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Prediction of Clinical Response After 1 Year of
Infliximab Therapy in Rheumatoid Arthritis Based on
Disease Activity at 3 Months: Posthoc Analysis of the
RISING Study
Tsutomu Takeuchi, Nobuyuki Miyasaka, Takashi Inui, Toshiro Yano, Toru Yoshinari, 
Tohru Abe, and Takao Koike

ABSTRACT. Objective. To investigate the probability of clinical remission (REM) or low disease activity (LDA)
after 1 year of infliximab (IFX) therapy based on disease activity at 3 months in patients with
rheumatoid arthritis (RA).
Methods. Methotrexate-refractory patients with RA received 3 mg/kg of IFX at weeks 0, 2, and 6,
followed by 3 mg/kg, 6 mg/kg, or 10 mg/kg every 8 weeks from Week 14 (W14) to Week 46.
Correlation of disease activity at W14 with disease activity at W54 and probability of REM/LDA at
W54 were analyzed in each dosing group.
Results. Disease activities at W14 were significantly correlated with both disease activity at W54
and probability of REM/LDA at W54 in patients continuing 3 mg/kg as well as in those receiving 6
mg/kg or 10 mg/kg therapy from W14. Results showed that, if approximate REM or LDA had not
been achieved by W14, > 50% of patients continuing 3 mg/kg therapy would not be able to achieve
REM or LDA at W54. However, even in patients with high or moderate disease activity at W14, dose
escalation to 6 mg/kg or 10 mg/kg enabled many to achieve REM/LDA.
Conclusion. Disease activity at W14 in standard-dose IFX therapy enabled the prediction of
longterm clinical response at continued standard dose, as well as subsequent escalated-dose
regimens. Disease activity at W14 was hypothesized to be an important index for IFX treatment
strategy. (J Rheumatol First Release Feb 15 2015; doi:10.3899/jrheum.140572)
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Treat-to-target (T2T) strategy for rheumatoid arthritis (RA)
recommends that the efficacy of the treatment regimen
should be assessed after 3–6 months, with therapy
adjustment (continuation, dose escalation, or alteration)
subsequently evaluated based on this assessment1. These
recommendations, therefore, suggest that the prediction of
the longterm efficacy based on the findings in 3–6 months is
necessary for treating patients with RA.

Anti-human tumor necrosis factor (TNF)-α antibody
infliximab (IFX) has demonstrated a high efficacy against
RA2,3,4,5,6; however, several reports have shown that some
patients were unable to achieve clinical remission (REM) or
low disease activity (LDA) — the treatment goal — despite
receiving standard-dose treatment (3 mg/kg every 8
wks)3,4,5,6, thereby resulting in implementing a dose-esca -
lating regimen7,8.

Reports have shown that the clinical response of
anti-TNF agents at 3 months can predict the probability of
attaining REM or LDA at 1 year9,10,11. However, few have
studied the prediction at standard-dose treatment of sub -
sequent efficacy of escalated-dose IFX treatment. Further,
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how dose-adjusted IFX therapy should be performed in
nonresponders of standard-dose treatment remains unclear.

We had previously reported the results of a randomized,
double-blind clinical trial that showed the usefulness of dose-
escalating IFX treatment in RA [Efficacy and Safety of
Increased Dose of TA-650 (Infliximab) in Patients With
Rheumatoid Arthritis, NCT00691028]; it was designated the
RISING study (impact on radiographic and clinical response
to infliximab therapy concomitant with methotrexate in
patients with rheumatoid arthritis by trough serum level in a
dose-escalating study)3. In our study, patients received
standard-dose therapy at baseline, Week 2 (W2), and W6,
followed by a standard- or escalated-dose regimen from W14,
a protocol in line with “real-world” clinical practice.

We previously reported that plasma TNF-α levels at
baseline were correlated with the clinical responses in both
standard- and escalated-dose treatments of IFX12. Further,
several reports have shown that serum IFX levels and
anti-IFX antibodies (ATI) are correlated with clinical
response to IFX therapy3,13,14,15. However, neither serum
IFX/ATI levels nor plasma TNF-α levels can be measured
easily in clinical settings. Therefore, some other predictive
factor that can be evaluated easily in daily clinical practice
is required to predict the efficacy of IFX treatment.

We performed a posthoc analysis of the RISING study to
determine the clinical response assessed after 3 months of
standard-dose therapy in predicting the probability of REM
or LDA at 1 year in continued standard-dose as well as
subsequent escalated-dose therapy. 

MATERIALS AND METHODS
Study protocol. The protocol of the RISING study has been reported previ-
ously3,12. Patients with active RA, despite MTX treatment, were treated
with a standard-dose of IFX (3 mg/kg) at baseline, W2, and W6, after
which they were randomized into 3 groups and treated with 3 mg/kg, 6
mg/kg, or 10 mg/kg every 8 weeks from W14 to W46. Active RA was
defined in our study by the presence of ≥ 6 swollen joints, ≥ 6 tender joints,
and an erythrocyte sedimentation rate of ≥ 28 mm/h or a serum C-reactive
protein (CRP) level of ≥ 2.0 mg/dl. Disease activity was evaluated by the
Simplified Disease Activity Index (SDAI) or the Disease Activity Score in
28 joints, based on CRP (DAS28-CRP). Cutoff values for DAS28-CRP
were as follows: REM < 2.3; LDA < 2.7; moderate disease activity (MDA)
≥ 2.7 – ≤ 4.1; high disease activity (HDA) > 4.116. Disease activity at W54
was evaluated using the last observation carried forward (LOCF) method.
Radiographic progression was evaluated based on the change in modified
total Sharp score17 from baseline to W54 (∆TSS), and radiographic
remission was defined as DTSS ≤ 0.518. Physical function was evaluated
based on the Health Assessment Questionnaire (HAQ) score19, and
functional remission was defined as a HAQ score ≤ 0.520. HAQ score at
W54 was evaluated using the LOCF approach. Serum IFX level was
measured using ELISA, as described3.
Association analysis of efficacies in disease activity, radiographic
progression, and physical function at W54 with early disease activity.
Correlations of disease activities or components of disease activity and
serum IFX levels at W6 to W14 with disease activity, HAQ score, and
DTSS at W54 were calculated using Pearson correlation coefficient or
Spearman rank correlation coefficient. Multiple linear regression analysis
was used to identify independent correlated factors of disease activity and

HAQ score at W54, and multiple logistic regression analysis was
performed to identify independent predictors of REM/LDA achievement
and functional remission at W54. In these multiple regression analyses, the
explanatory variables used were IFX dosage, disease activity at W14, sex,
age, disease duration, body mass index, concomitant MTX dose, duration
of MTX use, concomitant use of glucocorticoid, comorbidities,
concomitant use of disease-modifying antirheumatic drugs other than
MTX, HAQ score at baseline, and TSS at baseline. IFX dosage and disease
activity at W14 were included in all stepwise regression models, and other
variables were chosen using stepwise backward selection to minimize the
Bayesian information criterion.

Median effective levels (EL50) of disease activity at W14, where the
probability of REM or LDA at W54 equaled 0.5 in each dosing group, were
estimated by the logistic regression formula based on the disease activity at
W14. The probability of REM or LDA at W54 in each dosing group was
estimated using each logistic regression formula when disease activities at
W14 were at the threshold level between LDA/MDA (SDAI 11,
DAS28-CRP 2.7) and between MDA/HDA (SDAI 26, DAS28-CRP 4.1).
Discrimination of REM/LDA was assessed using the area under the
receiver-operating curve (ROC/AUC).

Statistical analyses were performed using JMP 11.1.1 software (SAS
Institute Japan Ltd.).

RESULTS
Patient background and efficacy at W54. Patient back -
ground at baseline and efficacies in disease activity,
radiographic progression (DTSS), and physical function
(HAQ score) at W54 in each dosing group are shown in
Table 1. Most patients exhibited HDA at baseline. Dose
dependency was observed in the clinical response, and the
response at 10 mg/kg was significantly higher than at 3
mg/kg. No significant improvements in DTSS and HAQ
score were observed in the 6 mg/kg or 10 mg/kg groups
compared with the 3 mg/kg group.
Correlation of disease activity and components of disease
activity at W14 with disease activity, physical function, and
radiographic progression at W54. Table 2 shows the corre-
lation coefficients of disease activities at W6 to W14 with
disease activity, HAQ score, and DTSS at W54. In the 3
mg/kg and 6 mg/kg groups, SDAI value, improvement value
of SDAI (DSDAI), and improvement rate (%) of SDAI at
W14 were significantly correlated with SDAI at W54 (p <
0.0001), with SDAI value at W14 showing the highest
correlation. Of note, SDAI at W14 in the 10 mg/kg group
also showed high correlation with SDAI at W54, with
similar results found for DAS28-CRP. However, the com -
ponents of SDAI or DAS28-CRP at W14 (28-tender joint
count, 28-swollen joint count, CRP, patient global
assessment, and physician global assessment), disease
activity at W6 and W10, and serum IFX levels were also
significantly correlated with disease activity at W54 (p <
0.05); those correlation coefficients were smaller than with
disease activity at W14 (Appendix 1). In univariate linear or
logistic regression analysis, no common correlated factor
with disease activity and achieving REM or LDA at W54
was observed except for disease activity at W14, IFX
dosage, and HAQ score at baseline (data not shown). In
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multiple linear or logistic regression analysis using stepwise
selection procedure, only disease activity at W14 and IFX
dosage were identified as the common independent corre-
lated factors (Table 3).

Radiographic progression at W54 (DTSS) showed little
significant correlation with disease activity at W14 in each
dosing group (Table 2), and achievement of radiographic
remission had similar results (data not shown). Meanwhile,
HAQ score at W54 significantly correlated with disease
activity at W14 in each dosing group (Table 2), and
functional remission at W54 had similar results (data not
shown). In multiple linear or logistic regression analysis,
disease activity at W14 as well as the HAQ score at baseline
and disease duration (or duration of MTX use) were
identified as independent factors correlated with the HAQ
score or functional remission at W54 (Table 3).
Probability of REM/LDA at W54 based on disease activity at
W14. Because disease activity at W14 and IFX dosage were
the only independent factors correlated with disease activity
at W54, probability of REM/LDA at W54 in each dosing
group was calculated by logistic regression analysis using
disease activity at W14 (Figure 1, Figure 2, and Figure 3).

EL50 values (95% CI) of SDAI at W14 for the 3 mg/kg,
6 mg/kg, and 10 mg/kg groups to achieve REM (SDAI) at
W54, estimated using each logistic regression formula, were
4.4 (–1.1–7.0), 8.0 (4.4–11), and 7.9 (2.0–11), respectively,

and the ROC/AUC (95% CI) were calculated as 0.84
(0.74–0.91), 0.86 (0.76–0.92), and 0.80 (0.69–0.87), respec-
tively. Values for LDA (SDAI) were 18 (13–24), 22 (17–28),
and 28 (22–41), respectively [ROC/AUC (95% CI) 0.78
(0.68–0.86), 0.82 (0.72–0.89), and 0.76 (0.65–0.84)]. In
contrast, the values of DAS28-CRP at W14 for the 3 mg/kg,
6 mg/kg, and 10 mg/kg groups to achieve REM
(DAS28-CRP) at W54 were 2.4 (1.4–2.9), 3.0 (2.6–3.3), and
3.4 (2.8–3.9), respectively [ROC/AUC (95% CI) 0.79
(0.68–0.87), 0.87 (0.79–0.93), and 0.79 (0.69–0.87)], while
those for LDA (DAS28-CRP) were 3.0 (2.5–3.5), 3.4 (3.0–
3.8), and 3.9 (3.3–4.5), respectively [ROC/AUC (95% CI)
0.80 (0.69–0.87), 0.86 (0.78–0.92), and 0.78 (0.67–0.85)].
In patients in which SDAI at W14 was 11.0 (threshold
between LDA/MDA), probability of REM (SDAI) in the 3
mg/kg, 6 mg/kg, and 10 mg/kg groups was estimated as
19%, 37%, and 40%, respectively, while that for LDA was
67%, 78%, and 79%, respectively. However, in patients in
which SDAI at W14 was 26.0 (threshold between
MDA/HDA), probability of REM (SDAI) in the 3 mg/kg, 6
mg/kg, and 10 mg/kg groups was estimated as 0.9%, 4%,
and 8%, respectively, while that for LDA was 30%, 37%,
and 54%, respectively. Meanwhile, in patients whose
DAS28-CRP at W14 was 2.7 (threshold between LDA/MDA),
probability of REM (DAS28-CRP) in the 3 mg/kg, 6 mg/kg,
and 10 mg/kg groups was estimated as 42%, 59%, and 66%,
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Table 1. Characteristics of patients at baseline and clinical response at W54 in each dosing group. Values are mean (SD) or n (%) unless otherwise indicated.

Characteristics 3 mg/kg, n = 99 6 mg/kg, n = 104 10 mg/kg, n = 104

Characteristics of patients at baseline
Age, yrs 49.7 (11.7) 48.8 (11.8) 50.4 (12.5)
Female sex 78 (79) 86 (83) 89 (86)
Disease duration, yrs 8.3 (7.8) 7.2 (7.1) 8.4 (7.7)
MTX dose, mg/week 7.8 (1.6) 7.9 (1.9) 7.7 (1.7)
SDAI 37.5 (12.2) 36.1 (13.4) 36.9 (11.0)

HDA (SDAI) 84 (85) 76 (73) 91 (88)
DAS28-CRP 5.60 (0.92) 5.54 (0.99) 5.57 (0.80)

HDA (DAS28-CRP) 96 (97) 99 (95) 100 (96)
HAQ score 1.18 (0.64) 1.18 (0.65) 1.21 (0.68)
TSS, median (IQR)† 28.0 (9.0–77.5) 32.2 (12.0–62.4) 38.3 (11.0–73.8)

Clinical response at W54
SDAI 13.8 (14.0) 11.8 (13.6) 10.1 (11.5)*

LDA (SDAI) 56 (57) 67 (64) 72 (69)*
REM (SDAI) 21 (21) 35 (34)* 34 (33)*

DAS28-CRP 3.33 (1.57) 2.98 (1.62) 2.81 (1.41)*
LDA (DAS28-CRP) 41 (41) 51 (49) 56 (54)*
REM (DAS28-CRP) 30 (30) 41 (39) 47 (45)*

HAQ 0.70 (0.67) 0.61 (0.69) 0.61 (0.62)
Functional remission, HAQ ≤ 0.50 50 (51) 66 (63) 60 (58)

DTSS, W0–W54, median (IQR)‡ 0.0 (–1.0–1.0) 0.5 (–0.5–1.6) 0.0 (–1.0–0.8)
Radiographic remission, DTSS ≤ 0.5‡ 63 (73) 54 (59) 70 (74)

Cutoff values for DAS28-CRP: REM < 2.3, LDA < 2.7, MDA ≥ 2.7 – ≤ 4.1, and HDA > 4.116. † n = 98 and n = 103 in the 3 mg/kg and 6 mg/kg groups,
respectively. * p < 0.05 versus 3 mg/kg group (ANCOVA or logistic regression analysis using the clinical response at W10 as a covariant). ‡ n = 86, 92, and
95 in the 3 mg/kg, 6 mg/kg, and 10 mg/kg groups, respectively. W54: Week 54; MTX: methotrexate; SDAI: Simplified Disease Activity Index; HDA: high
disease activity; DAS28-CRP: 28-joint Disease Activity Score-C-reactive protein; HAQ: Health Assessment Questionnaire; TSS: total Sharp score; IQR:
interquartile range; LDA: low disease activity; REM: clinical remission; DTSS: change in modified TSS; MDA: moderate disease activity.
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respectively, while that for LDA was 59%, 72%, and 73%,
respectively. However, in patients whose DAS28-CRP at
W14 was 4.1 (threshold between MDA/HDA), probability
of REM (DAS28-CRP) in the 3 mg/kg, 6 mg/kg, and 10
mg/kg groups was estimated as 16%, 15%, and 33%, respec-
tively, while that for LDA was 25%, 29%, and 45%,
respectively.

Similar logistic curves were obtained when achievement
of REM/LDA at W54 was evaluated using nonresponse
imputation methods (patients who dropped out for any
reason were defined as nonresponders) in each dosing group
(data not shown).

DISCUSSION
While the approved dose of IFX for RA treatment ranges
from standard dose (3 mg/kg every 8 wks) to 6–10 mg/kg

every 4 weeks (4.0-fold to 6.7-fold) — a dosing range wider
than that found with other anti-TNF agents (typically 2-fold
or less) — findings on the usefulness of IFX dose escalation
have been disputed. Although higher-dose or dose-esca -
lating treatment did not show statistically better efficacy
than standard-dose treatment in several clinical trials2,4,5,21,
nonresponders at standard-dose treatment have been
reported to respond to early dose-escalating treatment13,22.

Similarly, in the RISING study, dose escalation from
W14 improved clinical response over continued stand -
ard-dose treatment, notably in patients with nonresponse at
W103. Additionally, in our study, rates of REM and LDA in
DAS28-CRP at 1 year in the 3 mg/kg group were 10% and
13%, respectively, while those in the 10 mg/kg group were
21% and 29%, respectively (data not shown), in patients
with HDA at W14 despite receiving a standard-dose

4 The Journal of Rheumatology 2015; 42:4; doi:10.3899/jrheum.140572
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Table 2. Correlation coefficient of disease activity at W6, W10, or W14 with disease activity, HAQ score, and ΔTSS at W54.

Correlation 3 mg/kg, n = 99 6 mg/kg, n = 104 10 mg/kg, n = 104
Coefficient p Coefficient p Coefficient p

With SDAI at W54
SDAI at W6 0.563 < 0.0001 0.453 < 0.0001 0.260 0.0078 
SDAI at W10 0.703 < 0.0001 0.513 < 0.0001 0.274 0.0049 
SDAI at W14 0.665 < 0.0001 0.547 < 0.0001 0.500 < 0.0001
DSDAI at W14 –0.292 0.0034 –0.298 0.0022 –0.477 < 0.0001
Improvement, %, of SDAI at W14 –0.541 < 0.0001 –0.501 < 0.0001 –0.612 < 0.0001

With DAS28-CRP at W54
DAS28-CRP at W6 0.548 < 0.0001 0.537 < 0.0001 0.364 0.0001 
DAS28-CRP at W10 0.662 < 0.0001 0.608 < 0.0001 0.440 < 0.0001
DAS28-CRP at W14 0.666 < 0.0001 0.666 < 0.0001 0.553 < 0.0001
DDAS28-CRP at W14 –0.497 < 0.0001 –0.522 < 0.0001 –0.564 < 0.0001
Improvement, %, of DAS28-CRP at W14 –0.579 < 0.0001 –0.613 < 0.0001 –0.598 < 0.0001

With HAQ at W54
SDAI at W6 0.392 < 0.0001 0.420 < 0.0001 0.241 0.0139 
DAS28-CRP at W6 0.435 < 0.0001 0.426 < 0.0001 0.315 0.0011 
SDAI at W10 0.513 < 0.0001 0.439 < 0.0001 0.280 0.0040 
DAS28-CRP at W10 0.547 < 0.0001 0.432 < 0.0001 0.364 0.0001 
SDAI at W14 0.455 < 0.0001 0.486 < 0.0001 0.430 < 0.0001
DSDAI at W14 –0.281 0.0048 –0.151 0.1252 –0.356 0.0002 
Improvement, %, of SDAI at W14 –0.441 < 0.0001 –0.371 0.0001 –0.490 < 0.0001
DAS28-CRP at W14 0.486 < 0.0001 0.505 < 0.0001 0.458 < 0.0001
DDAS28-CRP at W14 –0.434 < 0.0001 –0.283 0.0036 –0.404 < 0.0001
Improvement, %, of DAS28-CRP at W14 –0.492 < 0.0001 –0.375 < 0.0001 –0.465 < 0.0001

With DTSS at W54†
SDAI at W6* –0.046 0.6713 0.110 0.2956 –0.012 0.9088 
DAS28-CRP at W6* –0.035 0.7488 0.173 0.1001 0.092 0.3756 
SDAI at W10* 0.022 0.8398 0.175 0.0956 0.021 0.8384 
DAS28-CRP at W10* 0.071 0.5133 0.170 0.1058 0.089 0.3917 
SDAI at W14* 0.096 0.3775 0.105 0.3195 0.028 0.7903 
DSDAI at W14* –0.257 0.0168 –0.159 0.1300 –0.038 0.7139 
Improvement, %, of SDAI at W14* –0.217 0.0444 –0.143 0.1743 –0.021 0.8401 
DAS28-CRP at W14* 0.115 0.2929 0.108 0.3056 0.089 0.3916 
DDAS28-CRP at W14* –0.255 0.0179 –0.165 0.1151 –0.084 0.4200 
Improvement, %, of DAS28-CRP at W14* –0.216 0.0462 –0.162 0.1225 –0.070 0.4981 

Coefficients and p values were evaluated using Pearson correlation coefficient or * Spearman rank correlation coefficient. † n = 86, 92, and 95 in the 3 mg/kg,
6 mg/kg, and 10 mg/kg groups, respectively. W6: Week 6; W10: Week 10; W14: Week 14; HAQ: Health Assessment Questionnaire; DTSS: change in modified
total Sharp score; W54: Week 54; SDAI: Simplified Disease Activity Index; ΔSDAI: improvement value of SDAI; DAS28-CRP: 28-joint Disease Activity
Score-C-reactive protein; DDAS28-CRP: improvement value of DAS28-CRP.
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treatment. If these patients are considered failures for
anti-TNF agents, this clinical response might not be inferior
to those switched to other biologics23,24,25. Accordingly,
early dose escalation of IFX is useful in patients with inade-

quate response to standard-dose therapy and the prediction
of efficacy of standard- and escalated-dose treatment is
extremely important for the strategy of IFX treatment.

In our analysis, disease activity at W14 was most highly
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Table 3. Independent-associated factors with disease activity, REM/LDA, HAQ score, and functional remission at W54.

Table 3A. Multiple linear regression analysis of SDAI, DAS28-CRP, and HAQ score at W54.

Factors B 95% CI β p

SDAI at W54, R2 = 0.3365
Constant 5.813 2.502–9.124 0 0.0006
IFX dosage, mg/kg –0.562 –0.983 – –0.142 –0.123 0.0089
SDAI at W14 0.606 0.508–0.704 0.569 < 0.0001

DAS28-CRP at W54, R2 = 0.4114
Constant 1.047 0.578–1.517 0 < 0.0001
IFX dosage, mg/kg –0.081 –0.128 – –0.034 –0.150 0.0007
DAS28-CRP at W14 0.697 0.601, 0.793 0.628 < 0.0001
HAQ at W54, R2 = 0.3683

Constant –0.091 –0.281–0.099 0 0.3483
IFX dosage, mg/kg –0.015 –0.035–0.006 –0.063 0.1671
HAQ at W0 0.353 0.253–0.452 0.351 < 0.0001
Disease duration, yrs 0.014 0.006–0.022 0.160 0.0008
SDAI at W14 0.019 0.013–0.024 0.345 < 0.0001

HAQ at W54, R2 = 0.3811
Constant –0.401 –0.623 – –0.180 0 0.0004
IFX dosage, mg/kg –0.015 –0.036–0.005 –0.067 0.1403
HAQ at W0 0.337 0.238–0.437 0.335 < 0.0001
Disease duration, yrs 0.014 0.006–0.022 0.161 0.0006
DAS28-CRP at W14 0.175 0.129–0.221 0.369 < 0.0001

Table 3B. Multiple logistic regression analysis of achievement of REM/LDA and functional remission at W54.

Factors OR 95% CI p

REM (SDAI) at W54, *R2 = 0.3911
IFX dosage, mg/kg 1.127 1.017–1.251 0.0218
Disease duration, yrs 0.947 0.904–0.987 0.0083
SDAI at W14 0.843 0.800–0.882 < 0.0001

LDA (SDAI) at W54, *R2 = 0.3087
IFX dosage, mg/kg 1.118 1.018–1.232 0.0195
SDAI at W14 0.906 0.880–0.929 < 0.0001

REM (DAS28-CRP) at W54, *R2 = 0.3847
IFX dosage, mg/kg 1.156 1.050–1.277 0.0031
DAS28-CRP at W14 0.325 0.241–0.424 < 0.0001

LDA (DAS28-CRP) at W54, *R2 = 0.3757
IFX dosage, mg/kg 1.123 1.023–1.235 0.0143
DAS28-CRP at W14 0.347 0.264–0.445 < 0.0001

Functional remission at W54, *R2 = 0.3805
IFX dosage, mg/kg 1.065 0.970–1.172 0.1872
HAQ at W0 0.242 0.147–0.386 < 0.0001
SDAI at W14 0.931 0.905–0.955 < 0.0001

Functional remission at W54, *R2 = 0.4059
IFX dosage, mg/kg 1.078 0.980–1.188 0.1238
Duration of MTX use, yrs 0.880 0.791–0.973 0.0125
HAQ at W0 0.241 0.145–0.387 < 0.0001
DAS28CRP at W14 0.506 0.395–0.637 < 0.0001

Independent variables were selected using a backward stepwise procedure. Functional remission was defined as HAQ ≤ 0.50. * Nagelkerke R2. REM: clinical
remission; LDA: low disease activity; HAQ: Health Assessment Questionnaire; W54: Week 54; SDAI: Simplified Disease Activity Index; DAS28-CRP:
28-joint Disease Activity Score-C-reactive protein; B: nonstandardized coefficients; β: standardized coefficients; R2: explained variance; IFX: infliximab;
W14: Week 14; W0: Week 0; MTX: methotrexate.
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correlated with that at W54, and no other independent
factors were noted except IFX dosage; therefore, disease
activity at W14 most accurately predicted the clinical
response at W54 in each dosing group. Our results indicated

that the probability of treatment goal achievement in each
dosing group can be predicted from the logistic curve
created using REM/LDA at W54 as an objective variable
and disease activity at W14 as an explanatory variable
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Figure 1. Probability of REM or LDA at W54 based on SDAI at W14.
REM: clinical remission; LDA: low disease activity; W54: Week 54;
SDAI: Simplified Disease Activity Index; W14: Week 14.

Figure 2. Probability of REM at W54 based on DAS28-CRP at W14.
Cutoff values for DAS28-CRP were as follows: REM < 2.3; LDA < 2.7;
MDA ≥ 2.7 – ≤ 4.1; HDA > 4.116. REM: clinical remission; W54: Week
54; DAS28-CRP: 28-joint Disease Activity Score-C-reactive protein;
W14: Week 14; LDA: low disease activity; MDA: moderate disease
activity; HDA: high disease activity. 

Figure 3. Probability of LDA at W54 based on DAS28-CRP at W14.
Cutoff values for DAS28-CRP were as follows: REM < 2.3; LDA < 2.7;
MDA ≥ 2.7 – ≤ 4.1; HDA > 4.116. LDA: low disease activity; W54: Week
54; DAS28-CRP: 28-joint Disease Activity Score-C-reactive protein;
W14: Week 14; REM: clinical remission; MDA: moderate disease activity;
HDA: high disease activity.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


(Figures 1, 2, and 3). For example, when DAS28-CRP at
W14 is 2.4 (about the threshold between REM/LDA), we
may predict that REM will not be achieved in 50% of
patients at W54, even after 1 year of 3 mg/kg treatment.
However, if disease activity at W14 is 3.0 (MDA),
increasing IFX dose after W14 may induce REM in more
than half of patients. Figures 1, 2, and 3 further suggest that
when DAS28-CRP at W14 was improved to 2.7 (threshold
between LDA/MDA), clinical responses to the 6 mg/kg and
10 mg/kg treatments were almost equivalent, and while an
increase in dosage may be necessary in some patients, an
increase of up to 10 mg/kg may not be required. However,
if DAS28-CRP at W14 is 4.1 (threshold between
MDA/HDA), an increase to 6 mg will likely not markedly
improve clinical response, but an increase to 10 mg/kg may
increase the probability of REM/LDA. Given the above,
Figures 1, 2, and 3, which show the probability of
REM/LDA in individual patients with various disease activ-
ities at W14, are important indices for personalizing IFX
dosage, including continuation of standard-dose therapy,
dose escalation, or switching to another therapy. Meanwhile,
disease activity at W10 was also useful in predicting the
probability of REM/LDA at W54, despite showing a lower
correlation coefficient with disease activity at W54 than at
W14. Despite the lower correlation, making an early
decision at W10 for dose escalation might be advantageous
in clinical settings.

Disease activity at W14 showed little correlation with
DTSS values or radiographic remission in each dosing
group. Radiographic progression in our present study was
insufficient in accurately predicting radiographic remission.
In addition, it was reported that radiographic progression
was disassociated with disease activity26, and that the DTSS
value at W54 was low even in patients who showed an HDA
at W14 of IFX treatment27. Accordingly, we concluded that
disease activity at W14 was not useful for predicting
radiographic progression with IFX treatment. Of note, the
HAQ score and the functional remission at W54 were
closely correlated with disease activity at W14. However,
other independent correlated factors, such as the HAQ score
at baseline and disease duration, were also identified, as
well as disease activity at W14 (Table 3). Accordingly,
functional remission might not be accurately predicted using
only disease activity at W14.

Several limitations to our present study warrant mention.
First, the correlation coefficients between disease activities
at W14 and W54 ranged from 0.5 to 0.7. Although no other
independent correlated factors were found, clinical response
at W54 could not be fully explained by the disease activity
at W14 alone. Second, in most subjects in our study, disease
activities at baseline were HDA. Thus, the adaptability of
analysis results in cases when initial activity was otherwise
(e.g., MDA or extremely high disease activity) was
unknown. Third, our analysis was based on disease activity

at W54, and the adaptability of our findings in predicting
clinical response thereafter was also unknown.

However, despite these limitations, our results will prove
useful in devising at least a 1-year strategy for IFX treat -
ment. Our findings also prove that IFX treatment in line
with a T2T strategy will help prevent the progression of RA.
The cost-effectiveness of IFX dose escalation will be
discussed in future studies.
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APPENDIX 1. Correlation coefficient of components disease activity at W14 and serum IFX level at W6 to W14 with disease activity, HAQ score, and DTSS
at W54.

Correlation 3 mg/kg, n = 99 6 mg/kg, n = 104 10 mg/kg, n = 104   
Coefficient p Coefficient p Coefficient p

With SDAI at W54
TJC28 at W14 0.585 < 0.0001 0.401 < 0.0001 0.429 < 0.0001
SJC28 at W14 0.465 < 0.0001 0.420 < 0.0001 0.278 0.0042
CRP at W14 0.475 < 0.0001 0.385 < 0.0001 0.378 < 0.0001
PtGA at W14 0.486 < 0.0001 0.526 < 0.0001 0.394 < 0.0001
PGA at W14 0.534 < 0.0001 0.566 < 0.0001 0.300 0.0020
Serum IFX level at W6* –0.194 0.0544 –0.420 < 0.0001 –0.355 0.0002
Serum IFX level at W10*† –0.313 0.0016 –0.449 < 0.0001 –0.365 0.0002
Serum IFX level at W14* –0.246 0.0142 –0.448 < 0.0001 –0.385 < 0.0001

With DAS28-CRP at W54
TJC28 at W14 0.568 < 0.0001 0.454 < 0.0001 0.404 < 0.0001
SJC28 at W14 0.425 < 0.0001 0.475 < 0.0001 0.238 0.0151
CRP at W14 0.475 < 0.0001 0.456 < 0.0001 0.389 < 0.0001
PtGA at W14 0.490 < 0.0001 0.598 < 0.0001 0.395 < 0.0001
PGA at W14 0.500 < 0.0001 0.607 < 0.0001 0.358 0.0002
Serum IFX level at W6* –0.232 0.0212 –0.466 < 0.0001 –0.384 < 0.0001
Serum IFX level at W10*† –0.341 0.0005 –0.493 < 0.0001 –0.406 < 0.0001
Serum IFX level at W14* –0.297 0.0028 –0.484 < 0.0001 –0.432 < 0.0001

With HAQ at W54
TJC28 at W14 0.362 0.0002 0.370 0.0001 0.420 < 0.0001
SJC28 at W14 0.277 0.0055 0.316 0.0011 0.145 0.1411
CRP at W14 0.255 0.0109 0.302 0.0018 0.251 0.0100
PtGA at W14 0.501 < 0.0001 0.573 < 0.0001 0.354 0.0002
PGA at W14 0.397 < 0.0001 0.503 < 0.0001 0.365 0.0001
Serum IFX level at W6* –0.062 0.5400 –0.106 0.2849 –0.213 0.0298
Serum IFX level at W10*† –0.180 0.0744 –0.183 0.0626 –0.243 0.0135
Serum IFX level at W14* –0.117 0.2474 –0.177 0.0723 –0.280 0.0039  

With DTSS at W54‡
TJC28 at W14* –0.052 0.6320 0.053 0.6150 0.013 0.8975  
SJC28 at W14* –0.037 0.7342 0.079 0.4551 0.028 0.7876  
CRP at W14* 0.239 0.0269 0.122 0.2479 0.192 0.0625  
PtGA at W14* 0.192 0.0761 0.170 0.1045 0.045 0.6667  
PGA at W14* 0.249 0.0206 0.242 0.0199 0.132 0.2027
Serum IFX level at W6* –0.141 0.1946 –0.143 0.1736 –0.103 0.3205
Serum IFX level at W10* –0.177 0.1028 –0.174 0.0973 –0.046 0.6593
Serum IFX level at W14* –0.158 0.1460 –0.127 0.2275 –0.057 0.5832

Correlations of components of disease activity at W14 and serum IFX levels at W6 to W14 with disease activity, HAQ score and DTSS at W54 were calculated
using Pearson correlation coefficient or *Spearman rank correlation coefficient. † n = 103 in 10 mg/kg group. ‡ n = 86, 92, and 95 in 3, 6, and 10 mg/kg
groups, respectively. W14: Week 14; IFX: infliximab; W6: Week 6; HAQ: Health Assessment Questionnaire; DTSS: change in total modified Sharp score;
W54: Week 54; SDAI: Simplified Disease Activity Index; TJC28: tender joint count in 28 joints; SJC28: swollen joint count in 28 joints; CRP: C-reactive
protein; PtGA: patient’s global assessment; PGA: physician’s global assessment; W10: Week 10; DAS28: 28-joint Disease Activity Score. 
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Table 3. Independent-associated factors with disease activity, REM/LDA, HAQ score, and functional remission at W54.

Table 3A. Multiple linear regression analysis of SDAI, DAS28-CRP, and HAQ score at W54.

Factors B 95% CI β p

SDAI at W54, R2 = 0.3365
Constant 5.813 2.502–9.124 0 0.0006
IFX dosage, mg/kg –0.562 –0.983 – –0.142 –0.123 0.0089
SDAI at W14 0.606 0.508–0.704 0.569 < 0.0001

DAS28-CRP at W54, R2 = 0.4114
Constant 1.047 0.578–1.517 0 < 0.0001
IFX dosage, mg/kg –0.081 –0.128 – –0.034 –0.150 0.0007
DAS28-CRP at W14 0.697 0.601–0.793 0.628 < 0.0001

HAQ at W54, R2 = 0.3683
Constant –0.091 –0.281–0.099 0 0.3483
IFX dosage, mg/kg –0.015 –0.035–0.006 –0.063 0.1671
HAQ at W0 0.353 0.253–0.452 0.351 < 0.0001
Disease duration, yrs 0.014 0.006–0.022 0.160 0.0008
SDAI at W14 0.019 0.013–0.024 0.345 < 0.0001

HAQ at W54, R2 = 0.3811
Constant –0.401 –0.623 – –0.180 0 0.0004
IFX dosage, mg/kg –0.015 –0.036–0.005 –0.067 0.1403
HAQ at W0 0.337 0.238–0.437 0.335 < 0.0001
Disease duration, yrs 0.014 0.006–0.022 0.161 0.0006
DAS28-CRP at W14 0.175 0.129–0.221 0.369 < 0.0001

Table 3B. Multiple logistic regression analysis of achievement of REM/LDA and functional remission at W54.

Factors OR 95% CI p

REM (SDAI) at W54, *R2 = 0.3911
IFX dosage, mg/kg 1.127 1.017–1.251 0.0218
Disease duration, yrs 0.947 0.904–0.987 0.0083
SDAI at W14 0.843 0.800–0.882 < 0.0001

LDA (SDAI) at W54, *R2 = 0.3087
IFX dosage, mg/kg 1.118 1.018–1.232 0.0195
SDAI at W14 0.906 0.880–0.929 < 0.0001

REM (DAS28-CRP) at W54, *R2 = 0.3847
IFX dosage, mg/kg 1.156 1.050–1.277 0.0031
DAS28-CRP at W14 0.325 0.241–0.424 < 0.0001

LDA (DAS28-CRP) at W54, *R2 = 0.3757
IFX dosage, mg/kg 1.123 1.023–1.235 0.0143
DAS28-CRP at W14 0.347 0.264–0.445 < 0.0001

Functional remission at W54, *R2 = 0.3805
IFX dosage, mg/kg 1.065 0.970–1.172 0.1872
HAQ at W0 0.242 0.147–0.386 < 0.0001
SDAI at W14 0.931 0.905–0.955 < 0.0001

Functional remission at W54, *R2 = 0.4059
IFX dosage, mg/kg 1.078 0.980–1.188 0.1238
Duration of MTX use, yrs 0.880 0.791–0.973 0.0125
HAQ at W0 0.241 0.145–0.387 < 0.0001
DAS28-CRP at W14 0.506 0.395–0.637 < 0.0001

Independent variables were selected using a backward stepwise procedure. Functional remission was defined as HAQ ≤ 0.50. * Nagelkerke R2. REM: clinical
remission; LDA: low disease activity; HAQ: Health Assessment Questionnaire; W54: Week 54; SDAI: Simplified Disease Activity Index; DAS28-CRP:
28-joint Disease Activity Score-C-reactive protein; B: nonstandardized coefficients; β: standardized coefficients; R2: explained variance; IFX: infliximab;
W14: Week 14; W0: Week 0; MTX: methotrexate.

Correction
Prediction of Clinical Response After 1 Year of Infliximab
Therapy in Rheumatoid Arthritis Based on Disease Activity
at 3 Months: Posthoc Analysis of the RISING Study*
Takeuchi T, Miyasaka N, Inui T, Yano T, Yoshinari T, Abe T,
et al. Prediction of clinical response after 1 year of infliximab

therapy in rheumatoid arthritis based on disease activity at 3
months: posthoc analysis of the RISING study. J Rheumatol
2015;42:599-607. In Table 3A, column 1 was incorrectly
indented. The corrected table appears here. We regret the error.
*This correction is to the First Release version only, published
online February 15, 2015. doi:10.3899/jrheum.140572.C1


