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Timing and Magnitude of Initial Change in Disease
Activity Score 28 Predicts the Likelihood of Achieving
Low Disease Activity at 1 Year in Rheumatoid Arthritis
Patients Treated with Certolizumab Pegol: 
A Post-hoc Analysis of the RAPID 1 Trial
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ABSTRACT. Objective. To determine the relationship between timing and magnitude of Disease Activity Score
[DAS28(ESR)] nonresponse (DAS28 improvement thresholds not reached) during the first 12 weeks
of treatment with certolizumab pegol (CZP) plus methotrexate, and the likelihood of achieving low
disease activity (LDA) at 1 year in patients with rheumatoid arthritis.
Methods. In a post-hoc analysis of the RAPID 1 study, patients achieving LDA [DAS28(ESR) ≤ 3.2]
at Year 1 were assessed according to DAS28 nonresponse at various timepoints within the first 12
weeks.
Results. Seven-hundred eighty-three patients were included (CZP 200 mg, n = 393; CZP 400 mg, 
n = 390). A total of 86.9% of patients in the CZP 200 mg group had a DAS28 improvement of ≥ 1.2
by Week 12. Of the 13.1% of patients with DAS28 improvement < 1.2 by Week 12, only 2.0% had
LDA at Year 1. Failure to achieve LDA at Year 1 depended on timing of nonresponse — 22.3%,
8.4%, and 2.0% of patients with DAS28 improvement < 1.2 by Weeks 1, 6, and 12, respectively, had
LDA at Year 1 — and magnitude of initial lack of DAS28 improvement; for example, compared with
the patients with DAS28 < 1.2 improvement, fewer patients with DAS28 < 0.6 had LDA at Year 1
(17.4%, 2.4%, and 0.0% at Weeks 1, 6, and 12, respectively).
Conclusion. Failure to achieve improvement in DAS28 within the first 12 weeks of therapy was pre-
dictive of a low probability of achieving LDA at Year 1. Moreover, the accuracy of the prediction
was found to be strongly dependent on the magnitude and timing of the lack of the response.
(Clinical Trial Registration Nos. NCT00152386 and NCT00175877). (J Rheumatol First Release
May 15 2012; doi:10.3899/jrheum.111171)
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Studies have demonstrated the importance of early control
of disease activity in rheumatoid arthritis (RA) using inten-
sive treatment and management strategies to obtain
longterm clinical benefit1. Swift identification of patients
who are unlikely to have a longterm response allows for
early adjustment of treatment and may result in better con-
trol of disease activity2. Nevertheless, there are currently no
good biomarkers or other indicators capable of predicting
response or longer-term benefit3. In the absence of such
indicators, timing of onset of response to drug therapy has
emerged as one of the strongest predictors of longterm out-
comes4,5,6,7,8. However, the use of clinical data collected
soon after initiation of treatment to act as a predictor of non-
response [i.e., failing to achieve low disease activity (LDA)
at 1 year] has received far less attention2. This is important
since it would limit exposure to potentially expensive thera-
pies that patients are unlikely to benefit from.

The negative predictive value of failing to achieve
improvement in disease activity — measured by Disease
Activity Score [DAS28(ESR)] — during the first 12 weeks
of certolizumab pegol (CZP) therapy was investigated in
this post-hoc analysis of the Rheumatoid Arthritis
PreventIon of structural Damage (RAPID) 1 trial9. This was
accomplished by observing the effect of timing and magni-
tude of DAS28(ESR) nonresponse on the likelihood of
achieving LDA (DAS28 ≤ 3.2) at Year 1.

MATERIALS AND METHODS

Patient population. The RAPID 1 study (NCT00152386) is described in
detail9. Briefly, eligible patients were randomized to methotrexate (MTX)
plus (1) placebo, or subcutaneous CZP 400 mg at Weeks 0, 2, and 4, then
(2) 200, or (3) 400 mg every other week (EOW) for 52 weeks. Patients who
completed 52 weeks of RAPID 1 (completers), or who failed to achieve an
ACR20 response at both Weeks 12 and 14 and had to be withdrawn at Week
16 per study protocol (withdrawers), were given the option to enter an
open-label extension (OLE) study of CZP 400 mg EOW plus MTX
(NCT00175877). 

Assessments. Analyses were performed in patients initially randomized to
active treatment with CZP to examine the relationship between initial lack
of improvements in disease activity and likelihood of achieving LDA at
Year 1. The proportion of patients who had LDA at Year 1 and at both Years
1 and 2 was cross-tabulated according to magnitude of DAS28 nonresponse

up to Weeks 1, 2, 4, 6, 8, 10, and 12 and DAS28 improvement thresholds
(0.3, 0.6, 0.9, 1.2, 1.5, and 1.8 points). LDA at Year 1 was also evaluated
according to DAS28 baseline quartiles (≤ 6.34, > 6.34 to ≤ 6.95, > 6.95 to
≤ 7.48, > 7.48). 

Statistical analyses. The analysis was conducted on the intent-to-treat (ITT)
population. The number of patients at each timepoint varies slightly from
the ITT numbers owing to nonimputable missing data for the predictor vari-
ables. For assessment of LDA at Year 1, last observation carried forward
(LOCF) was used to account for missing data (e.g., after withdrawal from
RAPID 1 or use of rescue medication). LOCF was also used for assessment
of LDA at Years 1 and 2 (patients who did not reconsent to enter the OLE,
received rescue medication, or withdrew from the OLE). Nonresponder
populations of patients evaluated according to improvements in DAS28 up
to each timepoint were not mutually exclusive, e.g., the group of nonre-
sponders at the 1.2-point level (i.e., decrease < 1.2) included < 0.3, < 0.6,
and < 0.9 nonresponders.

RESULTS

A total of 783 patients were included in this post-hoc analy-
sis (CZP 200 mg, n = 393; CZP 400 mg, n = 390). The mean
baseline DAS28 was 6.9, with 98% of patients in high dis-
ease activity (DAS28 > 5.1). The average disease duration at
baseline was 6.1 years.

The nonresponder population was examined to determine
if the magnitude of lack of change in DAS28 or the time-
point at which it is measured could be used to predict likeli-
hood of achieving LDA at Year 1. Patients who failed to
achieve a DAS28 improvement of ≥ 1.2 units at later time-
points of the first 12 weeks of treatment with CZP were less
likely to have LDA at Year 1 than those who failed to
achieve DAS28 improvement ≥ 1.2 at earlier timepoints
(Figure 1A). In the CZP 200 mg group, 86.9% (338/389)
had an improvement in DAS28 of ≥ 1.2 by Week 12.
Specifically, of the 13.1% of patients with DAS28 improve-
ment < 1.2 (51/389) by Week 12, only 1 patient (2.0%)
achieved LDA at Year 1. Of the 107 patients with DAS28
improvement < 1.2 by Week 6 (27.5%), 9 patients (8.4%)
had LDA at Year 1. For DAS28 magnitude, patients who
failed to achieve lower improvements in DAS28 units at
selected timepoints (Weeks 1, 6, and 12) were less likely to
achieve LDA at Year 1 compared with those who failed to
achieve greater reductions in disease activity (Figure 1B).
For example, at Weeks 1, 6, and 12, respectively, 17.4%,
2.4%, and 0.0% of patients with DAS28 improvement < 0.6
had LDA at Year 1 compared with 22.3%, 8.4%, and 2.0%
of those with DAS28 improvement < 1.2 (Figure 1B). These
DAS28 data are also tabulated to illustrate in more detail the
relationship between magnitude and timepoint of failure to
achieve a DAS28 change as a function of the probability to
achieve LDA at Year 1. DAS28 changes of < 0.3 by Week 4,
< 1.2 by Week 8, or < 1.8 by Week 12 were associated with
a < 5% chance of LDA at Year 1 (Table 1). Similar findings
were also observed in those patients who received CZP 400
mg (data not shown).

As a sensitivity analysis the likelihood of LDA at Year 1
was also evaluated according to disease activity at baseline
(by DAS28 baseline quartiles). The timing and magnitude of
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Figure 1. Response with certolizumab pegol (CZP) 200 mg plus methotrexate. A. Percentage of patients with DAS28 improvement < 1.2 up to Week 12 and
percentage who subsequently had LDA at Year 1. B. Percentage of patients who achieved LDA at Year 1 by time to and magnitude of initial DAS28 response.
LDA: low disease activity defined as DAS28(ESR) ≤ 3.2.
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lack of DAS28 improvements influenced outcomes regard-
less of baseline disease activity; patients with lower baseline
disease activity who failed to achieve DAS28 thresholds
within the first 12 weeks were more likely to have LDA at
Year 1 compared with those patients with higher levels of
disease activity at baseline (Tables 2-5).

The analyses were repeated to examine the influence of
DAS28 nonresponse on the ability to predict sustained
longterm outcomes defined as LDA at both Years 1 and 2. A
total of 670 patients went on to enter the OLE study, 334
randomized to CZP 200 mg and 336 to CZP 400 mg, with
574 (CZP 200 mg, n = 277; CZP 400 mg, n = 297) remain-

4 The Journal of Rheumatology 2012; 39:7; doi:10.3899/jrheum.111171
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Table 1. LDA at Year 1 among patients treated with certolizumab pegol (CZP) 200 mg plus methotrexate (MTX), who failed to
achieve certain DAS28 decreases within the first 12 weeks of treatment (ITT population; N = 393). LDA: low disease activity
defined as DAS28(ESR) ≤ 3.2; n: number of patients not achieving a particular DAS28 threshold (row) up to a particular time-
point (column). Grey, white, and black shading indicate > 10%, 5%–10%, and < 5% probability of achieving LDA at 1 year,
respectively. ITT: intent-to-treat.

Table 2. Probability to achieve LDA at Year 1 among patients treated with certolizumab pegol (CZP) 200 mg plus methotrexate
(MTX) according to baseline DAS28 ≤ 6.34. LDA: low disease activity defined as DAS28(ESR) ≤ 3.2; n: number of patients not
achieving a particular DAS28 threshold (row) up to a particular timepoint (column). Grey, white, and black shading indicate >
10%, 5%–10%, and < 5% probability of achieving LDA at 1 year, respectively.
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ing in the OLE at the end of Year 2 (73% of the ITT popu-
lation). At Year 2, LDA was achieved in 35.2% of the com-
bined starting ITT population (274/778) and 26.0% of
patients (202/778) had LDA at both Years 1 and 2. In the
CZP 200 mg group, the timing and magnitude of a DAS28
nonresponse predicted LDA at both Years 1 and 2 (Table 6).

The proportions of DAS28 nonresponders with LDA at both
Years 1 and 2 were similar to the proportions of nonrespon-
ders with LDA at Year 1, particularly for patients with fail-
ure to achieve improvement in DAS28 between Weeks 6
and 12 (Table 6). Results were similar in patients treated
with either CZP 200 mg or 400 mg (data not shown). 
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Table 3. Probability to achieve LDA at Year 1 among patients treated with certolizumab pegol (CZP) 200 mg plus methotrexate
(MTX) according to baseline DAS28 > 6.34 to ≤ 6.95. LDA: low disease activity defined as DAS28(ESR) ≤ 3.2; n: number of
patients not achieving a particular DAS28 threshold (row) up to a particular timepoint (column). Grey, white, and black shading
indicate > 10%, 5%–10%, and < 5% probability of achieving LDA at 1 year, respectively.

Table 4. Probability to achieve LDA at Year 1 among patients treated with certolizumab pegol (CZP) 200 mg plus methotrexate
(MTX) according to baseline DAS28 > 6.95 to ≤ 7.48. LDA: low disease activity defined as DAS28(ESR) ≤ 3.2; n: number of
patients not achieving a particular DAS28 threshold (row) up to a particular timepoint (column). Grey, white, and black shading
indicate > 10%, 5%–10%, and < 5% probability of achieving LDA at 1 year, respectively.
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DISCUSSION

This post-hoc analysis demonstrates that the timing and
magnitude of DAS28 nonresponse can be used to predict
LDA at Year 1. Previous studies have demonstrated the role
of early response as a marker of longterm clinical out-

comes4,5,6,7,8. In our analysis, these observations were
extended to focus on DAS28 nonresponse by Week 12 as a
predictor of longterm outcomes. LDA was selected as the
target in our analysis because the population had high dis-
ease activity at baseline and longstanding disease duration.

6 The Journal of Rheumatology 2012; 39:7; doi:10.3899/jrheum.111171
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Table 5. Probability to achieve LDA at Year 1 among patients treated with certolizumab pegol (CZP) 200 mg plus methotrexate
(MTX) according to baseline DAS28 > 7.48. LDA: low disease activity defined as DAS28(ESR) ≤ 3.2; n: number of patients not
achieving a particular DAS28 threshold (row) up to a particular timepoint (column). Grey, white, and black shading indicate >
10%, 5%–10%, and < 5% probability of achieving LDA at 1 year, respectively. ITT: intent-to-treat.

Table 6. LDA at both Years 1 and 2 among patients treated with certolizumab pegol (CZP) 200 mg plus methotrexate (MTX) who
failed to achieve DAS28 decreases within the first 12 weeks of treatment (ITT population; N = 393). LDA: low disease activity
defined as DAS28(ESR) ≤ 3.2; n: number of patients not achieving each DAS28 threshold (row) up to a particular timepoint (col-
umn). Grey, white, and black shading indicate > 10%, 5%–10%, and < 5% probability of achieving LDA at 1 year, respectively.
ITT: intent-to-treat.
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Although American College of Rheumatology/European
League Against Rheumatism recommendations highlight
the importance of remission as a therapeutic goal10, LDA is
suggested as an acceptable alternative in this patient
 population2,11.

In patients who did not achieve certain DAS28 improve-
ment thresholds, the timing of this nonresponse affected
achievement of LDA at Year 1, with nonresponses up to
later timepoints associated with a reduced likelihood for
LDA. Additionally, the magnitude of DAS28 nonresponse
up to Week 12 could predict lack of attainment of LDA at
Year 1. Patients achieving changes in DAS28 < 1.8 units
within the first 12 weeks of treatment were more likely to
achieve LDA at Year 1 than those with lesser changes of <
1.5, < 1.2, or < 0.9 units. The timing and magnitude of the
DAS28 nonresponse also consistently predicted the proba-
bility of achieving LDA at both Years 1 and 2. Early predic-
tion of longterm disease activity may reduce costs, decrease
unnecessary drug exposure, and allow prompt access to
more effective treatment, especially if used with other meth-
ods (e.g., intensive imaging or biomarkers)3.

The limitations of this report include the post-hoc design
of our analyses compared with prospective approaches.
Additionally, the generalizability of the results is potentially
limiting because patients were difficult to treat and had high
disease activity at baseline. To address this point we inves-
tigated the influence of baseline disease activity using the
same approach. Analysis of DAS28 baseline quartiles
demonstrated that the results are applicable to patients who
have lower disease activity at baseline. For those patients in
the lowest DAS28 baseline quartile (DAS28 ≤ 6.34) who
failed to achieve a DAS28 improvement of ≥ 1.2 units by
Week 12, none achieved LDA at Year 1. Indeed, no patient
in this quartile who failed to achieve a DAS28 improvement
of ≥ 1.2 units by Week 10 reached LDA at Year 1. Although
6.34 is still higher than the average disease activity of
patients typically seen in clinical practice in Europe and the
United States, the findings suggest that the modeling
approach may be applicable to RA patients with lower dis-
ease activity. Nevertheless, further work in a broader popu-
lation of patients more reflective of routine clinical practice,
including patients with different disease duration and dis-
ease activity and receiving a range of concomitant therapies,
is required to confirm the findings.

Initial observations examining the likelihood of LDA
based on responses according to the Clinical Disease
Activity Index are similar to the DAS28 findings reported
here, although further work is warranted. It would also be
interesting to examine the ability of the timing and magni-
tude of response to predict remission and to validate the cur-
rent results using registry data.

The final limitation of this analysis is that the ability to
predict nonresponse with high probability (< 5% misclassi-
fication) at Week 12 based on a DAS28 change of < 1.2

units applied to only 13% of the RAPID 1 population.
Although the prediction of failure to reach LDA applies to a
small cohort of patients, the model is useful for patients
within the cohort. Additionally, at timepoints earlier than 12
weeks, the negative predictive value is high, and applies to
a considerably higher percentage of this patient population
than at the 12-week point. A compromise between accept-
able risk of misclassification and the size of the population
that experiences the nonresponse will ultimately depend on
physician judgment.

These results demonstrate that the likelihood of LDA at
Year 1 can be predicted early in the course of treatment with
CZP based on the timing and magnitude of initial change in
DAS28. Attaining either slower and/or a lower magnitude of
response (greater magnitude of nonresponse) was associated
with a lower rate of LDA at Year 1. These findings suggest
that early response may be important in estimating longterm
effectiveness of therapy and could be used to optimize “tight
control” treatment strategies11. Identifying nonresponders
early is potentially more useful than identifying responders;
it will facilitate timely stopping of ineffective treatment at
the individual patient level and allow exploration of alterna-
tive therapy options. For CZP, the findings suggest that
patients who have not responded with a DAS28 improve-
ment of at least 1.2 units by Week 12 are unlikely to have
LDA after 1 year. Assuming that LDA is the (minimum) tar-
get of treatment, this information should facilitate decisions
to halt CZP beyond Week 12.
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