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possibility of recall bias. In fact, the mean dietary intake of
vitamin D per day calculated in the present study tended to be
high from the adequate intake (5 pg/day) published by the
Ministry of Health and Welfare in Japan [37]. However, the
Ministry of Health, Labour and Welfare in Japan also
commented that the adequate intake had been determined as
an index without enough scientific evidence. Simultaneously,
this agency provided another index in which the tolerable
upper intake level of vitamin D was 50 pg/day. Based on
these issues regarding the estimation of vitamin D intake, we
believe our results regarding the intake of vitamin D are not
beyond the world consensus. Instead, the mean intake esti-
mated in the present study could indicate that people in Japan
have a much higher daily intake of vitamin D than those in
most regions worldwide. Nonetheless, we were unable to
conclude whether the total intake of vitamin D calculated in
the present study represented actual values or was
overestimated by using the questionnaire. In the other cohort
from the urban area investigated in the ROAD study, we
should be able to confirm the consistency of the estimation
of vitamin D using the BDHQ questionnaire.
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The objective of this study was to clarify the associations of physical performance and bone and joint diseases
with single and multiple falls in Japanese men and women using a population-based longitudinal cohort study
known as Research on Osteoarthritis/osteoporosis Against Disability (ROAD). A total of 452 men and 896
women were analyzed in the present study (mean age, 63.9 years). A questionnaire was used to assess the num-
ber of falls during the 3-year follow-up. Grip strength, 6-m walking time, and chair stand time were measured at
baseline. Knee osteoarthritis (OA) and lumbar spondylosis were defined as Kellgren Lawrence =2, 3 or 4. Verte-

Edited by: Toshio Matsumoto N : : N -
bral fracture (VFx) was assessed with the Japanese Society of Bone and Mineral Research criteria. Osteoporosis

Keywords: was defined by bone mineral density using dual energy X-ray absorptiometry based on World Health Organiza-
Falls tion criteria. Knee and lower back pain were estimated by an interview. During a 3-year follow-up, 79 (17.4%)
Longitudinal study men and 216 (24.1%) women reported at least one fall, and 54 (11.9%) men and 111 (12.4%) women reported
Pain muitiple falis. Knee pain was a risk factor for multiple falls in women, but not in men. VFx tended to be associated

Osteoarthritis

with multiple falls in women, but not in men. A longer 6-m walking time was a risk factor for multiple falls in
Physical performance

women, whereas a longer chair stand time was a risk factor for multiple falls in men. We found gender differ-
ences in risk factors for falls.
© 2012 Elsevier Inc. All rights reserved.

Introduction

Falls are one of the main causes of injury, disability, and death
among the elderly {1,2]. In Japan, according to the recent National Live-
lihood Survey of the Ministry of Health, Labour and Welfare, falls and
fractures are ranked fifth among diseases that cause disabilities and
subsequently require support with activities of daily living {3]. However,
few population-based studies have been performed on the incidence of
falls based on sex and age. Furthermore, in terms of factors associated
with falls, muscle strength, balance, vision, functional capacities, and
cognitive impairment are traits that diminish with aging, and these
factors have been suggested as predictive risk factors for falls and
fractures [4,5]. However, the association of bone and joint diseases,
especially osteoarthritis (OA), with falls remains unclear.

The representative sites of OA are the knee and lumbar spine. Knee
OA and lumbar spondylosis (LS) are major public health issues because

* Corresponding author at: Department of Clinical Motor System Medicine, 22nd Cen-
tury Medical and Research Center, Faculty of Medicine, University of Tokyo, 7-3-1, Hongo,
Bunkyo-ku, Tokyo 113-8655, Japan. Fax: +81 3 5800 9179.

E-mail address: murakis-ort@h.u-tokyo.ac.jp (S. Muraki).

8756-3282/% - see front matter © 2012 Elsevier Inc. All rights reserved.
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they cause chronic pain and disability [6,7]. The prevalence rates of ra-
diographic knee OA and LS are 54.6% and 70.2%, respectively, in persons
aged 40 years and older in Japan, which indicates that 25,300,000 and
37,900,000 persons aged 40 years and older are estimated to experi-
ence radiographic knee OA and LS, respectively [10]. The National Live-
lihood Survey ranked OA fourth among diseases that cause disabilities
and subsequently require support with activities of daily living [3], but
there have been few studies of the association between falls and OA
[11,12]. In previous studies, knee OA was assessed only by interview
and not by radiography. The principal clinical symptom of knee OA is
pain [13], but its correlation with the radiographic severity of knee OA
is not as strong as expected [8]. In fact, in a study in Japan, approximately
20% of persons without knee OA had knee pain, and 30% of persons with
severe knee OA had no knee pain [8]. Thus, knee OA diagnosed by inter-
view could be limited by variable accuracy. In addition, men and women
were not examined separately in these previous studies, although sex
differences have been found in the prevalence of knee OA [8]. Our
previous study showed that knee pain is significantly associated
with falls in women [14], but that study used a cross-sectional design;
thus, a causal relationship remains unclear. Regarding LS, to the best
of our knowledge, no population-based studies have been performed
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regarding its association with falls except for our previous cross-
sectional study [14], which showed that LS is not significantly associat-
ed with falls. In addition, among fractures due to osteoporosis (OP), ver-
tebral fracture (VFx) is the most likely to lead to marked public health
problems. VFx is reportedly associated with functional impairment
[15], back pain, kyphosis [16,17], esophageal reflux [18], depressive
mood [19], respiratory dysfunctions [20], and mortality [21]. However,
whether VFx is an independent risk factor for the incidence of falls re-
mains unclear.

Measuring walking speed is a simple way to assess health and func-
tion in older adults [22,23]. Walking speed has been found to be associ-
ated with falls in a few studies [4,24-26], although most studies were
limited by a small sample size, a cross-sectional design [24,25], or eval-
uation of a single sex [4,26]. In addition, although walking abnormalities
indicative by a slower walking speed are significantly associated with
bone and joint diseases such as knee OA, LS, and their associated pain
[14], no longitudinal studies have been performed to determine the as-
sociations of falls with bone and joint diseases and walking abnormali-
ties at the same time. Furthermore, measuring the chair stand time is
also reported to be a simple and established method to assess health
and function in the elderly [27,28], but to the best of our knowledge,
no longitudinal studies have been performed to determine the associa-
tions of falls with chair stand time.

Previous studies have shown that associations between individual
risk factors and a single fall are few in number and weak compared to
risk factors for multiple falls [12], indicating that single and multiple
falls may have different backgrounds. Thus, to determine factors associ-
ated with falls, single and multiple falls should be analyzed separately.

The objective of this study was to clarify the associations of
physical performance and bone and joint diseases with the incidence
of single and multiple falls in Japanese men and women using a
population-based longitudinal cohort study known as Research on
Osteoarthritis/osteoporosis Against Disability (ROAD).

Methods
Participants

The ROAD study is a nationwide, prospective study designed to
establish epidemiologic indices for evaluation of clinical evidence for
the development of a disease-modifying treatment for bone and joint
diseases (OP and OA are the representative bone and joint diseases, re-
spectively). ROAD consists of population-based cohorts in three commu-
nities in Japan. A detailed profile of the ROAD study has been described
elsewhere [8-10,29]; a brief summary is provided here. To date, we
have completed the creation of a baseline database that includes clinical
and genetic information for 3,040 participants (1,061 men and 1,979
women) ranging in age from 23 to 95 years (mean, 70.6 years) who
were recruited from resident registration listings in three communities:
an urban region in Itabashi, Tokyo; a mountainous region in Hidakagawa,
Wakayama; and a coastal region in Taiji, Wakayama.

Residents of these regions were recruited from the resident registra-
tion list of the relevant region. Participants in the urban region were
recruited from a randomly selected cohort from the Itabashi-ward res-
idents’ registration database [30]. The participation rate was 75.6%. Par-
ticipants in mountainous and coastal regions were also recruited from
the resident registration lists, and the participation rates in these two
areas were 56.7% and 31.7%, respectively. The inclusion criteria, apart
from residence in the communities mentioned above, were the ability
to (1) walk to the survey site, (2) report data, and (3) understand and
sign an informed consent form. The baseline survey of the ROAD
study was completed in 2006. All participants provided written in-
formed consent, and the study was conducted with the approval of
the ethics committees of the University of Tokyo and the Tokyo
Metropolitan Institute of Gerontology.
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Assessment of falls

Three years after the baseline data were obtained, we attempted to
trace and review all 3,040 participants between 2008 and 2010; they
were invited to attend a follow-up interview. All participants were
interviewed with regard to falls by experienced interviewers and
were asked the following questions: “Have you experienced falls during
the 3-year follow-up, and if yes, how many falls did you experience”? At
baseline, all participants were also interviewed regarding falls by expe-
rienced interviewers and were asked the following questions: “Have
you experienced falls during the 12 months preceding baseline, and if
yes, how many falls did you experience"? According to a previous
study on falls [31], a fall is defined as a sudden, unintentional change
in position causing an individual to land at a lower level on an object,
the floor, or the ground, other than as a consequence of a sudden
onset of paralysis, epileptic seizure, or overwhelming external force.

Pain assessment

All participants were interviewed by experienced orthopedists re-
garding knee pain and lower back pain at baseline and were asked the
following questions based on previous studies [8,9]: “Have you experi-
enced knee pain on most days in the past month, in addition to now”?
and “Have you experienced lower back pain on most days in the past
month, in addition to now”? Those who answered “yes” were defined
as having pain. Buttock pain and sciatica were not included as lower
back pain in the present study.

Radiographic assessment

At baseline, all participants underwent radiographic examination of
both knees using anteroposterior and lateral views with weight-
bearing and foot-map positioning; radiographic examination of the
anteroposterior and lateral views of the lumbar spine, including
intervertebral levels L1/2 to L5/S, was also performed. VFx was assessed
by lateral radiographs of the lumbar spine (L1-L5) in terms of a wedge,
biconcave, or crush appearance according to the Japanese Society of
Bone and Mineral Research criteria [32]. The films were marked up,
and morphometric measurements of anterior, middle, and posterior
heights on lateral radiography of the thoracic and lumbar spine were
made. Wedge appearance was defined as a site at which the anterior
height of the vertebra was <75% of the posterior height. Biconcave ap-
pearance occurred if the height of the central part of the vertebra was
<80% of that of the anterior or posterior parts of the vertebra. Crush ap-
pearance occurred if the height of the anterior, central, and posterior
parts of an axial vertebra were all reduced to <80% of the normal value
(Supplementary Fig. 1). Knee and lumbar spine radiographs were also
read without knowledge of the participant's clinical status by a single, ex-
perienced orthopedist (S.M.) using the Kellgren Lawrence (KL) radio-
graphic atlas [33] to determine the severity of KL grading. Radiographs
were scored as grade 0-4, with higher grades associated with more se-
vere OA. We defined knee OA and LS as KL >2 in at least one knee and
one intervertebral level, respectively. To evaluate the intracbserver vari-
ability of KL grading, 100 randomly selected radiographs of the knee and
lumbar spine were scored by the same observer more than 1 month
after the first reading. One hundred other radiographs were also scored
by two experienced orthopedic surgeons (S.M. and H.O.) using the
same atlas for interobserver variability. The intra- and interobserver var-
iabilities evaluated were confirmed by kappa analysis to be sufficient for
assessment (0.86 and 0.80 for knee OA, and 0.84 and 0.76 for LS,
respectively).

Bone mineral density (BMD) measurement

BMD was measured at the lumbar spine (L2-4) and the proximal
femur using dual energy X-ray absorptiometry (DXA) (Hologic
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Discovery; Hologic, Waltham, MA, USA) at baseline. For quality control,
the same DXA equipment was used, and the same spine phantom was
scanned daily to monitor the machine's performance in study
populations at different regions. The BMD of the phantom was adjusted
to 1.032+0.016 g/cm?® (< 1.5%) during all examinations. In addition,
the same physician (N.Y.) examined all participants to prevent observer
variability. Coefficient of variance (CV) for L2-14 in the phantom was
0.35%, and CVs for L2-14, the proximal femur, Ward's triangle, and the
trochanter examined in five volunteers were 0.61-0.90, 1.02-2.57,
1.97-5.45, and 1.77-4.17%, respectively [34].

OP was defined based on World Health Organization (WHO) criteria
in which OP was diagnosed as T-scores of BMD <2.5 standard devia-
tions (SDs) lower than peak bone mass [35]. Mean L2-4 BMD (SD) for
young adult men and women measured using the Hologic QDR devices
in Japan is reportedly 1.011 g/cm? (0.119 g/cm?) [36]. Mean femoral
neck BMD (SD) in Japan is reported to be 0.863 g/cm? (0.127 g/cm?)
for young men and 0.787 (0.109) for young women [36]. The present
study therefore defined OP using these indices as lumbar spine BMD
<0.714 g/cm? for both men and women, and as femoral neck BMD
<0.546 g/cm? for men and <0.515 g/cm? for women.

Physical performance

At baseline, anthropometric measurements were taken, in-
cluding height and weight, and body mass index (BMI) (weight
[kg]/height? [m?]) was estimated based on the measured height
and weight. Grip strength was measured on bilateral sides using a
TOEI LIGHT handgrip dynamometer (TOEI LIGHT CO., LTD, Saitama,
Japan), and the best measurement was used to characterize maximum
muscle strength. To measure physical performance, the time taken to
walk 6 m at normal walking speed in a hallway was recorded. Partici-
pants were told to walk from a marked starting line to a 6-m mark as
if they were walking down their hallway at home. Time was measured
in seconds with a stopwatch and rounded to the nearest hundredth of a
second. The average of two trials was recorded. These gait-speed trial
measurements are considered highly reliable in community-dwelling
elderly persons [37]. The time taken for five consecutive chair rises
without the use of hands was also recorded. Hands were folded in
front of the chest with feet flat on the floor, following the protocol de-
scribed by Guralnik et al. [27] and used by other researchers [28].
Time was measured in seconds with a stopwatch and rounded to the
nearest hundredth of a second. Timing began with the command “Go”
and ended when the buttocks contacted the chair on the fifth landing.
The reliability of this protocol is adequate [27].

Cognition assessment

At baseline, cognition was also evaluated for all participants using a
Mini-Mental State Examination, and a cut-off score of <24 was used to
select participants with cognitive impairment [38].

Statistical analyses

The differences in age and anthropometric measurements between
the responders (those who completed the study) and non-responders
(those lost to follow-up or who did not complete the study as described
below) and between men and women were examined with a
non-paired Student's t-test. Differences in physical performance
measurements between the responders and non-responders and be-
tween men and women were examined with Wilcoxon signed-rank
test. Differences in age and anthropometric measurements, among
non-fallers, single fallers, and multiple fallers, were examined with
one-way analysis of variance. Differences in physical performance mea-
surements among non-fallers, single fallers, and muitiple fallers were
examined with the Kruskal-Wallis test. The prevalence of bone and
joint diseases and cognitive impairment was compared between men

and women and among non-fallers, single fallers, and multiple fallers
with the chi square test. Multinomial logistic regression analysis after
adjusting for age and BMI was used to determine the association of
anthropometric measurements, physical performance, bone and joint
diseases, and cognitive impairment with single and multiple falls com-
pared with the absence of falls in men and women. Further, to deter-
mine an independent association of physical performance with single
and multiple falls compared with the absence of falls, we used multino-
mial logistic regression analysis with age, BMI, 6-m walking time, and
chair stand time as explanatory variables. To determine independent
risk factors for single and multiple falls, we used multinomial logistic re-
gression analysis with age, BMI, physical performance, bone and joint
diseases, and cognitive impairment as explanatory variables. Data anal-
yses were performed using SAS version 9.0 (SAS Institute Inc., Cary, NC,
USA).

Results

Of the 1,690 participants in the mountainous and seaside cohorts at
baseline in 2006 and 2007, 40 (2.4%) had died by the time of the review
3 years later, 97 (5.7%) did not participate in the follow-up study due to
poor health, 16 (0.9%) had moved away, 51 (3.0%) declined the invita-
tion to attend the follow-up study, and 47 (2.8%) did not participate in
the follow-up study for other reasons. Among the 1,439 volunteers
who did participate in the follow-up study, 68 (4.0%) provided incom-
plete fall questionnaires. In addition, six (0.4%) provided incomplete
pain questionnaires; these were excluded. We also excluded eight
(0.5%) participants who had undergone total knee arthroplasty before
baseline. An additional nine (1.9%) participants did not perform the
6-m walking time or chair stand time, leaving a total of 1,348 (79.8%)
participants (452 men and 896 women) from whom radiographs at
baseline and complete fall and pain histories were obtained. The mean
followup time was 2.93 4 0.12 years, ranging from 2.65 to 3.22 years.
Table 1 shows characterisctics of responders and non-responders. The
responders were significantly younger than the non-responders (63.9
and 70.7 years, respectively). Physical performance measurements
were better in responders than non-responders. Prevalence of knee
OA, LS and knee pain was lower in responders (47.0, 61.6 and 9.7%,

Table 1
Baseline characteristics of responders and non-responders.

Overall Responders Non-responders
Number of participants 1,690 1,348 342
Female (%) 64.7 66.5 57.9%**
Age (years) 65.24+12.0 63.9+11.8 707 +11.4"
Height (cm) 155.24£9.3 155.6+9.0 1536+10.1%
Weight (kg) 55.6+10.8 56.1+10.7 53.7+10.8"
BMI (kg/m?) 23.0+34 23.1+34 227434
Grip strength (kg) 26.0[21.0-33.0] 26.0[21.0-34.0] 24.0 [18.0~30.0]""
(median [IQR]) )
6-m walking time (s) 5.0 [4.0-7.0] 5.0 [4.0-6.0] 7.0 [5.0-9.0]"‘*
(median [IQR])
Chair stand time (s) 90[7.0-120]  90[7.0-11.0]  12.0[8.25-15.0"*
(median [IQR])
Cognitive impairment 4.5 2.8 1145
(%)
Radiographic knee 50.4 47.0 63.8"F
0A (%)
Radiographic LS (%) 63.2 61.6 69.1°%*
Radiographic VFx 10.1 9.7 12.0
Knee pain (%) 243 222 326"
Lower back pain (%) 21.1 20.6 229
Previous falls (%) 173 163 21.07%

Values are mean + SD, except where indicated.
BMI: body mass index, OA: osteoarthritis, LS: lumbar spondylosis, VFx: vertebral frac-
ture, IQR: interquartile range.
* p<0.05 vs. responders by non-paired Student's t-test.
*# p<0.05 vs. men by Wilcoxon signed-rank test.
*** p<0.05 vs. men by chi square test.
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Table 2
Baseline characteristics of participants.
Men Women

Number of participants 452 896
Age (years) 6494117 63.3+11.8"
Height (cm) 164.0+7.0 151.3+£6.6"
Weight (kg) 63.3+10.7 525487
BMI (kg/m?) 235432 229+34"
Grip strength (kg) (median [IQR]) 37.0 [32.0-425]  23.5[20.0-235]"F
6-m walking time (s) (median [IQR]) 5.0 [4.0-6.0] 5.0 [4.0-6.0]
Chair stand time (s) (median [IQR]) 8.5 [7.0-11.0] 9.0 [7.0-11.0]
Cognitive impairment (%) 3.6 24
Radiographic knee OA (%) 374 51.9"*
Radiographic LS (%) 76.1 542
Radiographic VFx 8.9 10.1
Knee pain (%) 153 257
Lower back pain (%) 18.8 21.5
Previous falls (%) 13.1 18.0***

Values are mean -+ SD, except where indicated.
BMI: body mass index, OA: osteoarthritis, LS: lumbar spondylosis, VFx: vertebral frac-
ture, IQR: interquartile range.
* p<0.05 vs. men by non-paired Student's t-test.
** p<0.05 vs. men by Wilcoxon signed-rank test.
*** p<0.05 vs. men by chi square test.

respectively) than non-responders (63.8, 69.1 and 12.0, respectively).
Prevalence of previous falls was significantly lower in responders than
non-responders (16.3 and 21.0%, respectively).

Table 2 shows the age, anthropometric measurements, physical per-
formance, and prevalence of cognitive impairment, bone and joint dis-
eases, and previous falls of participants at baseline in men and
women. Regarding physical performance, grip strength and chair
stand time were significantly better in men (37.0 kg and 8.5 s, respec-
tively) than in women (23.5 kg and 9.0 s, respectively), but the 6-m
walking time was not (5.0 s and 5.0 s, respectively). The prevalence of
radiographic knee OA and knee pain was significantly higher in
women (51.9% and 25.7%, respectively) than in men (37.4% and 15.3%,
respectively), whereas that of LS and lower back pain was not different
between men and women. The prevalence of previous falls was signifi-
cantly higher in women than in men (18.0% and 13.1%, respectively).

During the 3-year follow-up, 79 (17.4% [95% confidence interval [CI]
14.3-21.2]) men and 216 (24.1%[95% C1 21.4~27.0]) women reported at
least one fall, and 54 (11.9% [95% C19.3-15.3]) men and 111 (12.4%[95%
Cl 10.4-14.7]) women reported multiple falls. The chi square test
showed that the incidence of falls was significantly different between
men and women (p=0.0011). The incidence of single and multiple
falls was significantly higher in the mountainous regions (11.5% and

17.4%, respectively) than coastal regions (8.1% and 7.8%, respectively).
With increasing age, the incidence of falls increased in women, but
the incidence of falls was similar in men in their 60s and 70s (Fig. 1).

Table 3 shows the age, anthropometric measurements, physical
performance, and BMD at baseline between non-fallers, single fallers,
and multiple fallers. Age and BMI were significantly higher in female
fallers than non-fallers, but this was not the case in men. Grip
strength was worse in female fallers than non-fallers, but this was
not the case in men. The 6-m walking time and chair stand time
were longer in both male and female fallers than in non-fallers. LS
and neck BMD were significantly lower in female fallers than
non-fallers, but this was not the case in men.

We next examined the incidence rate of falls during the 3-year
follow-up according to previous falls at baseline in men and women
(Supplementary Fig. 2). The incidence rates of multiple falls were
7.9%, 22.7%, and 48.7% in men and 8.8%, 20.4%, and 43.1% in women
among non-fallers, single fallers, and multiple fallers, respectively.
The incidence rates of single falls were 5.9%, 9.1%, and 0.0% in men
and 12.5%, 7.8%, and 8.6% in women among non-fallers, single fallers,
and multiple fallers, respectively. The chi square test showed that the
incidence of falls during the 3-year follow-up was significantly associ-
ated with previous falls at baseline in men and women (p<0.0001).

Fig. 2 shows the incidence rate of falls during the 3-year follow-up
according to the presence of bone and joint diseases and cognitive
impairment. The incidence rates of multiple falls were 16.6% and
9.2% in men and 14.8% and 9.7% in women in those with and without
knee OA, respectively. The incidence rates of a single fall were 8.3%
and 3.9% in men and 14.2% and 9.1% in women in those with and
without knee OA, respectively. The chi square test showed that knee
OA at baseline was significantly associated with the incidence rate
of falls during the 3-year follow-up in men and women (p<0.0001).
Regarding knee pain, the incidence rates of multiple falls were
18.8% and 10.7% in men and 18.7% and 10.2% in women in those
with and without knee pain, respectively. The incidence rates of a sin-
gle fall were 8.7% and 5.0% in men and 10.4% and 10.4% in women in
those with and without knee OA, respectively. The chi square test
showed that knee pain at baseline was significantly associated with
the incidence of falls during the 3-year follow-up in men and
women {p<0.0001). LS and lower back pain were not significantly as-
sociated with the incidence of falls in men (p =0.52 and 0.77, respec-
tively) or in women (p = 0.45 and 0.58, respectively). VFx at baseline
was significantly associated with the incidence of falls in women
(multiple falls 22.2% and 11.3%, single falls 14.4% and 11.4%, in those
with and without VFx, respectively, p = 0.005), but not in men (p=
0.06). OP defined by L2-4 and femoral neck BMD was not associated
with the incidence of falls in men and women. Cognitive impairment
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Fig. 1. Incidence rate of falls (error bars represent 95% confidence intervals) by gender and age strata.
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Table 3
Comparison of characteristics among non-fallers, single fallers, and multiple fallers in men and women.
Men Women
Non-fallers Single fallers Multiple fallers p value Non-fallers Single fallers Multiple fallers p value
Number of participants 373 25 54 680 105 111
Age (years) 64.4 67.2 67.6 0.10 62.4 66.0 66.7 <0.001
(11.7) (13.2) (10.1) (11.6) (12.6) (11.4)
BMI (kg/m?) 234 24.6 237 0.16 228 227 2358 0.01
(3.1) (3.9) (3.3) (3.5) (3.1) (3.5)
Grip strength (kg) 37.0 37.0 35.0 0.08 24.0 23.0 220 0.01
(median [IQR]) [32.0-43.0] [30.0-41.5] [28.8-40.0] [20.0-27.0] [19.5-27.0] [18.0-26.0]
6-m walking time (s) 4.5 5.5 6.2 <0.0001 5.0 5.0 5.5 <0.0001
(median [IQR]) [4.0-6.0] [4.6-7.3] [5.0-6.6] [4.0-6.0] [4.0-6.5] [4.0-7.5]
Chair stand time (s) 8.0 11.0 10.0 <0.0001 9.0 9.0 10.0 0.0001
(median [IQR]) © [7.0-10.0]) [9.0-12.0} [8.0-13.0] [7.0-11.0] [8.0-12.0] [8.0-12.25]
LS BMD 1.05 1.05 1.05 0.99 0.89 0.85 0.86 0.04
(0.20) (0.20) (0.15) (0.18) (0.16) (0.17)
Neck BMD 0.75 0.77 0.75 0.79 0.65 0.61 0.63 0.003
(0.13) (0.12) (0.10) (0.13) (0.11) (0.11)

Values are the means (standard deviation), except where indicated.
One-way analysis of variance was used to determine the differences in age, height, weight and BMI among non-fallers, single fallers, and multiple fallers.
Kruskal-Wallis test was used to determine the differences in grip strength, 6-m walking time and chair stand time among non-fallers, single fallers, and multiple fallers.
The chi square test was used to determine the differences in the prevalence of cognitive impairment among non-fallers, single fallers, and multiple fallers.

BMI: body mass index, LS: lumbar spondylosis, BMD: bone mineral density.

was associated with the incidence of falls in men (multiple falls 31.3%
and 10.9%, single falls 18.8% and 5.1%, in those with and without
cognitive impairment, respectively, p=0.002), but not in women

(p=0.19).
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In men, multinomial logistic regression analysis after adjusting for
age and BMI showed that a longer 6-m walking time, longer chair
stand time, and previous falls were risk factors for falls, but grip
strength, bone and joint diseases, and cognitive impairment were not
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Table 4
Risk factors for single and multiple falls in men.

Crude OR (95% CI)

Adjusted OR (95% CI)

Single falls

Multiple falls

Single falls

Multiple falls

Grip strength (5 kg increase)
6-m walking time (1 s increase)
Chair stand time (1 s increase)
LS BMD (0.1 mg/cm? increase)
Neck BMD (0.1 mg/cm? increase)

Knee OA
Knee pain
VFx

0.90 (0.71-1.14)
1.12 (0.98-1.27)
117 (1.03-1.32)
1.00 (0.80-1.22)
1.10 (0.81-1.47)
2.44 (1.09-5.56)
2.04 (0.72-5.09)
2.58 (0.82-6.85)

0.84 (0.71-0.99)
1.13 (1.03-1.26)
1.21 (1.11-1.33)
1.00 (0.86-1.16)
0.98 (0.78-1.21)
2,08 (1.18-3.70)
2.05 (0.99-4.00)
0.40 (0.06-1.36)

1.14 (1.01-1.29)
1.11 (0.95-1.25)
1.15 (1.00-1.32)
0.92 (0.73-1.15)
1.07 (0.73-151)
2.07 (0.84-5.21)
1.65 (0.57-4.21)
2.48 (0.75-7.04)

0.88 (0.72-1.08)
1.11 (1.01-1.23)
1.21 (1.09-1.33)
0.97 (0.83-1.13)
1.01 (0.77-1.30)
1.77 (0.95-3.33)
1.78 (0.85-3.55)
0.32 (0.05-1.13)

Cognitive impairment 6.19 (1.29-23.1)
Previous falls

Single fall - _
Multiple falls 1.18 (0.25-4.61)

483 (1.41-15.1)

9.54 (3.15-30.08) -

13.48 (0.98-178.64) 3.17 (0.44-21.99)

- 3,52 (1.07-9.97)
12,6 (5.80-27.97)

Multinomial logistic regression analysis was used to calculate the crude odds ratio (OR) and 95% confidence interval (CI) compared with non-fallers.
Adjusted OR was calculated using multinomial logistic regression analysis after adjusting for age and body mass index (BMI).
OA: osteoarthritis, VFx: vertebral fracture, BMD: bone mineral density, LS: lumbar spondylosis.

Radiographic knee OA was defined as Kellgren Lawrence grade 3 or 4.

(Table 4). Previous falls were significantly associated with the incidence
of multiple falls. In women, multinomial logistic regression analysis
after adjusting for age and BMI showed that a longer 6-m walking
time was a risk factor for multiple, but not single falls (Table 5). Chair
stand time also tended to be associated with the incidence of single
and multiple falls. Regarding bone and joint diseases, knee pain was a
risk factor for single and multiple falls. VFx also tended to be associated
with multiple falls, but radiographic knee OA was not associated with
falls. Cognitive impairment was a risk factor for multiple falls, but not
for single falls. A history of previous falls was a risk factor for multiple,
but not single falls.

To determine the independent association of each physical perfor-
mance parameter with the incidence of falls, multinomial logistic re-
gression analysis was performed with age, BMI, 6-m walking time,
and chair stand time as explanatory variables. We found that a longer
chair stand time was an independent risk factor for multiple falls (OR
1.18, 95% CI 1.06-1.32), but a longer 6-m walking time was not (OR
1.05, 0.93-1.16). In women, a longer 6-m walking time tended to be as-
sociated with the incidence of multiple falls (OR 1.09, 95% C10.98-1.22),
but a longer chair stand time was not (OR 1.01, 95% Cl1 0.94-1.07). After
adjusting for previous falls, the independent association of a longer
chair stand time with the incidence of falls remained in men (OR 1.15,

Table 5
Risk factors for single and multiple falls in women.

95% Cl 1.02-1.30), and the independent association of a longer 6-m
walking time with the incidence of falls remained in women (OR 1.12,
95% CI 1.00-1.25). In addition, knee pain and cognitive impairment in
women were also significantly associated with falls, and VFx tended
to be associated with falls with multinomial logistic regression analysis
after adjusting for age and BMI. Thus, to determine the independent as-
sociation of physical performance, bone and joint diseases, and cogni-
tive impairment, multinomial logistic regression analysis was used
with age, BMI, 6-m walking time, knee pain, VFx, and cognitive impair-
ment as explanatory variables. We found that a longer 6-m walking
time was an independent risk factor for multiple falls (OR 1.08, 95% CI
1.00-1.18), but the significant association of knee pain, VFx, and cogni-
tive impairment with the incidence of falls disappeared (OR 1.47, 95% CI
0.91-2.35, OR 1.52, 95% CI 0.80-2.81, and OR 1.16, 95% CI 0.35-3.24,
respectively).

Discussion

The present study is the first longitudinal population-based cohort
study to examine whether physical performance, bone and joint dis-
eases, and cognitive impairment are risk factors for single and multiple
falls in men and women. We found gender differences in risk factors for

Crude OR (95% CI)

Adjusted OR (95% CI)

Single falls

Multiple falls

Single falls

Multiple falls

Grip strength (5 kg increase)

6-m walking time (1 s increase)
Chair stand time (1 s increase) 1.07 (1.02-1.12
LS BMD (0.1 mg/cm? increase) 0.88 (0.78-1.00

0.84 (0.70-0.99)

)

)

)

Neck BMD (0.1 mg/cm? increase) 0.75 (0.63-0.90)
)

)

)

)

1.10 (1.01-1.19

Knee OA 1.79 (1.18-2.78
Knee pain 1.83 (1.17-2.83
VEx 1.54 (0.78-2.85
Cognitive impairment 042 (0.02-2.12

Previous falls
Single fall 0.55 (0.16~1.74)
Multiple falls 0.86 (0.39-1.81)

0.81 (0.68-0.95)
1.16 (1.08-1.25)
1.07 (1.03-1.12)
0.90 (0.80-1.01)
0.85 (0.72-1.01)
1.75 (1.16-2.63)
2.22 (1.44-3.37)
2.40 (1.35-4.12)
2.12 (0.68-5.60)

151 (0.33-5.41)
8.55 (3.80-19.20)

0.94 (0.77-1.11)
1.04 (0.94-1.14)
1.04 (0.99-1.10)
0.96 (0.83-1.11)
0.79 (0.62-1.01)
1.52 (0.94-2.50)
1.62 (1.00-2.60)
1.15 (0.57-2.20)
0.73 (0.19-2.61)

0.70 (0.30-1.43)
1.06 (0.35-2.62)

0.91 (0.75-1.08
1.11 (1.02-1.20
1.04 (0.99-1.09
0.92 (0.80-1.06
0.87 (0.69-1.10
1.12 (0.79-1.82
1.60 (1.00-2.54
1.81 (0.98-3.24
4.95 (1.50-16.08)

2.48 (1.40-4.28)
6.93 (3.76-12.72)

Multinomial logistic regression analysis was used to calculate the crude odds ratio (OR) and 95% confidence interval (CI) compared with non-fallers.

Adjusted OR was calculated using multinomial logistic regression analysis after adjusting for age and body mass index (BMI).
OA: osteoarthritis, VFx: vertebral fracture, BMD: bone mineral density, LS: lumbar spondylosis.

Radiographic knee OA was defined as Kellgren Lawrence grade 3 or 4.
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falls. Regarding physical performance, a longer chair stand time was an
independent risk factor for falls in men, whereas a longer 6-m walking
time was an independent risk factor for falls in women. Knee pain, VFx,
and cognitive impairment were associated with falls in women, but not
in men.

The present study is a population-based longitudinal study to de-
termine whether bone and joint diseases are risk factors for falls in
Japanese men and women. After adjusting for age and BMI, knee
pain was a risk factor for falls in women, but not in men. The sex dif-
ferences regarding the association of knee pain with falls may be part-
ly explained by the weaker quadriceps muscles in women, which is
known to be an independent risk factor for falls [16]. Muscle strength
is higher in men than in women in all decades {39], which may ob-
scure the association of knee pain with falls. In addition, given the in-
significant association of radiographic knee OA with falls, falls may
occur due to symptoms such as pain rather than radiographic changes
in the knee itself. Our study and other previous cross-sectional stud-
ies also suggested that knee pain is significantly associated with
falls [11]. In other words, falls may be preventable when pain is re-
lieved by medical care, even if patients have radiographic knee OA.

In the present study, LS and lower back pain were not associated
with falls, whereas VFx was associated with falls. Lower BMD was
not associated with falls in the present study, and thus, radiographic
changes but not OP may be associated with falls. Studies of
patients with VFx have reported increased kyphosis angles [16,17],
which is an independent risk factor for injurious falls [40]. Previous
studies [41,42] have demonstrated that people with kyphosis have
greater balance abnormalities as assessed by computerized dynamic
posturography. Specifically, they reported that women with
OP-related kyphosis had greater mediolateral displacement and in-
creased mediolateral velocity compared to controls [42]. In addition,
lateral spontaneous sway amplitude has been reported to be the sin-
gle best predictor of future risk of falls [43]. These observations may
partly explain the association between VFx and falls.

In the present study, after adjusting for age and BM], both a longer
6-m walking time and a longer chair stand time were associated with
falls in men and women. A previous study also showed that slower
walking speed is a risk factor for falls [44], although men and
women were not separately analyzed in the study. To determine the
independent association of the 6-m walking time and chair stand
time, we further used multinomial logistic regression analysis with
age, BMI, 6-m walking time, and chair stand time as explanatory fac-
tors, and found that in men, a longer chair stand time was an inde-
pendent risk factor for multiple falls, but a longer 6-m walking time
was not. In women, a longer 6-m walking time was associated with
the incidence of multiple falls, whereas a longer chair stand time
was not. This indicates that slower walking speed may more strongly
affect the risk of falling in women than in men, whereas a longer chair
stand time may more strongly affect the risk of falling in men than in
women. The walking time and chair stand time can be easily and
quickly measured in clinical and research settings without requiring
monitoring devices or extensive training. The present study may indi-
cate that walking time is a simple and quick option for measuring the
risk of falling, particularly in women, and measuring the chair stand
time is a simple and quick option for estimating the risk of falling,
particularly in men.

The present study has several limitations. First, our participants lived
in the community, and thus, our findings may not apply to elderly per-
sons residing in institutions. Second, we did not include other anatom-
ical locations of weight-bearing OA such as hip OA in the analysis,
although this disorder also affects falls [45]. However, the prevalence
of KL=3 or 4 hip OA is 1.4% and 3.5% in Japanese men and women
[46], respectively, which is lower than that of KL=3 or 4 knee OA
(12.2% and 21.0% in men and women, respectively) in the present
study. Thus, it is possible that hip OA would not strongly affect the re-
sults of the present study. Third, non-responders were older, had

lower physical performance and higher prevalence of knee pain,
which were risk factors for falls. This means that the incidence of falls
in the present study may have been underestimated. Fourth, the accura-
cy and reliability of recall of falls over the past 3 years was not assessed
in the present study. Previous studies have shown that 13-32% of elderly
subjects with confirmed falls did not recall falling over a 12-month
period [47], even when excluding subjects with cognitive impairment.
Therefore, the incidence of falls may be underestimated, particularly in
older subjects and those with cognitive impairment. In addition, individ-
uals are more likely to recall a fall that resulted in injury, which may
have influenced the results of this study.

Conclusion

The present longitudinal analysis using a large-scale population
from the ROAD study revealed gender differences in risk factors for
falls. A longer walking time was a risk factor for falls in women,
whereas a longer chair stand time was a risk factor for falls in men.
Knee pain and VFx were risk factors for falls in women, but not in
men. Further studies, along with continued longitudinal surveys in
the ROAD study, will help elucidate the background of bone and
joint diseases and their relationship with falls.
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SUPPLEMENT

Next stage of RA treatment: is TNF inhibitor-free
remission a possible treatment goal?

Yoshiya Tanaka

ABSTRACT

Biological agents targeting tumour necrosis factor (TNF)
have revolutionised the treatment of rheumatoid arthritis
(RA) and clinical remission has become a realistic
treatment goal. Discontinuing anti-TNF therapy after
sustained remission has emerged as an important area of
investigation in rheumatology from the risk-benefit point
of view, including health economic considerations.
However, there is little information as to whether
‘biologic-free remission’ is possible after sustained
remission following intensive treatment with TNF
inhibitors in RA. European studies such as BeSt and
OPTIMA in patients with early RA and Japanese studies
such as remission induction by remicade in patients with
RA and HONOR in patients with long-standing RA
encountered during routine clinical practice have shown
that, after a reduction in disease activity to clinical
remission or low disease activity by infliximab or
adalimumab in combination with methotrexate, patients
can successfully remain in clinical remission without TNF
inhibitors with no radiological and functional damage
progression of articular destruction. Experimental findings
in TNF-deficient mouse models suggest that TNF
inhibitors may change the disease process of RA and
bring about the potential of immunological remission,
raising the possibility of a ‘treatment holiday’ of TNF
inhibitors after intensive treatment.

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic inflamma-
tory disease that causes significant morbidity and
mortality.!™ It is recommended that the treatment
of RA is initiated with monotherapy or a combin-
ation of disease-modifying antirheumatic drugs
(DMARDs).>® Patients with active RA, however,
are often resistant to DMARD therapy, especially in
the context of structural progression. Thus, bio-
logical agents targeting proinflammatory cytokines
such as tumour necrosis factor (TNF), which plays
a pivotal role in the pathological processes of RA
leading to joint destruction, have been developed.
The combined use of biological agents targeting
TNF and methotrexate (MTX) has revolutionised
the treatment of RA, producing significant im-
provements in clinical, structural and functional
outcomes that were not previously observed.
Accordingly, the concept of treating RA to target by
employing a composite measure of disease activity
is generally being accepted worldwide” Clinical
remission is perceived as an appropriate and realistic
primary goal in many patients while, in those with
long-standing RA, low disease activity is the aim.

After the induction of clinical remission by com-
bination therapy with TNF inhibitors and MTX, it
has to be maintained as described in No. 8 of the
‘Treat-to-Target’, which leads to structural remis-
sion and functional remission.” Caution is needed
when deciding to reduce or discontinue treatment
with synthetic DMARDs because stopping
DMARDs in remission was followed by twice
as many flare-ups, difficulties in reintroducing
remission and a halt in damage, whereas similar
studies are not available for the biological agents.’
However, because of the economic burden asso-
ciated with expensive biological products and the
long-term safety by inhibiting a particular cyto-
kine, the possibility of discontinuation of bio-
logical products after the maintenance of remission
needs to considered. Thus, treatment strategies
with TNF inhibitors targeting induction and/or
maintenance of clinical remission can potentially
lead to subsequent discontinuation of the TNF
inhibitors. However, there is no well-established
firm evidence that remission can be sustained even
if a biological agent is discontinued (e, ‘biologic-
free remission’). In this paper we discuss whether
the discontinuation of TNF inhibitors such as
adalimumab and infliximab is possible in patients
with RA after achieving low disease activity or
clinical remission during a certain period with
TNF inhibitors.

IS DISCONTINUATION OF ADALIMUMAB
POSSIBLE AFTER SUSTAINED REMISSION?
Clinical remission has recently become an achiev-
able goal by the combination therapy of TNF inhi-
bitors and MTX in many patients, and appropriate
induction of remission is a prerequisite to halt
joint damage and functional disabilities, which
revealed improved outcomes with strategic thera-
peutic approaches.”® If a patient is in persistent
remission after tapering of glucocorticoids, one can
consider tapering TNF inhibitors, especially if this
treatment is combined with DMARDs. However,
there is little information about the characteristics
of patients with long-standing RA in whom adali-
mumab can be successfully discontinued.

We have carried out a study (Humira discontinu-
ation without functional and radiographic damage
progressiON  follOwing sustained Remission,
HONOR) to investigate whether adalimumab-free
remission is maintained after discontinuation of
adalimumab in Japanese patients with established
RA in sustained remission obtained with adalimu-
mab plus MTX.? In this study, sustained remission
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- was defined as a persistent Disease Activity Score 28
(DAS28)-erythrocyte sedimentation rate (ESR) of <2.6 for at
least 6 months. Informed consent was obtained from patients
aged >18years who had attained sustained remission with
adalimumab plus MTX to discontinue adalimumab and those
followed up for >6 months were evaluated. The primary end-
point was the proportion of patients who maintained sustained
remission for at least another 6 months after discontinuation.
DAS28, simplified disease activity index (SDAI), clinical DAI,
health assessment questionnaire-disability index (HAQ-DI) and
yearly progression of the modified total Sharp score (AmTSS)
were assessed before and after discontinuation of adalimumab.
To predict retaining adalimumab even after withdrawing it, a
logistic regression and receiver-operating characteristic analysis
were conducted on clinical variables and cut-off values at dis-
continuation were determined.

Of the 197 patients who started adalimumab treatment
between July 2008 and April 2011 in our department, 69 (35.0%)
met the criteria for sustained remission and 51 consented to enter
the study. The mean age of the 51 patients was 59.5 years and
mean disease duration was 7.1 years, indicating that the popula-
tion included patients with long-established disease. The mean
DAS28-ESR score was 5.1, implying that most patients had active
disease despite MTX. Furthermore, because the mean AmTSS
was 11.5, the addition of TNF inhibitors to MTX was needed to
control joint destruction as well as disease activity. Fifty-eight
percent of the evaluable 50 patients maintained adalimumab-free
remission at 6 months. DAS28-ESR at discontinuation was
found significantly to predict the retention of remission with a
cut-off value of 2.16. Most patients (94.9%) showed no evidence
of radiographic progression (AmTSS <0.5) at 1 year. Moreover,
HAQ-DI observed at the time of adalimumab discontinuation
was almost preserved at 6 months. Therefore, although the
sample size is limited, the results of the HONOR study indi-
cated that, after reaching remission with adalimumab plus
MTX, most patients could discontinue adalimumab for more
than 6 months without disease flare, functional impairment and
radiographic damage progression. Also, deep remission at discon-
tinuation was associated with successful biologic-free remission.

Recently, a multinational double-blind randomised controlled
study was performed to determine the optimal protocol for
treatment initiation with adalimumab plus MTX in patients
with early RA (OPTIMA).*® Outcomes of withdrawal or con-
tinuation of adalimumab were assessed in patients who
achieved a stable low disease activity target after 26 weeks of
initially assigned treatment with adalimumab and MTX. Of
the 466 patients with RA treated with adalimumab plus MTX,
207 (44%) achieved stable low disease activity and were
re-randomised to placebo or adalimumab plus MTX. At week
78, 86% and 66% of patients treated with adalimumab plus
MTX and placebo plus MTX, respectively, achieved DAS28
remission (<2.6). SDAI remission and AmTSS remission were
comparable for both groups.

Another trial conducted in Germany (HIT HARD) addressed
the question of whether early induction therapy with a subse-
quent step-down strategy leads to a long-term clinical effect in
patients with recent onset RA compared with initial and con-
tinued MTX monotherapy.!’ During the first 24 weeks,
172 patients were treated with adalimumab or placebo plus
MTX and, after week 24, both groups were treated with MTX
alone for 24 weeks. During the induction phase 47.9% of
patients treated with MTX plus adalimumab achieved DAS28
remission and, at week 48, 42.4% were still in remission with
24 weeks of adalimumab-free treatment.
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In the OPTIMA and HIT HARD trials, early induction
therapy with adalimumab and MTX followed by withdrawal
of adalimumab led to a loss of the response gained with the
initial combination treatment in a subgroup of patients, but
not in all patients. Unlike the HONOR study, among patients
with early RA such as those in both studies, some might be
capable of comprehensive disease control with initial and con-
tinued MTX monotherapy. However, the results of the
HONOR study indicate that a ‘treatment holiday’ of biological
agents by discontinuing adalimumab is now feasible in patients
with RA following sustained remission, even in patients with
long-standing RA encountered during routine clinical practice
(figure 1).

IS DISCONTINUATION OF INFLIXIMAB POSSIBLE AFTER
SUSTAINED LOW DISEASE ACTIVITY?

We also conducted a study (Remission induction by Remicade
in RA patients, RRR) to examine the possibility of biologic-free
remission or low disease activity in patients with RA whose
mean disease duration was 5.9 years.’? This study included a
total of 114 patients with RA from 26 centres. The mean
DAS28-ESR score was 5.6, implying that most patients had
active disease despite MTX therapy. Furthermore, because the
mean AmTSS was approximately 14, the addition of TNF inhi-
bitors to MTX was needed to control disease activity and joint
destruction. The patients enrolled in the study were those who
had reached and maintained low disease activity (DAS28<3.2)
for more than 24 weeks with infliximab treatment and who
then agreed to discontinue the treatment. Among the 102 eva-
luable patients who completed the study, 56 (55%) maintained
low disease activity after 1 year and showed no progression in
radiological damage and functional disturbance, and 44 (43%)
remained in clinical remission (DAS28<2.6). The mean disease
duration of the group who achieved remission or low disease
activity in the RRR study was 4.8x5.9 years, which made this
study the first to prove that patients with long disease duration
may also aim for discontinuation. Furthermore, AmTSS<0.5
was observed in 67% and the HAQ-DI score was only 0.174 in
patients who maintained a low disease activity for 1 year after
discontinuation. We therefore conclude that more than half of
patients who maintain a low disease state for more than
24 weeks on infliximab can discontinue infliximab and main-
tain low disease activity for a year without radiographic or
functional disease progression.

The possibility of biologic-free remission in patients with RA
was initially reported by a TNF20 study."® The combination of
infliximab and MTX in patients with early RA who had symp-
toms for <12 months provided tight control of the disease
activity. Although infliximab was withdrawn at 1year, low
clinical activity and functional abilities were sustained for
another year. In the Netherlands, the Behandelstrategieén
(BeSt) study was conducted to compare four treatment strat-
egles and to observe clinical outcomes in patients with early
RA (disease duration <2 years after onset, mean disease dur-
ation 0.8 years)."™ % In this study, 508 patients with high
disease activity were allocated to four groups and evaluated by
DAS44 every 3 months. In patients with DAS44>2.4 (inter-
mediate or high disease activity) a change or addition of medi-
cations was required, in those with DAS44<2.4 (remission or
low disease activity) the current medication was continued
and, in patients with DAS44<2.4 continued over 6 months,
concomitant medications including infliximab were decreased
and/or discontinued. In the fourth group who started inflixi-
mab, 90 of 120 patients (75%) achieved DAS44<2.4 and
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Figure 1
TNF, tumour necrosis factor.

infliximab was withdrawn in 77 cases because DAS44<2.4 was
maintained for 6 months. In the fourth group started with
MTX and infliximab, the total cost of work loss and medical
expenses was less than half that of the other groups started
with DMARDs.

The biggest difference between the patient populations in the
RRR and BeSt studies was disease duration (mean disease dur-
ation 0.8 years in the BeSt study vs 5.9 years in the RRR study),
implying that biologic-free remission is possible in patients with
early onset RA and also in those with long-established disease. It
remains unclear whether discontinuation of biological agents
targeting TNF is beneficial for comorbidity such as increased car-
diovascular and/or cerebrovascular events. Since nearly a decade
has passed since the BeSt study was initiated, some answers to
this query may be drawn from the study.

IS TNF INVOLVED IN THE DISEASE PROCESSES?

In the BeSt study, 58% of 120 patients discontinued infliximab
and 19% of patients have discontinued all DMARDs and remained
in clinical remission with minimal joint damage progression
5 years after receiving infliximab and MTX as initial treatment for
RA, suggesting the possibility of treatment-free remission.

In our institution, among 577 patients who were treated with
infliximab, 88 patients reached biologic-free remission and only
five are currently in drug-free remission without MTX.
Although both TNF inhibitors and MTX play a role in the treat-
ment, our data suggest that discontinuation of MTX appears to
be difficult in patients with long-established RA. The mode of
action of MTX is not discussed here, but its continuation is
needed as a standard key drug. Discontinuation of biological
agents benefits the economic burden of long-term management.

Accumulated studies indicate the involvement of TNF in the
disease process in animal arthritis models, especially at the
early stages of joint inflammation. Introduction of TNF trans-
gene into the mouse results in typical polyarthritis, with hyper-
plasia of the synovium, inflammatory infiltrates in the joint
space, pannus formation and cartilage and bone destruction.
However, the polyarthritis and joint destruction obtained were
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completely ameliorated by the ;Jreventive as well as curative
application of TNF inhibitors."” Meanwhile, TNF deficiency
reduced the incidence of autoimmune arthritis in most
models.*®?° For instance, K/BxN is a model of arthritis which
expresses both T cell receptor (TCR) transgene KRN and the
MHC class II molecule Ag7. In the mouse, TCR recognises a
self-antigen glucose-6-phosphate isomerase (GPI) and produces
anti-GPI antibody, and arthritis is induced by the injection of

" the serum to naive mice. Although TNF is highly expressed in

K/BxN mice, deficiency of the TNF gene markedly reduced
both the incidence and severity of the autoimmune arthritis.
SKG is also an inflammatory arthritis model with a point
mutation of ZAP-70, a member of spleen tyrosine kinase (Syk)
associated with the TCR{ chain. The knockout mutation of
the TNF gene in SKG mice showed amelioration of both the
incidence and the severity of the arthritis.

If animal data partially reflect the efficacy of TNF inhibitors
in patients with RA, it suggests that TNF inhibitors may
change the disease course or induce immunological remission
in RA. Interestingly, 48% of the 577 patients with RA described
became negative for rheumatoid factor (RF) when infliximab
was discontinued, although 77% of them were positive for RF
at baseline when infliximab was initiated. Although the studies
are limited, when the disease course is successfully changed by
intensive treatment including the combination of MTX and
TNF inhibitors, patients with RA may have the possibility of a
‘treatment holiday’ of TNF inhibitors.

CONCLUSIONS

Although the studies are limited, after reduction of disease
activity to clinical remission by TNF inhibitors such as inflixi-
mab and adalimumab in combination with MTX, patients may
be able to discontinue TNF inhibitors without clinical flare,
radiographic progression of articular destruction and functional
impairment. A ‘treatment holiday’ of biological agents is pos-
sible in patients with early RA and also in those with long-
established RA. It has to be realised that intensive treatment
with a TNF inhibitor is required to bring about the ‘treatment
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holiday’ efficiently since deep remission was a major factor
affecting the success of discontinuation of TNF inhibitors in
two Japanese studies. Discontinuation of biological agents
during treatment of RA has become an important area of inves-
tigation in rheumatology patients and governments from the
risk-benefit viewpoint including health economic considera-
tions. Meanwhile, because treatment with TNF inhibitors can
bring about the induction of remission, sustained remission
and subsequent biologic-free remission—that is, it may change
or modify the course of the disease—a clinical and basic
research approach to the ‘process-driven disease course’ of RA is
warranted from wider standpoints, leading to the elucidation
of pathological mechanisms and treatment strategies.
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Consensus statement on blocking the effects

of interleukin-6 and in particular by interleukin-6
receptor inhibition in rheumatoid arthritis

and other inflammatory conditions
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Since approval of tocilizumab (TCZ) for
treatment of rheumatoid arthritis (RA} and juvenile
idiopathic arthritis (JIA), interleukin 6 (IL-6) pathway
inhibition was evaluated in trials of TCZ and other agents
targeting the IL-6 receptor and ligand in various RA
populations and other inflammatory diseases. This
consensus document informs on interference with the
[L-6 pathway based on evidence and expert opinion.
iz Preparation of this document involved

international experts in RA treatment and RA patients.
A systematic literature search was performed that
focused on TCZ and other ILB-pathway inhibitors in RA
and other diseases. Subsequently, incorporating available
published evidence and expert opinion, the steering
committee and a broader expert committee (both
including RA patients) formulated the current consensus
tatement
its The consensus statement covers use of TCZ as
combination- or monotherapy in various RA populations
and includes clinical, functional and structural aspects. The
statement also addresses the second approved indication
in Europe JIA and non-approved indications. Also early
phase trials involving additional agents that target the IL-6
receptor or |L-6 were evaluated. Safety concerns, including
haematological, hepatic and metabolic issues as well as
mfectlons are addressed likewise.

= The consensus statement identifies points
to consider When using TCZ, regarding indications,
contraindications, screening, dose, comedication,
response evaluation and safety. The document is aimed at
supporting clinicians and informing patients, administrators
and payers on opportunities and limitations of |L-6
pathway inhibition.

The treatment of rheuﬁ)atoid arthritis (RA) has sig-
nificantly advanced over the past decade with the

recent optimisation of the use of synthetic disease
modifying anti-rheumatic drugs (sDMARD:s), such
as methotrexate (MTX),! newly developed
sDMARDs, such as leflunomide,® # and with the
addition of biological DMARDs (bDMARDs) to
the RA therapeutic armamentarium. The first
bDMARDs studied and subsequently approved
were inhibitors of tumour necrosis factor (TNFi),”
followed by abatacept, an inhibitor of T-cell costi-
mulation,” rituximab, an agent leading to B-cell
depletlon and tocilizumab (TCZ), an interleukin 6
(IL-6) receptor blocker. Although there is little
direct comparison data between the five currently
approved TNFi (adalimumab, certolizumab- pegol,
etanercept, golimumab and infliximab) or other
bDMARDs, reviews and meta-analyses of clinical
trial data suggest these compounds have similar
efficacy.”*? They differ in terms of molecular struc-
tures (chimeric, humanised or human monoclonal
antibodies, or recombinant receptor constructs),
route of application (intravenous or subcutaneous),
and adverse event profiles, with these differences
determined by the agents’ modes of action. In con-
trast to bDMARDs, the modes of action of
sDMARD:s are generally not well-understood, their
adverse event profiles are mostly different and their
costs are substantially lower.

Given the variety of available therapies and in
light of the variability discussed above, recommen-
dations for the management of RA have been devel-
oped.®® ' However, these recommendations,
despite their sophisticated and quite comprehensive
nature, capture only parts of the complexity of the
application of individual drugs. Therefore, consen-
sus statements on the use of groups of agents or
individual classes of agents have been developed,
providing pertinent information for various stake-
holders."® * Developing recommendations for indi-
vidual classes of drugs may bear the value of
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providing more detailed information on a particular agent than
can usually be offered by more general presentations. This is
especially true for describing the safety aspects of certain thera-
peutics, but can also be true for deliberations with regard to
efficacy.

In the present manuscript, inhibition of the effects of IL-6
was the focal point of a consensus activity. Interference with
IL-6 is currently possible by using TCZ, a humanised monoclo-
nal antibody directed against the IL-6 receptor (IL-6-R), but
other compounds, such as another antibody targeting the
IL-6R and several agents focusing on the cytokine IL-6 itself,
are currently in development.!’ =20

An international group of experts and patient representatives
experienced in clinical research, the use of biological agents and
the development of consensus statements and treatment recom-
mendations, convened in Vienna in March 2012 to develop a
consensus statement on the current use of IL-6 pathway inhib-
ition in rheumatology. This statement targets primarily those
health professionals who prescribe IL-6 inhibition related thera-
pies, health professionals who do not primarily prescribe the
agent but care for patients treated with TCZ, as well as patients
interested in information on IL-6R or IL-6 inhibition. In
addition, this document may also be informative to payers, hos-
pital managers, administrators and other stakeholders interested
in treating RA and other chronic inflammatory diseases.

The consensus statement will address the following areas:

» Background on IL-6 and mode of action of TCZ and other
compounds

» Indication, considerations and screening for initiating TCZ
in RA

— Treatment dose algorithm and co-medication

— Evaluation of response and management of response

~ Predictive factors of response

- Contraindications and adverse events

- Long-term exposure—efficacy and safety issues
» Patient perspectives
» Research agenda

To achieve these objectives, a systematic literature review
(SLR) of the published literature on the efficacy and safety of
TCZ and steering other biologicals inhibiting the IL-6 pathway
in patients with RA was first undertaken to identify relevant
data, which also included abstracts of recent international con-
ferences, such as the European League Against Rheumatism
(EULAR) and American College of Rheumatology (ACR) meet-
ings of 2011 and abstracts known to be submitted to EULAR
2012 to be used and referenced if accepted for presentation.
The results of this SLR** were presented to and discussed by
the committee, providing the basis for the discussions of the
large task force and the conclusions that will be presented
herein. Levels of evidence will be indicated next to each recom-
mendation, in line with published guidelines (see also online
supplement).*?

IL-6 is a small polypeptide of approximately 26 kD molecular
weight that is involved in the differentiation and growth of a
variety of cells.?® 2* Tt has originally been described as B-cell
stimulating factor, hepatocyte stimulating factor and interferon
B2, before it was cloned®® #* and shown that all these activities
were attributable to a single molecule which did not convey
antiviral actions. IL-6 binds to a receptor (IL-6R), which con-
sists of the actual cytokine binding part, the IL-6Ra chain, and
a second moiety, gp130, which transduces the respective signals
into the cell. A number of recent reviews have covered its mode
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of action and related aspects in detail, and the reader is referred
to these and similar publications.**%” More detailed insights
are also summarised in the online supplementary files.

TCZ, a humanised anti-IL-6R antibody directed to the
IL-6Ra. chain, is currently the only IL-6 pathway inhibitor
licensed for the treatment of RA, and the evidence available on
safety and efficacy therefore rests almost exclusively on infor-
mation related to this agent. However, other IL-6 inhibiting
therapies are currently in development and phase 2 data
already partly available; this information is also included in our
analysis.

R 5 %
Inhibition of the effects of IL-6 has been primarily studied in a
number of phase II and III clinical trials of TCZ. The original
designation of the antibody was myeloma receptor antibody,
since IL-6 is a growth factor for myeloma cells. TCZ showed

initial ~clinical efficacy in collagen-induced arthritis in
monkeys;?® in a rare lymphoproliferative disorder, Castleman’s
disease;?” 3° and also in early phase evaluations in RA.? 3184
Its effects on acute phase reactant (APR) levels and other fea-
tures of chronic inflammation are fully in line with inhibition
of the above-mentioned modes of action of IL-6. However, it is
currently unknown if cells to which an anti-IL-6R antibody
binds, are lysed, undergo apoptosis, are ingested by phagocytes
of the spleen or others, or simply circulate with their receptor
being blocked. It is also unknown if binding of such antibodies
to the receptors might lead to cap formation and subsequent
ingestion of the IL-6R. These questions need to be addressed as
part of the research agenda.

264

In line with the current licensed indication in Europe, TCZ may
be used in adult patients with active RA, normally with at least
moderate disease activity according to a validated composite
measure, who have had an inadequate response to, or intoler-
ance of at least one synthetic DMARD and/or TNE-inhibitor.*®

Before concluding that a patient has not sufficiently
responded to a previous synthetic DMARD or a TNE-blocker,
attempts should be made to improve the ongoing regimen by
optimising the respective DMARD or TNF-blocker dose, if indi-
cated, considering pertinent recommendations.**

TCZ fulfilled the requirements for the above indications as a
consequence of the results of several clinical trials (level 1a,
grade A). In table 1A, the response rates according to the ACR
improvement criteria®® as observed in phase III clinical trials
are depicted, showing superiority to control arms in all studies.
A significant decrease in the disease activity score using 28
joint counts (DAS28) and high proportions of EULAR moderate
and good response as well as DAS28 remission (IDAS28<2.6)
rates have been observed. However, interpretation of the
LATTER data is impeded by the high weight of the APR com-
ponent in the DAS28 formula® ® and the prominent effect of
IL-6 inhibition on the hepatic APR production, which can lead
to exaggerated improvement or response rates when this
measure is employed. Nevertheless, the pre-eminent require-
ment of improvement in both swollen and tender joints to
fulfil ACR improvement criteria®® and the published clinical
trial data showing a decrease in disease activity across all vari-
ables studied as well as functional improvement and structural
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ACR20, 50 and 70% response rates (% of patients fulfilling improvement criteria) and percentage of HAQ change from baseline or

fulfilment of HAQ-MCID (reduction of more than 0.22) in different clinical trials of TCZ

% of patients

% of patients

% of patients

fulfilling fulfilling fulfilling HAQ-decrease from
FU Study ACR20 ACR50 ACR70 baseline (%) Comment
TCZ combination therapy
16 weeks  CHARISMA® 7 arms, escalating doses of 74/41 53/29 37/18 MTX-IR
TCZ monotherapy (2 vs 4 vs 8 mg/kg)
versus each dose in combination with MTX
Results for 8 mg/kg combination therapy
versus MTX
24 weeks  OPTION* PL/TCZ 4/TCZ 8 mg/kg 26/48/59 11/31/44 2/12/22 21/33/34 MTX-IR
TOWARD*' PL/TCZ 8 mg/kg 25/61 9/38 3/21 13/33* MTX/DMARD-IRt
RADIATE*? PL/TCZ 4/TCZ 8 mg/kg 10/30/50 4/17/29 1/5/12 0/18/23 Anti-TNF-IR
ROSE* PL vs TCZ 8 mg/kg 11/30 DMARD-IRt
52 weeks LITHE**+ PL/TCZ 4/TCZ 8 mg/kg 25/47/56* 10/29/36* 4/16/20* 26/35/39* MTX-IR
TCZ monotherapy
12 weeks Japanese®® PL/TCZ 4 vs 8 mg/kg 11/57/18 2/26/40 0/20/16 DMARD-IR
16 weeks  CHARISMA 7 arms, escalating doses of 63/41 41/29 16/16 MTX-IR
TCZ monotherapy (2 vs 4 vs 8 mg/kg)
versus each dose in combination with MTX
Results for 8 mg/kg monotherapy vs MTX
24 weeks  AMBITION® MTX/TCZ 8 mg/kg 53/70 34/44 15/28 33/44
ACT-RAY*® #7 TCZ 8 mg/kg/TCZ 8 my/kg 70/72 40/46 25/25 33/33% 8 MTX-IR, switch to vs adding TCZ; LDA
+MTX and DAS28-REM were more frequent on
combination than TCZ mono-therapy
SATORI*® MTX/TCZ 8 mg/kg 25/80 11/49 6/30 25/50% MTX-IR
ADACTA,* TCZ 8 mg/kg/ adalimumab 65/49 47/28 33/18 n.a. Adalimumab monotherapy
40 mg
52 weeks SAMURAI®® DMARDs/TCZ 8 mg/kg 34/18 13/64 6/44 10/50% DMARD-IR
Other IL-6 or IL-6R inhibitors {phase Il; week 12)
12 weeks  Anti-IL-6R
Sarilumab? *' PL/150 mg 46/12 na. na. na.
Anti-IL-6
BMS945429'° PL/active 36/821 15/50 6/43 29/39
Sirukumab'’ PL/active 30/631 3721 na. na.
Olokizumab'® na. na. na. na.

*Estimated values using baseline data and approximate values from respective curves, since exact data not provided in the publications.

tDMARDs aside from MTX: sulfasalazine, leflunomide, antimalarials and other.
11 year data.

&Differences between groups in ACT-RAY not significant; all other studies showed significant differences from control; where studied, 4 mg/kg dose was also significantly

different from control; details see individual publications.
THighest response rate among several arms.

ACR, American College of Rheumatology; DMARDs, disease modifying antirheumatic drugs; DAS-28, disease activity score using 28 joint counts; FU, weeks of follow-up; HAQ,
Health Assessment questionnaire disability index; IR, insufficient response; LDA, low disease activity; MCID, minimally clinically important difference; MTX, methotrexate; n.a.,
not available; PL, placebo; TCZ, tocilizumab; TNF, tumour necrosis factor; for trial acronyms see respective publications.

effects (table 1B), provide evidence that TCZ is an effective bio-
logical disease modifying drug. Indeed, when focusing on the
clinical disease activity index (CDAI), a score that does not
comprise an APR in its formula, TCZ remains significantly
effective.? Its efficacy appears to be of similar magnitude as
that of TNF-inhibitors, abatacept and rituximab.’

TCZ has shown superior efficacy compared with control
groups in the treatment of RA manifestations in combination
with MTX and other sSDMARDs; TCZ was assessed mostly in
combination with MTX, but in some studies up to 20% of the
patients received other sSDMARDs like leflunomide, sulfasala-
zine and/or chloroquine/hydroxychloroquine without notice-
able differences in efficacy.! °* TCZ was also effective as
monotherapy. Studies of other biologicals employed as mono-
therapy mostly revealed similar efficacy as MTX and had gener-
ally less efficacy than combination therapy.'® '* ¥ By contrast,
TCZ monotherapy has been shown in Japanese and an inter-
national trial to convey significantly better efficacy compared
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with MTX (in MTX naive or MTX never failed patients) or
other DMARDs in clinical, functional and, in the SAMURAI
trial, also structural respects, although it should be borne in
mind that in the Japanese studies MTX was dosed at only
8 mg weekly (level 1b, grade A; table 1A).*° *® °0 A recent trial
comparing TCZ monotherapy with adalimumab monotherapy
(ADACTA trial) revealed clinical superiority of TCZ.* While
this finding is not surprising given the fact that adalimumab
monotherapy was not shown to be clinically superior to MTX
monotherapy in early RA*® (and TCZ monotherapy was not
compared with a combination of ADA+MTX), the data impli-
citly confirm the previous findings on the efficacy of TCZ
monotherapy compared with DMARDSs studied hitherto.* *8 %
For monotherapy, the 8 mg/kg dose is the only one studied in
phase 3 trials.

Adding TCZ to MTX (combination therapy) compared with
switching from MTX to TCZ monotherapy (withdrawal of
MTX) failed to convey superior clinical and structural effects in
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Radiographic changes in TCZ clinical trials assessing joint damage

Study Placebo +MTX 4 mg/kg+MTX 8 mg/kg+MTX 8 mg/kg mono-therapy DMARDs Assessment

LITHET4¢ 113 0.34* 0.29% GTSS, mean change from baseline
SAMURAI+ 2.3 (1.5-3.2)** 6.1 (4.2-8.0) vdH-TSS, mean (95%Cl) change from baseline
ACT-RAY1 0.08 (1.88) 0.22*** (1.11) Change of GTSS at 6 months; mean {SD)
ACT-RAY+Y 92.4% 86.5%**** No radiographic progression at 1 year

*p<0.0001; **p<0.001; ***p=0.26; ****p=0.007; using as a cutoff the smallest detectable change of the Genant modified Sharp score of 1.5 (a relatively high value as a

cutoff for non-progression; data on lower values, such as 0 or 0.25 are awaited).

tThe LITHE and SAMURAI data, including p values, relate to 1 year study results; for ACT-RAY, data shown reflect 6-month analyses which showed no significant differences

between TCZ monotherapy and combination with MTX.

DMARDs, disease modifying antirheumatic drugs; GTSS, Genant-modified total Sharp score; MTX, methotrexate; TCZ, tocilizumab; vdH-TSS, van der Heijde modified total Sharp

score.

patients with established RA and active disease despite MTX
treatment for most endpoints (ACT-RAY trial; table 1A).%6
Thus, these data further imply that monotherapy is effective
and is not significantly inferior to combination therapy.
However, many of the assessments showed better numerical
outcomes in the combination therapy; moreover, at 6 months
and 12 months, significantly more patients achieved DAS28 low
disease activity or remission, respectively, and less patients had
progression of joint damage on combination therapy compared
with monotherapy.*” Thus, while TCZ monotherapy is superior
to MTX monotherapy, a number of patients may benefit from
the combination more than from switching to monotherapy.
However, if combination with MTX or other DMARDs is con-
traindicated and monotherapy with a biological agent is man-
dated, TCZ should be considered. In light of all of the above
aspects, a 3-arm trial comparing MTX, TCZ and the combin-
ation in early RA is still awaited to clarify these questions.

Throughout all studies assessing a 4 mg/kg and an 8 mg/kg
dose in combination with MTX, both doses had significantly
better efficacy than control regarding clinical functional and struc-
tural outcomes,** *° *? but there was a consistent (though statis-
tically not significant) clinical superiority of the higher dose (table
1A), which was particularly prominent for more profound levels
of efficacy (eg, ACR70) and in patients who have failed TINFj;
these data suggest that many patients receiving TCZ at 4 mg/kg
will have only a limited, inadequate response and a majority no
profound response (level lc, grade A). Trials investigating an
increase to 8 mg/kg after a starting dose of 4 mg/kg, as currently
recommended in the US, have not been systematically performed,
although in the clinical trials evaluating the 4 mg/kg dose, rescue
therapy with 8 mg/kg had been implemented in patients who did
not achieve at least 20% improvement in tender and swollen joint
counts by week 16" “° *? moreover, in a post-hoc analysis
TNFi-insufficient responders (IR) and MTX-IR patients not
achieving an adequate response to TCZ 4 mg/kg by week 16
showed improvement after escalation to 8 mg/kg.>* Importantly;
the rate of anaphylactic reactions appears to be several fold higher
at the 4 mg/kg than at the 8 mg dose of TCZ (see below)>”
A lower dose than 4 mg/kg is not recommended because of its
insufficient efficacy and even higher risk of immunogenicity®® In
general, based on the available data, the task force felt that start-
ing combination therapy with a dose of 8 mg/kg and possibly
decreasing the dose when necessitated by adverse events may be
more appropriate than starting at 4 mg/kg due to the better effi-
cacy and lesser immunogenicity of the higher dose; clinical and
laboratory monitoring is necessary at either dose.

TCZ has also shown significant effects on retarding progres-
sion of joint damage, both in combination as well as monother-
apy;® ¢ * structural efficacy was observed at both 4 mg/kg
and 8mg/kg, where studied (table 1B). Moreover, TCZ

Ann Rheum Dis 2013;72:482-492. doi:10.1136/annrheumdis-2012-202469

266

inhibited x-ray progression in patients with low as well as per-
sistent high clinical disease activity, thus dissociating the tight
link between disease activity and joint damage, as also seen
with TNE-blockers.®® TCZ is effective across all populations
investigated, that is, established and early RA; MTX-naive,*
DMARD-IR? 41 52 48 46 44 40 54 TNFi-IR* patients (level la
to 1b, grade A). No differences in efficacy were seen between
patients positive or negative for rheumatoid factor.*? 5

In line with its mode of action, TCZ leads to a rapid reduc-
tion in APR, including C-reactive protein (CRP) levels, which is
sustained at the 8 mg/kg dose; in contrast, with 4 mg/kg CRP
decreases are not maintained throughout the 4 week time
course and this saw tooth pattern suggests an inadequate sup-
pression of the pathway at this dose.*! * % %2 Further, TCZ
leads to an increase in haemoglobin levels, especially in RA
patients with anaemia, presumably by inhibiting the produc-
tion of hepcidin, a molecule stimulated by IL-6 and involved in
the pathways to anaemia of chronic disease;” it may be thus
useful in RA patients with otherwise refractory anaemia of
chronic disease. The adverse event profile will be discussed’ in
detail in subsequent sections.

Before starting any treatment for RA in general and thus also
TCZ, an individual therapeutic goal should be determined as a
shared decision between the patient and the treating physician,
who should be experienced in the diagnosis and treatment of
RA as well as the use of biological therapies and their complica-
tions' % (level 5, grade D). Several studies have shown that
RA patients cared for by physicians experienced in the manage-
ment of their disease, thus primarily rheumatologists, have
better outcomes than those followed by less specialised physi-
cians.® & Patients to whom the rheumatologist suggests treat-
ment with TCZ should have at least moderate disease activity
by composite scores, such as the DAS28 (>3.2), the Simplified
or CDAI (SDAI>11; CDAI>10) or similar scores®® (level 5,
grade D). A raised CRP is also preferable.

In the phase III trials, TCZ was started in patients with an
inadequate response to sSDMARDs™ * %0 or also TNFi.** TCZ
was used in combination with SDMARDs, primarily MTX, or
as monotherapy®® #° 50 46 44 \When TNFi preceded TCZ
therapy, requirements for time of discontinuation were differ-
ent among prior agents: for etanercept it was at least 2 weeks,
while for adalimumab and infliximab at least 8 weeks.* In an
open label phase IV study, TCZ therapy was used within
1 month of stopping TNFi without any increases in serious
infections or other safety signals.®® In clinical practice it is
likely that TCZ will be frequently applied earlier than after
such intervals; however there are no available data supporting
the safety of TCZ in such cases.®* Of note, TCZ has not yet
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been studied in patients who had been previously exposed to
rituximab or abatacept, although data from an observational
study of small cohorts suggest some risk of infections in its use
after rituximab. Thus, more information will have to be
obtained from further trials or soon become available from
registries. Data from registries of patients receiving TCZ are
currently limited,%® but the registries will provide additional
information on the use of co-medications or patients treated in
the presence of comorbidities that were excluded from clinical
trials, as patients in clinical practice are usually more heteroge-
neous in these respects compared with trial populations.

In general, patients should be well informed about the risks
and benefits of TCZ therapy (level 5, grade D).

Initiation of TCZ should be preceded by obtaining a detailed
history regarding chronic or recent co-morbidity, such as car-
diovascular, liver and pulmonary diseases, recurrent infections,
allergies, gastrointestinal perforations or diverticulitis, preg-
nancy or plans to become pregnant, and a complete physical
examination to consider possible contraindications in all
patients, especially the elderly. Special attention should be paid
to vaccinations which should be performed in accordance with
respective recommendations ideally before the administration
of TCZ.% During TCZ therapy vaccination with live vaccines
(which includes rubella and shingles vaccines) should be
avoided (level 5, grade D).

A history of diverticulitis (note, not diverticulosis) should
alert the patient and treating physician, to a heightened risk of
gastrointestinal ~ perforations  during TCZ  therapy.
Castrointestinel (GI) perforations have been reported (incidence
0.1-0.2%), especially in patients with such history® @ 5 (level
4, grade C), although most were on glucocorticoids or non-
steroidal antirheumatic drugs (NSAIDs). Indeed, recent data
indicate that RA patients, regardless of DMARD therapy, have a
generally increased rate of Gl perforation including both the
upper and lower GI tract, and the risk factors for this complica-
tion are glucocorticoid therapy, NSAIDs, and diverticulitis
history among others.®® At this time, further information is
needed to understand whether TCZ or other IL-6 inhibitors
further increase the risk of this complication beyond that
observed in the general RA population. Until then, however,
when IL-6 blocking therapy is prescribed in such patients,
efforts to eliminate or mitigate known risk factors for perfor-
ation should be undertaken where possible, and vigilance for
this potential complication should be maintained.

In clinical trials of TCZ, patients with RA were screened for
hepatitis B and C and excluded if testing positive. Likewise,
patients were excluded if they had active liver disease, indicated
by screening and baseline concentrations of alanine or aspartate
aminotransferase of 1.5 times the upper limit of normal (ULN)
or more. Of note, hepatic transaminase increases occurred more
frequently when TCZ was used in combination with MTX as
compared to monotherapy. The safety of TCZ in patients with
active hepatitis B or C virus (HBY, HCV) infections is currently
unknown. Clearly, in the presence of acute viral hepatitis TCZ
therapy is contraindicated. Also, in patients with chronic hepa-
titis B with poor liver function, TCZ therapy is not recom-
mended. In Japan, several case reports have been published in
which two HBV patients, in the context of concomitant anti-
viral therapy, and one HCV patient were successfully treated
with TCZ,%~ and in a postmarketing surveillance report no
hepatobiliary disorders due to reactivation of hepatitis B or C
have been seen’® (level 4, grade C). Thus, in patients with
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chronic hepatitis B and moderate to good liver function, treat-
ment with antiviral agents should be performed before consid-
ering TCZ therapy. In HBV carriers or in patients with latent
HBV infection (ie, HBs antigen negative, HBc or HBs antibody
positive) who show positive HBV DNA in peripheral blood,
prophylaxis should be considered before starting TCZ. Thus,
until further safety data are collected, TCZ treatment in
patients with chronic viral hepatitis can currently not be
recommended without antiviral prophylaxis in case of hepatitis
B! especially since reactivation of viral hepatitis has been
reported for other biological agents, such as TNE-inhibitors,
abatacept and rituximab’*~7 (level 5, grade D).

While preclinical studies have not clearly defined the role of
IL-6 in the defence against Mycobacterium tuberculosis’® the
occurrence of tuberculosis has been reported in clinical trials
and postmarketing surveillance studies of TCZ”® 77 (level 4,
grade C) and, therefore, patients should be screened for latent
tuberculosis according to local recommendations in the same
manner as for other biologicals; in the pivotal clinical trials
patients had been screened for tuberculosis. Chemoprophylaxis
prior to TCZ initiation should be given in patients diagnosed
with latent tuberculosis infection (level 5, grade D). Patients
with active tuberculosis are contraindicated for treatment with
TCZ.

Glucocorticoid therapy should be recorded and minimised or
tapered as rapidly as possible, since there are indications that
the risk of serious infections including opportunistic infections
is higher in TCZ treated patients with concomitant gluco-
corticoid therapy than in those without”® (level 4, grade C).

Regarding safety during and after pregnancy, currently only
limited data exist;*® 8 there is no apparent evidence that IL-6
plays a role in fertility or gestation or TCZ leads to malforma-
tions, though IgG antibody transmission across the placenta has
been demonstrated with other biological agents. Nevertheless,
women of childbearing potential should use effective contracep-
tion during and until 3 months after cessation of therapy.
Currently it cannot be suggested to continue TCZ therapy in
women who become pregnant because only insufficient safety
data exist; on the other hand, therapeutic abortion relies on a
thorough discussion between the physician and the mother.
Also, breast-feeding should not be done during TCZ therapy
(level 5, grade D).

TCZ is administered as a monthly intravenous infusion,
usually over 1 hour. The approved initial dose in Europe and
most other regions of the world is 8 mg/kg, while in the USA
it is 4 mg/kg. The maximum recommended dose is 800 mg for
people with >100 kg bodyweight.? % A subcutaneous formula
is currently under investigation. Other IL-6 blockers that are
currently in phase 2 or 3 studies (see table 1A) are also applied
by the subcutaneous route.

TCZ is approved for use in combination with MTX and as
monotherapy if MTX is not tolerated or inappropriate.
However, TCZ has also been used in combination with a
variety of other sDMARDs. 7 %

While it is recommended to lower the dose of TCZ when
certain adverse effects occur (see below), it is not clear at present
how one should proceed once patients reach the treatment
target, such as clinical remission or sustained low disease activ-
ity: can the dose be reduced, the interval between infusions
expanded, or should full treatment be continued? In a Japanese
study, only 13% of the patients maintained low disease activity
over 1year after cessation of TCZ without use of any
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