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Abstract

Background: Following the onset of rheumatoid arthritis (RA), patients experience a functional decline caused by
various joint symptoms which affects their activities of daily living and can lead to reduced work productivity. We
evaluated the effect of a 52-week treatment with tocilizumab by subcutaneous injection (TCZ-SC) among biologic-
naive Japanese house workers (HWs) and paid workers (PWs) with RA in a real-world clinical practice.

Methods: This multicenter, observational, prospective study enrolled 377 and 347 RA patients into TCZ-SC and
conventional synthetic disease-modifying antirheumatic drugs (csDMARDs)-alone groups, respectively. The primary
endpoint was the change in percentage of overall work impairment (OWI) among PWs at week 52 assessed using
the Work Productivity and Activity Impairment Questionnaire (WPAI). Inverse probability of treatment weighting
analyses were used to compare treatments. The Work Functioning Impairment Scale, disease activity, quality of life
(QOL) measures, and safety were also assessed.

Results: The weighted change in OWI from baseline for PWs was −18.9% (TCZ-SC group) and −19.0% (csDMARDs
group) at week 52, without a significant between-group difference (adjusted treatment difference 0.1, 95% confidence
interval (CI) −6.3 to 6.5; P = 0.978). Changes in WPAI activity impairment in the overall group (between-group difference
−6.4, 95% CI −10.7 to −2.2; P = 0.003) and HWs (−9.5, 95% CI − 16.0 to −2.9; P = 0.005) were significantly better with
TCZ-SC than with csDMARDs at week 52. TCZ-SC-treated HWs showed significant improvement in all QOL assessments
(Frenchay Activities Index, EuroQol 5 Dimension (EQ-5D), Japanese Health Assessment Questionnaire Disability Index
(HAQ-DI), and 6-item Kessler scale (K6)) at week 52; PWs did not show any between-group differences for these QOL
measures. Disease activity (Disease Activity Score 28-erythrocyte sedimentation rate, Clinical Disease Activity Index, and
Simplified Disease Activity Index) and QOL measures (EQ-5D, HAQ-DI, and K6) improved over time in the overall group.
No new safety concerns were raised with TCZ-SC.
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Conclusions: Despite the lack of differences in OWI between groups at week 52, the overall group (particularly HWs)
receiving TCZ-SC in addition to csDMARDs showed significant improvements in activity impairment, disease activity, and
QOL versus those receiving csDMARDs alone. This study may promote the evaluation of work productivity improvements
in HWs and PWs by RA treatment.
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Background
The decrease in work productivity caused by rheumatoid
arthritis (RA), whether it be for paid work or housework,
has been gaining increasing attention [1–3]. Participation
in work-related activities was added as one of the over-
arching principles of the primary goals of RA treatment
[4]. It is estimated that, 6 months after the onset of RA,
patients experience functional decline secondary to joint
symptoms caused by joint inflammation and cartilage
destruction. This not only affects activities of daily living,
such as home activities, recreation, and social relations,
but also results in reduced work productivity among house
workers (HWs) and paid workers (PWs) [5–10]. Further-
more, it has been reported that, in Japanese patients with
RA, work productivity and activity impairment are
strongly correlated with the extent of physical disability
and quality of life (QOL) [11].
The assessment methods for work productivity status are

absenteeism (the decrease in number of actual working
days by disease), presenteeism (the loss in the demonstra-
tion of the subject’s original working ability by disease activ-
ity), and overall work impairment (OWI; the sum of
absenteeism and presenteeism). The Work Productivity
and Activity Impairment Questionnaire (WPAI) is one of
the recommended assessment methods for work productiv-
ity in RA patients [12, 13].
Recent advancements in the understanding of the

molecular and cellular mechanisms of RA have led to
the identification of novel targets and the development
of effective biologic agents, such as tumor necrosis fac-
tor inhibitors [14] and anti-interleukin (IL)-6 receptor
antibodies [15]. Tocilizumab (TCZ) is an anti-IL-6 re-
ceptor antibody that blocks the IL-6 receptor and in-
hibits the binding between IL-6 and its receptor. TCZ
(in solution for intravenous administration) was ap-
proved for the treatment of RA in Japan in April 2008,
in Europe in 2009, and in the US in 2010. Additionally,
TCZ by subcutaneous injection (TCZ-SC) was ap-
proved in Japan in March 2013; thus, there are now
two formulations available for RA patients.
No clinical studies have reported on the efficacy of

TCZ in improving work productivity, either for paid
work or housework, among RA patients. Therefore, in
this study, we evaluated the effect of TCZ-SC based
on improvements in work productivity and activity

impairment among biologic-naive Japanese HWs and
PWs with RA in a real-world clinical practice.

Methods
Study design
This was a multicenter, observational, prospective study
in which patients were enrolled by central registration
from 82 participating centers in Japan. The planned
study period spanned from October 2013 to September
2015. The planned observation period was from October
2013 to December 2017.
The treatment period was 104 weeks for the TCZ-SC ±

conventional synthetic disease-modifying antirheumatic
drugs (csDMARDs) group, and 52 weeks for the
csDMARD-alone group. As the main report of this re-
search, we focus on reporting the comparison between
treatment groups at 52 weeks.

Patients
The inclusion criteria were: diagnosis of RA according to
the 2010 American College of Rheumatology (ACR)/Euro-
pean League Against Rheumatism (EULAR) 2010 Classifi-
cation Criteria; previous treatment with more than one
csDMARD; performing remunerated work as an employee
of a given company or family business (i.e., PW), or
performing a central role in the housework within a house-
hold (i.e., HW); Disease Activity Score in 28 joints using
the erythrocyte sedimentation rate (DAS28-ESR) ≥ 3.2;
biologic-naive; prescribed TCZ-SC for the first time; receiv-
ing a csDMARD (except for tofacitinib) dose increase;
receiving a csDMARD (except for tofacitinib) as add-on
therapy; switching to a csDMARD (except for tofacitinib)
treatment from other csDMARD(s); and written informed
consent. Patients with any contraindication for use of the
drugs evaluated in this study and those judged as ineligible
for participation in this study by the investigators were
excluded.

Study oversight and conduct
Ethical approval was obtained from the institutional review
board of each institution. The study was conducted in ac-
cordance with the Declaration of Helsinki and “Ethical
Guidelines for Clinical Research” of the Ministry of Health,
Labour and Welfare. Urgent events, such as adverse events
(AEs), were reported to the research steering committee.
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Accordingly, the institutional review board and research
steering committee determined the continuity of the pa-
tients in the study as well as that of the study itself. All pa-
tients provided written informed consent to participate in
this study before being registered in the electronic data
capturing system.

Study treatment
In the TCZ-SC ± csDMARDs group, the dose was
prescribed by the treating physician according to the
prescribing information in the package insert [16]. In the
csDMARDs-alone group, the dose of each csDMARD was
prescribed according to the prescribing information in the
corresponding package insert. Starting a csDMARD alone
or in combination, as well as dose changes, switching to
other csDMARDs, or adding other csDMARDs was
permitted in the TCZ-SC ± csDMARDs group. Dose
changes, switching, or addition of another csDMARD was
also permitted in the csDMARDs-alone group.

Assessments
The registration questionnaire was obtained at study regis-
tration. Patient demographic and disease characteristics
were evaluated at baseline. The WPAI, Work Functioning
Impairment Scale (WFun) [17], Frenchay Activities Index
(FAI) [18], EuroQol 5 Dimension (EQ-5D) [19], Japanese
Health Assessment Questionnaire Disability Index
(HAQ-DI) [20, 21], and 6-item Kessler psychological
distress scale (K6) [22] were assessed at baseline and at
weeks 12, 24, and 52. DAS28-ESR, Clinical Disease Activity
Index (CDAI) [23], and the Simplified Disease Activity
Index (SDAI) [23] were assessed at baseline and at weeks
12, 24, 36, and 52. AEs were assessed continuously. The
duration of assessments was approximately 52 weeks plus
an additional 28 days (allowance).
Discontinuation criteria were as follows: 1) patient with-

drawal; 2) physician’s decision because of AEs; 3) patients
in the TCZ-SC ± csDMARDs group who switched from
TCZ-SC to other biological agents; 4) patients in the
csDMARDs-alone group who started treatment with bio-
logical agents, including TCZ and/or tofacitinib; and 5)
other cases judged to require discontinuation by treating
physicians.

Endpoints
The primary endpoint was the change in the percentage of
OWI among PWs at week 52 as assessed using the WPAI.
The secondary endpoints for efficacy were as follows:
change in the percentage of presenteeism (in PWs), absen-
teeism (in PWs), and activity impairment of daily work by
WPAI (PWs and HWs); change in employment rate by
WPAI (PWs); changes in WFun (PWs); and changes in
disease activity by DAS28-ESR, CDAI, and remission rate.
WPAI parameters were scored in the following way:

absenteeism = (hours absent from work due to RA) / (hours
absent from work due to RA + hours actually worked); and
percentage of OWI = absenteeism + [(1 − absenteeism) ×
presenteeism].
The secondary endpoints for QOL were as follows:

changes in FAI among HWs; changes in EQ-5D; changes
in HAQ-DI (some questions were replaced to accommo-
date Japanese lifestyle differences and have been validated/
confirmed) [20]; and changes in K6 improvement factor.
Additional exploratory analyses were conducted to assess

the relationship between characteristics and each assess-
ment outcome. Safety was assessed based on all AEs
reported.

Sample size calculation
Based on previous studies in Japan and the US reporting
WPAI of PWs with RA as the main endpoint [5, 24], we as-
sumed that the mean percentage of OWI (primary end-
point) was 30% to 40% at baseline. We also assumed that
the percent change in OWI from baseline in the TCZ-SC
and csDMARDs-alone groups at week 52 would be 40%
and 15% (i.e., − 12% and−4.5% change from baseline con-
sidering a value of 30% at baseline), respectively. We used
the Monte Carlo Simulation, repeated 10,000 times, to in-
vestigate the target population. Using the Wilcoxon rank
sum test, we calculated the sample size to achieve a 5%
two-sided significance level of 5% and 80% power. As a
result, we estimated the need for a total of 160 PWs in both
groups. Considering a possible drop out/discontinuation
rate of 50% among PWs, we set the target population at
800 patients: 400 patients in the TCZ-SC ± csDMARDs
group and 400 patients in the csDMARDs-alone group.
Patient enrollment was continued until the number of PWs
(excluding HWs) reached at least 200 in the TCZ-SC ±
csDMARDs group.

Study population
Efficacy analysis sets were the intention-to-treat set
(patients whose treatment plan was determined among
registered patients, except for any patient who did not
provide written informed consent, or duplicated patients)
and the modified intention-to-treat (mITT) set (patients in
the TCZ-SC or csDMARDs-alone groups who received
TCZ-SC or corresponding csDMARDs one or more times,
except for patients with significant protocol deviations such
as erroneous registration, lacking data for efficacy
evaluations, or lacking baseline data for propensity score
estimation). The safety analysis set included all patients in
the TCZ-SC or csDMARDs-alone groups who received
TCZ-SC or the corresponding csDMARDs one or more
times, respectively, among the registered patients in this
study. All analyses were conducted using the mITT
population.
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Statistical analysis
In contrast to randomized controlled trials, it is difficult to
compare the efficacy in an observational study because of
the treatment selection bias. Therefore, we adjusted pa-
tient characteristics between groups using propensity
scores. Propensity scores were estimated using a multi-
variate logistic regression model predicting treatment with
TCZ-SC based on the following key variables: background
(age, weight, disease duration, salary, education, and occu-
pation); concomitant use of glucocorticoids and/or
methotrexate, rheumatoid factor, anti-cyclic citrullinated
peptide antibody; disease activity and severity (class, stage,
DAS28-ESR, CDAI, and SDAI); and questionnaires (per-
centage of OWI, absenteeism, presenteeism, activity im-
pairment, EQ-5D, HAQ-DI, and K6).
The mean change from baseline and differences be-

tween treatment groups were estimated by linear regres-
sion with a robust variance estimator adjusted by the
inverse probability of treatment weighting (IPTW)
method. The last observation carried forward (LOCF)
method was used for missing data. The primary adjust-
ment method for confounding was changed from pro-
pensity score matching to IPTW by the research
steering committee based only on baseline information,
excluding post-treatment measurement values, as pre-
specified in the protocol.
Sensitivity analysis for estimating propensity scores con-

firmed the robustness of the present analyses by the model
selection method (backward selection) using the clinically
significant factors and selected variables. Additionally, we
performed the Wilcoxon rank sum test after propensity
score matching, a stratified analysis with five strata based
on propensity score and regression analyses adjusting for
clinically significant factors. Data insufficiently adjusted by
IPTW (i.e., methotrexate yes/no) were separately and add-
itionally adjusted by using sensitivity analysis to avoid any
effects on the primary statistics.
An exploratory, linear regression analysis was conducted

to investigate background factors possibly related to activity
impairment and OWI improvement in PWs. The absolute
standard partial regression coefficient for each baseline
factor was calculated to assess the treatment response to
TCZ-SC and csDMARDs. All statistical analyses were per-
formed using SAS 9.3 version (SAS Institute Inc., Cary,
NC, USA).

Results
Patients
A total of 377 and 347 patients were enrolled in the
TCZ-SC and csDMARDs-alone groups, respectively
(Fig. 1). At 52 weeks, 256 and 241 patients, respectively,
remained under study treatment in the TCZ-SC and
csDMARDs-alone groups.

The main reasons for discontinuation in the TCZ-SC
group were investigator’s decision (9.3%), insufficient ef-
ficacy (6.1%), patient request (4.5%), AEs (4.2%), and pa-
tient withdrawal (1.9%). In the csDMARDs-alone group,
most patients discontinued because they began treat-
ment with a biological drug (12.4%), followed by investi-
gator decision (11.5%), and patient request (3.7%).
At baseline (unadjusted data) in the mITT population,

over 75% of patients among PWs and HWs in the TCZ-SC
and csDMARDs-alone groups were women (PWs 75.4%
and 78.1%, HWs 88.3% and 93.9%, respectively), had a
mean (± standard deviation (SD)) age of over 51 years
(PWs 51.5 ± 12.1 and 55.0 ± 11.5 years, HWs 64.5 ± 12.6
and 65.5 ± 12.0 years, respectively), and a mean (± SD) dis-
ease duration of over 4 years (PWs 5.77 ± 8.23 and 4.36 ±
5.83 years, HWs 8.09 ±10.58 and 5.99 ± 7.76 years, respect-
ively). Regarding the Steinbrocker Stage and Class and
DAS28-ESR score, disease activity was higher in both PWs
and HWs in the TCZ-SC group compared with PWs and
HWs in the csDMARDs-alone group. The OWI of the
PWs also indicated a higher impairment in the TCZ-SC
group at baseline compared with the csDMARDs-alone
group (Table 1). Additional file 1 shows the baseline and
clinical characteristics of the mITT population after adjust-
ment using IPTW. Most characteristics were sufficiently
adjusted for by using IPTW since the absolute value of the
standardized difference was lower than 0.1. In the TCZ-SC
and csDMARDs-alone groups, 74.5% and 72.1% of PWs
and 94.6% and 77.0% of HWs, respectively, were women.
In the TCZ-SC and csDMARDs-alone groups, the mean (±
SD) age of PWs was 52.2 ± 12.1 and 53.0 ± 10.9 years, re-
spectively, and that of HWs was 64.6 ± 11.8 and 64.8 ±
11.5 years, respectively. Results for mean disease duration
were also similar after adjusting for these variables (PWs
5.27 ± 7.18 and 5.28 ± 7.08 years, HWs 6.57 ± 9.87 and
6.44 ± 8.10 years). Similar results were obtained for the
overall population when comparing the adjusted and un-
adjusted results of TCZ-SC and csDMARDs-alone groups
(Additional file 2).

Efficacy
Primary endpoint
Table 2 summarizes the results related to the mean
change in the percentage of OWI using WPAI at week
52 and adjusted using IPTW. The weighted change in
OWI from baseline for PWs was −18.9% in the TCZ-SC
group and −19.0% in the csDMARDs-alone group at
week 52, without a significant difference between groups
(adjusted treatment difference 0.1%, 95% confidence
interval (CI) −6.3% to 6.5%; P = 0.978).

Secondary endpoints for efficacy and QOL
After adjustment using IPTW, differences among PWs
between the TCZ-SC and csDMARDs-alone groups in
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the percentage of presenteeism (−0.5%, 95% CI −6.7% to
5.6%) and absenteeism (−1.1%, 95% CI −4.8% to 2.7%) at
week 52 were not significantly different (P = 0.868 and
0.580, respectively). The changes in WPAI activity im-
pairment in the overall group (between-group difference
−6.4%, 95% CI −10.7% to −2.2%) and in HWs (−9.0%,
95% CI −16.0% to −2.9%) were significantly better in the
TCZ-SC group compared with the csDMARDs-alone
group at week 52 (P = 0.003 and 0.005, respectively).
The weighted changes by IPTW method over time in

WPAI, DAS28-ESR, CDAI, and SDAI in the overall
population are shown in Fig. 2a–d. For these secondary
endpoints, significant differences were observed in all as-
sessments in the overall population. Improvements were
observed for WPAI and disease activity (DAS28-ESR,
CDAI, and SDAI), indicating improvements in treatment
efficacy from baseline to 12 weeks.
Regarding the changes in disease activity according to

DAS28-ESR at week 52 (Table 2), improvements in dis-
ease activity in the overall group (between-group differ-
ence −1.344, 95% CI −1.601 to −1.087; P < 0.001), in PWs
(−0.999, 95% CI −1.386 to −0.612; P < 0.001), and HWs
(− 1.674, 95% CI −2.050 to −1.298; P < 0.001) were signifi-
cantly greater in the TCZ-SC group compared with the

csDMARDs-alone group. Changes in disease activity ac-
cording to CDAI and SDAI were only significantly differ-
ent for the overall population and HWs (P < 0.001 for all).
The unadjusted changes in DAS28-ESR and CDAI in

PWs over time indicated that disease activity decreased
in both treatment groups (Fig. 3a, b). Regarding the
changes in QOL measures at week 52 (Table 2),
TCZ-SC-treated HWs showed significant improvement
in overall QOL, as well as in FAI, EQ-5D, HAQ-DI, and
K6, at week 52. PWs did not show any between-group
differences for these QOL measures. There were no sig-
nificant between-group differences in the changes in
WFun at week 52 (0.0, 95% CI −1.3 to 1.3; P = 0.983).
Regarding the remission rates at week 52 (Table 3),

after adjustment using IPTW and according to
DAS28-ESR, significantly more patients in the overall
population (67.9%), PWs (66.3%), and HWs (70.3%)
treated with TCZ-SC achieved remission at week 52
(P < 0.0001 for all), compared with those receiving
csDMARDs alone. According to CDAI and SDAI,
significantly more patients in the overall population
and HWs treated with TCZ-SC achieved remission at
week 52 (P < 0.0001), compared with those receiving
csDMARDs alone.

Fig. 1 Patient disposition. AEs adverse events, csDMARDs conventional synthetic disease-modifying antirheumatic drugs, mITT modified intention-
to-treat, TCZ-SC tocilizumab by subcutaneous injection
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Figure 2e–g shows the weighted mean changes in
EQ-5D, HAQ-DI, and K6 over time in the overall
population. There were improvements in QOL assess-
ments in both treatment groups. Figure 3c shows the
unadjusted changes of HAQ-DI in PWs over time.
Body function, as measured by HAQ-DI, improved
from baseline in both groups as well.
Additionally, we conducted exploratory analyses to

identify factors possibly related to the differences in

efficacy results of activity impairment (Table 4) and
OWI (Table 5) and the treatment received. Regarding
overall activity impairment outcomes, all parameters
analyzed were significantly related to TCZ-SC treat-
ment. However, HAQ-DI, CDAI, SDAI, and K6 did not
show a significant relationship with csDMARDs alone
treatment. Regarding overall work impairment
outcomes, all parameters analyzed, except for K6 and
CDAI, were significantly related to TCZ-SC treatment;

Table 2 Adjusted mean change in WPAI, Work Functioning Impairment Scale, DAS28-ESR, and QOL measures at week 52

PWs or HWs TCZ-SC group csDMARDs-alone group Difference between
TCZ-SC group − csDMARDs-alone
group (95% confidence interval)

P value
(TCZ-SC group vs
csDMARDs-alone group)

WPAI

OWI (%) PWs −18.9 −19.0 0.1 (−6.3, 6.5) 0.978

Presenteeism (%) PWs −17.7 −17.2 −0.5 (−6.7, 5.6) 0.868

Absenteeism (%) PWs −7.1 −6.0 −1.1 (−4.8, 2.7) 0.580

Activity impairment (%) Overall −22.3 −15.8 −6.4 (−10.7, −2.2) 0.003

PWs −22.5 −19.4 −3.1 (−8.8, 2.7) 0.293

HWs −24.0 −14.5 −9.5 (−16.0, −2.9) 0.005

Work Functioning Impairment Scale

WFun PWs −3.2 −3.2 0.0 (−1.3, 1.3) 0.983

Disease activity

DAS28-ESR Overall −2.732 −1.388 −1.344 (−1.601, −1.087) < 0.001

PWs −2.576 −1.577 −0.999 (−1.386, −0.612) < 0.001

HWs −2.953 −1.279 −1.674 (−2.050, −1.298) < 0.001

CDAI Overall −13.932 −10.340 −3.591 (−5.440, −1.742) < 0.001

PWs −12.951 −11.679 −1.272 (−3.484, 0.939) 0.259

HWs −15.399 −9.427 −5.972 (−8.964, −2.980) < 0.001

SDAI Overall −16.014 −11.521 −4.494 (−6.528, −2.459) < 0.001

PWs −14.117 −12.338 −1.778 (−4.163, 0.607) 0.143

HWs −18.391 −11.388 −7.003 (−10.507, −3.499) < 0.001

QOL

FAI HWs 1.8 0.7 1.0 (0.0, 2.1) 0.054

EQ-5D Overall 0.147 0.092 0.055 (0.023, 0.086) < 0.001

PWs 0.154 0.123 0.031 (−0.015, 0.077) 0.182

HWs 0.162 0.075 0.087 (0.036, 0.137) < 0.001

HAQ-DI Overall −0.355 −0.238 −0.117 (−0.207, −0.027) 0.011

PWs −0.349 −0.286 −0.063 (−0.176, 0.050) 0.274

HWs −0.381 −0.226 −0.155 (−0.305, −0.005) 0.042

K6 Overall −2.2 −1.1 −1.2 (−1.8, −0.6) < 0.001

PWs −1.9 −1.2 −0.6 (− 1.3, 0.0) 0.065

HWs −3.0 −1.1 −1.8 (−2.9, −0.8) < 0.001

Adjusted-weight analysis by inverse probability treatment weighting method
Last observation carried forward method was applied for missing data due to patient discontinuation
CDAI clinical disease activity index, csDMARD conventional synthetic disease-modifying antirheumatic drug, DAS28-ESR disease activity score in 28 joints using the
erythrocyte sedimentation rate, EQ-5D EuroQol 5 dimension, FAI Frenchay activities index, HAQ-DI health assessment questionnaire disability index, HW house
worker, K6 6-item Kessler psychological distress scale, OWI overall work impairment, PW paid worker, QOL quality of life, SDAI simplified disease activity index, TCZ-
SC tocilizumab by subcutaneous injection, WFun work functioning impairment scale, WPAI work productivity and activity impairment questionnaire
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furthermore, all parameters analyzed, except for CDAI
and SDAI, were significantly related to csDMARD
treatment.

Safety and adverse events
The results for AEs are summarized in Table 6. The
most frequent AEs in the TCZ-SC group (n = 358) were
nasopharyngitis (15 (4.2%)), stomatitis (11 (3.1%)), liver
dysfunction (8 (2.2%)), and leukopenia (11 (3.1%)). In

the csDMARDs group (n = 336), the most frequent AEs
were nasopharyngitis (13 (3.9%)) and liver dysfunction
(11 (3.3%)).

Discussion
The present study is the first to assess the effect of TCZ-SC
and/or csDMARDs on WPAI in PWs and HWs among
Japanese patients with RA. We did not identify any signifi-
cant difference between PWs treated with TCZ-SC and/or

Fig. 2 Mean change in WPAI-AI, DAS28-ESR, CDAI, SDAI, EQ-5D, HAQ-DI, and K6 over time. Mean change from baseline and 95% confidence interval
in (a) WPAI-AI, (b) DAS28-ESR, (c) CDAI, (d) SDAI, (e) EQ-5D, (f) HAQ-DI, and (g) K6 over time (overall population) adjusted using the inverse probability
of treatment weighting (IPTW) method. AI activity impairment, CDAI clinical disease activity index, csDMARDs conventional synthetic disease-
modifying antirheumatic drugs, DAS28-ESR disease activity score in 28 joints using the erythrocyte sedimentation rate, EQ-5D EuroQol 5 dimension,
HAQ-DI health assessment questionnaire, K6 6-item Kessler psychological distress scale, LOCF last observation carried forward, SDAI simplified disease
activity index, TCZ-SC tocilizumab by subcutaneous injection, W weeks, WPAI Work Productivity and Activity Impairment
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csDMARDs in terms of the change in OWI according to
the WPAI at 52 weeks. However, we did observe an im-
provement in OWI from baseline in both treatment groups,
meaning that RA treatment intervention was effective in
decreasing disease activity, improving function, and
improving overall QOL. These findings are consistent
with a previous, large-scale study that evaluated the
effects of adalimumab on WPAI in Japanese RA
patients [5]. Previous studies of etanercept plus
methotrexate in Latin America [25] and Asia [26]

showed similar improvements in patient-reported out-
comes, including WPAI. A previous study comparing
baricitinib with placebo and adalimumab reported sta-
tistically significant improvements in absenteeism (P ≤
0.05), presenteeism (P ≤ 0.001), and work productivity
loss (P ≤ 0.001) with baricitinib compared with pla-
cebo; however, improvements compared with adalimu-
mab were not statistically significant at week 52 [27].
Despite the result in OWI in the present study, im-

provement in the percentage of activity impairment in

Fig. 3 Mean change (unadjusted) in DAS28-ESR, CDAI, and HAQ-DI among paid workers. Unadjusted mean change from baseline and
95% confidence interval in (a) DAS28-ESR, (b) CDAI, and (c) HAQ-DI. CDAI clinical disease activity index, csDMARDs conventional synthetic
disease-modifying antirheumatic drugs, DAS28-ESR disease activity score in 28 joints using the erythrocyte sedimentation rate, HAQ-DI
Health Assessment Questionnaire Disability Index, TCZ-SC tocilizumab by subcutaneous injection, W weeks

Table 3 Remission rate in each group by DAS28-ESR, CDAI, and SDAI

Remission rate PWs or HWs TCZ-SC group, n (%) csDMARDs-alone group, n (%) Odds ratio for
TCZ-SC group/csDMARDs-
alone group
(95% confidence interval)

P value
(TCZ-SC group
vs csDMARDs-alone
group)

DAS28-ESR Overall 205.0 (67.9) 64.6 (21.7) 6.778 (4.508, 10.189) < 0.0001

PWs 104.1 (66.3) 39.7 (25.5) 5.689 (3.146, 10.287) < 0.0001

HWs 102.0 (70.3) 22.8 (16.1) 9.153 (4.814, 17.403) < 0.0001

CDAI Overall 125.5 (39.2) 58.5 (19.2) 2.549 (1.631, 3.982) < 0.0001

PWs 62.4 (37.3) 43.0 (27.1) 1.564 (0.860, 2.845) 0.1427

HWs 70.2 (45.9) 16.1 (11.1) 5.635 (2.757, 11.516) < 0.0001

SDAI Overall 132.1 (41.8) 57.4 (19.1) 2.855 (1.828, 4.458) < 0.0001

PWs 65.8 (40.1) 41.6 (26.5) 1.811 (0.991, 3.309) 0.0535

HWs 73.0 (48.1) 16.1 (11.3) 6.052 (2.981, 12.288) < 0.0001

Adjusted odds ratio by the logistic regression model using last observation carried forward; adjusted-weight analysis by inverse probability treatment
weighting method
Remission was defined as DAS28-ESR < 2.6, CDAI ≤2.8, and SDAI ≤3.3
CDAI clinical disease activity index, csDMARD conventional synthetic disease-modifying antirheumatic drug, DAS28-ESR disease activity score in 28 joints using
the erythrocyte sedimentation rate, HW house worker, PW paid worker, SDAI simplified disease activity index, TCZ-SC tocilizumab by subcutaneous injection
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the overall population and among HWs was significantly
better in the TCZ-SC group compared with the
csDMARDs-alone group at week 52. This difference be-
tween treatment groups remained significant after
adjusting for baseline characteristics using the IPTW
method. This finding shows that, compared with the
csDMARDs-alone treatment, TCZ-SC treatment resulted
in improvement in disease activity (CDAI, SDAI, and
DAS28) and significant improvement in QOL (EQ-5D,
HAQ-DI, and K6). A recent, 48-week, observational
study on adalimumab in Japan, focusing on work-related
outcomes, showed that, compared with baseline, adali-
mumab treatment significantly improved measures of
productivity loss due to absenteeism, presenteeism,
OWI, and activity impairment in RA patients in all

employment types, including PWs and HWs (P < 0.01)
[28]. A fairly recent observational study in the US
focused on work and activity impairment in employed
moderate to severe RA patients and showed that etaner-
cept led to significant reductions in overall work and
activity impairment (P ≤ 0.0001) [1]. Furthermore,
results of past studies have shown that total body in-
flammation and fatigue can be suppressed by inhibiting
IL-6 [29]. In the present study, both clinical indexes and
daily life (activity impairment) tended to improve in
HWs and even in PWs. Although these changes did not
reach statistical significance, these tendencies aligned
with the results reported in previous studies. We con-
sider that improvement in fatigue affected the improve-
ment in activity impairment (daily life).

Table 4 Exploratory analysis of relationships between overall activity impairment outcomes and type of drug received

Activity impairment measures TCZ-SC group csDMARDs-alone group

n Standardized
regression coefficient

95% CI P value n Standardized
regression coefficient

95% CI P value

Presenteeism (%) 143 −0.4861 −0.6470, −0.3252 < 0.0001 148 −0.4328 −0.5887, −0.2769 < 0.0001

Overall work impairment (%) 143 −0.4819 −0.6437, −0.3202 < 0.0001 148 −0.3913 −0.5491, −0.2336 < 0.0001

Activity impairment (%) 143 −0.6345 −0.7747, −0.4943 < 0.0001 148 −0.6486 −0.7876, −0.5096 < 0.0001

HAQ-DI 143 −0.4828 −0.6415, −0.3241 < 0.0001 148 −0.1584 −0.3360, 0.0201 0.0815

EQ-5D 143 0.3635 0.1960, 0.5311 < 0.0001 148 0.3181 0.1446, 0.4916 0.0004

DAS28-ESR 143 −0.3305 −0.4950, −0.1661 0.0001 148 −0.1802 −0.3533, −0.0072 0.0414

CDAI 143 −0.1950 −0.3674, −0.0226 0.0270 148 −0.1127 −0.2819, 0.0564 0.1897

SDAI 143 −0.2289 −0.4003, −0.0576 0.0092 148 −0.1113 −0.2810, 0.0585 0.1971

WFun 143 −0.3549 −0.5266, −0.1832 < 0.0001 148 −0.1680 −0.3353, −0.0007 0.0491

K6 143 −0.1895 −0.3661, −0.0130 0.0355 148 −0.1497 −0.3216, 0.0222 0.0873

CDAI clinical disease activity index, CI confidence interval, csDMARD conventional synthetic disease-modifying antirheumatic drug, DAS28-ESR disease activity score
in 28 joints using the erythrocyte sedimentation rate, EQ-5D EuroQol 5 dimension, HAQ-DI health assessment questionnaire disability index, K6 6-item Kessler
psychological distress scale, SDAI simplified disease activity index, TCZ-SC tocilizumab by subcutaneous injection, WFun work functioning impairment scale

Table 5 Exploratory analysis of the relationships between overall work impairment outcomes and type of drug received

TCZ-SC group csDMARDs-alone group

Work impairment measures n Standardized
regression coefficient

95% CI P value n Standardized
regression coefficient

95% CI P value

Presenteeism (%) 143 −0.5751 −0.7214, −0.4289 < 0.0001 147 −0.6999 −0.8240, −0.5758 < 0.0001

Overall work impairment (%) 143 −0.5950 −0.7393, −0.4507 < 0.0001 147 −0.6845 −0.8094, −0.5595 < 0.0001

Activity impairment (%) 143 −0.4754 −0.6287, −0.3221 < 0.0001 147 −0.5008 −0.6562, −0.3453 < 0.0001

HAQ-DI 143 −0.4107 −0.5707, −0.2508 < 0.0001 147 −0.1920 −0.3696, −0.0145 0.0343

EQ-5D 143 0.2840 0.1164, 0.4516 0.0011 147 0.2872 0.1126, 0.4618 0.0014

DAS28-ESR 143 −0.2961 −0.4581, −0.1342 0.0004 147 −0.2434 −0.4140, −0.0729 0.0055

CDAI 143 −0.1629 −0.3320, 0.0061 0.0587 147 −0.1608 −0.3287, 0.0070 0.0602

SDAI 143 −0.2030 −0.3709, −0.0351 0.0182 147 −0.1639 −0.3321, 0.0043 0.0560

WFun 143 −0.3748 −0.5403, −0.2092 < 0.0001 147 −0.1875 −0.3544, −0.0206 0.0280

K6 143 −0.1408 −0.3142, 0.0327 0.1108 147 −0.2002 −0.3704, − 0.0300 0.0215

Adjusted for sex, age, disease duration, job type, use of methotrexate, Steinbrocker stage, and Steinbrocker class
CDAI clinical disease activity index, CI confidence interval, csDMARD conventional synthetic disease-modifying antirheumatic drug, DAS28-ESR disease activity score
in 28 joints using the erythrocyte sedimentation rate, EQ-5D EuroQol 5 dimension, HAQ-DI health assessment questionnaire disability index, K6 6-item Kessler
psychological distress scale, SDAI simplified disease activity index, TCZ-SC tocilizumab by subcutaneous injection, WFun work functioning impairment scale
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In the present study, according to DAS28-ESR, signifi-
cantly more patients in the overall population, as well as
PWs and HWs, treated with TCZ-SC achieved remission
at week 52 (P < 0.0001 for all) compared with those receiv-
ing csDMARDs alone. However, by CDAI and SDAI, only
those in the overall population and HWs treated with
TCZ-SC achieved remission at week 52 (P < 0.0001). A
study by Radner et al. that assessed the benefit of remission
over low disease activity in RA showed that patients who
achieved remission achieved better function, health-related
QOL, and productivity [30].
Regarding the main differences in baseline characteris-

tics between groups by type of work performed, HWs
had greater disease severity at baseline than PWs. Simi-
lar findings were reported previously [5]. Although a
tendency for improvement was observed in terms of
other work productivity indices and QOL measures, no
differences within the groups were observed for PWs,
and a remarkable improvement in QOL measures was
observed among HWs. The greater disease severity
among HWs may be the reason this population experi-
enced significantly greater improvements in overall QOL
measures at week 52 compared with PWs.
An improvement in work productivity/activity impair-

ment could be determined by differences in the treat-
ment received as shown by the results of the presented
analysis. Additionally, differences in disease severity,
duration, treatment, and working conditions between
PWs and HWs at baseline might have also contributed
to this result. Similar conclusions were drawn in the
study by Takeuchi et al. [5]. Furthermore, differences in
the mechanical load on the affected joints between PWs
and HWs could also be attributable to the differences in
work productivity/activity impairment between PWs and
HWs receiving TCZ-SC in addition to csDMARDs com-
pared with those receiving csDMARDs alone.
Regarding the exploratory results, among PWs factors

related to symptom improvement differed by study drug
according to the results for HAQ-DI. These results indi-
cated that TCZ-SC administration to patients with high
HAQ-DI at baseline might result in greater improve-
ment in work productivity and activity impairment.

The planned method for the primary analysis was
changed from propensity score matching to IPTW to
include all applicable patients in the analysis set be-
cause the planned sample size with a balanced num-
ber of patients was insufficient for propensity score
matching. Propensity score matching allowed for easy
calculation of the sample size and interpretation of
the results; however, the feasibility of this method
depended on whether the data of enrolled patients re-
garding the size of the matched sample and patient
background were well balanced. For this reason, al-
though we initially attempted to use propensity score
matching, we decided to change the method after half
of the patients were enrolled. In terms of bias, we
consider that this change in the analysis method was
acceptable because it was based on baseline data and
not postbaseline data.
As part of the sensitivity analysis, we changed the ad-

justment method for estimating the propensity score,
performed adjusted analysis with propensity score
matching, used linear regression models adjusting for
clinically significant factors, and performed subgroup
analysis by unbalanced factors. These results were con-
sistent with the primary results, and the robustness of
the primary analysis was confirmed.
The AEs reported in the present study were in line

with those previously reported for TCZ-SC in a
real-world setting [31, 32]. Thus, no new safety concerns
were raised, and TCZ-SC was considered a safe treat-
ment option for Japanese RA patients.
This study had several limitations. First, the primary

adjustment method for confounding was changed
from propensity score matching to IPTW based on
baseline data and not postbaseline data. However, we
cannot deny the possibility of residual confounding
effects related to the observational study design. Sec-
ond, this study was conducted in a real-world clinical
practice setting, and no specific criteria to initiate
treatment with TCZ were applied at any of the 82
participating centers. Additionally, the dose in the
TCZ-SC ± csDMARDs group was prescribed by the
treating physician according to the prescribing

Table 6 Summary of adverse events in the safety analysis set

TCZ-SC group, n (%) csDMARDs-alone group, n (%)

n 358 336

AEs 127 (35.5) 99 (29.5)

Drug-related AEs 85 (23.7) –

Serious AEs 32 (8.9) 11 (3.3)

Serious drug-related AEs 21 (5.9) –

AEs leading to discontinuation of study treatment 33 (9.2) 28 (8.3)

Drug-related AEs leading to discontinuation of study treatment 29 (8.1) –

AE adverse event, csDMARD conventional synthetic disease-modifying antirheumatic drug, TCZ-SC tocilizumab by subcutaneous injection
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information in the package insert; thus, we had no
control over the doses prescribed. This may have af-
fected the lower limit data of WPAI by causing a “floor
effect”; in other words, patients with a low score may
not have been able to show sufficient improvement.
Third, we did not specifically collect information on
whether a treat-to-target approach was used. However,
the physicians who participated in this study were in-
ternal medicine specialists with extensive experience in
the management of RA. They assessed patients at every
visit (every 1–3 months). Therefore, we consider that
all the patients were managed according to a
treat-to-target approach. Fourth, PWs are exposed to
compelling power (force) depending on the nature of
the work they perform; thus, we could hardly confirm
the difference between groups in terms of medical
treatment. Conversely, HWs can determine their work
activity level at will; thus, differences between groups in
terms of the effect of medical treatment on QOL and
activity level occurred easily. Fifth, WPAI is not ad-
equate to evaluate the productivity of HWs as it was
developed specifically for PWs. WPAI indexes, other
than activity impairment, cannot be calculated in
HWs. The other indexes are considered valid for all
patients regardless of whether they are PWs or HWs.
Finally, we hypothesized that the observed differences
in QOL outcomes for HWs compared with PWs were
related to a worst disease status in this subpopulation
at baseline. Given the lack of treatment blinding, we
cannot rule out other possible reasons for these out-
comes such as the psychological bias and the poten-
tial emotional component related to initiating a novel
treatment (e.g., biologics) that may be judged more
effective than the conventional treatments. This may
have affected the objectivity of the responses to the
questionnaire measurements for QOL in HWs. Never-
theless, all the subjective components of CDAI and
SDAI and physician's global assessment of disease ac-
tivity, as well as the objective parameters, such as
C-reactive peptide (CRP) and patient's global assess-
ment of disease activity, improved with TCZ-SC in
addition to csDMARDs.

Conclusions
Despite the lack of differences in OWI between groups at
week 52, the overall group (particularly HWs) receiving
TCZ-SC in addition to csDMARDs showed significant
improvements in activity impairment, disease activity, and
QOL compared with individuals receiving csDMARDs
alone. The safety of TCZ-SC was acceptable for the treat-
ment of Japanese RA patients in a real-world clinical prac-
tice. This study may help promote the evaluation of work
productivity improvements in HWs and PWs by RA
treatment.

Additional files

Additional file 1: Baseline demographic and clinical characteristics of
patients in each group adjusted using inverse probability of treatment
weighting in the modified intention-to-treat set (paid worker, house
worker). (DOCX 22 kb)

Additional file 2: Overall baseline demographic and clinical
characteristics of each group in the modified intention-to-treat set (un-
adjusted, adjusted). (DOCX 25 kb)
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