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ABSTRACT
Background: In most patients with rheumatoid
arthritis (RA), Disease Activity Score 28-joint count
C reactive protein (DAS28-CRP) is lower than DAS28
erythrocyte sedimentation rate (DAS28-ESR),
suggesting that use of the DAS28-ESR cut-off to
assess high disease activity (HDA) with DAS28-CRP
may underestimate the number of patients with HDA.
We determined the DAS28-CRP value corresponding to
the validated DAS28-ESR cut-off for HDA.
Methods: Baseline data were pooled from 2 clinical
studies evaluating etanercept (ETN) plus methotrexate
(MTX) or MTX in early RA; DAS28-CRP and DAS28ESR were obtained, allowing the determination of the
DAS28-CRP HDA value best corresponding to the
DAS28-ESR cut-off of >5.1.
Results: At baseline, as expected, fewer patients had
HDA by DAS28-CRP than DAS28-ESR; DAS28CRP>5.1 and DAS28-ESR>5.1 had only modest
agreement (κ coefficients 0.45–0.54). Mean DAS28CRP and DAS28-ESR were 5.7 and 6.2, respectively, in
the ETN+MTX group (n=571), and 6.0 and 6.5 in the
MTX group (n=262). A DAS28-CRP cut-off of 4.6
corresponded to a DAS28-ESR cut-off of 5.1.
Conclusions: We have shown that a DAS28-CRP of
4.6 corresponds to 5.1 for DAS28-ESR. Since this is
substantially lower than the DAS28-ESR cut-off of 5.1,
using 5.1 as the cut-off for DAS28-CRP underestimates
disease activity in RA.
Trial registration number: NCT00195494;
NCT00913458.
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INTRODUCTION
Clinical trials in rheumatoid arthritis (RA)
show that the Disease Activity Score 28-joint
count (DAS28) calculated using C reactive
protein (CRP) is lower than DAS28 calculated
using erythrocyte sedimentation rate (ESR).1–7
This suggests that using DAS28-ESR cut-offs for
DAS28-CRP for high disease activity (HDA)
underestimates the number of patients with
HDA. Nevertheless, these values are often used
interchangeably in clinical trials, and by payers

Key messages
What is already known about this subject?
▸ The Disease Activity Score 28-joint count
(DAS28) values calculated using C reactive
protein (CRP) are lower than DAS28 values calculated using erythrocyte sedimentation rate
(ESR).

What does this study add?
▸ We determined that the definition of high
disease activity (HDA) is >4.6 when using
DAS28-CRP, since this is comparable to the validated DAS28-ESR HDA cut-off of >5.1.

How might this impact on clinical practice?
▸ Use of DAS28-ESR cut-offs for DAS28-CRP for
HDA underestimates the number of patients with
HDA, and patients who should be eligible for
advanced therapies may be excluded if eligibility
is calculated according to DAS28-CRP.
▸ Use of this new definition of HDA, as well as the
DAS28-CRP cut-offs for low disease activity and
remission we identified previously, will enable
more accurate measurement of disease activity
when the DAS28-CRP is used.

and health organisations when evaluating
patients for advanced therapies. Consequently,
patients who should be eligible for advanced
therapies by guidelines used in many countries,
for example, the National Institute for Health
and Care Excellence (NICE) guidelines in the
UK,8 may be excluded if eligibility is calculated
by DAS28-CRP.
The American College of Rheumatology
(ACR) recommendations on the use of
disease activity measures for RA do not distinguish between DAS28-CRP and DAS28-ESR,
implying that both measurements use the
cut-offs for remission and low disease activity
(LDA) of <2.6 and ≤3.2, respectively.9 The
2015 ACR treatment guideline for RA provides cut-offs for DAS28-ESR but does not
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mention DAS28-CRP.10 The European League Against
Rheumatism (EULAR) and Asia Paciﬁc League of
Associations for Rheumatology (APLAR) recommendations for managing RA refer to remission and LDA calculated using DAS28 but do not specify whether ESR or
CRP should be used.11 12 Consequently, clinicians may
assume that values of DAS28-CRP and DAS28-ESR are
interchangeable.
Previously, we demonstrated that DAS28-CRP cut-off
values equivalent to DAS28-ESR for remission and LDA
were <2.4 and ≤2.9, respectively, rather than <2.6 and
≤3.2.13 For this report, we analysed baseline data from two
clinical trials with etanercept (ETN) to determine the
DAS28-CRP cut-off value corresponding to the validated
DAS28-ESR cut-off value for HDA in RA.
METHODS
We evaluated baseline data from COMET and
PRIZE (ClinicalTrials.gov identiﬁers: NCT00195494,
NCT00913458), randomised clinical trials which
enrolled patients with early moderate-to-severe RA who
were naïve to methotrexate (MTX) and biological
therapy.14 15 Our previous report on the deﬁnition of
LDA and remission for DAS28-CRP included additional
studies. However, the present analysis evaluated the
cut-off for HDA and thus required a substantial number
of patients with moderate RA; only COMET and PRIZE
included sufﬁcient numbers of patients. The current
analysis did not assess other measures of RA, such as the
simpliﬁed disease activity index or the clinical disease
activity index, because the confusion about measuring
HDA generally relates to use of the DAS28-ESR cut-off
when using DAS28-CRP.
COMET was a global study with sites in Asia, Australia,
Europe and Latin America; patients were randomised to
receive ETN 50 mg+MTX once weekly (QW) or MTX
QW.14 Patients had disease duration ≥3 months and
≤2 years, DAS28-ESR≥3.2, and either ESR≥28 mm/hour
or CRP≥20 mg/L. PRIZE was conducted in Europe and
Asia; all patients initially received ETN 50 mg+MTX
QW.15 Patients had DAS28-ESR>3.2 and symptom onset
within the previous 12 months.
Statistical methods
Baseline data from the COMET and PRIZE studies were
evaluated separately and also pooled. The method of analysis was described in detail previously.13 Brieﬂy, descriptive statistics for DAS28-CRP (calculated using traditional
CRP in the COMET study and high-sensitivity (hs)-CRP
in the PRIZE study) and DAS28-ESR were determined for
each treatment group. DAS28-CRP and DAS28-ESR were
compared according to the DAS28-ESR cut-off value for
HDA (>5.1) using sensitivity, speciﬁcity, κ coefﬁcients and
proportion of discordance. Based on the DAS28-ESR
cut-off value, the corresponding DAS28-CRP value was
determined for each study and treatment group using
cumulative distribution plots, receiver operator curves
2

and maximum concordance. These DAS28-CRP values
were averaged for each study and treatment, and then
averaged overall. This produced a new value for the
DAS28-CRP HDA cut-off that corresponded best to the
validated DAS28-ESR HDA cut-off.
RESULTS
The COMET trial included 265 patients who received
ETN 50 mg+MTX QW and 263 who received MTX QW;
the trial results have been reported in detail elsewhere.14
The study participants had early RA with a mean (SE)
disease duration of 9.0 (0.3) months and active disease:
mean (SD) swollen joint count (SJC) 17.3 (10.2) out of
68 joints, tender joint count (TJC) 25.0 (14.5) out of 71
joints, ESR 48.5 (24.0) mm/hour and CRP 36.7 (36.1)
mg/L.14 The percentage of patients with moderate
disease activity (MDA, deﬁned as DAS28-ESR≥3.2 to
≤5.1) in the ETN+MTX and MTX groups was 21/265
(7.9%) and 20/263 (7.6%), respectively.
The PRIZE study included 306 patients who received
ETN 50 mg+MTX QW. The mean (SD) age was 49.9
(13.7) years; disease duration was 6.5 (2.9) months,
DAS28-ESR was 6.0 (1.1), SJC was 11.1 (5.9) out of 28
joints, TJC was 14.1 (7.1) out of 28 joints, ESR was 34.8
(23.2) mm/hour and hs-CRP was 15.2 (22.4) mg/L. The
percentage of patients with MDA deﬁned by DAS28-ESR
was 64/306 (20.9%).
As expected, our analysis demonstrated that at baseline,
fewer patients met the HDA cut-off of >5.1 by DAS28-CRP
than by DAS28-ESR (table 1). In the pooled ETN+MTX
group, 394/571 (69.0%) patients had DAS-CRP>5.1, and
486/571 (85.1%) had DAS28-ESR>5.1. In the MTX group,
204/262 (77.9%) patients had DAS-CRP>5.1, and 243/263
(92.4%) had DAS28-ESR>5.1. There was only modest
agreement between DAS28-CRP>5.1 and DAS28-ESR>5.1
(κ coefﬁcients ranging from 0.45 to 0.54), with high sensitivity but low speciﬁcity.
In the pooled ETN+MTX group, mean (95% CI)
DAS28-CRP and DAS28-ESR values were 5.7 (5.6 to 5.8)
and 6.2 (6.2 to 6.3), respectively, with a mean (95% CI)
difference of 0.57 (0.53 to 0.60). In the MTX group,
mean (95% CI) DAS28-CRP and DAS28-ESR values were
6.0 (5.9 to 6.1) and 6.5 (6.4 to 6.6), respectively, with a
mean (95% CI) difference of 0.54 (0.50 to 0.58).
We determined that a mean DAS28-CRP cut-off value
of 4.6 corresponds to a DAS28-ESR HDA cut-off value of
5.1 (table 2). The mean DAS28-CRP HDA cut-off value
was similar between the COMET and PRIZE studies,
ranging from 4.62 to 4.68.
Similar to the HDA cut-off estimation in this analysis,
our previous assessment determined that the DAS28-CRP
cut-off values for LDA and remission were lower than the
corresponding DAS28-ESR cut-off values.13 The
DAS28-CRP estimated (range) cut-off values for remission
and LDA were 2.4 (2.2–2.6) and 2.9 (2.6–3.3), respectively,
ﬁgure 1. The DAS28-CRP cut-off values for the COMET
study were similar to the overall cut-offs calculated for all
studies in the report.13
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Table 1 Statistical measures comparing DAS28-CRP>5.1 and DAS28-ESR>5.1 at baseline
Proportion of
discordance between
Sensitivity (%) Specificity (%) κ coefficient
DAS28-CRP>5.1 DAS28-ESR>5.1 parameters
COMET
ETN+MTX
MTX
PRIZE
ETN+MTX
Pooled
ETN+MTX

208/265 (78.5)
204/262 (77.9)

244/265 (92.1)
243/263 (92.4)

36/265 (13.6)
38/262 (14.5)

100.0
100.0

36.8
34.5

0.48
0.45

186/306 (60.8)

242/306 (79.1)

62/306 (20.3)

98.4

50.8

0.54

394/571 (69.0)

486/571 (85.1)

98/571 (17.2)

99.2

46.3

0.53

Sensitivity and specificity based on standard DAS28-CRP>5.1.
Values are n/N (%) unless otherwise noted.
DAS28-CRP, Disease Activity Score in 28 joints calculated with C reactive protein; DAS28-ESR, Disease Activity Score in 28 joints
calculated with erythrocyte sedimentation rate; ETN, etanercept; MTX, methotrexate.

DISCUSSION
In this analysis, more patients met the HDA cut-off value
of >5.1 according to DAS28-ESR than DAS28-CRP, with
mean values for DAS28-CRP being lower. These results
highlight that DAS28-CRP is not interchangeable with
DAS28-ESR. Consequently, use of DAS28-CRP to assess
eligibility for advanced therapies by payer guidelines
(such as NICE) will exclude a signiﬁcant number of
otherwise eligible and appropriate patients.
Several other published studies also determined that
DAS28-CRP and DAS28-ESR are not interchangeable.1–7
Inoue et al1 reported a much lower HDA cut-off value of
4.1 for DAS28-CRP. They also found lower remission and
LDA cut-off values (2.3 and 2.7, respectively) than we
found previously (2.4 and 2.9), although they were
similar to the values we calculated in our subanalysis of
the Asian population.13 This suggests that the discrepancy in study results may be due, at least in part, to the
difference in study populations. The study by Inoue et al
was conducted in Japan, and cut-offs identiﬁed in a
Japanese population may not be transferrable to the
global population.
Castrejón et al7 determined that the best DAS28-CRP
cut-off values for their patient population were 2.3, 3.8
and 4.9 for remission, LDA and HDA, respectively.

However, that population differed from the current one;
Castrejon et al7 16 evaluated an early arthritis cohort at a
single site in which a large percentage of the patients
had undifferentiated arthritis and only 57% met the
ACR classiﬁcation criteria for RA.
At least one published study and the ACR disease
activity measurement guidelines for RA suggest that
DAS-CRP and ESR are interchangeable.9 17 The
improper use of the DAS28-ESR cut-off value when
using DAS28-CRP leads to confusion and may lead to
mismanagement of patients. For example, clinical
studies such as OPTIMA18 and ADACTA19 used
DAS28-ESR cut-off values for DAS28-CRP (which was
used in the study), thus initiating medication withdrawal
in at least some patients with MDA. This is highly discouraged by the ACR 2015 RA Treatment Guideline and
the 2013 EULAR recommendations for the treatment of
RA. In addition, Smolen et al20 propose that certain biological therapies have a much greater effect on CRP
than ESR, resulting in large differences in the rates of
MDA according to DAS28-CRP versus DAS28-ESR.
One strength of this analysis is the variability between
the two clinical studies in the assays used to measure
CRP. DAS28-CRP was calculated using traditional CRP
and hs-CRP in the COMET and PRIZE studies,

Table 2 DAS28-CRP HDA cut-off estimation that corresponds to DAS28-ESR>5.1

COMET
ETN+MTX
MTX
PRIZE
ETN+MTX
Pooled
All

DAS28-CRP estimation*

Sensitivity+specificity
(maximum)

Concordance (maximum)

DAS28-CRP cut-offs†,
mean (SD)

4.52
4.55

4.78
4.92

4.55
4.55

4.62 (0.14)
4.68 (0.21)

4.51

5.01

4.34

4.62 (0.35)
4.64 (0.03)

*Based on DAS28-CRP and DAS28-ESR cumulative distribution plots.
†Based on mean of all three statistical approaches, presented per treatment group.
DAS28-CRP, Disease Activity Score in 28 joints calculated with C reactive protein; DAS28-ESR, Disease Activity Score in 28 joints calculated
with erythrocyte sedimentation rate; ETN, etanercept; HDA, high disease activity; MTX, methotrexate.
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Figure 1 DAS28-CRP cut-off
values corresponding to the
DAS28-ESR cut-off values for
remission, LDA and HDA,
average of three statistical
approaches. Cut-offs for
remission and LDA are from
Fleischmann et al.13
DAS28-CRP, Disease Activity
Score in 28 joints calculated with
C reactive protein; DAS28-ESR,
Disease Activity Score in 28 joints
calculated with erythrocyte
sedimentation rate; HDA, high
disease activity; LDA, low
disease activity.

respectively, thus increasing the generalisability of the
results. A limitation is that this analysis only included
data from two clinical trials, since only COMET and
PRIZE had a sufﬁcient number of patients with moderate RA. The TEMPO trial, which evaluated ETN for the
management of patients with established, long-standing
moderate-to-severe RA, included few patients with MDA
(41 of 677 patients; 6.1%), and so it could not be
included in this analysis.21 In TEMPO, the mean difference between baseline DAS28-ESR and DAS28-CRP was
6.8–6.4=0.4. This value is slightly lower than the difference between baseline DAS28-ESR and DAS28-CRP that
results when COMET and PRIZE are pooled (0.5–0.6),
but it is within the range (0.4–1.2) found in other clinical trials of patients with established moderate-to-severe
RA.3 22–24
Since the difference between baseline DAS28-ESR and
DAS28-CRP in this analysis is similar to other clinical
trials, the new HDA deﬁnition may be applicable across
various populations. However, this cut-off needs to be
validated in longitudinal or registry cohorts.
Additionally, it is possible that minor differences may
occur in the cut-off value, depending on the laboratory
and also on whether traditional CRP or hs-CRP is used.
This analysis included only one study that used traditional CRP and one that used hs-CRP; therefore, we
were not able to closely evaluate the potential for
differences.
In summary, we recommend the use of a new HDA
deﬁnition of >4.6 when using DAS28-CRP, since this is
comparable to the validated DAS28-ESR HDA cut-off of
>5.1. The new HDA deﬁnition should be used alongside
the previously reported thresholds for DAS28-CRP of
≤2.9 for LDA and <2.4 for remission. This will enable
more accurate measurement of disease activity when the
DAS28-CRP is used. It is essential that clinicians, clinical
triallists, payers and regulatory agencies clearly specify
which type of DAS28 score is being used and avoid using
them interchangeably.
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