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Abstract

Objectives: The Simplified Disease Activity Index (SDAI) is a recommended composite score
for assessing the remission status in patients with rheumatoid arthritis (RA). However,
determination of C-reactive protein (CRP) levels takes several hours and sometimes days and
limits the use of the SDAIl in the clinical setting. The aim of this study was to validate the SDAI
using a quick quantitative C-reactive protein (qCRP) assay (as SDAI-Q) in RA patients.

Design: This is a multicenter, prospective, cross-sectional pilot study in RA patients.
Methods: Adult patients (=18years) with a clinical diagnosis of RA were recruited between
January 2020 and September 2020 from five rheumatologic centers located in Berlin,
Germany. SDAI, SDAI-Q, Clinical Disease Activity Index (CDAI), and DAS28 scores comprising
CRP, qCRP, or erythrocyte sedimentation rate (ESR) were calculated. The agreement of
disease activity categories was analyzed using cross tabulations and weighted Cohen’s kappa.
The agreement of numerical values was analyzed with Bland-Altman plots and intraclass
correlation coefficients (ICCs]).

Results: Overall, 100 RA patients were included in the statistical analysis. The mean

value of qCRP (7.89 = 16.98 mg/l] was slightly higher than that of routine laboratory CRP

(6.97 =15.02mg/l). Comparing SDAIl and SDAI-Q, all patients were assigned to identical
disease activity categories. Agreement of disease activity categories by CDAIl and SDAI/
SDAI-Q was observed in 93% with a weighted Cohen’s kappa of 0.929 (95% confidence interval
(Cl)=0.878; 0.981).

Conclusion: The SDAI-Q showed an absolute agreement regarding the assignment of disease
activity categories in comparison with the conventional SDAI. Therefore, the SDAI-Q may
facilitate the application of a treat-to-target concept in clinical trials and clinical routine as a
quickly available disease activity score incorporating CRP as an objective parameter.

Keywords: SDAI, CDAI, CRP, disease activity, rheumatoid arthritis, treat-to-target

Received: 15 February 2022; revised manuscript accepted: 29 June 2022.

Introduction

Rheumatoid arthritis (RA) is a chronic, autoim-
mune joint disease with a prevalence of 0.5-1.0%
in North America and Europe.!:? Typically, RA

patients suffer from polyarthritis and morning
stiffness particularly affecting the small joints of
hands and feet with a symmetric distribution.?
Moreover, also extra-articular manifestations like
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pulmonary involvement, vasculitis, or rheuma-
toid nodules are possible.! Insufficient control of
the inflammatory process leads to subsequent
structural joint damage that causes irreversible
impairment of physical function.*8

The treat-to-target (T2T) concept in rheumatol-
ogy comprises regular monitoring of disease activ-
ity using composite scores as well as therapeutic
modifications based on the current disease activity
level to achieve the targeted disease activity level.®
Over the past years, significant evidence favoring
the application of a T2T concept in RA patients
has been accumulated.®19 Implementation of a
T2T strategy showed improved physical func-
tion,!1-13 enhanced health-related quality of life,!!
and cost-effectiveness!!:14 compared with routine
care. Thus, current treatment and management
guidelines have given a clear recommendation to
apply the T2T strategy in RA patients, aiming at
clinical remission or —whether remission cannot
be achieved — low disease activity (LDA) as an
alternative target.!516 Furthermore, it has been
recommended to use validated composite scores
for regular disease activity assessments.13

According to American College of Rheumatology/
European  Alliance of Associations for
Rheumatology (ACR/EULAR) remission criteria,
the Simplified Disease Activity Index (SDAI) rep-
resents the most suitable composite score to define
and assess the state of remission in clinical trials.!?
SDALI is calculated by summation of patient and
physician global disease activity assessment on a
visual analogue scale from 0 to 10cm, tender and
swollen joint count (out of 28 joints), and the
C-reactive protein (CRP) value in mg/dl.!® The
Clinical Disease Activity Index (CDAI) was intro-
duced as an alternative disease activity score for
clinical routine, constituting of the same variables
as SDAI but omitting the CRP value.1® As current,
routine laboratory CRP values are mostly not
immediately available in the outpatient rheumato-
logical setting, the ACR/EULAR committee sug-
gested CDALI as an alternative composite index for
the remission definition in clinical practice.l?

The CDAI showed a very good agreement with
SDAI regarding disease activity categories?? and
CRP contributed on average only 5% to SDAI
values!® in the CDAI validation studies. A com-
posite score involving CRP as an objective inflam-
matory parameter will better reflect the real
disease activity than a purely clinical score in cer-
tain situations, however. This might be especially

the case for patients with pain hypersensitivity
(fibromyalgia) or indolent RA patients with a few
subjective symptoms in which an objective inflam-
matory parameter may help to recognize and dis-
tinguish genuinely and apparently increased
disease activity. Therefore, CDAI may lead to an
over- or under-estimation of disease activity in
aforementioned patient groups. Furthermore, a
large register study found discrepant disease activ-
ity categories by SDAI and CDAI between 12.8%
and 20.4%, and the authors concluded that acute-
phase reactants may contribute more strongly to
composite scores than originally assumed.?!

Validated, quick quantitative C-reactive protein
(qCRP) assays can provide a current CRP value
within a few minutes after blood collection. In the
past, we have already validated the Ankylosing
Spondylitis Disease Activity Score (ASDAS)
using a qCRP assay (called ASDAS-Q) in a sin-
gle-center pilot study?? and in a multicenter study
with a higher sample size.?3 This qCRP assay can
be also used for SDAI calculation (as SDAI-Q).
As a timely available composite index containing
an acute-phase reactant, the SDAI-Q may com-
bine the advantages of the conventional SDAI as
well as the advantages of the CDALI, but has not
been validated yet.

The Disease Activity Score 28 (DAS28) is no
more recommended for the definition of remis-
sion,!” among others, as the DAS28 remission
state was shown to allow significant residual
inflammation and performed worse in predicting
good radiographic outcomes in comparison with
other remission definitions.!”-2¢ DAS28 is still fre-
quently used in clinical practice, however. Thus,
a qCRP-based DAS28 (DAS28-qCRP) might be
helpful for some rheumatologists.

This study aimed to validate the SDAI-Q in a
prospective, multicenter, cross-sectional pilot
study in early and established RA patients receiv-
ing different medical treatments. Owing to its
wide distribution in clinical practice, the perfor-
mance of DAS28-qCRP in comparison with
DAS28-CRP was also investigated.

Patients and methods

Patients and assessments

The current research project was conducted as
part of a joint, higher level, multicenter research
project to validate different disease activity scores

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

J Schally, HC Brandt et al.

using a qCRP assay, including the validation of
the ASDAS based on a qCRP assay.?3

This cross-sectional, multicenter pilot study was
performed in Berlin, Germany. Five rheumato-
logic centers participated in this project, includ-
ing two specialized academic university hospitals
and three rheumatologic outpatient practices.
The study recruitment took place between
January 2020 and September 2020. All adult
(=18years) patients with a clinical diagnosis of
RA, who had given written informed consent,
were considered eligible for study participation.
Rheumatologists were encouraged to include
consecutive patients. Exclusion criteria for study
participation were a previously known clinically
significant anemia, meaning a hemoglobin-con-
centration <10g/dl (<6.2mmol/l) or signs of an
acute infection.?> A structured rheumatologic
assessment was performed in all study patients,
including joint counts, patients’ global assess-
ment of disease activity, evaluator’s global assess-
ment of disease activity, and laboratory
assessment. Patient’s and evaluator’s global
assessments of disease activity were assessed on a
visual analogue scale (VAS) from 0cm =inactive
to 10 cm =very active.

Measurement of routine laboratory CRP was per-
formed in different certified laboratories by a con-
ventional method (usually, a turbidimetric assay).
Erythrocyte sedimentation rate (ESR) measure-
ment was conducted locally. Measurement of
qCRP values was performed with the ‘QuikRead
go’ instrument (Aidian Oy, Espoo, Finland, soft-
ware versions 7.5.1 and 7.6.2) and the reagent
kits ‘QuikRead go wrCRP + Hb’ (Aidian Oy). In
most of the patients, whole blood from the blood
collection system could be used for the qCRP
evaluation, which would have been disposed oth-
erwise. Instead of whole blood from the collection
system, the qCRP measurement could also be
performed with ethylenediaminetetraacetic acid
(EDTA) or heparin whole blood, when the col-
lection system was no more available or blood in
the collection system was already coagulated.??

The qCRP measurement range was dependent
on the hematocrit concentration and according to
the manufacturer is 0.5-200 mg/1 for a hematocrit
concentration of 40-45%.25 Measurement of
qCRP was available for samples having a hemato-
crit concentration between 15% and 75%.%°
Studies validating the ‘QuikRead go’ products
were performed according to the Clinical and

Laboratory Standards Institute (CLSI) guide-
lines, EP5-A3.25:26 The qCRP measurement is
based on an immunoturbidimetric method and
was executed according to the assay instruc-
tions:2?> Tenmicroliters of whole blood were
transferred into a glass capillary and from this
capillary transferred into a special cuvette con-
taining the reagent solution. The cuvette was
closed with a reagent cap and then put into the
‘QuikRead go’ instrument?> and the whole meas-
urement can be performed in approximately
2min. The precision of qCRP measurement was
evaluated by the manufacturer in a multisite pre-
cision study.??

The qCRP measurement device indicated all
qCRP values with one decimal place. Quality
controls were implemented once weekly using the
‘QuikRead go wrCRP Control’ (Aidian Oy) to
verify correct measurement.25

After all necessary parameters were available, dis-
ease activity scores (SDAI!® SDAI-Q, CDAIL!®
DAS28-CRP,28 DAS28-qCRP, DAS28-ESR29)
were calculated using the routine laboratory CRP
value, gCRP value, and ESR value. For CRP and
qCRP values below the lowest detection limit, a
value of 0.0mg/l was used for further statistical
analyses. SDAI and SDAI-Q were calculated
according to the formula of Smolen ez al.,'8 CDAI
according to the formula of Aletaha ez al.,!°
DAS28-ESR according to the formula of Prevoo
et al.,?® and DAS28-CRP and DAS28-qCRP
according to Fransen er al.?8 For the analysis of
identical numerical values (see section
‘Outcomes’), all disease activity score values were
rounded to one decimal place.

Using SDAI and SDAI-Q, patients were assigned
to the following disease activity categories: remis-
sion=SDAI <3.3; low disease activity (LDA)=
SDAI >3.3 and <11; moderate disease activity
(MDA)=SDAI >11 and <26; and high disease
activity (HDA)=SDAI >26.3° Disease activity
classification for CDAI was as follows: remis-
sion=CDAI <2.8; LDA=CDAI >2.8 and <10;
MDA =CDAI >10 and <22; and HDA=CDAI
>22.20 For DAS28-CRP and DAS28-qCRP,
the modified DAS28-CRP thresholds from
Fleischmann er al.332 were used as follows:
remission=DAS28-CRP <2.4; LDA=DAS28-
CRP =2.4 and <2.9; MDA =DAS28-CRP >2.9
and =<4.6; and HDA=DAS28-CRP >4.6. For
DAS28-ESR, the original published disease activ-
ity criteria were applied: remission=DAS28-ESR
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<2.6; LDA=DAS28-ESR=2.6 and
MDA=DAS28-ESR >3.2 and <5.1;
HDA=DAS28-ESR >5.1.33:34

=3.2;
and

Outcomes

The primary outcome of this study was the pro-
portion of patients with identical disease activity
category assignment by SDAI and SDAI-Q.

Secondary outcome measures were as follows:

e the proportion of patients with identical
disease activity categories by SDAI and
CDALI and by SDAI-Q and CDALI;

e the proportion of identical numerical values
for SDAI-Q and SDAI, SDAI and CDAI as
well as SDAI-Q and CDAI;

e the proportion of patients with identical
disease activity categories by DAS28-CRP
and DAS28-qCRP and by DAS28-ESR
and DAS28-CRP;

e the proportion of identical numerical values
for gCRP and routine laboratory CRP.

Identical numerical values of the different disease
activity scores and CRP/qCRP were assumed if
the numerical values were matching up to the first
decimal place. To analyze the proportion of iden-
tical numerical values, values of SDAI, SDAI-Q,
CDAI, and different DAS28 scores were rounded
to one decimal place.

Sample size

Owing to the pilot project nature of this study, we
aimed for a sample size of 100 RA patients to gen-
erate results that further projects could build on
based on an adequate sample size calculation.

Statistical analysis

Demographic data, clinical and laboratory infor-
mation as well as disease activity scores were ana-
lyzed using methods of descriptive statistics. The
intake of non-steroidal anti-inflammatory drugs
(NSAIDs) was quantified by calculating the
NSAID equivalent score (modified formula
according to Dougados ez al.35)23

NSAID equivalent score®

= NSAID equivalent dose XDays of intake per week

7

To analyze the agreement of different disease
activity categories, cross tabulations and weighted
Cohen’s kappa were calculated for SDAI and
SDAI-Q, SDAI and CDAI, SDAI-Q and CDAI,
DAS28-CRP and DAS28-qCRP as well as
DAS28-CRP and DAS28-ESR.

Bland-Altman plots and intraclass correlation
coefficient (ICC) were used to analyze the con-
cordance regarding the numerical values of differ-
ent disease activity scores and CRP versus qCRP
values. For the calculation of ICC and their 95%
confidence intervals (CIs), a mean-rating (k=2),
absolute agreement, two-way mixed-effects
model was applied. The statistical analyses were
implemented wusing SPSS Statistics (IBM,
Armonk, New York, USA, version number 27)
and Microsoft Excel (Microsoft Corporation,
Redmond, Washington, USA, Office 2019).23

Patients with missing routine laboratory CRP or
qCRP values were not included in the statistical
analysis. For patients with missing ESR (and thus
missing DAS28-ESR) values, a general statistical
analysis was performed, but outcomes including
ESR or DAS28-ESR values were only analyzed
for patients with available ESR and DAS28-ESR
values.

The study was reported according to the STROBE
statement.3® This work was previously presented
as a poster at the EULAR congress 2021,37 at the
‘Deutscher Rheumatologiekongress’ 202138 and
at the ACR congress 2021.3°

Results

Demographic and clinical characteristics
Altogether, 104 RA patients were eligible and
have given written informed consent for study
participation. Four of these patients could not be
included in the statistical analysis because of
missing QCRP values. Availability of both routine
laboratory CRP and qCRP values was required to
analyze the primary outcome measure. A total of
100 RA patients were included in the statistical
analysis with all clinical data, routine laboratory
CRP and qCRP values being available, while
ESR measurement and DAS28-ESR were availa-
ble for 99 of these patients. Patients with a previ-
ously known anemia were not considered for
study participation, so no patient was excluded
because of this reason.
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Clinical, demographic, and treatment data are
shown in Table 1 and Supplementary Table S1.
Mean age of the included patients was 60.9 years;
mean disease duration 11.4years and 73 patients
were female; 63 patients were rheumatoid factor
(RF) positive, 57 patients were positive for anti-
cyclic citrullinated peptide antibodies (ACPA)
and 49 patients positive for both RF and ACPA.
In this study, 40 patients received systemic gluco-
corticosteroids (GCs), 32 patients were treated
with NSAIDs, 75 patients were treated with at
least one conventional synthetic disease-modify-
ing anti-rheumatic drug (csDMARD), 15 patients
were treated with targeted synthetic disease-mod-
ifying anti-rheumatic drug (tsDMARDs) and 39
patients received biological disease-modifying
anti-rheumatic drug (bDMARD) therapy.

Comparison of routine laboratory CRP and

qCRP

The mean value of the routine laboratory CRP and
qCRP was 7.0*15.0mg/l and 7.9+ 17.0mg/l,
respectively (Table 1). Both measurement meth-
ods provided identical numerical CRP values in
12 of 100 patients. The mean difference of both
CRP measurement methods was 0.9 = 2.7mg/l;
observed differences between routine laboratory
CRP and qCRP ranged from —4.3 to 17.2mg/l. A
Bland—Altman plot for the routine laboratory CRP
and qCRP shows the agreement of numerical val-
ues by both measurement methods (Figure 1).

The 95% limits of agreement were located at
—4.4 and 6.2mg/l. ICC for routine laboratory
CRP and qCRP was 0.992 (95% CI=0.987;
0.995) (Table 2).

Comparison of SDAI, SDAI-Q, and CDAI (disease
activity categories, numerical values)

Comparing SDAI and SDAI-Q, all patients were
assigned to identical disease activity categories as
shown in Table 3A. Weighted Cohen’s kappa was
1.000 (95% CI=1.000; 1.000).

The SDAI-Q provided identical values as the
SDAI in 37 of 100 patients when values were
rounded to one decimal. Mean of the differences
between SDAI and SDAI-Q was 0.1 +0.3 with
observed differences ranging from —0.4 and 1.7.
ICC for SDAI and SDAI-Q was 1.000 (95%
CI=1.000; 1.000) (Table 2). The agreement of
numerical values by SDAI and SDAI-Q is

graphically illustrated in a Bland-Altman plot
(Figure 2).

Table 3B shows that 7 of 100 patients differed in
their disease activity categories with CDAI com-
pared with SDAI/SDAI-Q. In five of these seven
cases, patients were assigned to a higher disease
activity category when using the CDAI — all of
these five patients had CRP and qCRP values of
<6.6mg/l and CDAI values close to the cut-offs
for remission/LLDA (2.8) or LDA/MDA (10). The
two patients with lower disease activity categories
by CDAI compared with SDAI/SDAI-Q had
high CRP and qCRP values (=29.1mg/l)
(Supplementary Table S2). Weighted Cohen’s
kappa for disease activity categories by CDAI and
SDAI/SDAI-Q was 0.929 (95% CI=0.878;
0.981) (Table 3B).

Identical values by CDAI and SDAI were seen
in 15 patients and by CDAI and SDAI-Q in 18
patients when values were rounded to one deci-
mal. Mean of the differences between CDAI
and SDAI was 0.7*=1.5 with differences
ranging between 0.0 and 11.8; for CDAI and
SDAI-Q, the mean of the differences was
0.8 = 1.7 with differences ranging from 0.0 to
13.2. ICC for SDAI and CDAI was 0.991 (95%
CI=0.983; 0.995) and for SDAI-Q and CDAI
0.989 (95% CI=0.978; 0.994), also shown in
Table 2. A Bland—Altman plot illustrates the
agreement of numerical values by SDAI-Q and
CDAI (Figure 3).

Comparison of DAS28-CRP, DAS28-qCRP,

and DAS28-ESR (disease activity categories,
numerical values)

In 99 of all 100 patients, DAS28-qCRP provided
identical disease activity categories in comparison
with DAS28-CRP with a weighted Cohen’s kappa
0f0.991 (95% CI=0.973; 1.000) (Supplementary
Table S3). The patient with different disease
activity categories showed a lower disease activity
category when using the DAS28-qCRP: LDA by
DAS28-qCRP (2.74) versus MDA by DAS28-
CRP (2.95); routine laboratory CRP was 0.8 mg/I
and the qCRP value was below the lowest detec-
tion limit. Identical numerical values with
DAS28-CRP and DAS28-qCRP occurred in 43
of 100 patients when values were rounded to one
decimal. The mean difference of DAS28-CRP
and DAS28-qCRP was 0.01 =0.10, with differ-
ences ranging from —0.25 to 0.23.
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Table 1. Demographic, clinical, laboratory, and Table 1. (Continued)
treatment characteristics.
o Leflunomide, n (%) 13 (13.0%)
Demographics
e Others, n (%) 6 (6.0%)
Age in years, mean = SD 60.9+13.8
tsDMARDs (all JAK-1], n (%) 15 (15.0%)
Disease duration in years. 114100 bDMARDs, n (%) 39 (39.0%)
ACPA, anti-cyclic citrullinated peptide antibodies;
Female sex, n (%] 73 (73.0%) bDMARDs, biological disease-modifying anti-rheumatic
Laborat drugs; CDAI, Clinical Disease Activity Index; CRP,
aboratory C-reactive protein; csDMARDs, conventional synthetic
. disease-modifying anti-rheumatic drugs; DAS28, Disease
RF positive, n (%] 63 (63.0%) Activity Score 28; DMARDs, disease-modifying anti-
. rheumatic drugs; ESR, erythrocyte sedimentation rate; GC,
ACPA positive, n (%) 57 (57.0%) glucocorticosteroid; JAK-1, Janus kinase inhibitor; NSAIDs,
. non-steroidal anti-inflammatory drugs; qCRP, quick
RF and ACPA positive, n (%) 49 (49.0%) quantitative C-reactive protein; RF, rheumatoid factor;
. 0 o SD, standard deviation; SDAI, Simplified Disease Activity
RF and ACPA negative, n (%] 29 (29.0%) Index; SDAI-Q, SDAI calculated with a gCRP assay;
. . tsDMARDs, targeted synthetic disease-modifying anti-
Routine laboratory CRP in mg/L, 7.0+15.0 rheumatic drugs.
mean = SD n=100; for ESR and DAS28-ESR, n=99.
ACPA and RF status were quoted according to the local
qCRP in mg/l, mean=SD 7.9+£17.0 laboratory of each center.
2Modified formula for NSAID equivalent score based on
Difference between routine 0.9+27 Dougados et al.:35 NSAID-equivalent-dose x (days of intake
laboratory CRP and qCRP in mg/L, per week/7).35
mean + SD
ESRin mm/h, mean + SD 2242176 \ith DAS28-ESR, 29 of 99 patients (29.3%)
Disease activity showed a different disease activity category in
comparison with DAS28-CRP with a weighted
SDAI, mean =SD 10.4=9.0 Cohen’s kappa of 0.707 (95% CI=0.611; 0.802)
(Supplementary Table S4). Within this group, 21
SDAI-Q, mean = 5D 10.5+9.0 patients had a higher disease activity category
CDAI mean - SD 974846 with DAS28-ESR, one patient showed a discrep-
' - S ancy of two disease activity categories higher
DAS28-CRP, mean + SD 262+1.12 (MDA versus remission) with DAS28-ESR com-
pared with DAS28-CRP. In eight patients, the
DAS28-qCRP, mean =SD 2.64*+1.14 DAS28-CRP (using the modified Fleischmann
cut-off values) resulted in a higher disease activity
DAS28-ESR, mean 5D 3.13%1.20 category in comparison with DAS28-ESR and
Treatment one patient was assigned to a disease activity cat-
egory of two levels higher by DAS28-CRP.
NSAIDs, n (%) 32 (32.0%) Identical numerical values of DAS28-ESR and
e Mean NSAID equivalent N DAS28-CRP were seen in 3 of 99 (3.0%) patients
score +SD forqpatients 34.8=35.8 when values were rounded to one decimal. The
receiving NSAIDs? mean difference of DAS28-CRP and DAS28-
ESR was 0.50 = 0.55, with the mean of DAS28-
Systemic GC, n (%) 40 (40.0%) ESR being slightly higher and showing differences
e Mean dosage of prednisolone 5.4+4.0 ranging from —1.71 to 1.49.
equivalent =SD in mg/d, for )
patients under GC ICC values of different DAS28 scores are pre-
sented in Table 2. Bland-Altman plots illustrat-
csDMARDs, n (%) 75 (75.0%) ing the agreement of DAS28-CRP and
DAS28-qCRP values as well as DAS28-CRP and
Methotrexate, n (%) 65 (65.0% .
» Methotrexate, n (% [ 0 DAS28-ESR values are shown in Supplementary
[Continued]  Figures S1 and S2.
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Figure 1. Bland-Altman plot for routine laboratory CRP and qCRP. The solid line marks the mean difference
between routine laboratory CRP and qCRP (0.915mg/l). The dotted lines indicate the 95% limits of agreement

(~4.372; 6.202mg/\).

CRP, C-reactive protein; qCRP, quick quantitative C-reactive protein.

Discussion

This study investigated the performance of disease
activity scores based on a validated qCRP meas-
urement (SDAI-Q, DAS28-qCRP) compared with
scores using routine laboratory CRP in a typical
cohort of RA patients. Regarding the assignment
to disease activity categories, the SDAI-Q showed
an absolute agreement with the conventional
SDAI. The DAS28-qCRP provided an almost per-
fect agreement of disease activity categories com-
pared with the conventional DAS28-CRP.

According to this study, the qCRP measurement
tended to yield slightly higher numerical values
than routine laboratory CRP with a mean differ-
ence of 0.9mg/l. This was especially the case for
generally high CRP values (illustrated in the
respective Bland-Altman plot, Figure 1): above
the mean value of 20mg/l for both CRP measure-
ment methods, QCRP always resulted in higher
numerical values than routine laboratory CRP.
This observation had no effect on the disease activ-
ity assignment by SDAI-Q in comparison with
SDAI, however, as all patients achieved the same
disease activity category. In the only patient with
different disease activity categories by DAS28-
qCRP and DAS28-CRP (DAS28-qCRP: 2.74,
LDA; DAS28-CRP: 2.95; MDA), routine labora-
tory CRP here showed a higher numerical value of
0.8mg/l in comparison with the qCRP that was
beneath the lowest detection limit. Remarkably,
the DAS28-CRP value of this patient lies with
2.95 very close to the cut-off value between LDA
and MDA of 2.90 according to Fleischmann
et al.32 Overall, the discrepancy between qCRP

Table 2. ICC for different CRP measurement methods and disease activity

scores.
ICC 95% confidence interval
Routine laboratory CRP versus 0.992 [0.987; 0.995]
GCRP (n=100)
SDAI and SDAI-Q (n=100) 1.000 [1.000; 1.000]
SDAI and CDAI (n=100) 0.991 [0.983; 0.995]
SDAI-Q and CDAI (n=100) 0.989 [0.978; 0.994]
DAS28-CRP and DAS28-qCRP 0.998 [0.997; 0.999]
(n=100)
|[3A59298]-CRP and DAS28-ESR 0.898 [0.526; 0.960]
n=

CDAI, Clinical Disease Activity Index; CRP, C-reactive protein; DAS28, Disease
Activity Score 28; ESR, erythrocyte sedimentation rate; ICC, intraclass correlation
coefficient; gqCRP, quick quantitative CRP; SDAI, Simplified Disease Activity Index;

SDAI-Q, SDAI calculated with a qCRP assay.
Model: two-way mixed-effects model.
Type: multiple measurements.

Definition: absolute agreement.

and routine laboratory CRP demonstrated no rel-
evant clinical impact on the allocation of disease
activity categories in our cohort of RA patients.

According to our data, the CDAI showed a very
good agreement with SDAI/SDAI-Q regarding
the assignment to identical disease activity cate-
gories (93 of 100 patients). In five patients, CDAI
resulted in a one level higher disease activity cat-
egory than SDAI/SDAI-Q. All of these patients
had low CRP values and therefore similar SDAI,
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Table 3. (A) Disease activity categories by SDAI-Q versus SDAI and (B] disease activity categories by SDAI-Q versus CDAI.
A SDAI-Q (n=100)
Remission Low disease Moderate High disease
(<3.3) activity disease activity activity

(>3.3and <11)

(>11 and <26) (>26)

SDAI Remission

(<3.3)

Low disease activity
(>3.3and <11)

Moderate disease activity
(>11 and <26

High disease activity
(>26)

Weighted Cohen’s kappa: 1.000 (95% Cl=1.000; 1.000)

B SDAI-Q (n=100)
Remission Low disease Moderate High disease
(<3.3) activity disease activity activity
(>3.3and <11)  (>11and <26) (>26)

CDAI Remission

(<2.8)

Low disease activity
(>2.8and <10)

Moderate disease activity
(>10and <22)

High disease activity
(>22)

Weighted Cohen’s Kappa: 0.929 (95% CI=0.878; 0.981)

CDAI, Clinical Disease Activity Index; Cl, confidence interval; SDAI, Simplified Disease Activity Index; SDAI-Q, SDAI calculated with a quick

quantitative C-reactive protein assay.

Fields highlighted in green indicate matching disease activity categories according to both methods. Fields highlighted in red indicate that disease
activity categories do not match. Percentage values refer to the entire study population included in statistical analysis.

SDAI-Q, and CDAI values, all close to the cut-
off values between remission wersus LDA and
LDA versus MDA (Supplementary Table S2).
This different classification of these five patients
could be well explained by the slightly lower cut-
off values of CDAI in comparison with SDAI
Higher disease activity categories by SDAI/
SDAI-Q compared with CDAI were seen in two
patients with high CRP values. Consequently, a
relevant numerical difference between SDAI and
CDAI values occurred in these two patients.
Summarizing, CDAI showed a very good agree-
ment with SDAI in the majority of RA patients,
but led to a different estimation of disease activity
in 7.0% which was not the case for SDAI-Q.

A randomized controlled trial by Hodkinson ez al.
investigated the performance of a T2T strategy
targeting LDA using SDAI or CDAI in a resource-
constrained setting. The authors found no signifi-
cant differences in achieving DAS28 remission
and LDA at 12months in both groups, but did
not compare the agreement of disease activity cat-
egories by SDAI and CDAI in individual
patients.*? In the study establishing CDAI cut-off
values, Aletaha and Smolen2® showed identical
disease activity categories by SDAI and CDAI in
90.4% of patients, a similar proportion compared
with our results. Another study by Martins ez al.
investigated the concordance of disease activity
categories between SDAI and CDAI in a large
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Figure 2. Bland-Altman plot for SDAI and SDAI-Q. The solid line marks the mean difference between SDAI
and SDAI-Q (0.092). The dotted lines indicate the 95% limits of agreement (-0.437; 0.620). X- and Y-axis
indicate the ‘mean of SDAI-Q and SDAI" as well as ‘SDAI-Q minus SDAI" in SDAI points.

SDAI, Simplified Disease Activity Index; SDAI-Q, SDAI calculated with a quick quantitative C-reactive protein assay.
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Figure 3. Bland-Altman plot for SDAI-Q and CDAI.

CDAI, Clinical Disease Activity Index; SDAI-Q, SDAI calculated with a quick quantitative C-reactive protein assay.
Difference in disease activity category between SDAI-Q and CDAI:
O Higher disease activity category with CDAI (one category higher with CDAIJ.

* Same disease activity category.

oHigher disease activity category with SDAI-Q (one category higher with SDAI-Q).
The solid line marks the mean difference between SDAI-Q and CDAI (0.789). The dotted lines indicate the 95% limits of
agreement (-2.540; 4.117). X- and Y-axis indicate the ‘mean of SDAI-Q and CDAI’ as well as ‘SDAI-Q minus CDAI’ in SDAI points.

cohort of RA patients. The study showed a disa-
greement of SDAI and CDAI disease activity
classification between 12.8% and 20.4% depend-
ing on the analyzed disease activity category,?!
notably higher than in this study.

The agreement of disease activity categories by
DAS28-qCRP in comparison with DAS28-CRP
was almost perfect (99%). In this study, we used
modified DAS28-CRP cut-off values according
to Fleischmann et al,, which accounted for
the systematically lower numerical values of
DAS28-CRP compared with DAS28-ESR3!:32 as

observed in this study (Table 1) and several
other studies.3!41:42 Nevertheless, a substantial
proportion of patients (29%) was classified dif-
ferently using DAS28-ESR compared with
DAS28-CRP, and more patients were assigned
to the ‘remission’ status using DAS28-CRP.
Consequently, DAS28-CRP and DAS28-ESR
should not be used interchangeably and the
DAS28-qCRP may serve as a timely available
alternative to DAS28-CRP. It is important to
note that the DAS28 scores in general are no
longer recommended for assessing remission in
RA patients, however.17-32
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The limitations of this study include that all study
centers were located in Berlin, having 3.7 million
inhabitants.*? Patients were recruited from differ-
ent private outpatient practices, and specialized
academic centers and different local laboratories
were involved, however. As a consequence, we
would not assume different results with study
centers located at different places in Germany.23
Further notable limitations are the cross-sectional
design of this study as well as the rather small
sample size of 100 RA patients. Nevertheless, our
recent work can be seen as a proof of concept, and
the performance of the SDAI-Q should be further
investigated in larger studies and also assessed for
its sensitivity to change in longitudinal studies.
Another limitation of the presented study is that
patients with a pre-known clinically significant
anemia (hemoglobin-concentration below 10g/
dl) before study enrollment could not be included
in the study because of the exclusion criteria. The
rationale for this exclusion criterion was to avoid
additional blood sampling in patients with a pre-
viously known anemia, when whole blood from
the collection system was no more available for
the qCRP measurement. A further potential limi-
tation of this study is that the gCRP assay used in
this study gives accurate results only for hemato-
crit concentrations between 15% and 75% and
that the qCRP measurement range depends on
the hematocrit concentration,?> whereas an exclu-
sion because of a hematocrit concentration out of
this range will only rarely occur with limited clini-
cal relevance.

Conclusion

In conclusion, the SDAI-Q could be validated
in this study, showing absolute agreement with
SDAI regarding disease activity classification.
Determination of qCRP only requires one drop of
blood (e.g. from the finger berry before the physi-
cian’s appointment) and can provide current CRP
values within a few minutes after sampling, mak-
ing SDAI-Q a timely available, easy to perform
disease activity score involving an acute-phase
reactant. The SDAI-Q may therefore facilitate the
implementation of a T2T approach in clinical tri-
als and can be also used in clinical routine.
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