achieves remis-
sion in patients with rheumatoid arthritis (RA) as measured
by the 28-joint disease activity score (DAS28) [1-12]. We
have demonstrated in the DREAM study (Drug free
remission/low disease activity (LDA) after cessation of
TCZ [Actemra] monotherapy study) [13] that in some
cases the efficacy of TCZ is sustained for more than 1 year
after cessation of TCZ and without the use of other disease
modifying antirheumatic drugs (DMARDs). However, the
majority of patients experienced loss of efficacy, and
needed to restart treatment for RA. In this study we eval-
uate the safety and efficacy of TCZ retreatment at recur-
rence of disease activity after cessation of TCZ.

Methods
Patients

All patients who participated in the DREAM study and had
experienced loss of efficacy were enrolled. Criteria for loss
of efficacy in the DREAM study was defined as DAS28-
erythrocyte sedimentation rate (ESR) >3.2 at 2 consecutive
observations, initiation of additional RA treatments
including increase in oral corticosteroid dose, the patient’s
request for retreatment, or the treating physician judging
that retreatment was necessary.
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Study protocol

The study protocol was approved by the Ministry of
Health, Labour and Welfare of Japan and by the local
ethical committees. This study is registered with
http:/felinicaltrials.gov  (NCT00661284). Patients were
treated with biologic DMARDs including TCZ and inflix-
imab (IFX), and/or conventional synthetic DMARDs
including methotrexate (MTX). If the patient received TCZ
retreatment, TCZ was administered intravenously (8 mg/
kg) every 4 weeks. Other biologic DMARDs and/or syn-
thetic DMARDs were administered based on the dosage
and regimen in the package insert. The concomitant use of
corticosteroids and non-steroidal anti-inflammatory drugs
was allowed during the study period.

Anti-tocilizumab antibodies

Serum anti-TCZ antibody levels were determined by
ELISA. Serum was added to the wells coated with 100 pl
of Fab fragment of TCZ (0.2 pg/ml) and incubated for 2 h.
After washing, biotin-conjugated TCZ was added and
developed with alkaline phosphatase conjugated to
streptavidin.

IgE-type anti-TCZ antibodies were also measured by
ELISA. In this case, whole TCZ was used because an
antigen coated each cup, and enzyme-linked anti-IgE
antibodies were used as second antibodies.
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Statistical analysis

Clinical response was measured by DAS28-ESR. Remis-
sion was defined. in accordance with the European League
Against Rheumatism (EULAR) definition, as DAS28 <2.6
[14]. The rates of remission under the new EULAR/
American College of Rheumatology (ACR) remission cri-
teria (Boolean definition) were also considered [15].
Adverse events (AEs) and serious adverse events (SAEs)
were tabulated after converting the verbatim event names
to MedDRA Ver. 8.0 System Organ Class (SOC) terms.

The factors contributing to the resumption of DAS28-
ESR remission after retreatment were estimated from uni-
variate and multivariate logistic regression analyses using
the following patient baseline data for this study: DAS28-
ESR, tender joint count (TIC), swollen joint count (SJC),
patient’s global assessment (Pt-GA), modified health
assessment questionnaire (MHAQ) score, serum C-reactive
protein (CRP) concentration, erythrocyte sedimentation
rate (ESR), serum IL-6 concentration, serum matrix
metalloproteinase (MMP)-3 concentration, and the dura-
tion of TCZ cessation. In the multivariate logistic analysis,
stepwise selection with a level of significance of 0.05 was
used for entry or removal of variables. Logistic regression
analysis was also conducted to analyse the relationship
between the TCZ treatment interval and development of
AEs during this study.

Results
Characteristics of patients

In total, 166 patients were enrolled and resumed treat-
ments. Of the patients who received TCZ retreatment, 2
were ineligible and were excluded from the analysis of
efficacy. The 164 remaining patients eligible for analysis of
efficacy included 161 patients who had experienced loss of
efficacy by week 52 of the DREAM study, and 3 patients
who had experienced loss of efficacy after completion of
the DREAM study (an interval of >1 year).

In the 164 eligible patients, 73 patients (44.5 %) resumed
treatment due to DAS28-ESR >3.2 at 2 consecutive visits,
66 patients (40.2 %) to investigator’s judgement, 11
patients (6.7 %) to patients’ request, and 14 patients (8.5 %)
to addition of RA treatments including increase in oral
corticosteroid dose. The major reason investigators judged
retreatment was necessary was a DAS28-ESR >3.2 score at
one visit in 55/66 patients (83.3 %). Four out of eleven
patients who requested treatment were also DAS28-ESR
>3.2. Therefore, 146/164 patients were DAS28-ESR >3.2
at the baseline of the RESTORE study (the mean DAS28-
ESR[95 %CI] was 4.6 [4.5-4.8]).

Mod Rheumatol, 2014; 24(1): 26-32

A total of 159 patients received at least 1 infusion of
TCZ (including 2 ineligible patients), and 7 patients
received other DMARDs, including MTX, tacrolimus, and/
or IFX. In the TCZ-treated patients, 133 patients received
TCZ monotherapy and 26 received TCZ therapy in com-
bination with synthetic DMARDs (25 patients with MTX,
| patient with salazosulfapyridine). The median treatment
interval between the last TCZ infusion and restarting the
TCZ treatment in this study was 13.1 weeks (min-max,
6.14-60.4 weceks). Corticosteroids were used concomi-
tantly in 57 of the patients treated with TCZ and in 4 of the
patients treated with other DMARDs. The median corti-
costeroid dose in TCZ-treated patients at baseline of this
RESTORE study was 3.0 mg/day, which was comparable
with the median dose in patients treated with other
DMARDs (2.3 mg/day). Other baseline characteristics of
the patients who received TCZ were comparable with those
of patients treated with other DMARDs (Table 1).

Efficacy of TCZ retreatment

The mean (=SD) DAS28-ESR before initial treatment using
TCZ in the previous clinical studies (i.e. Japanese phase I/11
open-label dose escalation study, a phase II double-blind
dose finding study, a phase III open-label randomized study
(SAMURAI), a phase III double-blind study (SATORI), a
drug—drug interaction study, and a renal failure study) was
6.2 (£1.0) and improved with 12 weeks of TCZ treatment to
2.8 (£1.2). The mean (£SD) DAS28-ESR at the last
observation point of the previous TCZ treatment studies (i.e.,
baseline of the DREAM study) was 1.5 (0.7) (Fig. 1a).

In this study, the mean (£=SD) DAS28-ESR in patients
who restarted TCZ treatment decreased from 4.4 (£1.1)
(95 % CI: 4.2-4.6) before restarting treatment to 1.8
(£0.8) (95 % CIL: 1.6-1.9) after 12 weeks of treatment. In
contrast, the mean (=SD) DAS28-ESR in patients treated
with DMARDs and/or IFX was 4.2 (41.1) (95 % CIL
3.2-5.2) before restarting treatment and 3.3 (£1.0) (95 %
CI: 2.5-4.2) after 12 weeks of treatment (Fig. 1a).

Of the TCZ-retreated patients, 95.5 % (150/157 patients,
95 % CL 91.0-98.2 %) achieved DAS28-ESR <3.2 and
88.5 % (139/157 patients, 95 % CI: 82.5-93.1 %) achieved
DAS28-ESR <2.6 within 12 weeks as compared to only
28.6 % of the other DMARD-treated patients (2/7 patients,
95 % CI 3.7-71.0 %) achieving DAS28-ESR <3.2 and
14.3 % (1/7 patients, 95 % CL: 0.4-57.9 %) achieving
DAS28-ESR <2.6.

The percentage of TCZ-retreated patients who reached
DAS28-ESR <2.6 within 12 weeks in the TCZ mono-
therapy group (87.9 %, 116/132 patients, 95 % CIL
81.1-92.9 %) was comparable to the percentage in the
TCZ plus synthetic DMARDs therapy group (92.0 %,
23/25 patients, 95 % CI: 74.0-99.0 %).

— 284 —



Mod Rheumatol Downloaded from informahealthcare.com by Keio University on 02/08/15

For personal use only.

DOI 10.3109/14397595.2013.854080

Table 1 Demographic and clinical characteristics of patients at baseline of RESTORE study

Modern Rheumatology 29

No. of patients Total Patients treated Patients treated
with TCZ with other
DMARDs
166 1597 7
Age, years (median [range]) 57 (26-78) 56 (26-78) 65 (42-74)
Gender, female (%) 149 (89.8) 144 (90.6) 5(71.4)
Disease duration, years (median [range]) 7.8 (3.7-24.0) 7.7 (3.7-24.0) 8.6 (6.9-18.9)
No. (%) of patients using concomitant corticosteroids 61 (36.7) 57 (35.8) 4 (57.1)
Dose, mg/day (prednisolone equivalent) (median [range]) 3.0 (0.5-10.0) 3.0 (0.5~10.0) 2.3 (2.0-7.0)
DAS28-ESR (median [range]) 4.3 (0.8-7.8) 4.4 (0.8-7.8) 4.1 (2.9-5.9)
(Mean + SD) 44+ 1.1 44+ 1.1 42+ 1.1
Tender joint count (28-joint count) (median [range]) 3.0 (0-27) 3.0 (0-27) 3.0 (1-5)
(Mean £ SD) 43 +43 44+ 44 26+ 14
Swollen joint count (28-joint count) (median [range]) 2.0 (0-16) 2.0 (0-16) 2.0 (0-7)
(Mean + SD) 33+31 33432 24 +22
CRP, mg/dl (median [range]) 0.8 (0.0-13.5) 0.9 (0.0-13.5) 0.8 (0.1-4.7)
(Mean + SD) 1.6 £2.1 1.6 +21 12+ 16
ESR, mm/h (median [range]) 36 (2-115) 37 (2-115) 32 (16-113)
(Mean £ SD) 41 + 24 40 + 23 49 4 39
MHAQ score (median [range]) 0.3 (0.0-2.1) 0.4 (0.0-2.1) 0.0 (0.0-0.8)
(Mean + SD) 05405 05+05 02+03
MMP-3, ng/ml (median [range]) 95 (34-800) 96 (34-800) 77 (44-319)
(Mean + SD) 167 + 167 169 £ 169 129 + 112

DAS28 28-joint disease activity score, ESR erythrocyte sedimentation rate, CRP C-reactive protein, MHAQ modified health assessment ques-
tionnaire, MMP-3 matrix metalloproteinase-3, TCZ tocilizumab, DMARDs disease modifying antirheumatic drugs

# Two ineligible patients who did not meet the eligible criteria of DREAM study were included

The mean (£SD) tender joint count (TJC) in 28 joints in
TCZ-retreated patients improved from 4.4 (£4.4) before
restarting treatment to 0.8 (&=1.6) after 12 weeks. The mean
(£SD) swollen joint count (SJC) in 28 joints also improved
from 3.3 (£3.2) to 0.8 (£1.6) (Fig. 1b). Moreover, 63.1 %
of patients (99/157) had no tender and/or swollen joints
after 12 weeks retreatment with TCZ (Fig. Ic). Under the
Boolean remission criteria, the remission rate by TCZ
treatment was 43.9 % (69/157 patients, 95 % CI:
36.0-52.1 %) at week 12 (Fig. 1d). The mean (4SD)
MMP-3 values in TCZ-retreated patients improved from
166.5 (£164.5) ng/ml at baseline in this study, i.e. prior to
TCZ retreatment, to 77.4 (£64.8) ng/ml at week 12. Uni-
variate logistic regression analysis showed the following
variables to be associated with the resumption of DAS28-
ESR remission: lower DAS28-ESR, lower TIC, lower SJC
and lower MHAQ at baseline. On the other hand, duration
of TCZ cessation in the DREAM study was not associated
with resumption of DAS28-ESR remission (Fig. 2). Mul-
tivariate logistic regression analysis showed that lower
DAS28-ESR at baseline was the contribution factor for
resumption efficacy.

At baseline, 17 patients had DAS28-ESR <3.2. Thus,
we further analysed efficacy in the 140 patients who had

DAS28-ESR >3.2 at the baseline (the mean DAS28-ESR
[95 % CI] was 4.6 [4.5-4.8]) and restarted TCZ in this
study. Out of these patients, 87.1 % (122/140 patients,
95 % CI. 80.4-92.2 %) achieved DAS28-ESR <2.6 and
42.9 % (60/140 patients, 95 % CI: 34.5-51.5 %) achieved
Boolean remission within 12 weeks. In addition, univariate
and multivariate logistic regression analysis also identified
lower DAS28-ESR value at baseline to be the factor con-
tributing the resumption of DAS28-ESR remission by 12
weeks of TCZ treatment in these patients. These results are
not significantly different from those including the patients
with DAS28-ESR < 3.2 at baseline.

Safety of TCZ retreatment

AEs were reported in 44.0 % (70/159) of the patients who
were retreated with TCZ and in 42.9 % (3/7) of the patients
treated with other DMARDs. All AEs reported in the TCZ-
treated group were mild and tolerable relative to the benefit
provided. The incidence rate of AEs in the TCZ mono-
therapy group (429 %, 57/133 patients, 95 % CL
34.3-51.7) was comparable to the incidence rate in the
TCZ plus synthetic DMARDs therapy group (50.0 %,
13/26 patients, 95 % CIL. 29.9-70.1). There was no
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Fig. 1 Changes in DAS28-ESR, tender joint count, swollen joint
count, and Boolean remission rate after resumption of treatment.
a Mean (:£SD) change in DAS28-ESR: from baseline of the initial
tocilizumab (TCZ) treatment to week 12 and last observation point of
the long-term extension studies (closed circles), and from the baseline
of this study to week 12 in patients retreated with TCZ (closed
squares) and in patients treated with other DMARDs (open circles).
Error bars show SD. b Mean (4-SD) tender joint count in 28 joints
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(closed circles), and mean (+-SD) swollen joint count in 28 joints in
TCZ-retreated patients (open circles). Error bars show SD. ¢ Propor-
tion of TCZ-retreated patients with no tender joints (solid bars) and
those with no swollen joints (open bars). d Remission rates under the
new EULAR/ACR remission criteria in the TCZ-retreated patients.
TJC tender joint count, SJC swollen joint count, LO last observation
point

OR 95% €1

DAS28 0.46 {028 - 0.74 ) —p—
Tender Joint Count 0.90 {0.83 ~ 0.98 ) +
Swolien Joint Count 0.91 {079 - 163 ) —-
Patient’s Global Assessment 0.98 {8.96 ~ 100 }

ESR {mm/hr} 0.98 (096 - 1.00 }

CRP {mg/dL} 6.92 {075 - 112 )

MHAQ 0.38 (6.5 - 0.95 ) P —
L6 {pgfmlL) 0.99 {6.98 - 1.60 }

MMP-3 (ng/mL} 100 {1.00 - 1.60 )}

Duration of TCZ cessation 1.00 { 1.60 - 1.01 }

Fig. 2 Factors associated with resumption of DAS28-ESR remission
by 12 weeks of TCZ retreatment after cessation of TCZ therapy.
Factors contributing to the resumption of DAS28-ESR remission by
12 weeks of TCZ treatment were estimated by univariate and
multivariate logistic regression analyses. OR odds ratio, CI confidence

relationship between the development of AEs and the
duration of TCZ cessation in the DREAM study. Infections
were the most common AEs in the TCZ-treated group

i 1 i, 3

L] 0.5 1 1.5 2

interval, DAS28 28-joint disease activity score, ESR erythrocyte
sedimentation rate, CRP C-reactive protein, MHAQ modified health
assessment questionnaire, /L-6 interleukin 6, MMP-3 matrix metallo-
proteinase 3, TCZ tocilizumab

(27 patients, 17.0 %) (Table 2). None of the patients in this
study were positive for anti-TCZ IgE antibodies. Only
1 patient who discontinued TCZ treatment for 35 weeks
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Table 2 Adverse events observed after restarting TCZ treatment

Adverse event (SOC) No. patients
(%)

Total 70 (44.0)
Infections and infestations 27 (17.0)
Investigations 17 (10.7)
Gastrointestinal disorders 14 (8.8)
Skin and subcutaneous tissue disorders 12 (7.5)
Injury, poisoning and procedural complications 8 (5.0)
Respiratory, thoracic and mediastinal disorders 5@3.0)
Nervous system disorders 3(1.9)
General disorders and administration site conditions 3(1.9
Neoplasms benign, malignant and unspecified 2(1.3)
Eye disorders 2(1.3)
Vascular disorders 2(1.3)
Musculoskeletal and connective tissue disorders 2 (1.3)
Blood and lymphatic system disorders 1 (0.6)
Immune system disorders 1 (0.6)
Ear and labyrinth disorders 1 (0.6)
Cardiac disorders 1(0.6)
Reproductive system and breast disorders 1 (0.6)

SOC MedDRA Ver. 8.0 System Organ Class

became positive for anti-TCZ IgG antibodies 12 weeks
after restarting TCZ treatment, and no decrease in the
efficacy or any infusion reaction was observed in this
patient. Moreover, no serious allergic reactions were
reported in any patient.

One patient who discontinued TCZ treatment for
24 weeks experienced an infusion reaction 8 weeks after
restarting TCZ therapy. The reactions included eruption,
fatigue, and hypertension following the third infusion, but
were mild and transient and did not require any treatment.

Three SAEs (1.9 %) were reported during retreatment
with TCZ: appendicitis, wrist fracture, and chronic sinus-
itis. Causal relationships with TCZ were ruled out in the
wrist fracture and chronic sinusitis.

Discussion

This study demonstrated that retreatment with TCZ was
well-tolerated and effective in patients who had previously
withdrawn from TCZ treatment. None of the patients in
this study developed anti-TCZ IgE antibodies and only 1
patient tested positive for anti-TCZ IgG antibodies after
restarting the TCZ treatment. Moreover, no serious allergic
reactions were reported in any patient, including 3 patients
retreated with TCZ after a long-term interval of more than
1 year. Our results confirm the results reported by Sagawa
[16]. On the other hand, the development of serious
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infusion reactions was reported in patients who had
restarted IFX treatment after long-term cessation of IFX
[17]. This difference between TCZ and IFX can be
attributable to the fact that, whereas IFX is a chimeric
monoclonal antibody, TCZ is humanised, which reduces
the content of foreign protein and thus the potential for the
development of neutralising antibodies or IgE antibodies.

Regarding the efficacy of restarting TCZ at recurrence of
disease activity after the cessation of TCZ treatment, the
DAS28-ESR remission rate at 12 weeks after restarting
TCZ was 88.5 %, which is comparable to the remission rate
at the last observation point before cessation of initial TCZ
treatment in the DREAM study (90.4 %). This improve-
ment in DAS28-ESR was induced not only by improvement
in acute-phase reactions, but also by improvement in TJC
and SJC: over 60 % of the TCZ-retreated patients had
complete improvement in terms of TJC or SJC or both (TJC
or SJC or both was zero) within 12 weeks of treatment.
Moreover, the Boolean remission rate as newly recom-
mended by ACR/EULAR [15] reached 43.9 % (69/157
patients) at week 12. This value was extremely high.

The ACR/EULAR treatment recommendations state
that, in patients who achieve remission with biological
products, it may be possible to taper off the biological
product after tapering off the corticosteroid [18]. However,
in the majority of patients who discontinue treatment with
biologics, it is found that efficacy cannot be sustained
without use of the biologics and that disease activity may
increase [16, 19]. This fact indicates that after attempting
discontinuation of treatment with a biologic DMARD, it is
necessary to guarantee safety and the ability to resume
efficacy when restarting treatment with the same DMARD.
Our results clearly indicate that TCZ was well-tolerated
and effective in the patients who resumed TCZ treatment.

MMP-3 is deeply involved in cartilage destruction in
RA and is also correlated with disease activity [20]. Since
normalisation of the MMP-3 level is thought to reflect
inhibition of excessive cartilage and bone destruction in the
joints, normalisation of the MMP-3 level may indicate an
improvement in the underlying cause of RA as well as
synovial inflammation. In this study, we did not examine
the progression of joint damage by imaging after restarting
TCZ. However, since the MMP-3 levels were quickly
improved after TCZ retreatment, TCZ retreatment should
be considered to control disease activities and potentially
prevent joint destruction once disease activity increased
after the cessation of TCZ treatment. Further study of
changes in radiological progression will be necessary to
validate the modality of TCZ treatment investigated in the
DREAM/RESTORE studies.

In conclusion, our results indicate that TCZ retreatment
was effective and well tolerated in patients in whom disease
activity recurred after cessation of TCZ monotherapy. Our
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results also indicate that, together with the results of the
DREAM study, the treatment interval of TCZ can also be
adjusted flexibly without attenuation of efficacy.
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susceptible locus in European subjects {1 We did not show sta-
tistical significant difference in the distribution of polymorphism
rs394581 and rs182429 between RA patients and controls as previ-
ously reported {,7 1. Consequently, we suggest that polymorphism
rs212389 better predicts the association of TAGAP locus with
RA.

Given that TAGAP is involved in T-cell activation, polymor-
phisms in TAGAP gene may be very important in autoimmune
diseases’ pathogenesis. TAGAP locus has been associated to many
autoimmune diseases with opposite effects in many disorders.
Therefore, more genetic association studies are needed in larger
groups of patients and of different ethnicities in order to fine map
the risk polymorphisms in each inflammatory disease, while func-
tional studies of TAGAP protein could help to extend our limited
knowledge over its role in cells.

Disclosure of interest

The authors declare that they have no conflicts of interest con-
cerning this article.

References

[1] Dieudé P. Rheumatic diseases: environment and genetics. Joint Bone Spine
2009;76:602-7.

[2] Mao M, Biery MC, Kobayashi SV, et al. T lymphocyte activation gene identi-
fication by coregulated expression on DNA microarrays. Genomics 2004;83:
989-99.

[3] ChangIF, Hsiao HY. Induction of RhoGAP and pathological changes characteristic
of Alzheimer's disease by UAHFEMF discharge in rat brain. Curr Alzheimer Res
2005;2:559-69.

[4] Stahl EA, Raychaudhuri S, Remmers EF, et al. Genome-wide association study
meta-analysis identifies seven new rheumatoid arthritis risk loci. Nat Genet
2010;42:508-14.

{5] Raychaudhuri S, Thomson BP, Remmers EF, et al. Genetic variants at CD28,
PRDM1 and CD2/CD58 are associated with rheumatoid arthritis risk. Nat Genet
2009;41:1313-8.

[6] Chen R, Stahl EA, Kurreeman FA, et al. Fine mapping the TAGAP risk locus in
rheumatoid arthritis. Genes Immun 2011;12:314-8.

[7] Eyre S, Hinks A, Bowes ], et al. Overlapping genetic susceptibility variants
between three autoimmune disorders: rheumatoid arthritis, type 1 diabetes and
coeliac disease. Arthritis Res Ther 2010;12:R175.

[8] Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism Associa-
tion 1987 revised criteria for the classification of rheumatoid arthritis. Arthritis
Rheum 1988;31:315-24.

Anthoula Chatzikyriakidou®?

Paraskevi V. Voulgari*

Alexandros Lambropoulos®

loannis Georgiou?

Alexandros A. Drosos !

4 Genetics Unit, Department of Obstetrics and
Gynaecology, Medical School, University of loannina,
loannina, Greece

b Laboratory of General Biology and Genetics, Medical
School, Aristotle University of Thessaloniki,
Thessaloniki, Greece

¢ Rheumatology Clinic, Department of Internal
Medicine, Medical School, University of loannina,
45110 loannina, Greece

*Corresponding author. Tel.: +30 26 51 00 75 03;
fax: +30 26 51 00 70 54.
1 (A.A. Drosos)

E-mail address: =

OSEPCCUD

1 www.rheumatdlogy.gr.

Accepted 16 January 2013

Available online 1 March 2013
doi:10.1016/j.jbspin.2013.01.008

Osteolytic change of distal interphalangeal joints and sacroil-
iac joints in subluxing arthropathy associated with anti-Jo-1
antibody

ARTICLE INFO

Keywords:
Osteolytic change
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Anti-Jo-1 antibody
Sacroiliac joint

Inflammatory joint symptoms are often seen in idiopathic
inflammatory myopathies, including polymyositis (PM). Destruc-
tive articular changes are uncommon in PM, but patients with
anti-Jo-1 antibody occasionally develop a deforming arthritis.
It was first described by Bunch et al. {i] and Oddis et al.
{2}, and its characteristics are quite different from those of
rheumatoid arthritis (RA) in terms of subluxation of the distal
interphalangeal (DIP) joints, especially of the thumb IP joints.
We describe a case of severe osteolytic changes in DIP joints
and sacroiliac joints (SIJ) in subluxing arthropathy with anti-Jo-1
antibody.

A 66-year-old woman was admitted to our hospital due to
polyarthralgia and muscle pain. She had pain in her fingers for
20years, considered as having RA in another hospital. Her phys-
ical examination revealed symmetric arthritis of the DIP, proximal
IP, metacarpophalangeal, wrist, and metatarsopharangeal joints,

Fig. 1. A.Plain radiograph of hands. Osteolytic changes and subluxation of several
distal interphalangeal joints in addition to the subluxation of interphalangeal joints
and carpometacarpal joints of the thumbs were to be seen. B. Computed tomography
scan of sacroiliac joints. Osteolytic change on the iliac side with widening of the
joint space was seen without no typical features of spondyloarthropathy including
sclerosis, joint space narrowing or ankylosis.
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and proximal muscle weakness. Laboratory findings showed a
C-reactive protein of 59mg/dL (normal<0.35mg/dL), creatine
kinase 13061U/L (normal range 60-2501U/L), negative rheuma-
toid factor and anti-citrullinated peptide antibody, and positive
anti-Jo-1 autoantibody. Radiographic findings demonstrated oste-
olytic change and subluxation of several DIP joints in addition to
the subluxation of IP and carpometacarpal joints of the thumbs
without apparent apatite deposits (Fig. 1A). 7Gallium scintigra-
phy revealed expected findings of uptake in several peripheral
joints and unexpected uptake in both SiJs. CT evaluation of the
SIJs showed osteolytic change on the iliac side with widening of
the joint space (Fi¢. 1B). There were no typical features of spondy-
loarthropathy (SpA), including sclerosis, joint space narrowing or
ankylosis, and syndesmophytes were not seen on spinal radio-
graphs. She was HLA-B27 negative and had no history of psoriasis,
uveitis, inflammatory low back pain, family history, or injury. She
was diagnosed as having PM and subluxing arthropathy associ-
ated with anti-Jo-1 antibody accompanied by DIP joints and Sljs
osteolytic change.

While Oddis et al. reported that the radiographic changes of
the deforming arthropathy with anti-Jo-1 antibody were primarily
those of joint subluxation rather than erosion {2}, there were some
case reports presenting as osteolysis of DIP joints | 3,4]. Meyer et al.
reported that joint manifestations of antisynthetase syndrome fell
into three categories, including subluxing arthropathy affecting DIP
joints, polyarthritis, and arthralgia alone [%]. Our case was com-
patible with the subluxing arthropathy group and had additional
osteolysis in SIJs. Coexistence of SpA is highly unlikely because she
had no sign of SpA, and SpA is very rare in Japanese population
with an estimated prevalence as low as 0.0095% [G]. We regard
those osteolytic changes in DIP joints and SlJs as associated with
anti-Jo-1 antibody and encourage further studies focusing on SIJ
involvement in patients with anti-Jo-1 antibody.
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Widespread psoriasis induced by rituximab in a patient with
rheumatoid arthritis: An unexpected adverse reaction
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Rituximab (RTX) is a chimeric B-cell-depleting monoclonal anti-
body used for a range of immune-mediated diseases with good
efficacy profile. However, RTX is also able to induce autoimmune
phenomena such as psoriasis { i~4].

A 50-year-old woman was diagnosed as rheumatoid arthritis
(RA) after presenting with symmetric erosive polyarthritis of
the hand, wrist and elbow joints in 1995. She was positive for
rheumatoid factor (RF) (167, [0-101U/mL]), negative for anticyclic
citrullinated peptide (anti-CCP) antibodies. Over the next 14 years,
she received disease-modifying antirheumatic drugs in combi-
nation including methotrexate, leflunomide, hydroxychloroquine
and corticosteroids, thereafter tumor necrosis factor-a inhibitors
(TNFi) infliximab, for 3 years, and etanercept, for 1 year, sequen-
tially. As she had persistent synovitis with 28-joint Disease Activity
Score (DAS28) of 7.35, RTX therapy (two infusions of 1g, 2 weeks
apart with 100 mg intravenous methylprednisolone) was initiated.
RTX improved symptoms with decrease in DAS28 score. Five
months after 3rd cycle, 25 months after 1st infusion, she presented
with erythematous patch-plaque lesions on extremities (¥ig. 1a).
B-cell count was low, gammaglobulin levels were normal at
that time. Biopsy showed neutrophilic perivascular dermatitis
with extravasated erythrocytes, marked hyperkeratosis, Munro
microabscesses and minimal spongiosis consistent with early pso-
riasis, guttate psoriasiform pattern (¥ig. ib). Absence of lichenoid
infiltration or dyskeratotic cells within the epidermis excluded
drug eruption. Biopsy was free of both fungi with Periodic Acid
Schiff stain and signs of vasculitis. The body surface area (BSA)
involvement and Psoriasis Area Severity Index (PASI) score were 6%
and 3.8, respectively. While lesions were stable with topical agents
one more RTX infusion deteriorated lesions, BSA involvement 15%,
PASI score 8.6.

RTX and psoriasis have a conflicting relationship that either
worsening {5} or improvement {5} or new-onset of psoriasis have
been reported {i-4}. Features of RTX induced psoriasis cases are
summarized in Table i, In our patient, neither personal/family
history, other risk factors nor clinically obvious infectious trig-
ger known to induce psoriasis were present. Although RF/anti-CCP
positivity can also be seen in psoriatic arthritis (PsA) {71, this
patient’s diagnosis of RA was certain in terms of typical dis-
tribution of structural damage. The patient did not fulfill the
Classification Criteria for PsA with absence of dactylitis, typical
radiological changes, distal interphalangeal joint, axial and enthe-
seal involvement.
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A single nucleotide polymorphism of TRAF1 predicts the
clinical response to anti-TNF treatment in Japanese patients
with rheumatoid arthritis
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Tokyo, Japan.

Abstract
Objective
Recent genome-wide association studies disclosed that several single nucleotide polymorphisms (SNPs), including
tumour necrosis factor (TNF) receptor-associated factor 1 (TRAF1) (+16860A/G), are associated with the pathophysiology
of rheumatoid arthritis (RA). We assessed the usefulness of TRAF1 genotyping as a genetic predictor of the response to
anti-TNF treatment in Japanese RA patients.

Methods
TRAF1 (+16860A/G) was genotyped using the TagMan SNP genotyping assay in 101 Japanese RA patients treated
with anti-TNF drugs for >24 weeks. We retrospectively analysed the association between SNP and the clinical response
to treatment. TRAF1 mRNA and protein expression was also evaluated in CD4*, CD8*, CD14*, or CD19* cells from 25
healthy subjects using quantitative polymerase chain reaction and intracellular staining flow cytometry, respectively.

Results
No statistical difference in DAS28-ESR at baseline was observed between the patient groups with the AA, AG, or GG
genotype. The GG genotype was more frequent in non-responders than in good or moderate responders [odds ratio (OR)
7.4, 95% confidence interval (CI) 1.5-37.5]. The non-responders possessed the G allele more frequently than the good or
moderate responders (OR 3.5, 95% CI 1.4-9.0). TRAF ] protein expression increased significantly in CDI14* monocytes
from healthy subjects with the GG genotype compared with that in subjects with the AA or AG genotype.

Conclusion
TRAF1 (+16860A/G) may be useful for predicting the clinical response to anti-TNF treatment and may contribute to
resistance to treatment in RA patients with the GG genotype by increasing the TRAF1 expression in circulating
inflammatory cells.

Key words
rheumatoid arthritis, tumour necrosis factor, TRAF1, polymorphism
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Introduction

Rheumatoid arthritis (RA) is a pro-
gressive inflammatory disorder result-
ing in joint damage and disability (1).
Abnormalities in circulating immune
cells and inflammatory cytokines are
known to be involved in the pathogen-
esis of RA (2). Recent genome-wide
association studies have shown that
several genetic factors, including sin-
gle nucleotide polymorphisms (SNPs),
are associated with the pathophysiolo-
gy of RA and that genetic variants may
contribute to 50-60% of the ctiology of
the disorder (3-5).

Conventional disease-modifying anti-
rheumatic drugs (DMARDs) such as
methotrexate (MTX) remain the stand-
ard treatment for RA, although efficacy
and safety issues of these drugs and the
heterogeneous nature of RA patients
may necessitate additional treatment
strategies (6). Increased understanding
of the immunological processes asso-
ciated with the pathophysiology of RA
has led to the development of biologi-
cal agents that target signal transduc-
tion molecules and proinflammatory
cytokines responsible for inflamma-
tion and structural damage. Although
the most commonly used biological
agents in clinical practice, such as
drugs against tumour necrosis fac-
tor (TNF [including infliximab (IFX),
adalimumab (ADA), and etanercept
(ETN)], have excellent efficacy against
RA, a substantial number of patients
still show inadequate responses.
Several clinical and genomic predic-
tors of the response to anti-TNF treat-
ments have been determined. It has
been reported that the response to anti-
TNF treatment factors is influenced by
factors such as the level of disability at
the onset of treatment as measured by
the Health Assessment Questionnaire,
current smoking, concurrent therapy
with MTX, and autoantibody status,
including rheumatoid factor (RF) and
anti-cyclic citrullinated peptide an-
tibody (ACPA) (7-10). A number of
studies have also evaluated the useful-
ness of genetic polymorphisms mainly
in genes encoding TNF-a and TNF re-
ceptors as genetic predictors of the re-
sponse to anti-TNF treatment (11-15).
On the other hand, it has been reported
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that there is no association between
the FcGRIIla polymorphism and the
response to anti-TNF treatments, al-
though the FcGRIIla polymorphism
is shown to be associated with the de-
velopment of RA (16). However, even
when these factors are combined, the
usefulness of these predictions still re-
mains insufficient.

It has been recently reported that SNPs
in the TNF receptor-associated factor
I (TRAF1) gene are associated with
the pathophysiology of RA in Asians,
Caucasians, and the North Africa pop-
ulation (17, 18). In particular, TRAF1
(+16860A/G) has been shown to be
associated with RA  susceptibility.
TRAF1 binds several protein kinases
and adaptor proteins and possesses
multiple functions in signalling net-
works through the TNF receptor su-
perfamily (19). This suggests that the
TRAF1! polymorphism may be associ-
ated with the pathophysiology of RA as
a consequence of modulation of TNF
signalling. This study assessed the use-
fulness of TRAF1 (+16860A/G) geno-
typing as a novel genetic predictor of
the response to anti-TNF treatments
in Japanese patients with RA. The
study also examined the underlying
mechanism of the association between
TRAF1 polymorphisms and the clini-
cal response to anti-TNF treatment.

Materials and methods

Patients and healthy subjects

A total of 364 unrelated Japanese
adult patients with RA treated at Keio
University Hospital were reviewed
retrospectively using the database of
the SAKURA study, a single center
cohort study on RA. The patients eli-
gibility for the study was based on the
following criteria: treated for more
than 24 weeks with anti-TNF drugs
such as IFX, ADA, and ETN, as the
first biological agent; started anti-TNF
treatment between July 2009 and June
2012; and had available complete med-
ical records. All patients enrolled in the
study fulfilled the American College of
Rheumatology 1987 revised criteria for
RA. The clinical response to anti-TNF
treatments was based on the EULAR
response criteria (20) and was evaluat-
ed using the relative change in disease



activity score in 28 joints (DAS28-
ESR) from baseline to 24 weeks.
Patients with a good or moderate re-
sponse were defined as responders,
while patients with no response were
classified as non-responders. To evalu-
ate the expression level of TRAF1, 25
healthy subjects with the AA (n=10),
AG (n=10), or GG (n=5) genotype
were also recruited. All the samples
from the patients and healthy subjects
were obtained after they provided writ-
ten informed consent to participate in
the study. The study protocol was ap-
proved by the Institutional Review
Board of Keio University.

Cell preparation

Peripheral blood mononuclear cells
(PBMCs) were isolated from hep-
arinised venous blood samples using
Lymphoprep (Fresenius Kabi Norge
AS, Oslo, Norway) density-gradient
centrifugation. In some experiments,
CD4+, CD8*, CD14*, or CD19* cells
were separated from the PBMCs ob-
tained from healthy subjects with either
the AA, AG, or GG genotype using
magnetic cell sorting column separation
(Miltenyi Biotec, Bergisch Gladbach,
Germany) according to the manufac-
turer’s protocol. All these sorted frac-
tions consistently had >90% purity, as
assessed by flow cytometric analysis.

TRAF1 (+16860) SNP genotyping
Genomic DNA was extracted from the
PBMCs using the QIAamp DNA Blood
Kit (Qiagen, Valencia, CA, USA) ac-
cording to the manufacturer’s instruc-
tions. TRAF1 (+16860A/G) was deter-
mined using a TagMan Real-Time PCR
System and TagMan SNP Genotyping
Assay  C_29005978_10  (Applied
Biosystems, Inc., Foster City, CA,
USA) according to the manufacturer’s
instructions.

Analysis of mRNA expression for
TRAFI

The mRNA expression for TRAF1 was
examined using the reverse transcrip-
tion (RT)-polymerase chain reaction
(PCR) as described previously with
some modifications (21). In brief, to-
tal RNA was extracted from CD4*,
CD8*, CD14*, or CD19* cells using

TRAF1 polymorphism and anti-TNF therapy / T: Nishimoto et al.

the RNeasy Kit (Qiagen, Valencia, CA,
USA). First-strand cDNA was synthe-
sised from total RNA using avian my-
eloblastosis virus reverse transcriptase
(Takara, Kyoto, Japan) with oligo-dT
priming. The c¢cDNA was then sub-
jected to a quantitative TagMan Real-
Time PCR System and TagMan Gene
Expression Assay Hs01090170_m1
(Applied Biosystems). The expression
levels of the TRAF1 gene were normal-
ised to the expression level of GAPDH.

Intracellular staining of TRAFI

by flow cytometry

The protein expression level of TRAF1
was evaluated using flow cytometry
to detect intracellular staining in com-
bination with staining for CD4, CD8,
CD14, or CD19. In brief, the PBMCs
were stained with fluorescein-conjugat-
ed anti-CD4 (clone 13B8.2; Beckman-
Coulter, Fullerton, CA, USA), anti-
CDS8 (clone B9.11; Beckman-Coulter),
anti-CD14 (clone RMO52; Beckman-
Coulter), or anti-CD19 monoclo-
nal antibody (clone SJ25C1; Becton
Dickinson, San Jose, CA, USA). The
cells were then permeabilised and fixed
using the BD Cytofix/Cytoperm™
Fixation/Permeabilization Solution
Kit (Becton Dickinson), followed by
incubation with fluorescein-conjugat-
ed anti-TRAF1 monoclonal antibody
(clone H-3; Santa Cruz Biotechnology,
Santa Cruz, CA, USA). The cells were
analysed on a FACS® Calibur Flow
Cytometer (Becton Dickinson) using
CellQuest software. The TRAF1 ex-
pression level was quantified as the
mean fluorescence index (MFI), calcu-
lated as the ratio of cells treated with
anti-TRAF1 antibody to those treated
with isotype-matched control antibody.

Statistical analysis

Statistical power was calculated us-
ing IBM SPSS Statics, version 18
(International  Business  Machines
Corporation, Armonk, NY, USA).
Differences were considered significant
if p<0.05. Continuous values were ex-
pressed as the mean =+ standard devia-
tion (SD). Baseline characteristics were
compared across TRAF1 (+16860A/G)
genotypes using the Kruskal-Wallis
test for continuous data and the 2-tailed
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Yates chi square test or Fisher’s test
for qualitative variables. The associa-
tions between the EULAR response
at 24 weeks and explanatory vari-
ables, including TRAF1 (+16860A/G)
genotypes, patient and disease char-
acteristics, and concurrent treatments
at baseline, were analysed by the
2-tailed Yates chi square test, Fisher’s
test, or univariate logistic regressions.
Significant variables in the univariate
analyses were then entered into a forced
entry multivariate model. The results
were expressed as the odds ratios (ORs)
and 95% confidence interval (CI).
The association between the TRAFI
(+16860A/G) genotypes and TRAF1
expression level were examined by the
Kruskal-Wallis test, followed by the
non-parametric Mann-Whitney U-test
between the 2 groups.

Results

Clinical characteristics

of the RA patients

Of the 364 patients, 116 were treated
with anti-TNF drugs as the first bio-
logical agent, with 112 continuing this
treatment for more than 24 weeks. Of
these 112 patients, 11 did not have full
clinical information, leaving a total of
101 patients enrolled in the study (Fig.
1). The demographic and clinical char-
acteristics of these patients are summa-
rised in Table I. The age (Mean + SD)
of the patients was 56+16 years, 85%
were female, 81% were RF-positive,
and 77% were ACPA-positive. The
proportion of patients treated with IFX,
ETN, and ADA as the first biological
agent was 65%, 22%, and 13%, respec-
tively. During the anti-TNF treatment,
89% of patients also received metho-
trexate. There was no difference in the
clinical baseline characteristics of the
RA patients grouped according to their
TRAF1 (+16860) genotype (AA, AG,
or GG).

Association between a TRAF1 SNP and
clinical response to anti-TNF treatment
The frequencies of the TRAFI
(+16860A/G) genotypes in the patients
were AA 50%, AG 42%, and GG 8%.
This genotype distribution was consist-
ent with the Hardy-Weinberg equilib-
rium and similar to the HapMap-JPT
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Patients retrospectively reviewed for this study
n = 364

Exclusion:

A\

Patients not treated with biological agents n =190
Patients treated with anti-TNF drugs before July 2009 n = 37
Patients treated with other types of biological agents n =21

Fig. 1. Flow diagram
of the study selec-
tion process. Patients
eligible for the study
were sclected using
the following criteria:
treated for more than
24 weeks with anti-
TNF drugs such as

n=116

Patients treated with anti-TNF drugs as a first biological agent

IFX, ADA, and ETN
as a first biological

\ Exclusion:
Insufficient efficiency n =2

Others n=2

\

agent; started anti-
TNF  treatment be-
tween July 2009 and
June 2012; and had
available  complete
medical records. Of

ns=112

Patients treated with anti-TNF drugs more than 24 weeks

the 364 RA patients
followed at Keio

Exclusion:

Patients eligible for this study
n= 101

Full clinical information unavailable n =11

University Hospital,
101 fulfilled these cri-
teria, with their data
being analysed in the
study.

Table I. Baseline characteristics of the 101 patients with RA treated with anti-TNF agents™.

Total Genotype p value™*
n=101 AA n=51 AG n=42 GG n=8
Mean age (SD) 55.5 (15.7) 55.6 (15.4) 559 (16.5) 524 (14.2) 0.82
Female, n. (%) 86 (85.1) 42 (82.4) 36 (85.7) 8 (100.0) 042
DAS28-ESR, mean (SD) 49 (1.1) 5.0 (1.1) 49 (1.0) 440.7) 0.39
SDAI, mean (SD) 21.1 (10.6) 21.6 (11.9) 213 9.7) 17.1 (5.5) 048
RF positive, n. (%) 82 (81.2) 38 (74.5) 37 (88.1) 7 (87.5) 0.22
ACPA positive, n. (%) 78 (77.2) 37 (72.5) 35 (83.3) 6 (75.0) 0.46
Concurrent treatments
Methotrexate, n. (%) 90 (89.1) 44 (86.3) 39 (92.9) 7 (87.5) 0.59
Other DMARD:s, n. (%) 29 (28.7) 15 (29.4) 12 (28.6) 2 (25.0) 0.97
Prednisolone, n. (%) 18 (17.8) 8 (15.7) 7 (16.7) 3 (37.5) 0.32
Anti-TNF treatments
Infliximab, n. (%) 66 (65.3) 34 (66.7) 30 (71.4) 4 (50.0) 0.75
Etanercept, n. (%) 22 (21.8) 12 (23.5) 8 (19.0) 2 (25.0)
Adalimumab, n. (%) 13 (12.9) 509.8) 6 (14.3) 2 (25.0)

*RA: rheumatoid arthritis; TNF: tumour necrosis factor; SD: standard deviation; DAS-28: disease
activity score in 28-joint count; SDAI: simplified disease activity index; RF: rheumatoid factor; ACPA:
anti-cyclic citrullinated peptide antibody; DMARDs: disease-modifying anti-rheumatic drugs.
**p-values were calculated using the 2-tailed Yates chi square test or Fisher’s test for dichotomous
variables or the Kruskal-Wallis test for continuous variables.

(Japanese) frequencies [AA 57%, AG
38%, and GG 5%] and previous reports
on other Asian populations (17, 22).

In the 101 RA patients who received
anti-TNF treatment for 24 weeks, 63
(62.4%),28 (27.7%), and 10 (9.9%) pa-
tients achieved a good, moderate, or no
response, respectively. A summary of
the EULAR response in the patients is
shown in Figure 2. The non-responders

to anti-TNF treatment were mainly pa-
tients with the GG genotype than those
with the AA or AG genotype (37.5% vs.
7.5%, p=0.031, OR 74, 95% CI 1.5~
37.5). On the other hand, the respond-
ers to anti-TNF treatments were mainly
patients with the AA genotype than
those with the AG or GG genotypes
(96.1% vs. 84.0%, p=0.051, OR 4.7,
95% CI10.9-23.2). The absolute change
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in DAS28-ESR from baseline to 24
weeks after initiation of anti-TNF treat-
ment tended to decrease in patients with
the GG genotype compared with that in
patients with the AA or AG genotype
(p=0.058) (data not shown). According
to the allele frequency analysis, the
non-responders to anti-TNF treatments
more [requently possessed the G allele
than the responders (55.0% vs. 25.8%,
p=0.006,0R 3.5,95% CI1 1.4-9.0).

To investigate whether the TRAFI
(+16860A/G) polymorphism was an
independent factor of the clinical re-
sponse to anti-TNF treatment, explana-
tory variables including the TRAF1
(+16860A/G) genotype, clinical char-
acteristics, and concurrent treatment
were analysed in univariate and mul-
tivariate analyses (Table II). The uni-
variate analysis showed that the GG
genotype and prednisolone treatment
(50% vs.14.3%,p=0.015,0R 6.0,95%
CI 1.5-23.7) were more frequent in the
non-responders than in the respond-
ers. Multivariate analysis confirmed
that the GG genotype was indepen-
dently associated with no response to
anti-TNF treatment (p<0.001,OR 16.9,
95% C1 6.7-41.7).

Association between a TRAFI SNP
and gene expression levels of TRAF']
We next investigated the potential asso-
ciation between TRAF1 (+16860A/G)
and the expression levels of TRAF1
using CD4*, CD8*, CD14*, or CDI19*
cells obtained from healthy subjects.
Quantitative RT-PCR showed that there
was no significant difference in the ex-
pression levels of mRNA for TRAF1
in healthy subjects with either the AA,
AG, or GG genotype (data not shown).
However, flow cytometry showed that
the protein expression levels of TRAF1
increased significantly in CD14* cells
with the GG genotype compared with
those in the cells with the AA or AG
genotype (p=0.044) (Fig. 3). This find-
ing indicates that subjects with the GG
genotype have increased expression of
TRAFI in circulating monocytes.

Discussion

The present study examined the clini-
cal features of 101 RA patients who re-
ceived 24 weeks of anti-TNF treatment.
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Fig. 2. Distributions
of the EULAR re-
sponse to anti-TNF
treatment in the 101
patients with RA.

Table II. Association between the clinical response to anti-TNF treatment and explanatory
variables in the univariate and multivariate analyses™.

Univariate analysis**

Multivariate analysis

Variable p-value OR (95% CI) p-value OR (95% CI)
GG genotype 0.031 74 (1.5-37.5) <0.001 169 (6.7-41.7)
Age 0.695 10 (1.0-1.1)

Females 0.351 1.1 (1.0-1.2)

DAS28-ESR at baseline 0.791 0.9 (0.5-1.7)

SDAI at baseline 0.824 1.0 (09-1.1)

Positive RF 0.201 0.8 (0.7-1.9)

Positive ACPA 0.448 2.9 (0.3-23.9)

Methotrexate 1.000 1.1 (0.1-9.7)

Prednisolone 0.015 60 (1.5-23.7) 0.073 3.3 (0.9-143)

*TNF: tumour necrosis factor; DAS-28: disease activity score in 28-joint count; SDAI: simplified dis-
ease activity index; RF: rheumatoid factor; ACPA: anti-cyclic citrullinated peptide antibody.
**p-values were calculated using the 2-tailed Yates chi square test or Fisher’s test for dichotomous
variables or the logistic regression test for continuous variables.

We found that a TRAF1 (+16860A/G)
SNP in intron 3 of the TRAF1 gene was
significantly associated with the clini-
cal response to anti-TNF treatment and
that the GG genotype was more fre-
quent in patients who did not respond
to treatment. The G allele was also
associated with increased expression
levels of TRAF1 in CD14* monocytes
from healthy subjects.

Although the role of TRAF1 in the
TNF-a signalling network has not been
fully elucidated, TRAF1 mainly inhib-
its TNF-a-mediated signalling through
the TNF receptor II (18). Furthermore,
TRAF1 knockout mice are hypersen-
sitive to TNF-induced stimulation
through the NF-xB and JNK pathways
(23). In addition, several studies have
shown that CD14* monocytes play an
important role in the pathophysiol-

ogy of RA (24-28). Of note, TNF-q. is
known to increase bone resorption by
monocyte-derived osteoclasts, result-
ing in joint inflammation and damage in
RA (28). These earlier reports and our
results suggest that TNF-a-mediated
stimulation is possibly inhibited by in-
creased TRAF1 expression in circulat-
ing monocytes from subjects with the
G allele and that other inflammatory
cytokines such as IL-6 and IL-1, but
not TNF-a, play a pivotal role in the
pathophysiology of RA in patients with
the GG genotype rather than those with
the AA or AG genotypes. Therefore,
RA patients with the GG genotype may
be refractory to anti-TNF treatment.
Recently, several studies demonstrated
the association between SNPs for can-
didate genes encoding for several cy-
tokines including TNF, and bone ero-
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sion evaluated by musculoskeletal ul-
trasound (MSUS) (29). Since TRAF1
is also involved in the TNF-mediated
signalling pathway, the association be-
tween the three TRAF1 genotypes and
MSUS-detected bone erosion should be
evaluated in future.

The TRAF1 (+16860A/G) SNP
(rs7021206) has been reported to be
in linkage disequilibrium with other
SNPs associated with RA susceptibil-
ity, such as rs2416806, rs2900180, and
rs3761847 (17, 30). Although further
experiments are necessary to determine
which of these SNPs directly affects
TRAF1 expression, the present study
is the first to report an association be-
tween SNPs within the TRAF1 gene
and expression levels of TRAF1.
Autoantibody status, including RF and
ACPA, and concurrent therapy with
MTX are associated with the response
to anti-TNF treatment (7-10). However,
these associations were not detected
in our study. The lower OR in previ-
ous studies and the small number of
samples in this study may explain this
absence of a statistically significant dif-
ference.

There were 2 methodological limita-
tions in our study. First, the patients
were treated with structurally differ-
ent types of anti-TNF drugs, including
IFX,ADA, and ETN.IFX and ADA are
both monoclonal antibodies specifical-
ly reactive to TNF-a, the first being a
chimeric human—-murine antibody and
the latter a fully human antibody. On
the other hand, ETN is a fusion protein
consisting of the extracellular domain
of the p75 TNF receptor and the hinge
and Fc domains of human IgG, (31).
However, the 3 drugs have a similar
mechanism of action and their efficacy
was comparable in our study. When
only RA patients treated with IFX were
analysed, the association between the
TRAF1 (+16860A/G) SNP and clini-
cal response was consistent (data not
shown). Second, only patients treated
with anti-TNF drugs for more than 24
weeks were selected for this study. This
was necessary as the primary endpoint
of the study was assessment of the clin-
ical response after 24 weeks of treat-
ment. Some patients had discontinued
or changed treatment prior to the 24-
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week follow-up because of inefficiency
of the therapy. It is therefore necessary
to perform further prospective inves-
tigations including patients who with-
draw from the study.

In conclusion, TRAF1 (+16860A/G)
genotyping may be useful for predicting
the clinical response to anti-TNF treat-
ment. This polymorphism may contrib-
ute to resistance to anti-TNF treatments
in RA patients with the GG genotype by
increasing the expression of TRAFI in
circulating inflammatory cells.
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