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Contribution of the Subjective Components of the
Disease Activity Score to the Response to Biologic
Treatment in Rheumatoid Arthritis
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Objective. A significant proportion of patients with rheumatoid arthritis do not respond adequately to biologic treat-
ment. We hypothesized that lack of response to (biologic) disease-modifying antirheumatic drugs (DMARDs) is high in
patients in whom the subjective, patient-reported component of the Disease Activity Score 28 (DAS28) is high at base-
line. The primary aim of our present study was to investigate the contribution of the more subjective versus the objective
components of the DAS28 to response to biologic agents in RA patients, as well as the changes in this contribution over
time. The secondary aim was to examine whether the value of this subjective contribution at baseline affects the response
to treatment.

Methods. The DAS28-P (the subjective components of the DAS28 relative to the total DAS28) was calculated. Patients
were derived from the computer-assisted Management in Early Rheumatoid Arthritis Trial-IT and the Biologicals and
Outcome Compared and Predicted in Utrecht Region in Rheumatoid Arthritis Study. Ordinal logistic regression analy-
ses were performed.

Results. The DAS28-P score at baseline was not associated with the level of response according to European League
Against Rheumatism criteria at 3 months. Overall, a significant reduction in the DAS28-P score was observed 3 months
after start of treatment, showing a greater reduction of the combined subjective components in good responders.
Conclusion. The results reject the hypothesis that the lack of response to biologic DMARDs is especially high in
patients in whom the patient-reported component of the DAS28 is high at baseline; these subjective components are

not linked to treatment response.

INTRODUCTION

Treatment of rtheumatoid arthritis (RA) has significantly
improved through concepts such as “tight control” and
“treat to target,” as well as the introduction of biologic
drugs. Currently, patients can not only use synthetic
disease-modifying antirheumatic drugs (DMARDs), pref-
erably in a treatment strategy with dose and medication
adjustments tailored to the individual patient (1), but
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they can also use biologic DMARDEs, increasing the chance
of reaching remission (2,3). However, biologic DMARDs
are not always effective (4). One reason could be that RA
is probably the final common pathway for multiple, mutu-
ally related pathologic processes. It is therefore unlikely
to be cured by a single treatment strategy. Individualized
approaches are needed, propagated nowadays as an im-
portant next step in further improving treatment strategies
for RA (3).
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Significance & Innovations

e The largest part of improvement in disease activ-
ity on average and especially in good responders
can be accounted for by the subjective contribu-
tion to the Disease Activity Score in 28 joints
(DAS28).

e Responders and nonresponders did not differ in
the baseline subjective contribution, therefore the
DAS28-P value at baseline could not be linked to
treatment response.

Disease activity measures facilitate clinical decision-
making (5). The most commonly used measure in RA to
assess disease activity is the Disease Activity Score
based on 28 joints (DAS28) (6). This composite clinical
index is calculated by an algorithm of a value for 2 more
subjective components, the tender joint count (T]JC28)
and the visual analog scale general well-being (VAS-GH)
measure, and a value for 2 more objective components,
the swollen joint count (SJC28) and the erythrocyte
sedimentation rate (ESR). Although the DAS28 was only
validated on a group level (6), this clinical score has
been used widely to adjust the treatment of individual
patients (7—9). When disease activity is measured through
a (partly) symptom-based score like the DAS28, not all
components may respond similarly to treatment. The
more subjective components may be experienced dif-
ferently by different patients, and this may vary over the
disease course within a patient (10). The subjective com-
ponents could also be influenced by comorbidities (fi-
bromyalgia, stress, depression, outcome expectations,
etc.). The high pain and disability scores seen in fibro-
myalgic RA suggest that these patients have high scores
using summative assessments (11). If disease activity
scores are disproportionately high in relation to the
level of inflammatory synovitis in fibromyalgic RA, the
value of disease activity assessments in these patients is
questionable (11,12). Patients might still benefit from
medication, but the effect on disease activity might be
limited.

In clinical trials and daily practice, a significant propor-
tion of RA patients does not respond satisfactorily to their
biologic treatment. We hypothesized that RA patients with
higher relative scores of TJC28 + VAS-GH have a higher
probability of not responding to biologic treatment in com-
parison to the patients with more inflammatory disease
activity as measured by SJC28 + ESR and therefore have a
disproportionate contribution to the lack of response.
Ideally, one would like to predict the response to biologic
treatment before expectations and cost are being raised.

The primary aim of our present study was to investi-
gate the contribution of the more subjective versus the
objective components of the DAS28 to response to bio-
logic agents in RA patients, as well as the changes in
this contribution over time. The secondary aim was to
find out if the value of this subjective contribution at
baseline affects the response to treatment.

PATIENTS AND METHODS

CAMERA-II Trial and BiOCURA Study. Patients in-
cluded in this study were selected from 2 databases of
the Utrecht Arthritis Cohort Study Group (SRU), one
resulting from the Computer Assisted Management in
Early Rheumatoid Arthritis Trial-II (CAMERA-II) and one
from the observational BiOCURA (Biologicals and
Outcome Compared and Predicted in Utrecht Region
in Rheumatoid Arthritis) study. These studies were
approved by the ethical review boards of the participat-
ing hospitals. All patients had a diagnosis of RA accord-
ing to the American College of Rheumatology criteria for
RA (13) and gave written informed consent. Patients
who started with their first biologic agent and who had
DAS28 data available both at baseline (time of starting
biologic treatment) and at the 3-month followup were
included in this study (n = 172).

In the CAMERA-II trial, early RA patients were included
between 2003 and 2008. Details of the CAMERA-II trial
are reported elsewhere (14). In short, this trial compared
the addition of 10 mg/day of prednisone or prednisone-
placebo to a randomized, double-blind, prospective, multi-
center 2-year methotrexate (MTX)-based tight-controlled
treatment strategy, aiming for remission. All consecutive
patients who visited the outpatient clinic of 1 of the 7
SRU rheumatology departments were asked to participate,
and the included patients (n=236) all gave written
informed consent. This strategy included a final step of
adding a biologic agent; that step was taken in 16 (of 117)
patients receiving additional prednisone and 42 (of 119)
patients receiving the additional prednisone-placebo. Out
of these, 51 participants met the inclusion criteria of the
present study. All 51 participants received adalimumab
according to standard clinical practice guidelines.

In the ongoing observational BIOCURA cohort study,
conducted by SRU centers, the first patient was enrolled
in June 2009. This study aims to define (and in the future
implement) recommendations and limitations for the use
of each biologic agent on the market for treatment of RA,
based on disease activity response to treatment via the
clinical and immunologic profile of an individual patient.
Every patient with RA who started a biologic agent could
enter (and re-enter after a switch to another biologic
agent) this study, before the first dose of the biologic
agent. As of July 2013, 121 patients met the inclusion cri-
teria of the present study (including starting with the first
biologic agent) and were included in the present analysis.
Of these 121 patients, the number of biologic DMARDs
were mainly tumor necrosis factor (TNF) blockers and
they were distributed as follows: 52 patients received ada-
limumab, 43 received etanercept, 10 received golimumab,
6 received infliximab, and 3 received certolizumab pegol;
all doses were per Dutch standardized protocol. Seven
patients did not receive a TNF blocker, i.e., 5 received
tocilizumab (interleukin-6 blocker) and 2 received rituxi-
mab (destroys B cells) per protocol.

Statistical analysis. Descriptive statistics (mean with
SD, median with interquartile range, and number with
percentage) were used to quantitatively summarize the
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Table 1. Baseline patient characteristics*
Total BiOCURA CAMERA-II
Characteristics m=172) (m=121) (n=51) P
Age, years 52.0*x12.4 53.0%£11.9 50.5*13.4 0.09
Female 128 (74) 93 (77) 35 (69) 0.26
RF-positive status 102 (67)t 71 (66)* 31 (69)§ 0.71
DAS28 start 4.11*+1.37 4.32*+1.18 3.61 £1.65 0.01
TJC28, median (IQR) 4.5 (2-11) 5 (2-11.5) 3 (0-9) 0.029
VAS-GH 46.78 (26.73) 54.01 (23.87) 29.55 (25.41) < 0.001
SJC28, median (IQR) 2 (0-4) 2 (0-4) 2 (0-5) 0.119
ESR, median (IQR) 16.5 (7—30.75) 18 (9-31.5) 11 (5-30) 0.249
DAS28-P score# 0.44 = 0.19 0.48 = 0.18 0.34 +0.20 < 0.001
1st interquartile 43 (25) 21 (17) 22 (43) < 0.001
2nd interquartile 43 (25) 31 (26) 12 (24) 0.85
3rd interquartile 43 (25) 32 (26) 11 (22) 0.57
4th interquartile 43 (25) 37 (31) 6 (12) 0.01
No. of prior synthetic DMARDs 2.48 +1.21 2.99 + 1.05 1.27 = 0.45 < 0.001
Smoking (%) 46 (26.7)** 28 (23.1) 18 (38.3)1t 0.048
* Values are the number (%) for categorical variables and mean = SD for continuous variables unless indicated otherwise. P value states whether
there was a significant difference between the 2 subgroups. BIOCURA = Biologicals and Outcome Compared and Predicted in Utrecht Region in
Rheumatoid Arthritis; CAMERA-II = Computer Assisted Management in Early Rheumatoid Arthritis Trial-II; RF = rheumatoid factor; DAS28 =
Disease Activity Score in 28 joints; TJC = tender joint count; IQR = interquartile range; VAS-GM = visual analog scale general well-being mea-
sure; SJC = swollen joint count; ESR = erythrocyte sedimentation rate; DMARDs = disease-modifying antirheumatic drugs.
t N = 153 with reported RF status.
+ N = 108 with reported RF status.
§ N = 45 with reported RF status.
q By Mann-Whitney U test.
# Fisher’s exact test regarding the overall difference in interquartile distribution between the 2 subgroups: P = 0.03.
** N = 46 of 168 (4 patients with no reported data).
1+ N = 18 of 47 (4 patients with no reported data).

distribution of the variables at baseline. Group differen-
ces between the 2 selections from the study populations,
in means for continuous data, were tested for signifi-
cance using independent t-tests or Mann—Whitney U test
if not normally distributed. For differences in categorical
data, chi-square tests were performed. Patient response
to therapy was defined according the European League
Against Rheumatism (EULAR) criteria for good, moder-
ate, and nonresponders (15,16).

To quantify the size of the contribution of the subjec-
tive patient-reported domains of the DAS28 (TJC28 and
VAS) relative to the total DAS28, a quantity (the DAS28-
P) derived from the standard formula to calculate the
DAS28 was calculated at baseline and at 3 months (10).
The more subjective domain part of the DAS28 formula/
total DAS28 formula =

<0.56 X \/TJC28 +0.014 XVAS—GH) /(0.56%/TJC28 + 0.28
X4/SJC28 +0.70 X In[ESR] + 0.014 X VAS-GH)

The range for the VAS-GH is 0-100, and the range for
ESR is approximately 0—140. Our null hypothesis stated
that the DAS28-P score at the start is not significantly
different between patients with different levels of re-
sponse (i.e., good, moderate, nonresponse). Paired t-tests
were performed to see if there was a significant differ-
ence (change) between the DAS28-P score at baseline
and at 3 months within the patients with different levels
of response; an analysis of variance was performed to
test if this change was different between the different
levels of response.

An ordinal logistic regression analysis was performed
to investigate whether the DAS28-P score at baseline was
associated with the different levels of response to treat-
ment at 3 months, when the DAS28 score at the start
and other possible predictors such as sex, age, and previ-
ous DMARD use were corrected for in the model.

Because the CAMERA-II subgroup was too small for
multivariate analyses, the multivariable analyses for the
second aim were performed on the total cohort only.
Subgroups were used as covariate in the analyses.

All analyses were performed using SPSS software, ver-
sion 20.0, and a P value of less than 0.05 was regarded
as statistically significant.

RESULTS

The baseline characteristics of the total cohort and both
subgroups are reported in Table 1. The DAS28 score, the
subjective components of the DAS28 (TJC28 and VAS-
GH), the DAS28-P score, the number of prior DMARDEs,
and the number of smokers were not equally distributed
over the 2 cohorts, showing lower disease activity, a
smaller DAS28-P score, and a lower number of prior syn-
thetic DMARDs and smokers in the CAMERA-II trial (not
surprisingly, this being an early RA cohort).

To address the primary aim, Table 2 shows the DAS28-P
score for all patients, each subgroup, and per EULAR
response group, both at baseline and after 3 months of
treatment with a first biologic agent. The overall subjec-
tive contribution to the DAS28 was 44%, 48%, and
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Table 2. The DAS28-P score and its change over time*
Cohort/EULAR
response No. Baseline 3 months Pt
Total
All 172 0.44*0.19 0.35*0.24 < 0.001
Good 65 0.46*+0.12 0.26*+0.24 < 0.001
Moderate 41 0.46*0.12 0.42=*0.20 0.16
Non 66 0.40*0.26 0.39*0.23 0.66
BiOCURA
All 121 0.48*0.18 0.38*0.24 < 0.001
Good 50 0.47*0.12 0.28*0.25 < 0.001
Moderate 29 0.47*0.17 0.44*0.21 0.40
Non 42 0.49*0.24 0.47=*0.20 0.36
CAMERA-IT
All 51 0.34*0.20 0.27 £0.21 0.004
Good 15 0.42*0.11 0.19*0.13 < 0.001
Moderate 12 0.44*+0.18 0.39*0.19 0.09
Non 24 0.24*0.21 0.26 £0.23 0.57
* DAS28-P = Disease Activity Score in 28 joints, subjective com-
ponents; EULAR = European League Against Rheumatism;
BiOCURA = Biologicals and Outcome Compared and Predicted in
Utrecht Region in Rheumatoid Arthritis; CAMERA-II = Computer
Assisted Management in Early Rheumatoid Arthritis Trial-II.
t The reported P value represents the level of significance of the
performed paired t-tests.
# Start contribution score not equally distributed in CAMERA-II;
P =0.003 by analysis of variance.

34%, respectively, at the start in the total cohort and
the separate BIOCURA and CAMERA-II subgroups. At
the start, the DAS28-P score did not differ between the
response groups in the total and BiOCURA subgroups
(all between 40% and 49%). Only the nonresponders in
the CAMERA-II sample had a lower subjective contri-
bution and differed significantly from the other re-
sponse groups in that subgroup; DAS28-P scores were
0.42, 0.44, and 0.24 for the good, moderate and nonres-
ponders, respectively (F = 6.65, P = 0.003). Overall, a sig-
nificant change in the DAS28-P score was observed over
time in both the total (P < 0.001) and the separate
BiOCURA cohort and CAMERA-II subgroups (P < 0.001
and P = 0.004, respectively), showing a smaller subjective
contribution. This can be interpreted as more pronounced
improvement in the subjective parts of the DAS28. Inter-
estingly, this significant reduction of the DAS28-P score
was only observed in the good responders (P < 0.001) in
the total cohort as well as the subgroups.

Regarding the second aim, Table 3 shows that the
DASZ28-P score at baseline was not associated with the dif-
ferent levels of response to treatment at 3 months. The
model did show that lower age, a higher baseline DAS28
score, a lower number of prior synthetic DMARDs used,
being in the BIOCURA cohort subgroup, and being male
resulted in an increase in odds of being in a higher level of
response. When the regression analysis was performed
without the variable DAS28 at baseline, the DAS28-P score
was not significantly associated with the level of response.

DISCUSSION

The primary aim of our present study was to investigate
the presumed disproportionate contribution of the sub-

jective components of the DAS28 score in the disease
activity score in patients who do not respond well to
treatment and to see if the subjective contribution
changes over time after the start of a new treatment step
in a cohort of RA patients treated with biologic agents.

We hypothesized that objective, doctor-observed and
laboratory measures would have a higher contribution at
baseline (i.e., before the start of biologic treatment) in
responders and that these parameters would improve
more significantly after the start of this treatment.

Our findings do not support this, as the subjective com-
ponents (TJCs) and 1 of the objective components (ESR)
of the DAS28 contributed most to the clinical response.

We conclude, therefore, that a disproportionate subjec-
tive contribution to the DAS28 score is not the reason for
nonresponse. However, the share of the subjective com-
ponents of the DAS28 became smaller over time in
patients with a good response to the therapy, suggesting
that in good responders especially also the subjective
components improve, whereas none of the items of the
DAS28 seem to respond in the nonresponder group. The
EULAR response groups in the cohort and subgroups did
not differ much. In general (the one exception being the
nonresponders in the CAMERA-II subgroup), the DAS28-P
score became smaller over time. The results suggest that
biologic DMARDs affect, through their blocking ability
on proinflammatory cytokines, both inflammation (dis-
ease) and subjective components of the diseases (illness

Table 3. Ordinal regression analysis predicting level of
response to treatment at 3 months from multiple

variables*
Variables pOR*t Estimate P

DAS28-P score at 1.00 0.00 0.88

baseline X100+
DAS28 at baseline 1.68 0.52 < 0.001
Age, years 0.97 —0.04 0.02
No. of prior DMARDs 0.63 —0.46 0.02
Subgroups

CAMERA-II 0.34 —1.008 0.04

BiOCURA

Female sex 0.39 -0.94 0.03

RF positive 1.32 0.28 0.43

Smoker (yes) 0.69 -0.37 0.33

* Ordinal logistic regression with variables obtainable at baseline.
This analysis is performed to address the odds of being in a
higher European League Against Rheumatism response group.
Good response is the reference category. Model information: logit;
—2 log likelihood final vs. intercept: P<0.001; Nagelkerke’s R* =
0.19; test of parallel lines: P = 0.21. OR = odds ratio; DAS28-P =
Disease Activity Score in 28 joints, subjective components;
DMARDs = disease-modifying antirheumatic drugs; CAMERA-II =
Computer Assisted Management in Early Rheumatoid Arthritis
Trial-II; BIOCURA = Biologicals and Outcome Compared and Pre-
dicted in Utrecht Region in Rheumatoid Arthritis; RF = rheuma-
toid factor.

t Proportional OR.

# Contribution score ranges between 0 and 1 because it is a ratio;
for clear interpretation of the particular estimate, this ratio has
been multiplied by 100. When the regression analysis was per-
formed without the variable DAS28 at baseline, the DAS28-P
score was not significantly associated with the level of response;
n = 151 due to missing data.
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or sickness response) (17-19). In patients with RA, the
swift effect of a blockade of TNF has been described,
showing a significant lowering in the subjective VAS-
pain within 24 hours (20). These data indicate a fast
effect of TNF blockade on the pain responses in the cen-
tral nervous system even before a measurable antiinflam-
matory effect is achieved (20).

Regarding our secondary aim, we found that the
DAS28-P score at baseline is not associated with the dif-
ferent levels of response to treatment at 3 months. These
results make it difficult to base treatment decisions on
the subjective or objective characteristics of disease acti-
vity scores.

Recently, a new criterion for treatment response as
assessed by the DAS28 that exceeds random disease
activity variations in patients with RA has been estab-
lished, which may be useful in steering individual ther-
apy and stratifying clinical trials (21).

The present study has some limitations. The baseline
characteristics were not all equal between the 2 sub-
groups. This can be explained by the difference in study
design. CAMERA-II is a highly protocolized strategy trial
using an MTX-based treatment strategy, with stringent
steps to follow and only included early RA patients. The
BiOCURA cohort is an observational study where pa-
tients with varying disease durations are enrolled. Pa-
tients in the CAMERA-II trial might be making the step
to a biologic agent more quickly, as the next protocolized
step following MTX (plus prednisone or a placebo), than
in the BiOCURA cohort, where response is more based
on current disease status, inflammation, patient percep-
tion, clinical observations, and other treatment options
(such as when other synthetic DMARDs are not [no lon-
ger] an option). Another limitation of our study is that
we do not possess information on fibromyalgia, stress,
depression, and outcome expectations, which could have
influenced our outcomes. New study designs should
include this type of patient information.

The DAS28-P score has not been widely used. While
some studies have used the subjective contribution of the
DAS28 to study DMARD intensification (22), its role in
predicting pain (10), and how this contribution is affected
by psychological factors (23), to our knowledge no studies
have focused on the association between the subjective
contribution and response to treatment. There might be
some issues calculating the DAS28-P under extreme value
conditions. For high values of the DAS28 (therefore all
contributors of the DAS28 are high), the DAS28-P score is
forced toward a value of approximately 0.5. In contrast, if
the DAS28-P is either way close to 0 or close to 1, then
only moderate scores of the DAS28 (*+4) are possible. In
our study, these extreme value conditions were absent.

The counterintuitive findings of an equal contribution
of the subjective disease activity measures irrespective of
response and the even larger improvement in subjective
measures of the DAS28 in good responders might (partly)
be a placebo effect, possibly related to the use of biologic
DMARDs. It is also not clear if over time this effect is
the same.

For clinical practice we can conclude that pain at base-
line is not a reason to not start with biologic DMARDs and

that the presented data do not support patient selection
based on subjective contribution to disease activity.

More research is needed for better understanding and
more insight into the precise working of biologic
DMARDs on more subjective patient-reported outcomes,
so biologic DMARDs can be used for treating the individ-
ual patient optimally. It would be of great interest to
learn if in placebo-controlled biologic DMARD research
similar effects of equal contribution of subjective and
objective measures to disease activity irrespective of
response are found in RA patients.

Our study shows that the largest part of improvement
in disease activity on average and especially in good res-
ponders can be accounted for by the subjective contribu-
tion to the DAS28. The hypothesis that especially the
subjective, patient-reported components of the DAS28
have a disproportionate contribution to the lack of
response to biologic DMARD treatment was rejected. Re-
sponders and nonresponders did not differ in the baseline
subjective contribution; therefore the DAS28-P score at
baseline could not be linked to treatment response.
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