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Abstract

Objectives: The alternative ASDAS (altASDAS) is an index that can be used when patient global assessment is unavailable. Our aim was to test
the truth and discrimination aspects according to OMERACT filter 2.0 of the altASDAS in an external cohort.

Methods: Cohorts from the COAST trials of ixekizumab (COAST-V, -W, -X; 16-week primary endpoint) enrolling radiographic/non-radiographic
axial SpA patients were pooled. The ASDAS [original formula with patient global assessment (PGA)] and altASDAS were calculated. Truth was
assessed by agreement with the continuous ASDAS [intraclass correlation coefficients (ICCs)] and ASDAS disease activity (DA) states (weighted
k), Bland-Altman plots [mean difference (MD) and 95% limits of agreement (LoA)] and Pearson’s correlations between altASDAS/ASDAS and
other constructs. Discrimination was tested by the ability of altASDAS to distinguish high/low DA according to nocturnal pain >6/10 as an
external anchor and agreement (x) with ASDAS in major improvement (M) and clinically important improvement (ClI).

Results: A total of 958 patients were included. For truth, agreement with ASDAS was very good (ICC=0.99, k =0.91), MD with ASDAS was
0.03 (95% LoA —0.31-0.24) and correlation coefficients of altASDAS with related constructs were within a prespecified 0.3-wide band around
those between ASDAS and the same construct. For discrimination, the altASDAS discriminated between DA states and agreed with ASDAS
response (k MI=0.91, Cll =0.93).

Conclusions: The altASDAS was truthful and discriminative in an external cohort and as such has been fully validated to be used in cases when

PGA is unavailable.
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Rheumatology key messages

* When patient global assessment is unavailable, this can be replaced by the BASDAI total to calculate the alternative ASDAS (altASDAS).
* The truth and discrimination of the altASDAS have been confirmed in an external cohort.
* The altASDAS is truthful, discriminative and feasible and can be used in datasets when patient global assessment is unavailable.

Introduction

In axial spondyloarthritis (axSpA), disease activity is assessed
by the Ankylosing Spondylitis Disease Activity Score
(ASDAS), a weighted instrument incorporating patient-
reported outcomes (PROs) and an inflammation marker
(preferably CRP) [1, 2]. This index has been developed to
overcome the limitations of the fully patient-reported, and
unweighted, BASDAI, which consists of six questions. Three
of these questions (Q2, back pain; Q3, peripheral joint pain/
swelling; and Q6, duration of morning stiffness) are also in-
cluded in the ASDAS, in addition to the Patient Global
Assessment of disease activity (PGA) [2]. The ASDAS has

better validity, discriminatory capacity and sensitivity to
change than the BASDALI [3]. Since the ASDAS was intro-
duced later than the BASDAIL it was often the case that in
axSpA cohorts or registries, PGA was not collected, meaning
that the ASDAS could not be calculated. In order to overcome
this problem, we previously developed and validated an ‘alter-
native’ ASDAS (altASDAS) to be used when PGA is unavail-
able [4]. When calculating the altASDAS, the PGA is replaced
by the BASDALI total score, which results in maintaining the
closest psychometric properties to the original index (hereby
referred to as ‘ASDAS’).
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So far, the altASDAS has only been validated in one cohort
[4]. In order to fully validate it, however, it is necessary to test its
performance in an independent cohort. A first attempt at this
task was made by Aranda-Valera et al. [5, 6], who were also the
developers of another alternative index, the ‘BASDAS’, which
was created as a surrogate for the ASDAS when the separate
BASDAI questions are not available. However, in their valida-
tion cohort, the agreement between the altASDAS and ASDAS
was assessed, but not other important aspects such as discrimi-
nation, especially regarding the score’s change over time [6].
Therefore, the aim of the present study was to test the truth and
discrimination aspects of the altASDAS in an external cohort [7]
according to the OMERACT filter 2.0, while feasibility from
our previous work was considered [4].

Methods
Study population

Patients with both radiographic and non-radiographic axSpA
(r-axSpA and nr-axSpA) participating in the COAST trial
program of ixekizumab (COAST-V, COAST-W, COAST-X)
were considered for this analysis [8-10]. COAST-V and
COAST-W enrolled adult r-axSpA patients, fulfilling
Assessment of SpondyloArthritis international Society (ASAS)
classification criteria [8, 9]. Patients were TNF inhibitor
(TNFi) naive and TNFi experienced, respectively. In contrast,
COAST-X enrolled adult nr-axSpA patients fulfilling ASAS
classification criteria [10]. In all trials, patients had active dis-
ease, defined as a BASDAI >4 and total back pain numeric
rating scale >4, both at screening and baseline. Furthermore,
in all three randomized controlled trials (RCTs), two dose reg-
imens of ixekizumab (80 mg every 2 weeks and 80 mg every
4 weeks) were compared with a placebo arm, and the primary
endpoint was an ASAS 40% response at week 16 [8-10]. For
the purpose of this validation study, both ixekizumab dosages
were considered together as the ‘treatment arm’, which was
compared with the placebo arm. Assessments were carried
out at weeks O (baseline), 4, 8 and 16.

Ethics committee approval was obtained for the RCTs
COAST-V (NCT02696785), COAST-W (NCT02696798)
and COAST-X (NCT02757352) by each participating centre.
No additional data were required for the present analysis.

Assessments

At all time points, the BASDALI total score and its individual
questions on fatigue (Q1), back pain (Q2), peripheral joint
pain/swelling (Q3), enthesitis (Q4), severity (QS5) and dura-
tion of morning stiffness (Q6) were considered. Their value
ranged from O (none) to 10 (very severe). The ASDAS was cal-
culated with the usual formula: 0.12 x Q2+ 0.06 x Q6 +
0.11 x PGA +0.07 x Q3 +0.58 x In(CRP + 1). At week 16,
the fulfilment of ASDAS clinically important improvement
(ASDAS-CII; decrease >1.1 units) and major improvement
(ASDAS-MI; decrease >2 units) was also assessed.

In addition, the altASDAS was calculated at all time points
according to the formula: 0.12 x Q2 +0.06 x Q6 +0.11 x
0.99 x BASDALI total score +0.07 x Q3 +0.58 x In(CRP + 1)
[4]. Response criteria (MI = decrease >2 units, CIl = decrease
>1.1 units) were also calculated using the altASDAS.

For both the ASDAS and altASDAS, CRP values <2 mg/l in
the formula were substituted with CRP =2 mg/l, as recom-
mended [11].
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In order to test truth we assessed the following constructs,
which are considered to be related to disease activity: physical
function, by the BASFI, from 0 (no impairment) to 10 (maxi-
mum impairment); health-related quality of life (HRQoL), by
the mental and physical component summaries (MCS and
PCS) of the Short Form-36 questionnaire (0-100, with higher
scores representing better states) [12] and overall functioning
and health, by the ASAS Health Index [ASAS HI; from 0 (no
impairment) to 17(maximum impairment)] [13].

Discrimination was tested using an external anchor to de-
fine a high or low disease activity state: nocturnal pain, mea-
sured by a numerical rating scale (NRS) from 0 to 10,
dichotomized with an arbitrary cut-off (>6 for high and <6
for low disease activity state).

Statistical analysis

As for development of the altASDAS and its primary valida-
tion, the ASDAS was taken as the gold standard measure.
Thus, firstly, truth was assessed by agreement with the
ASDAS, both as a continuous score, with intraclass correla-
tion coefficients (ICCs) using a two-way random effect model,
and as a categorical variable (ASDAS disease activity states)
using a weighted x. Second, Bland-Altman plots with 95%
limits of agreement (LoA) comparing ASDAS and altASDAS
were created and systematic error [mean difference (MD)]
and random error (scedasticity of the plot) were assessed.
Finally, a comparison of Pearson’s correlation coefficients be-
tween the ASDAS and related constructs (BASFIL, MCS, PCS,
ASAS HI) with correlation coefficients between the altASDAS
and the same related constructs was performed. It was prede-
fined that correlation coefficients between the altASDAS/re-
lated constructs had to fall within a 0.3-wide band around the
corresponding correlation coefficients between the ASDAS/re-
lated construct.

Discrimination was assessed by comparing the ability of the
ASDAS and altASDAS to distinguish between high and low
disease activity states according to the external anchor noctur-
nal pain. Thus standardized mean differences (SMDs) be-
tween low and high disease activity (the difference in the
means of the two groups divided by the pooled s.p. of the
group means) for both the ASDAS and altASDAS were calcu-
lated, with higher SMDs meaning higher discrimination. The
aspect of discrimination concerning change over time was
tested by agreement () of the altASDAS with the ASDAS in
the percentages of patients achieving ASDAS-CII and ASDAS-
MI at 16 weeks in the treatment vs placebo arm and a com-
parison of the number of patients reaching ASDAS-MI and
ASDAS-CII in the treatment vs placebo arm at week 16,
according to the ASDAS and altASDAS (higher y* means bet-
ter discrimination).

No imputation was performed for missing data, as the per-
centage of missing data for the ASDAS, BASDAI and separate
components was <3%. Patients with missing data were sim-
ply excluded.

Statistical analyses were performed using STATA/SE ver-
sion 17 (StataCorp, College Station, TX, USA). For agreement
analyses, prespecified desired levels of values >0.8 for ICC
and k were established.

Results

A total of 958 patients were included, of which 671 (70%)
were males, with a mean age of 43 years (s.0. 12). Among
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these, 656 (68%) were patients with r-axSpA. The main base-
line characteristics of the population are outlined in
Supplementary Table S1, available at Rheumatology online.

Agreement of the altASDAS with the ASDAS was excellent
both in terms of continuous score [ICC 0.99 (95% CI 0.99,
0.99)] and according to disease activity states, with a
weighted x of 0.91 (95% CI 0.91, 0.91). The Bland-Altman
plot, depicted in Fig. 1, revealed an MD with the ASDAS of
0.03 points with a 95% LoA of —0.31-0.24. The plot showed
no proportional bias and the scatter of differences was uni-
form (homoscedasticity). Regarding the correlation coeffi-
cients of the altASDAS with related constructs, these fell
within the prespecified 0.3-wide band around those between
the ASDAS and the same construct, and in fact, they were
substantially overlapping (Table 1A).

Agreement original-ASDAS - alternative ASDAS

Difference

Average
Mean 0.03; Limits of

:-0.31, 024

Figure 1. Bland-Altman plot with MD and 95% LoA between the ASDAS
and altASDAS

Table 1. Psychometric properties of the altASDAS

Regarding discrimination, altASDAS was found to be able
to discriminate between low and high disease activity states,
with an SMD between the altASDAS in the groups with noc-
turnal pain >6 and <6, which was very close to the SMD of
the ASDAS (Table 1B). Sensitivity to change was demon-
strated by very good agreement between the altASDAS-CII
and ASDAS-CII [k=0.93 (95% CI 0.91, 0.97)], as well as the
altASDAS-MI and ASDAS-MI [k=0.91 (95% CI 0.88,
0.95)]. In addition, the percentages of patients reaching CII
and MI were almost the same for altASDAS and ASDAS,
with very similar y* values, indicating an equivalent discrimi-
natory ability (Table 1C). At week 16, the SMD in the
altASDAS change and ASDAS change between the treatment
and placebo arms were numerically very close, again confirm-
ing good sensitivity to change of the alternative formula
(Table 1D).

Discussion

The psychometric properties (truth and discrimination) of
altASDAS were tested in a different cohort from the one
where the index was developed, meaning that an external val-
idation was performed: the instrument proved to be truthful
and discriminative, besides being feasible, as already discussed
in our previous paper [4].

Although the ASDAS in its original form is the gold stan-
dard to measure disease activity in axSpA, it is useful to have
a second option in cases where the ASDAS cannot be calcu-
lated, which often happens because the PGA is not available
in existing datasets. It might be argued that in these cases, us-
ing the BASDAI is an equally valid and already widely avail-
able alternative for the ASDAS. However, this approach has
serious shortcomings. In fact, the BASDAI is an entirely

(A) Truth: correlations with constructs related to disease activity

Measure Function (BASFI) HRQoL (MCS) HRQoL (PCS) Overall functioning and health (ASAS HI)
ASDAS, r 0.58 -0.11 —0.48 0.35
altASDAS, r 0.59 -0.12 —0.48 0.37

(B) Discrimination: disease activity states

Anchor to define disease activity: nocturnal pain (0-10) NRS >6, mean ASDAS (s.p.) NRS <6, mean ASDAS (s.p.) SMD
ASDAS 3.97 (0.76) 2.60 (0.86) —1.68
altASDAS 3.93(0.77) 2.57(0.87) ~1.65
(C) Discrimination: sensitivity to change [1]

Variable Treatment, 7 (%) Placebo, 7 (%) 7
Patients 628 272 -
ASDAS-MI 150 (24) 12 (4) 48.8
altASDAS-MI 152 (24) 13 (5) 47.8
ASDAS-CII 341 (54) 62 (23) 76.2
altASDAS-CII 343 (55) 64 (23) 74.0
(D) Discrimination: sensitivity to change [2]

Variable Treatment, mean ASDAS change (s.D.) at week 16 Placebo, mean ASDAS change (s.p.) at week 16 SMD
Patients 628 272 -
ASDAS 1.27 (1.10) 0.41 (0.97) —-0.82
altASDAS 1.26 (1.10) 0.43 (0.97) —0.80
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subjective index, it is not weighted and, most of all, only an
arbitrary cut-off (BASDAI >4) is available to dichotomously
define (high and low) disease activity states [14]. This means
that, using the BASDAL, it would not be possible to discrimi-
nate, for example, between inactive disease and low disease
activity as can be done with the ASDAS [15, 16]. Moreover,
use of the >4 threshold has been criticized, as it has been dem-
onstrated to be a poor predictor of response to TNF inhibi-
tors, while the ASDAS is known to better predict response to
treatment [17, 18]. Furthermore, for the BASDAI, a minimum
clinically important improvement (MCII) has been defined,
but this has not been widely used in clinical trials or settings
where patients with high disease activity initiated biologic
therapy [19]. Therefore, having the option to calculate an
ASDAS surrogate (altASDAS) with very good psychometric
properties, and to use the same cut-offs as the ASDAS for
both disease activity states and improvement, is valuable and
increases the comparability across studies.

Regarding its psychometric properties, the altASDAS showed
excellent agreement with the ASDAS continuous score and dis-
ease activity states [4]. Also, the correlation coefficients between
the altASDAS and related constructs (functional ability,
HRQoL, overall health and function) were practically equal to
those between the ASDAS and the same constructs, confirming
that the altASDAS is a truthful measure for disease activity.

The discriminatory ability of the altASDAS was also ex-
tremely close to the ASDAS, both for status and change
scores. The latter is particularly important because it differen-
tiates the altASDAS form other alternative indices, such as the
BASDAS [5]. The BASDAS, which makes use of the BASDAI
total score and CRP—and not individual BASDALI questions
or PGA—demonstrated very good agreement with the
ASDAS (ICC=0.96), much like the altASDAS (ICC=0.99),
albeit with a wider LoA [6]. In addition, agreement in disease
activity states was good for both the BASDAS (k= 0.88) and
the altASDAS (k= 0.91). However, the BASDAS sensitivity to
change has not been tested so far. Thus altASDAS is the only
index for which the cut-offs for CII and MI have been com-
pared with the ASDAS, and have demonstrated very good
agreement. This will allow researchers to use the altASDAS in
longitudinal research as well. Furthermore, psychometric per-
formances were in general slightly better for the altASDAS
than the BASDAS because, while the altASDAS was selected
as the best-performing index among a variety of substitutes,
the BASDAS was formulated deciding a priori to use the
BASDAI total score and CRP, as the aim was different (i.e. to
develop an index to be used when individual BASDAI ques-
tions are not available) [20].

The main limitation of the present study is the use of RCT
populations including only patients with active disease
(BASDAI >4), which may have caused underrepresentation of
patients with low or inactive disease at baseline. On the other
hand, considering a population where a new therapy was initi-
ated in a strictly controlled environment was necessary in order
to optimally test sensitivity to change. The strengths of the
work are the heterogeneity of the population, including both r-
axSpA and nr-axSpA, the very low percentage of missing data
throughout evaluations, as well as following the methodology
endorsed by OMERACT and comprehensively assessing all
psychometric properties relevant to ensure one instrument has
them before its widespread use.

In conclusion, the altASDAS was shown to be truthful and
discriminative in an external cohort and as such has been fully
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validated and can be used in cases when the PGA is unavail-
able in existing datasets.

Supplementary data

Supplementary data are available at Rheumatology online.
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