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Fic. 2 Factors associated with achievement of low disease activity at 52 weeks

A Univariate analysis OR (93% CD p-value
|
Age, <65 years 1.122 (0.679-1.856) 0.652 —pe
Male 0.933 (0.495-1.762) 0.831 -
Disease duration, <10 years 1.563 (0.935-2.611) 0.088 Lo and
RF posiive 0.730 (0.439-1.212) 022 e
no previous biological DMARDs 3.030(1.792-5.123)  <0.001
concomitant MTX 1.471 (0.888-2.436) 0.134 e
concomitant PSL 0.455 (0.272-0.758) 0.003 —
mHAQ, <0.5 2907 (1.729-4.885)  <0.001 ——
DAS28-CRP at 12 weeks, <3.3 16.040 (8.565-30.040)  <0.001 iy
a1 1 10 100
B Multivariate analysis Adjusted OR {95% C) __p-value
no previous biological DMARDs 3.049 (1.551-5.994) 0.001 ——
concomitant PSL 0.429 (0.218-0.846) 0.015 ——
mHAQ, <0.5 1.880 (0.958-3.689) 0.067
DAS28-CRP at 12 weeks, <3.3 15.244 (7.682-30.249)  <0.001 —
01 1 10 1(.10

(A) Univariate logistic regression analysis. (B) Multivariate logistic regression analysis. PSL: prednisolone; mHAQ: mod-

ified HAQ; OR: odds ratio; LDA: low disease activity.

scores at 12 and 24 weeks. The AUC was also almost
equivalent at 12 and 24 weeks, and there was no signifi-
cant difference in the proportion of patients who achieved
LDA at 52 weeks. Predictability at baseline and 4 weeks
was lower than at those two timepoints. Although a longer
observational period allows for a more accurate prediction
of long-term response, a longer period of persistent active
arthritis leads to irreversible joint destruction and disabil-
ity. Therefore, a major challenge in the management of RA
is to predict long-term response in as short a period as
possible to minimize patient exposure to ineffective thera~
pies. It appears that 12 weeks after starting abatacept
treatment is an adequate time point for predicting clinical
response at 52 weeks. The cut-off DAS28 score of 3.3 at
12 weeks should not be a strict value, but it may help
physicians decide whether to continue abatacept therapy
in patients who have not achieved LDA at this time.

This report is the first to suggest an adequate observa-
tional period before judging and predicting the long-term
clinical response to abatacept. Several groups have con-
ducted similar studies to determine the adequate period
for predicting the long-term efficacy of TNF blockade ther-
apy [7, 8]. According to those reports, 3 months appeared
to be sufficient. The AMPLE trial, a head-to-head com-
parison of s.c. abatacept vs adalimumab for RA, revealed
that clinical efficacy and response speed were compar-
able between these different biologic DMARDs [14]. Our
current findings suggest that the long-term clinical effi-
cacy of abatacept can be judged and predicted as early
as TNF blockade therapy.

h togy.oxfordjournals.org
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As baseline factors, multivariate logistic regression ana-- '

lysis demonstrated that previous biologic DMARD history
and concomitant PSL therapy were independent negative
predictors of LDA achievernent at 52 weeks. We previ-
ously reported that previous biologic DMARD history
was negatively associated with LDA at 24 weeks [5].
Abatacept appears to demonstrate its maximal clinical
performance when used as a first biologic DMARD, similar
to anti-TNF agents [15].

The present study suggests that the long-term re-
sponse to abatacept may be impaired by concomitant
PSL. No data are available on the effect of concomitant
steroids on the long-term efficacy of abatacept. The ef-
fects of concomitant steroid use on the clinical efficacy of
biologic DMARDs differ between agents, and the conclu-
sions are inconsistent [16-18]. Further clinical data would
be necessary to resolve these discrepancies.

One important finding in this study was that concomi-
tant MTX was not an independent predictor of clinical re-
sponse, in contrast to what was found for TNF inhibitors.
Previous studies have emphasized that TNF inhibitors re-
quired sufficient concomitant MTX therapy to maximize
their clinical efficacy against RA [19]. A smaller combined
effect with MTX is a unique characteristic of abatacept
relative to TNF inhibitors.

This study has several limitations. First, given the retro-
spective observational setting, a future prospective study
would be necessary, especially to verify the external
validity of our findings or our DAS28 cut-off score.
In addition, the Steinbrocker’s stage classification could
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have been underestimated, as these classifications were
based on each attending physician’s report and no data
are available on when the radiographs used for evaluation
were taken relative to participant entry into this study. In
addition, sequential radiographic data were not available.
Given the importance of joint protective effects in demon-
strating clinical efficacy, evaluating radiographic changes
in patients treated with abatacept will be necessary in the
future. Finally, the present study findings were all based
on the use of i.v. abatacept. However, the use of a new
s.c. formulation is now widespread, and further study is
needed to identify whether our above results apply to s.c.
abatacept as well.

Conclusion

it appears that 12 weeks after starting abatacept treat-
ment is an adequate time point at which clinical response
at 52 weeks can be predicted. This strategy comports
with the 2013 European League Against Rheumatism rec-
ommendation update that a therapy should be adjusted if
there is no improvement by at most 3 months after the
start of treatment or if the target has not been reached by
6 months [20].

Rheumatology key messages

o DAS28-CRP at 12 weeks independently and
strongly predicts low RA disease activity achieve-
ment at 52 weeks.

« Twelve weeks is an adequate observational period
for predicting abatacept efficacy at 52 weeks in pa-
tients with RA.

« Twelve weeks is sufficient to decide on abatacept
continuation in patients with RA and fits the EULAR
recommendation.
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Abstract

Objective: To reveal any association between rheumatoid arthritis (RA) and cardiovascular
comorbidities using a Japanese health insurance database.

Method: This population-based cross-sectional study was conducted using health insurance
data provided by the Japan Medical Data Center Co., Ltd. We identified 2762 RA subjects.
having RA diagnostic codes (ICD10 codes; M05, M060, M062-63, M068~069) with at least two
physician visits more than two months apart between June 2011 and May 2012 (RA group,
n=2762). We selected age- (+5 years), sex-, and study period-matched non-RA subjects (non-
RA group, n=27620). We compared the prevalence of cardiovascular and related
comorbidities (ischemic heart diseases [IHD], cerebral infarction, hypertension [HT], dyslipide-
mia [DL], and diabetes meilitus [DM]) between these groups and investigated the association
between RA and cardiovascular comorbidities using a conditional logistic regression analysis.
Results: The prevalence of all the investigated comorbidities in the RA group was significantly
higher compared to the non-RA group. Odds ratios [95% confidence interval] of RA for IHD and
cerebral infarction were 2.0 [1.5-2.5] and 3.1 [2.2-4.2] respectively, after adjusting for HT, DL,
and DM,

Conclusions: This study revealed for the first time in the Japanese population that RA was
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significantly associated with cardiovascular comorbidities.

Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflammatory
disease with high prevalence and risk of various comorbidities
[1-4]. Comorbidities are known to affect prognosis and quality of
life of patients with RA [5], impede proper treatment for the primary
disease [6,7], and cause work disability [8] and higher medical costs
[9]. Among comorbidities in patients with RA, cardiovascular
diseases (CVD), including ischemic heart diseases (JHD) and
cerebrovascular diseases, have grown in importance for patients and
health care providers; this is because excess mortality of patients
with RA has been attributed to CVD [10]. The CVD mortality risk
of patients with RA was 1.5 times higher than that of the general
population [11]. Previous studies in Western countries have
reported the incidence rate and risk factors for CVD using RA
registries and claims data [11-15]. Not only traditional risk factors,
such as older age, obesity, hypertension (HT), and dyslipidemia
(DL), but RA-specific risk factors attributable to chronic
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Japan. Tel: +81-3-3353-8112 ext. 34325, Fax: +81-3-5269-9154. E-mail:
harigai.masayoshi @twmu.ac.jp

inflammation, have been associated with accelerated atheroscler-
osis in RA patients [2,3,16,17]. Treatments for RA also influence
the risk for CVD. For example, corticosteroids have been reported
to increase the risk of CVD [18-20]. Some epidemiological studies
have shown that antirheumatic medications, such as methotrexate
(MTX) and tumor necrosis factor inhibitors, significantly decreased
the risk for CVD by suppressing chronic inflammation [21-25].
These important lines of evidence help theumatologists understand
the high risk for CVD in patients with RA. ‘

The European League Against Rheumatism has established
evidence-based recommendations for cardiovascular risk manage-
ment in patients with inflammatory arthritis, including RA [26]. In
consideration that differences in genetic background, lifestyle,
quality of medical service, and healthcare environment could
affect the incidence rate and prevalence of cardiovascular
comorbidities, it is necessary to investigate cardiovascular
comorbidities in various countries for their proper management
in patients with RA. In Asia, only one study compared the risk of
acute myocardial infarction in RA patients with non-RA controls
using the national health insurance database in Taiwan [27]. To
date, there have been no reports investigating the prevalence of
comorbidities, such as CVD, in Japanese RA patients using a large
population-based database.

The aims of this study were to compare the prevalence of
cardiovascular and related comorbidities between RA and non-RA
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subjects using data from Japanese insurance claims, and to
investigate any association between RA and cardiovascular
comorbidities.

Methods
Study population and study design

We used claims data from the Japan Medical Database Center Co.,
Ltd, Tokyo, Japan (JMDC), the details of which have been
described in previous reports [28,29]. Briefly, JMDC has
accumulated health insurance claims data since January 2005
and, as of October 2013, the number of subjects reached over one
million. The JMDC claims data include medical claims for
inpatients, outpatients, and pharmacy benefits from 40 employ-
ment-based bealth insurance societies throughout Japan. We
designed a population-based cross-sectional study using claims
data between December 2010 and May 2012. We accepted
individuals as RA subjects if they had at least two physician visits
more than two months apart with RA diagnostic codes [30]
(ICD10 codes; M05, M060, M062, M063, M068, and M069)
between June 2011 and May 2012 (RA group, n=2762). The
month that a patient was first given one of the RA diagnostic codes
was defined as the index month. Among individuals who did not
meet these criteria, we selected age- (+5 years), sex-, and study
period-matched non-RA subjects at a ratio of one RA subject to
ten non-RA subjects (non-RA group, n=27,620). The study
period was 12 months at most, to include the 6 months before and
after the index month for each patient. This study did not require
approval by the institutional review board becanse we used only
unlinkable anonymized data in this study. '

Definition of comorbidities

Patients who had the ICD 10 codes (ischemic heart diseases
([IHD) {120-22, 125], cerebral infarction [I63], HT [110-115], DL
[E78], and diabetes mellitus (DM) [E10-14]), and were prescribed
medicine for the comorbidities at least once during the study
period were deemed to have the comorbidities. The medications
for the comorbidities, defined according the European
Pharmaceutical Marketing Research Association anatomical clas-
sification guidelines 2013, were as follows: (i) for IHD: CID
coronary therapy excluding calcium antagonists and nitrites, C1E
nitrites and nitrates, C7 beta-blocking agents, C8 calcium antag-
onists, B1A vitamin K antagonists, B1C platelet aggregation
inhibitors, B1E direct thrombin inhibitors, and B1X. other
antithrombotic agents; (ii) for cerebral infarction: B1A vitamin
K antagonists, B1C platelet aggregation inhibitors, B1E direct
thrombin inhibitors, and B1X other antithrombotic agents; (iii) for
HT: C2 antihypertensives, C3 diuretics, C7 beta-blocking agents,
C8 calcium antagonists, C9 agents acting on the renin-angioten-
sion system, and C11 cardiovascular multi-therapy combination
products; for DM: A10C human insulin and analogues, A10H
sulfonylurea antidiabetics, A10J biguanide antidiabetics, A10K
glitazone antidiabetics, A10L alpha-glucosidase inhibitor antidia-
betics, A10M glinide antidiabetics, A10N DPP-IV inhibitor
antidiabetics, and A10S GLP-1 agonist antidiabetics; and for
DL: C10A lipid-regulating/anti-atheroma preparations, C10B anti-
atheroma preparations of natural origin, C10C lipid regulators in
combination with other lipid regulators, C11A lipid-regulating
cardiovascular multi-therapy combination products.

Statistical analysis

Descriptive statistics were used to examine patient characteristics
and drug utilization. We calculated odds ratios (ORs) with 95%
confidence intervals (95% ClIs) for the comorbidities of interest.

2
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Table 1. Characteristics of rheumatoid arthritis and non-rheumatoid
arthritis groups.

Non-RA group

Characteristics RA group
(n=2762) (n=27,620)
Median age, years 51.0 [42.0-58.0] 51.0 [42.0-59.0]
[interquartile range]
Age (years)
<39, % 19.0 19.2
40-49, % 26.2 24.9
50-59, % 343 32.8
>60, % 20.6 - 232
Female, % 74.1 74.1
Use of corticosteroids*, % 38.8 0.4
Dose of corticosteroids**, mg/day 5.0 [2.5-9.7] 10.0 [5.0-20.0]
Observation period (months) 11.8+0.8 11.8+08

RA, theumatoid arthritis; SD, standard deviation.

*Use of oral corticosteroids was defined as when patients had at least one
prescription of these drugs during the index month or the following two
months.

**The oral corticosteroid dose was converted to the equivalent prednis-
olone dosage. Median values [interquartile range] are shown.

We calculated prevalence and ORs for RA versus non-RA
separately by age (<45, >45 and <60,  >60) and sex. The
associations between RA and comorbidities were investigated
adjusting for the presence of HT, DL, and DM using conditional
logistic regression analysis. In the RA group, we assessed the
associations between drug utilization with comorbidities using
logistic analysis. In addition, we used the Benjamini and Hochberg
(BH) method [31] to correct for multiple comparisons. The BH
method is an approach to multiple comparison problems that
controls the False Discovery Rate (FDR). All analyses were
performed using SPSS software, version 20.0 (version 20.0, SPSS
Inc., Chicago, IL).

Results
Study population

Characteristics of 2762 RA subjects and 27,620 non-RA subjects
are shown in Table 1. Both groups were followed for a mean of
11.8 months. In both groups, the median age was 51.0 years and
the percentage of females was 74.1%. The percentage of patients
given oral corticosteroids was 38.8% in the RA group and 0.4% in
the non-RA group. The median prednisolone-equivalent dosage
of oral corticosteroids in the RA group was 5.0mg/day and
10.0mg/day in the non-RA group. In the RA group, 51.6% of
subjects had at least one prescription for conventional synthetic
DMARDs and 11.5% for biological DMARDs (Table 2) in the
index or the following two months. Methotrexate was prescribed
in 32.2% of the RA group at a median dosage of 6.0 mg/week.
Tacrolimus, leflunomide, or mizoribine was prescribed in 5.7% of
the RA group.

Comparison of prevalence of comorbidities between the RA
group and the non-RA group

The prevalence and ORs of the investigated comorbidities for RA
and non-RA groups are shown in Table 3; all the ORs [95% CI]
were significantly increased, 3.84 [3.15-4.69] for IHD, 4.02
[3.03-5.32] for cerebral infarction, 3.12 [2.83-3.44] for HT, 3.21
[2.89-3.56] for DL, and 2.54 [2.13-3.02] for DM. We then
calculated the prevalence and ORs of IHD and cerebral infarction
stratified by age and sex (Table 4). In both sexes, ORs of IHD
and cerebral infarction were significantly increased (IHD, 3.76
[2.92-4.84] for all females and 4.01 [2.89-5.55] for all males;
cerebral infarction, 3.85 [2.72-5.47] for all females, 4.35
[2.71-7.00] for all males).
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For both comorbidities stratified by age, the RA group had
higher prevalence than the non-RA group in every age stratum in
both sexes with higher OR in the younger strata. The prevalence
rates of IHD in RA subjects <45 years-old (1.23 [0.63-2.41] for
females, 2.39 [1.01-5.40] for males) were numerically higher than
that of the non-RA subjects >45, <60 years-old (0.73 [0.58-0.93]
for females, 1.73 [1.35-2.23] for males). The same pattern was
observed when comparing the RA subjects >45, <60 years-old
(3.62 [2.61-4.99] for females, 9.29 [6.72-12.7] for males), and
non-RA subjects >60 (3.24 [2.77-3.78] for females, 4.67
[3.76-5.791 for males) (Table 4). For cerebral infarction, the
prevalence in the RA subjects <45 years-old (1.23 [0.63-2.41] for

Table 2. Use of disease modifying anti-theumatic drugs in the RA
group*.

DMARDs RA group
(n=2762)

Use of conventional synthetic DMARDs, % 51.6
Methotrexate, % 322
Methotrexate, mg/week™* 6.0 [5.0-8.0]
Other immunosuppressive DMARDs?, % 57

Use of biological DMARDs, % 115
Infliximab, % 3.2
Etanercept, % 55
Adalimumab, % 12
Tocilizumab, % 1.2
Abatacept, % 0.3
Golimumab, % 0.1

DMARD:s, disease modifying anti-rheumatic drugs; RA, rheumatoid
arthritis.

*Use of drugs was defined as when patients had at least one prescription
of these drugs in the index month or the following two months.

**Median values [interquartile range] are shown among MTX users.

{Immunosuppressive DMARDs include tacrolimus, leflunomide, and
mizoribine.

Table 3. Prevalence* of comorbidities** in the RA group.
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females, 2.39 [1.01-5.40] for males) were as high as those of the
non-RA subjects >60 (1.71 [1.38-2.12] for females, 2.39
[1.76-3.24] for males) (Table 4). Similar results were obtained
when stratified by other age categories (<40, >40 and <60, >60;
data not shown).

Associations between RA and cardiovascular comorbidities

To estimate the associations between RA and cardiovascular
comorbidities, a conditional logistic regression analysis was
applied (Table 5). ORs [95% CI] (RA versus non-RA group)
were significantly elevated after adjusting for HT, DL, and DM
(IHD 1.97 [{1.54-2.51], p <0.001; cerebral infarction 3.06 [2.20-
4.24], p<0.001). The presence of HT (12.5 [9.57-16.4] for IHD,
6.17 [4.27-8.92] for cerebral infarction), DL (2.83 [2.22-3.61] for
IHD, 2.97 [2.12-4.16] for cerebral infarction), and DM (1.43
[1.05-1.95] for IHD, 2.08 [1.39-3.13] for cerebral infarction) were
also significantly associated with both comorbidities. After
corrections for multiple comparisons using False Discovery Rate
and BH methods [31], all ORs remained statistically significant.

Associations between the drug utilization and cardiovascular
comorbidities in the RA group

We calculated the ORs of drug utilization for THD and cerebral
infarction using the logistic regression analysis within the RA
group to investigate associations between antirheumatic medica-
tion and cardiovascular comorbidities (Table 6). The use of
biological DMARDs and MTX were not significantly associated
with THD (0.61 [0.28-1.34] for biological DMARDs, 0.97 [0.62~
1.51] for MTX) and cerebral infarction (0.47 [0.14-1.57] for
biological DMARD:, 0.62 [0.32-1.17] for MTX). The OR for the
use of oral corticosteroids was significantly elevated for cerebral
_infarction (1.68 [1.02-2.78]), but not for THD (1.32 [0.90-1.94]).

Odds ratios (OR) [95% CT]

Comorbidities RA group (n=2762) Non-RA group (n=27,620)

THD*#** 5.00 [4.24-5.87] 1.35 [1.22-1.49] 3.84 [3.15-4.69]
Cerebral infarction 2.50 {1.98-3.15] 0.63 [0.55-0.73] 4.02 [3.03-5.32]
Hypertension 23.6 [22.0-25.2] 8.99 [8.66-9.33] 3.12 [2.83-3.44]
Dyslipidemia 20.1 [18.7-21.7] 7.28 [6.98-7.60] 3.21 [2.89-3.56]
Diabetes mellitus 6.05 [5.22-7.00] 2.47 [2.30-2.66] 2.54 [2.13-3.02]

RA, rheumatoid arthritis; CI, confidence interval; IHD, ischemic heart diseases.
*Prevalence is the number of cases with comorbidity per 100 persons with a 95% confidence interval.
**Comorbidities are defined as when patients had ICD 10 codes of investigated comorbidities with at least one prescription

for the comorbidities during the study period.

***Jschemic heart diseases include angina, acute myocardial infarction, and other chronic ischemic heart diseases.

Table 4. Odds ratios for ischemic heart diseases* and cercbral infarction stratified by age and gender in RA and non-RA groups.

Age (years) RA group Non-RA group Odds ratio* Odds ratio**
n Prevalence* Prevalence** n Prevalence* Prevalence** [95%CT] [95%CT]

All female 2046 4.15[3.37-5.11] 2.15{1.61-2.87] 20460 1.14 [1.00-129] 0.57 [0.47-0.68] 3.76 [2.92-4.84] 3.85 [2.72-5.47]
<45 649 1.23[0.63-241] 123[0.63-241] 6473 0.19[0.11-0.32] 0.08 [0.03-0.18] 6.72 [2.74-16.5] 16.1 [5.27-49.5]
>45,<60 967 3.62[2.61-4.99] 1.45[0.86-2.42] 9263 0.73 [0.58-0.93] 0.32[0.23-0.46] 5.08 [3.36-7.68] 4.52 [2.39-8.56]
>60 430 9.76 [7.31-12.9] 5.11 [340-7.62] 4724 324 [2.77-3.78] 1.71 [1.38-2.12] 3.23 [2.26-4.62] 3.09 [1.91-5.00]

All male 716  7.40 [5.70-9.56] 3.49 [2.38-5.10] 7160 1.96 [1.66-2.30] 0.82 [0.64-1.06] 4.01 [2.89-5.55] 4.35 [2.71-7.00]
<45 212 239[1.01-540] 236[1.01-540] 2085 0.14 [0.05-042] 0.5 [0.01-0.27] - 16.8 [3.98-70.7] 50.3 [5.85-432.9]
>45,<60 366 9.29[6.72-12.7] 3.55[2.09-5.98] 3404 1.73 [1.35-2.23] 0.53 [0.33-0.83] 5.81 [3.75-8.99] 6.93 [3.37-14.3]
>60 138  10.1 [6.14-16.3] 5.10 [2.48-10.1] 1671  4.67 [3.76-5.79] 2.39[1.76-3.24] 2.31 [1.27-4.19] 2.18 [0.96-4.96]

RA, rheumatoid arthritis; CI, confidence interval. Prevalence is the number of cases with THD or cerebral infarction per 100 persons with a 95%

confidence interval.

*Ischemic heart diseases include angina, acute myocardial infarction, and other chronic ischemic heart diseases. ** cerebral infarction.
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Table 5. Association of RA and cardiovascular comorbidities by conditional logistic regression analyses.
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Variables QOdds ratio of IHD* 0Odds ratio of cerebral infarction
Univariate Multivariate p Value Univariate Multivariate p Value
[95%CT} [95%CI] i [95%CT] [95%CT}
RA 3.70 [3.04-4.50] 1.97 [1.54-2.51] <0.001%* 4.00 [3.03-5.30] 3.06 [2.20-4.24] <0.001%*
Hypertension 21.6 [16.8-27.7] 12.5 [9.57-16.4] <0.001** 12.1 [8.67-16.9] 6.17 [4.27-8.92] <0.001**
Dyslipidemia 8.37 [6.81-10.3] 2.83 [2.22-3.61] <0.001** 7.66 {5.72-10.3] 2.97 [2.12-4.16} <0.001**
DM 5.36 [4.18-6.87] 1.43 [1.05-1.95] 0.024%* 6.11 [4.33-8.63] 2.08 [1.39-3.13] <0.001**

RA, rheumatoid arthritis; THD, ischemic heart disease; CI, confidence interval; DM, diabetes mellitus.

*[schemic heart diseases include angina, acute myocardial infarction, and other chronic ischemic heart diseases.
**AJl p values in multivariate analysis remained statistically significant after corrections for multiple comparisons using False Discovery Rate and
Benjamini and Hochberg (BH) methods [31].

Table 6. Association of drug utilization and cardiovascular comorbidities in the rheumatoid arthritis group by logistic regression analyses.

Variables Odds ratio of IHD* Odds ratio of cerebral infarction

" Univariate Multivariate p Value Univariate Multivariate p Value

[95%CT] [95%C1] [95%C1] [95%CI]

Age by decade 2.00 {1.66-2.39] 1.31 [1.06-1.60] 0.011%* 1.64 [1.29-2.08] 1.22 {0.94-1.58] 0.125
Female 0.54 [0.38-0.77] 0.57 [0.38-0.84] 0.004%* 0.61 [0.37-1.001 0.70 [0.42-1.19] 0.186
Hypertension 14.4 [9.48-22.0] 8.76 [5.58-13.7] <0.001** 442 [2.72-7.18] 2.30 [1.34-3.95] 0.003**
Dyslipidemia 5.14 [3.63-7.28] 2.45 [1.66-3.61] <0.001** 4.84 [2.99-7.85] 2.76 [1.62-4.70} <0.001%*
DM 4.55 [2.91-7.13] 1.38 [0.84-2.28] 0.203 5.54 [3.13-9.82] 2.32 [1.24-4.35] 0.009+*
Use of biological DMARDs 0.46 [0.22-0.95] 0.61 [0.28-1.34] 0.216 0.34 [0.11-1.10} 0.47 [0.14-1.57] 0.221
Use of MTX 0.68 [0.46-1.00] 0.97 [0.62-1.51] 0.878 0.48 [0.26-0.88] 0.62 [0.32-1.17] 0.138
Use of corticosteroids 1.15 [0.81-1.63] 1.32 [0.90-1.94] 0.154 1.38 [0.85-2.22] 1.68 [1.02-2.78] 0.042

RA, theumatoid arthritis; THD, ischemic heart disease; CI, confidence interval; DM, diabetes mellitus; DMARDs, disease modifying anti-theumatic
drugs; MTX, metbotrexate.

*[schemic heart diseases include angina, acute myocardial infarction, and other chronic ischemic heart diseases.

**These p values in multivariate analysis remained statistically significant after corrections for multiple comparisons using False Discovery Rate and
Benjamini and Hochberg (BH) methods [31].

Age by decade (1.31 [1.06-1.60]) and female sex (0.57 heart diseases in Japan was approximately one-fourth that of the
[0.38-0.84]) were significantly associated with THD; however, U.S. [34]. It has been reported that the Japanese population had
there were no associations between these covariates and cerebral  higher high density lipoprotein cholesterol, lower triglyceride [35],
infarction (1.22 [0.94-1.58] for age by decade, 0.70 [0.42-1.19] and lower prevalence of DM [36] compared to the American
for female sex). The presence of HT or DL was significantly population; this could explain the lower incidence of coronary
associated with both comorbidities. After corrections for mulﬁple heart diseases in Japan. In contrast, the incidence rate (/1000PY) of
comparisons using False Discovery Rate and BH methods [31], cerebral infarction in the Japanese population (2.7 for males, 1.5
age by decade, sex, HT, DL for IHD, and HT, DL, and DM for  for females) [32] was similar to that of Western populations (2.5
cerebral infarction remained significant. for male, 1.9 for female) [33], but has steadily decreased in Japan

We conducted sub-analyses in RA subjects with at least one  jn recent years [32]. In this study, the prevalence of comorbidities
prescription of any DMARDs (n = 1620) and the matched non-RA  i; the RA and non-RA groups was lower than that reported from

 subjects (n=16,200), and obtained similar results in the higher Western countries. Halm et al. demonstrated that the prevalence of
prevalence of comorbidities of the RA group compared to the non- coronary, cerebral or peripheral arterial diseases was 12.9% in the

RA group and associations between RA and cardiovascular A group and 5.0% in the non-RA group without DM in a Dutch
comorbidities (data not shown). Although some adjusted ORS  ohort [37]; these rates were higher than the sum of the prevalence

did not reach statistical significance due to the small number of of THD and cerebral infarction in this study (5.0% for THD and
cardiovascular events, similar patterns of associations between the 5 5¢; o cerebral infarction in the RA group, 1.4% for IHD and

drug utilization and cardiovascular comorbidities in the RA group (69 for cerebral infarction in the non-RA group). The prevalence

were observed (data not shown). of HT, DL, and DM in this study was 23.6%, 20.1%, and 6.1%,
respectively, which was also lower than that from the COMORA
study, an international cross-sectional study (40.4% for HT, 31.7%

This is the first population-based cross-sectional study in Japan for DL, and 15% for DM, respectively). The lower prevalence of
that demonstrated a significantly higher prevalence of cardiovas- these comorbidities in Japan could be attributed to differences in
cular comorbidities, such as IHD, and cerebral infarction in RA  genetic, environmental, and lifestyle risk factors, demographics of
patients compared to non-RA patients. This study also determined ~cohorts, recommendations for comorbidities, and defmitions of
that the associations between these comorbidities and RA comorbidities. A single-center Japanese RA cohort [38] showed
remained significant after adjusting for covariates. lower mortality rates for stroke (3.6 per 1000 patient-years [PY])

In the general population, the incidence rate (/1000 person- and CVD (2.5 per 1000 PY) than an American RA cohort (5.1 per
years [PY]) for coronary heart diseases in Japan was lower (3.2in 1000 PY for stroke, 6.1 per 1000 for any CVD) [38]. A large
males and 0.8 in females) [32] than that in Western countries (7.1 Japanese RA cohort study also showed that CVD was not a
in male and 4.2 in female) [33], and mortality due to coronary prominent cause of death of RA patients [39]. These data indicate

4
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that the Japanese population has lower risk for CVD compared to
the Western population, both in the general population and in RA
patients.

In this study, we calculated the unadjusted ORs of THD and
cerebral infarction (RA versus non-RA) when stratified by sex and
age. The ORs of these comorbidities were numerically higher in
the younger subjects compared to the older, but prevalence
increased with age in both groups. It is remarkable that RA
subjects <435 years old and between 45 and 60 years old had higher
or similar prevalence for IHD and cerebral infarction than the non-
RA group between 45 and 60 and >60 years-old. Solomon et al.

have reported a pattern similar to ours; the rate ratios of CVD -

events (RA versus non-RA population) decreased with age [12],

~but incidence rates of CVD increased with age in both groups.

Although we have to consider the possibility that patients with RA
are likely to be prescribed medications for comorbidities due to
more frequent visits to health care providers, our data strongly
suggest that we should be particularly careful to provide special
attention to prevention and management of IHD and cerebral
infarction in, not only elderly RA patients, but also in young RA
patients.

In our study, ischemic heart diseases and cerebral infarction
were significantly associated with RA after adjusting for conven-
tional risk factors for CVD, including HT, DL, and DM. In
addition to the traditional CVD risk factors, atherosclerosis due to
chronic and systemic inflammation has also been reported to
increase the risk for CVD in patients with RA [40]. Therefore, it is
crucial for theumatologists to estimate the impact of RA-specific
risks for CVD. In this study, the presence of HT, DL, and DM
were also significantly associated with both comorbidities.
Previous reports showed that these risk factors were significantly
associated with the development of CVD in both RA and non-RA
groups [41] at a similar level [42], but smoking and past cardiac
diseases imparted less risk for the development of CVD to RA
patients compared to the non-RA group [42]. Further studies are
needed to establish strategies to reduce CVD morbidity in RA
patients.

To investigate the associations between cardiovascular comor-
bidities and treatments for RA, we calculated ORs of antirhen-
matic medication after adjusting for covariates. In this study, the
adjusted OR of MTX or biological DMARDs use for THD and
cerebral infarction were relatively decreased and that of oral
corticosteroid use for THD was slightly elevated, but all of these
did not reach statistical significance. Previous reports have shown
that use of MTX [22,25,43,44] or biological DMARDs [24,25,
45,46] decreased the risk of CVD significantly. Some reports
demonstrated that corticosteroids increased CVD risk [18,20], but
others found no significant association between corticosteroids
and CVD risk [47,48]. Recent meta-analysis have shown that
biological DMARDs and MTX use were associated with about
30% reduction in the risk for CVD, while oral corticosteroid use
was associated with 47% increase of the risk for CVD [25]. It
was difficult to conclude the associations between treatments
and development of cardiovascular comorbidities due to the cross-
sectional design of this study. A cohort study with a long
observation term is required to ascertain incidence rates and
adjusted risk for CVD in Japanese patients with RA.

There are some limitations in this study. First, the IMDC claims
data include employees and their dependents, but do not include
independent retired populations. Therefore, the median age of this
study population was relatively young; this may lead to selection
bias in estimating prevalence of comorbidities in elderly popula-
tions. Second, in this population, any DMARDs were prescribed
in only about half of RA subjects, which was compatible with
previous studies using the JMDC claims data [28,29]. We
ascertained that low prevalence of DMARDs did not influence

Association between RA and CVD 5

the association between RA and comorbidities based on similar
results in RA subjects with at least one prescription of DMARDs.
Third, we could not investigate the association between the
prevalence of comorbidities and RA disease activity, and could not
adjust for risk factors, such as smoking and body mass index,
because JIMDC claims data do not include these data and linkages
between several databases are currently prohibited in Japan.
Despite the limitations to the study, our population-based design
with a large number of Japanese RA patients identified increased
prevalence of cardiovascular comorbidities in clinical practice for
the first time. '

In conclusion, using employment-based health insurance claims
data, this study revealed the high prevalence of IHD and cerebral
infarction in Japanese RA patients and the significant associations
between RA and these cardiovascular comorbidities. Further
studies need to be conducted to define the incidence and risk
factors for these comorbidities in Japanese patients with RA.
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Abstract

Introduction: The objective of this study was to directly compare the safety of tocilizumab (TCZ) and TNF
inhibitors (TNFIs) in rheumatoid arthritis (RA) patients in clinical practice.

Methods: This-prospective cohort study included RA patients starting TCZ [TCZ group, n = 302, 22468 patient-years
{PY)] or TNFIs [TNFI group, n =304, 231.01 PY] from 2008 to 2011 in the registry of Japanese RA patients on biologics
for long-term safety registry. We assessed types and incidence rates (IRs) of serious adverse events (SAEs) and serious
infections (Sls) during the first year of treatment. Risks of the biologics for SAEs or Sis were calculated using the Cox
regression hazard analysis.

Resuits: Patients in the TCZ group had longer disease duration (P <0.001), higher disease activity (P=0.019) and more
frequently used concomitant corticosteroids (P <0.001) than those in the TNFI group. The crude IR (/100 PY) of Sis [TCZ
10.68 vs. TNFI 3.03; IR ratio (95% confidence interval [Cl]), 3.53 (1.52 to 8.18)], but not SAEs [21.36 vs. 14.72; 1.45 (094 to
2.25)], was significantly higher in the TCZ group compared with the TNF| group. However, after adjusting for covariates
using the Cox regression hazard analysis, treatment with TCZ was not associated with higher risk for SAEs [hazard ratio
{(HR) 1.28,95% Cl 0.75 to 2.19] or Sls (HR 2.23, 95% Cl 0.93 to 5.37).

Conclusions: The adjusted risks for SAEs and Sis were not significantly different between TCZ and TNFs, indicating an
Linﬂuence of clinical characteristics of the patients on the safety profile of the biologics in dlinical practice.
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Introduction

Tocilizumab (TCZ), which is a humanized antibody
against the interleukin 6 (IL-6) receptor [1], inhibits sig-
naling mediated by IL-6 [2] and was first approved to
treat rheumatoid arthritis (RA) in Japan in 2008. The su-
perior efficacy of TCZ compared to a control drug or
placebo in RA patients has been demonstrated by a
series of clinical trials [3-12]. In clinical practice, TCZ
showed excellent effectiveness in patients with estab-
lished RA [13]. Safety profiles of TCZ in patients with
RA were clarified by the Japanese post-marketing sur-
veillance (PMS) program [14] and a meta-analysis [15].
In the PMS of TCZ, the most frequent category of ser-
ious adverse events (SAEs) was infection and the most
common infection was pneumonia. The incidence rate
(IR) of serious infections (SIs) per 100 patient-years (PY)
was 9.1, with older age, longer disease duration, respira-
tory diseases, and prednisolone dose 25 mg/day at base-
line identified as significant risk factors for development
of SIs during the first six months of treatment with TCZ
[14]. The favorable benefit-risk balance of TCZ has led to
the worldwide use of this biologic for treating RA [16].

In 2013, the European League Against Rheumatism
recommendations for the management of RA were up-
dated [17]. They now express no preference for the use
of a specific biological agent; this indicates that TCZ, as
well as tumor necrosis factor inhibitors (TNFIs) and
abatacept, can be first line biologics. Therefore, for the
clinical selection of biologics, it is necessary to compare
the efficacy and safety of TCZ with those of other bio-
logics. Systematic reviews [18,19] and meta-analyses [20]
indirectly comparing efficacy of TCZ with other bio-
logics showed that TCZ had similar response rates in pa-
tients with RA. Results from a clinical trial or study
comparing TCZ with another biologic have been reported.
Gabay et al. demonstrated that TCZ monotherapy was su-
perior to adalimumab monotherapy in RA patients who
are intolerant to methotrexate [21]. A Danish registry re-
ported the comparison of effectiveness between TCZ and
abatacept (ABA) [22] and found that declines in disease
activity during 48 weeks were similar between the drugs.

There are few data comparing the safety of TCZ with
other biologics. A meta-analysis found no significant dif-
ference in the risk of SIs between TCZ and other bio-
logics [23]. Using a Japanese single institution registry
with a relatively small number of patients, Yoshida et al
reported the safety profiles of TCZ and TNFIs; IRs of
SAE were 15.9/100 PY in the TCZ group and 13.9/
100PY in the TNFI group [24]. However, to date, no de-
tailed comparison of SAEs between TCZ and TNFIs,
particularly the types and incidence of Sls, has been re-
ported. Additional direct observational studies are
needed to clarify the risk of use of TCZ versus TNFIs for
the development of SAEs and SIs in clinical practice.
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In this study, we utilized the database of the registry of
Japanese RA patients on biologics for long-term safety
(REAL), a prospective, multi-center cohort with a large
number of patients, and herein report IRs for each cat-
egory of SAEs for TCZ with hazard ratios (HRs) for
SAEs and SIs from the use of TCZ compared to the use
of TNFIs.

Methods

Database

The REAL is a prospective cohort established to investi-
gate the long-term safety of biologics in RA patients.
Details of the REAL have been previously described [25].
In brief, 27 institutions participate in the REAL, includ-
ing 16 university hospitals and 11 referring hospitals.
The criteria for enrollment in the REAL include patients
meeting the 1987 American College of Rheumatology cri-
teria for RA [26], written informed consent, and starting
or switching treatment with biologics or starting, adding
or switching non-biologics at the time of enrollment in
the study. Enrollment in the REAL database was started in
June 2005 and closed in January 2012. Data were retrieved
from the REAL database on 5 March 2012 for this study.
This study was in compliance with the Helsinki Declar-
ation (revised in 2008). The REAL study was approved by
the ethics committees of the Tokyo Medical and Dental
University Hospital and all other participating institutions.
All ethical bodies that approved this study are shown in
the Acknowledgements section.

Data collection :

Recorded baseline data for each patient includes demog-
raphy, disease activity, physical disability, comorbidities,
treatments, and laboratory data at the beginning of the ob-
servation period. A follow-up form was submitted every
six months to the REAL Data Center at the Department
of Pharmacovigilance of Tokyo Medical and Dental
University by site investigators to report the occurrence of
SAEs, current RA disease activity, treatments, and clinical
laboratory data [25]. Steinbrocker’s classification [27] was
used as the baseline measurement for the physical disabil-
ity of each patient instead of the Health Assessment Ques-
tionnaire Disability Index [28]. The investigators in each
hospital confirmed the accuracy of their data submitted to
the REAL Data Center. The center examined all data sent
by site investigators and made inquiries if needed to verify
accuracy of the data.

Patients

A flow chart of patients enrolled in this study from the
REAL is shown in Figure 1. By March 2012, 1,945 pa-
tients with RA were registered in the REAL. Of 1,236
patients who started infliximab (IFX), etanercept (ETN),
adalimumab (ADA) or TCZ at the time of enrollment or
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Patients registered in the
REAL (n=1,945)

>

Patients who were treated with
neither TNFI nor TCZ in the
REAL (n=709)

Patients who started TNFI or
TCZ in the REAL (n=1,236)

::> Patients who started TNFI
before 2008 (0=630)

\%

Patients who started TCZ from
2008 or later (n=302)

Patients who started TNFI
from 2008 or later (n=304)

Figure 1 Flow chart of rheumatoid arthritis (RA) patients enrolled in this study from the REAL.

J

after enrollment in the REAL, we identified 302 patients
who started TCZ (TCZ group). Patients who used both
TCZ and TNFIs at different periods were assigned to
the TCZ group. We then excluded 630 patients who had
started any of the TNFIs before 2008 because TCZ was
approved for RA in Japan in 2008, and identified 304 pa-
tients who started only TNFIs between 2008 and 2011
(TNFI group). The first TNFI of each patient in the
TNFI group was IFX for 117 patients, ETN for 80, and
ADA for 107. No patients started abatacept, golimumab,
or certolizumab pegol in the REAL during the time our
data were compiled for this study.

Follow-up

For patients in the TCZ group, the start date for the ob-
servation period was the date TCZ was first adminis-
tered. For patients in the TNFI group, the start of the
observation period was the date of the first administra-
tion of TNFI from 2008 to 2011. Observation was ended
at either 1.0 year after the start of the observation
period, or on the date of death of a patient, loss to follow
up, enrollment in clinical trials, when therapy with a bio-
logic of interest was discontinued for more than 90 days,
or on 5 March 2012, whichever came first. The period
following switching to another biologic was excluded
from this study. The date of the last administration of
each biologic was retrieved from medical records and re-
ported by the site investigators.

Definition of serious adverse events
Our definition of a SAE, including SIs, was based on the
report by the International Conference on Harmonization

[29]. In addition, bacterial infections that required intraven-
ous administration of antibiotics and opportunistic infec-
tions were regarded as SAEs [30,31]. SAEs were classified
using the System Organ Class (SOC) of the medical dic-
tionary for regulatory activities (MedDRA version 16.0).

Statistical analysis

The chi-square test for categorical variables and Stu-
dent’s t-test or the Mann—Whitney test for continuous
variables were used for comparisons among groups. The
IR per 100 PY and incidence rate ratios (IRR) with their
95% confidence intervals (Cls) were calculated. Kaplan-
Meier methods and log-rank tests were used to compare
drug retention rates between the groups. The Cox re-
gression hazard model with the forced entry method
was used to calculate HRs of use of TCZ versus TNFIs
for SAEs and Sls. As a sensitivity analysis, we performed
the same analysis in patients treated with methotrexate
(MTX) at baseline, considering substantial differences in
clinical characteristics between MTX users and non-
users. These statistical analyses were conducted using
SPSS (version 20.0, SPSS Inc., Chicago, IL, USA). All P
values were two-tailed and P <0.05 was considered sta-
tistically significant.

Results

Demographic and clinical baseline characteristics

of patients

Baseline data for the patients are shown in Table 1.
Compared to the TNFI group, the TCZ group had lon-
ger disease duration (P <0.001), higher disease activity
(P =0.019), more advanced disease stage (P <0.001), and
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Table 1 Demographic and clinical characteristics of RA patients treated with TCZ or TNFls
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Characteristics -(rncuzn?br:ru-g 302) A mﬁ:\g:?:pm) P value
Age, years 5920 +1304 5733%15.18 0275
Female, % 825 828 0425
Disease duration, years 1020+ 864 796 +870 <0001
Steinbrocker’s stage? 51.0 352 <0.001
(itor V), %

Steinbrocker's class?® 29.1 194 0.005
(3or4),%

Previous biologic use, % 705 105 <0.001
Number of previous non-biological DMARDs 23, % 470 385 0034
DAS28CRP (3)° 4504123 (n=233) 425+1.24 (n=279) 0019
Pulmonary diseases®, % 202 155 0.128
Diabetes mellitus, % 109 105 0873
Liver diseases®, % 66 46 0.281
Kidney diseases®, % 36 07 0.011
MTX use, % 530 855 <0.001
MTX dose, mg/week 841+280 854+228 0.237
Oral corticosteroids use, % 656 510 <0.001
PSL-equivalent dose, mg/day 5324319 4994305 0433

3Steinbrocker's classification was used to define RA disease stages and classes; "DAS28CRP (3) was calculated based on three variables: swollen and tender 28-joint
counts and CRP; “pulmonary diseases induded interstitial lung disease, chronic obstructive pulmonary disease, and asthma; Yliver diseases indluded hepatitis B carrier,
hepatitis C carrier, fatty liver, hepatitis, primary biliary cirrhosis, positive anti-hepatitis C antibody, cholelithiasis, and abnormal liver function tests; “kidney diseases
included nephrotic syndrome, nephritis, renal failure, chronic kidney disease, renal hypertension, hemi-kidney, and elevation of serum creatinine; the oral corticosteroids
dose was converted to the equivalent prednisolone dosage. CRP; C-reactive protein; DAS28, disease activity score including 28-joint count; DMARDs, disease-modifying
antirheumatic drugs; MTX, methotrexate; PSL, prednisolone; RA, rheumatoid arthritis; TCZ, tocilizumab; TNFls, tumor necrosis factor inhibitors.

poorer physical function (P = 0.005). Age did not differ sig-
nificantly between the groups. A significantly higher rate
of the patients in the TCZ group had received three or
more non-biological disease-modifying anti-rheumatic
drugs before starting the biologic (P = 0.034), was biologic
non-naive (P <0.001), and was treated with oral corticoste-
roids (P <0.001). The proportion of patients treated with
MTX in the TCZ group was significantly (P < 0.001) lower
than in the TNFI group (n=160 (53.0%) versus n =260
(85.5%)). We also compared characteristics of MTX users
at baseline. Patients in the TCZ group had significantly
longer disease duration (P=0.003), more advanced stage
(P=0.005) and poorer physical function (P=0.042) than
those in the TNFI group (Additional file 1: Table S1).

Retention rates for TCZ and TNFls

The median (interquartile (IQR)) treatment period was
1.00 (0.50 to 1.00) vear for the TCZ group and 1.00 (0.51
to 1.00) year for the TNFI group. The number of pa-
tients who discontinued biologics for any reason during
the observation period was 81 (26.8%) in the TCZ group
and 62 (20.4%) in the TNFI group, not a significant dif-
ference (P =0.062 by chi-square). The development of
AEs was the most frequent reason for discontinuation in

both the TCZ group (n =41, 50.6%) and the TNFI group
(n=24, 38.7%). There was no significant difference in
the retention rates of the biologics for one year between
the two groups (71.0% in the TCZ group, 76.1% in the
TNFI group, P=0.082 by Kaplan-Meier analysis and
log-rank test) (Figure 2).

Types and occurrence of SAEs

The IRs for SAEs are summarized in Table 2. Among the
606 patients, 82 SAEs were reported during the observa-
tion period; 48 in the TCZ group and 34 in the TNFI
group. The crude IRR, comparing the TCZ group with the
TNFI group for SAEs, was 1.45 (95% CI, 0.94 to 2.25) and
for SIs was 3.53 (95% CI, 1.52 to 8.18). There were no sig-
nificant differences in the IR of SAEs among the three
TNEFIs (data not shown). For patients using MTX at base-
line, the IR of SAEs in the TCZ group was not significantly
higher than that in the TNFI group (IRR 1.48 95% CI, 0.85
to 2.61), whereas, the IR of Sls was significantly higher in
the TCZ group compared to the TNFI group (IRR 2.88
95% CI, 1.13 to 7.32). The IR of SIs in the TCZ group was
significantly higher than that in the TNFI group in pa-
tients with previous biologics exposure (4.4 (1.7 to 11.6)),
but not for SAEs (1.6 (0.8 to 3.0)).
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Figure 2 Kaplan-Meler curves for time to discontinuation for
each group. Drug retention rates were compared using the
log-rank test between tocilizumab (TCZ) and tumor necrosis factor
inhibitors (TNFls). The y axis shows the cumulative retention rates.

L.

In the TCZ group, 53% of patients had received MTX
at baseline; there were no significant differences in the
unadjusted IR of SAEs and SIs between MTX users and
non-users (data not shown). In the TCZ group, 70% of
the patients had previously used biologics; these patients
had safety profiles similar to the biologics-naive patients
(data not shown). ‘ :

In the TCZ group, there were 24 SIs including five
cases of opportunistic infections (herpes zoster (two);
Pneumocystis pneumonia (PCP) (one); pulmonary asper-
gillosis (one); and esophageal candidiasis (one)) and 19

Page 5 of 10

non-opportunistic infections. In the TNFI group, of
seven cases with Sls, three were opportunistic infections
(herpes zoster (one); PCP (one); and pulmonary crypto-
coccosis (one)), and four non-opportunistic infections.
The respiratory system was the most frequent site of in-
fection in both groups (TCZ (seven) and TNFI (three)),
followed in the TCZ group by five in bone and joints
and four in skin and subcutaneous tissue. There were no
significant differences in the IR for pulmonary infection
(IRR 240 95% CI, 0.62 to 9.28), but the IR for non-
pulmonary infections was significantly higher in the
TCZ group compared to the TNFI group (IRR 4.37 95%
Cl, 147 to 13.0). One perforation of the upper gastro-
intestinal tract developed in the TCZ group. No anaphyl-
actic reactions were reported in either group.

Evaluation of risk of TCZ for development of SAEs
compared to TNFI

We compared patients who had and had not experi-
enced SAEs using a univariate analysis and selected vari-
ables for the multivariate Cox regression hazard analysis
to evaluate the risk of the use of TCZ for the develop-
ment of a SAE. After adjusting for age, gender, disease
activity score including 28-joint count C-reactive protein
(3), comorbidity, use of oral corticosteroids (prednisolone-
equivalent dose) >5 mg/day, and Steinbrocker’s class, the
hazard ratio (HR) of the use of TCZ compared to the use
of TNFI for developing SAEs was 1.28 (95% CI, 0.75 to
2.19, P=0.370), not significantly elevated (Table 3). Sig-
nificant risk factors influencing the development of SAEs

Table 2 Occurrence of SAEs in patients with RA treated with TCZ or TNFIs®

TCZ group, 224.68 PY TNFI group, 231.01 PY TCZ versus TNFI
Types of SAEs .

IR (/100PY) IR (/100PY) Crude IRR (95% Cl)
Total SAEs 21.36 (15.94 to 28.07) 14.72 (1037 to 20.32) 145 (0.94 to 2.25)

1068 (7.02 to 15.63)
312(139106.12)
757 (457 10 11.84)

Serious infection (SI)
Pulmonary infection
Non-pulmonary infection

Skin infection 1.78 (0,60 to 4.23)
Urinary tract infection 0.89 (0.18 to 2.85)
Gastrointestinal infection 0.89 (0.18 to 2.85)
Bone and joint infections 223 (084 t0 4.88)
Sepsis 1.34 (0.37 to 3.56)
Other infection 045 (0.04 to 2.08)
Pulmonary disease, except infection 2.23 (0.84 to 4.88)
Cardiovascular or cerebrovascular disease 045 (0.04 to 2.08)
Malignancy 0.89 (0.18 to 2.85)
Death 1.78 (0.60 to 4.23)
Others 7.12 (424 10 11.29)

3.03 (1.35 to 5.95)

353 (1.52t0 8.18)

130 (036 to 346) 240 (062 to 928)
173 (058 t0 4.12) 437 (147 10 1299)
043 (0.04 10 2.02) 411 (046 to 3680)
043 (004 10 2.02) 206 (019 to 2268)
043 (004 to 2.02) 206 (019 to 2269)

0 NA

0 NA
043 (004 to 2.02) 1.03 (0,06 to 1644)
216 (082 t0 4.74) 1.03 (030 to 355)
216 (082 t0 4.74) 021 (002 to 176)
130 (036 10 346) 069 (0.11 t0 4.10)
087 (0.17 t0 2.78) 206 (038 t0 11.23)
6.06 (347 0 9.90) 118 (057 to 241)

°Crude incidence rate per 100 PYs and crude incidence rate ratio with their 95% (1 were calculated for each category of serious adverse events. Ck: confidence
interval; IR: incidence rate; IRR: Incidence rate ratio; NA: not applicable; PY: patient-year; RA: rheumatold arthritls; SAEs: serious adverse events; TCZ: tocllizumab;

TNFis: tumor necrosis factor inhibitors.
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Table 3 Factors influencing development of SAEs in patients with RA treated with TCZ or TNFIs®
Variable All patients - MTX users

HR (95% CN)° P value® HR (95% C))? P value?
Age by decade 147 (1.15 to 1.88) 0.002 1.58 (1.07 to 2.35) 0.022
Female 0.74 (040 to 1.38) 0.345 0.96 (0.38 t0 247) 0.940
DAS28CRP (3) 1.06 {0.98 t0 1.14) 0.151 1.06 {0.76 to 1.48) 0.744
Ccmorbidityb 1.86 (1.07 to 3.24) 0.029 2,10 (092 t0 4.79) 0077
PSL 25 (mg/day) 1.72 (1.01 t0 2.93) 0047 1.64 (0.74 to 3.63) 0223
Steinbrocker's Class 3 or 4 1.37 (0.77 t0 243) 0.287 1.10 (047 to 2.60) 0.825
Tocilizumab 1.28 (0.75 to 2.19) 0370 1.21 (055 to 2.65) 0632

2Cox regression analysis with the independent variables included in the Table; Pcomorbidity included pulmonary diseases, diabetes mellitus, liver diseases, and
kidney diseases; “Cox regression analysis was applied in afl patients; dcox regression analysis was applied in patients who were treated with MTX at baseline. Cl:
confidence interval; CRP: C-reactive protein; DAS28CRP (3): 3-variable disease activity score including 28-joint count; HR: hazard ratio; MTX: methotrexate; PSL:
prednisolone RA: theumatoid arthritis; SAEs: serious adverse events; TCZ: tocilizumab; TNFs: tumor necrosis factor inhibitors.

were age by decade (HR 147, 95% CI, 1.15 to 1.88, P=
0.002), the presence of a comorbidity (HR 1.86, 95% CI,
1.07 to 3.24, P =0.029), and the use of oral corticosteroids
(prednisolone-equivalent dose) 25 mg/day (HR 1.72, 95%
CI, 1.01 to 2.93, P = 0.047) (Table 3). We evaluated the risk
of use of TCZ for development of SAEs in patients given
MTX at baseline as a sensitivity analysis, and found the
HR of use of TCZ was 1.21 (0.55 to 2.65, P=0.632) com-
pared to the use of TNFI (Table 3).

. Evaluation of risk of TCZ for development of Sis
compared to TNFis

We next investigated the risk of use of TCZ compared to
the use of TNFI for development of Sls. After comparing
patients who had and had not experienced SIs using a uni-
variate analysis, we selected adjusting factors for the multi-
variate analysis. The HRs for using TCZ compared with
TNFI were 2.23 (95% CI, 0.93 to 537; P =0.074) in all the
patients and 1.93 (95% CI, 0.72 to 5.17; P=0.190) in pa-
tients treated with MTX at baseline (Table 4). The use of
oral corticosteroids (prednisolone-equivalent dose) =5 mg/
day was a significant risk factor influencing the develop-
ment of SIs (HR 2.26, 95% ClI, 1.02 to 5.01, P = 0.046).

Discussion

In this study, we conducted a direct comparison of the
safety of TCZ with TNFIs in clinical practice, using a
prospective, multi-center cohort with the largest possible
number of patients. We demonstrated that the un-
adjusted IR of SAEs was not significantly higher in the
TCZ group compared with the TNFI group, whereas the
unadjusted IR of SIs of the TCZ group was 3.5-fold
higher than the TNFI group. However, after adjusting
for covariates, the use of TCZ compared to the use of
TNFls was not significantly associated with the develop-
ment of SAEs or Sls.

Some studies have investigated the safety of TCZ in
RA patients [4,13,15,32-35]. It has been reported that
the IR of SAEs was 20 to 30/100PY and that the most
frequent SAE was infection (5 to 9/100PY) [4,14,15,36].
In the present study, the IRs of SAEs (21.36/100PY) and
SIs (10.68/100PY) were similar to those of previous re-
ports. The most frequently reported category of SAE in
our study was infection and the incidence rate of non-
pulmonary infection in the TCZ group was conspicu-
ously higher compared to the TNFI group (7.57/100PY
versus 1.73/100PY). Among non-pulmonary infections,
skin and bone and joints were common sites in the TCZ

Table 4 Factors influencing development of Sl in patients with RA treated with TCZ or TNFis®

Variable All patients MTX users

HR (95% CI)° P value® HR (95% C1)° P value?
Age by decade 1.34 (095 to 1.89) 0.093 1.31 (0.86 to 2.00) 0210
Female 327 (0.77 to 1398) 0.110 2.20 {049 t0 993) 0305
Comorbidityb 220 (095 to 5.11) 0.067 249 (087 10 7.10) 0088
PSL 25 (mg/day) 226 (1.02 to 501) 0.046 204 (077 t0 5.44) 0.154
Tocilizumab 223 (093 t0 537) 0074 193 (07210 5.17) 0.190

2Cox regression hazard models were performed using the independent variables included in the Table; "comorhidity included pulmonary diseases, diabetes
mellitus, liver diseases, and kidney diseases; “Cox regressicn analysis was applied in all patients; “Cox regression analysis was applied in patients who were treated
with MTX at baseline. CI: confidence interval; HR: hazard ratio; MTX: methotrexate; PSL: prednisolone; RA: rheumatoid arthritis; Sk serious infection; TCZ:

tocilizumab; TNFis: tumor necrosis factor inhibitors.
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group. Previous studies also reported that skin infec-
tions, as well as pulmonary infections, were frequently
observed in patients treated with TCZ [4,15,24,33,37,38].
Although the reasons for the high incidence rates of
these types of infections in patients given TCZ have not
been explained, special attention should be paid, not
only to pulmonary infections, but also to skin infections
in TCZ users.

We found no increased risk for the use of TCZ com-
pared to the use of TNFIs for the development of SIs after
adjusting for covariates at baseline. It is notable that the
unadjusted IR of SIs in the TCZ group (10.7 (7.02 to 15.6))
was significantly increased compared to the TNFI group
(3.53 95%ClI, 1.52 to 8.18); this can be explained by several
factors. The multivariate analysis indicated that the differ-
ences in clinical characteristics of the patients between the
two groups influenced the difference in IRs of SIs (Table 4).
The use of oral corticosteroids (prednisolone-equivalent
dose) =5 mg/day was a significant risk factor for Sls in our
study. Previous studies have reported that use of oral cor-
ticosteroids significantly increased the risk of SlIs in pa-
tients undergoing treatment with biologics [29,39,40].
Patients in the TCZ group of our study used concomitant
corticosteroids more frequently. It has been shown that
the presence of comorbidities increased the risk of SIs in
RA patients {41]. Although the HR of comorbidities was
2.20 in our study, it did not achieve statistical significance
(P=0.067). Relatively more patients in the TCZ group
than in the TNFI group had at least one comorbidity
(34.1% for the TCZ group, 27.3% for the TNFI group, P =
0.069). These data indicate that patients in the TCZ group
may be more predisposed to infections than those in the
TNFI group.

The low IR of SIs in the TNFI group apparently con-
tributed to the increased IRR of SIs. The IR of Sls in the
TNFI group in our study (3.03/100 PY) was lower than
in previous studies (5 to 6/100PY) [25,29,42,43], result-
ing in an increased IRR when comparing TCZ and
TNFIs. We previously reported a significant decrease
over time of the risk for SIs with TNFI treatment, pos-
sibly explained by evidence-based risk management of
RA patients given TNFIs [44]. In the present study, pa-
tients in the TNFI group started TNFIs in or after 2008,
five years after the approval of IFX for RA in Japan. In-
formation about risk of SIs in patients given TNFIs from
observational studies has been extensively shared among
Japanese rheumatologists, leading to improved risk man-
agement and, in consequence, lowered IRs for SIs in the
TNEI group [44]. To accurately compare the outcome
between a new drug and an existing one, differences in
the calendar year of drug approval should be considered.
Therefore, in our study, we compared the use of two bi-
ologics, TCZ and TNFIs, in clinical practice during the
same time period.
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There are potential limitations of this study. First, we
have to mention the possibility of selection bias. The pa-
tients in this study were enrolled from university hospi-
tals or referral hospitals that are dedicated to the
treatments of RA, which may indicate unidentified selec-
tion bias. However, because almost all patients who were
registered from the participating hospitals to the all-
cases post-marketing surveillance programs for each bio-
logical DMARD were enrolled in the REAL, selection
bias was substantially low. Second, although there is
concern about information bias, such as recall bias and
reporting bias, in epidemiological studies in general, we
collected patient data using the same case report form
prospectively, which should overcome the misclassifica-
tion and underestimation of SAEs derived from these
types of bias. Third, clinical practice is always accom-
panied by the indication bias occurring when a drug is
preferentially prescribed to patients with different base-
line characteristics. In this study, it was notable that the
difference in the percentage of patients who were given
MTX at baseline between the two groups was signifi-
cant, which would have affected the results of our study.
To address this possibility, we estimated the risk of SAEs
and SIs in patients with concomitant MTX in addition
to the whole study population, and found them to be
similar. Fourth, we did not investigate the comparison of
effectiveness between the two groups due to incomplete
data about disease activity in some patients.

Conclusions

The adjusted risks for SAEs and SIs between TCZ and
TNFI were not significantly different in clinical practice,
although significantly higher IRs for SIs were observed
in the TCZ group, possibly attributable to more infection
susceptible clinical characteristics of the patients in the
TCZ group.

Additional file

Additional file 1: Demographic and clinical characteristics of RA
patients treated with methotrexate at baseline. This file provides
demographic and clinical characteristics of RA patients given
methotrexate at baseline in this study.
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