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Abstract

Background: The Ankylosing Spondylitis (AS) Disease Activity Score (ASDAS] is largely used

for assessing disease activity in patients with AS.

Objectives: We aimed to investigate the predictability of ASDAS on drug survival in patients

with low Bath AS Disease Activity Index (BASDAI) during biologic therapy.

Design: Using data from multi-center, prospective, observational prospective cohort, Korean

College of Rheumatology Biologics and Targeted Therapy (KOBIO) registry. ﬁ;’:;ﬁfps‘;‘?:e“e to:
Methods: The study population consisted of patients enrolled in the KOBIO registry from Department of Internal
December 2012 to December 2018. The baseline demographic data and variables such as mjfr'g;,”j;éi"ggvemmem
extra-articular manifestations, HLA-B27 positivity, family history of spondyloarthritis, ASDAS éffaor:lag;tg;?t‘a?"Si:;fusl"y
C-reactive protein (CRP), BASDAI, and Bath AS Functional Index scores were collected from Korea 20 Boramae-
the database. The disease activity indices were followed yearly after initiating a tumor necrosis &> & on92e s
factor (TNF]) inhibitor (TNFi). Disease activities were defined as high (ASDAS-CRP = 2.1, Department of Internal
BASDAI = 4) and low (ASDAS-CRP < 2.1, BASDAI < 4). ng:z::: Sollegeol |
Results: Data from 1773 patients were analyzed. Among 269 patients with low BASDAI at University, Seoul, Korea
baseline, 151 (56.1%) patients had high ASDAS-CRP, yet in 142 patients with low ASDAS-CRP j"h;”“’Kmk

at baseline, only 24 (16.9%) patients had a high BASDAI. High ASDAS-CRP captured more Division of Rheuratology,
patients who had initiated or switched to a TNFi than those with high BASDAI (92.5% versus e ot

84.8%, respectively, p<<0.001). Moreover, among AS patients with low BASDAI after 1year of (';‘altlionalmvzrsity
therapy, drug persistence in the following year was significantly lower in patients with high Dzeje;goen?m:ga'cme'

ASDAS than in those with low ASDAS (68.7% versus 82.5%, p<0.001). Min Jung Kim
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Conclusion: ASDAS-CRP not only has its advantages over BASDAI in assessing disease activity  geou( metropolitan
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Introduction patient-reported outcomes, clinical findings, labo- E‘i‘v'i‘s';y:gfgé-::umamlogy
Ankylosing spondylitis (AS) is a chronic inflam- ratory tests, and imaging is important.? Seoul Metropolitan '
matory disease of unknown etiology, which mainly Government - Seoul

. .. .. . . .. . . . National University
affects the spine and sacroiliac joints but also In measuring disease activity in patients with AS, Boramae Hospital, Seoul,

extra-spinal and extra-articular areas.! Disease the Bath AS Disease Activity Index (BASDAI) is Kore2
activity leads to severe ankyloses and functional commonly used in daily clinical practice for T2eeunKim
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impairment. Thus, disease monitoring including patients and is also the key indicator used for Korea Ltd. Seoul, Korea
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National Health Insurance reimbursement in
Korea. The BASDAI contains six questions
regarding fatigue, back pain, peripheral joint
symptoms, enthesitis, and morning stiffness.>
The Ankylosing Spondylitis Disease Activity
Score (ASDAS) developed by the Assessment of
SpondyloArthritis International Society* includes
selected patient-reported outcomes within the
BASDALI and also contains laboratory test results,
such as C-reactive protein (CRP) levels or eryth-
rocyte sedimentation rate (ESR), weighted in the
index. Using ASDAS, disease activity status is
classified as inactive (<1.3), low (=1.3, <2.1),
high (=2.1, <3.5), or very high (>3.5).5

Although ASDAS has been endorsed®’ and
demonstrated as an index for assessing disease
activity after TNF inhibitor (TNFi) therapy and
its association with structural damage,?° no
large-scale study has focused on its utility along
with BASDAI in patients with AS after long-
term biologic therapy. Using a nationwide bio-
logic registry, this study aimed to explore the
discordances between the ASDAS and BASDAI
at the initiation of biologic therapy and thereaf-
ter, plus investigate the clinical outcomes in
patients showing such discrepancies.

Methods

Data collection

This study utilized data from the Korean College
of Rheumatology Biologics and Targeted therapy
(KOBIO) registry. The KOBIO registry is a multi-
center, prospective, observational cohort that pro-
spectively  collects clinical manifestations,
laboratory and radiologic findings, treatment out-
comes, and safety profiles in patients with AS,
rheumatoid arthritis, and psoriatic arthritis treated
with biologics.!® The KOBIO registry enrolled
patients at the time point of initiating a new bio-
logic agent or switching to another agent. The fol-
lowing agents were included in the analysis:
etanercept, infliximab (originator and biosimilar),
adalimumab, and golimumab. Treatment deci-
sions were made at the discretion of the attending
physician. Data collection was done at enrollment
and yearly thereafter. Adverse events, disease
activity, medications, etc. were documented at
each follow-up. If the subject switched or stopped
the biologic agent, the data were obtained at the
time point of the event. The biologics can be pre-
scribed to patients with AS who had an inadequate
response (BASDAI=4) despite treatment with

two NSAIDs within a 3-month period according
to the National Health Insurance System.

The study population consisted of patients with
AS enrolled from December 2012 to December
2018. Patients were required to meet the modi-
fied New York criteria for AS at enrollment to
the KOBIO registry. Baseline demographic data
and clinical variables such as extra-articular
manifestations, HLLA-B27 positivity, family his-
tory of spondyloarthritis, ASDAS-CRP, the
BASDAI, and Bath Ankylosing Spondylitis
Functional Index (BASFI) values were collected
from the database. The disease activity indices
and the status of biologic agent use were fol-
lowed yearly after the initiation of biologic ther-
apy. The reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement!!
(Supplemental Material).

Definition of patient subgroups

The patients were grouped according to their dis-
ease activity status. The cutoff level for high dis-
ease activity was =2.1 for ASDAS-CRP and =4
for BASDALI, and the low disease activity cutoff
was <2.1 for ASDAS-CRP and <4 for BASDAI,
respectively. One-year ASDAS-CRP or BASDAI
responders were defined as biologics-treated
patients who achieved a low disease activity at
their 1-year follow-up.

Statistical analysis

Statistical analyses were performed using SPSS
26.0 (SPSS Inc., Chicago, IL, USA). Missing
data were not imputed. Pearson’s correlation
coefficient was used for correlation analysis. For
the categorical variables, the significance of the
differences across the groups was analyzed using
the y?2 test or Fisher’s exact test. Continuous vari-
ables are expressed as the mean * standard devia-
tion (SD) or median (range) and analyzed using
the two-sample z-test or the Mann—Whitney test.
A p value of <0.05 was considered to indicate sta-
tistical significance.

Results

Baseline characteristics and discrepancies
between ASDAS-CRP and BASDAI

Data from 1773 registered patients were analyzed.
The mean (=SD) age was 38.5 * 13.1years, and
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76.8% of the subjects were males. The baseline
characteristics are summarized in Table 1. The
most prescribed drug was adalimumab (z=703,
39.7%), followed by golimumab (z=387, 21.8%),
infliximab biosimilar (n=264, 14.9%), and etaner-
cept (n=135, 7.6%). All patients initiated or
switched to a biologic agent at baseline; 22.6% of
the patients were = second-line wusers. The
Pearson’s correlation coefficient between ASDAS-
CRP and BASDAI was 0.71 (p<0.001)
(Supplemental Figure 1). When the patients were
divided into two groups based on BASDAI at base-
line (low versus high), the clinical and laboratory
features differed largely between the two (Table 1).

At baseline, 269 (15.2%) patients had a low
BASDAI. At the same time, 56.1% of these
patients had a high ASDAS-CRP (Table 2). By
contrast, among 142 (8.0%) patients with a low
ASDAS-CRP at baseline, 16.9% of the patients
had a high BASDAI On the contrary, only 8.5%
of the patients had a high ASDAS-CRP despite a
low BASDALI at baseline. The kappa value was
0.52 between ASDAS-CRP and BASDAI
(p<0.001). A high ASDAS-CRP was more sen-
sitive than a high BASDAI in detecting patients
who initiated TNFi or switched to another agent
(high ASDAS-CRP, 92.5% wversus high BASDAI,
84.8%, y?=44.4, p<0.001).

Table 1. Baseline characteristics of patients based on BASDAI.

Total BASDAI p
<4 =4
(N=1773) (N=269) (N=1504)

Age 38.5x13.1 38.5+£135 38.5+13.0 0.982
Sex (male), n (%) 1361 (76.8) 207 (77.0) 1154 (76.7) 0.936
Disease duration 49+60 52+6.2 48+6.0 0.242
BMI 23.6 3.5 23.6 3.8 23.6 3.5 0.503
HLA-B27 positivity, n (%) 1464 (89.7) 224 (90.0) 1240 (89.6) 0.862
Family History of SpA, n (%) 1957 (11.2) 25 (9.4) 170 (11.6) 0.305
Extra-articular manifestations, n (%)

Arthritis 633 (36.2) 71 (26.5) 562 (37.9) <0.001

Enthesitis 373(21.3) 41 (15.4) 332 (22.4) 0.010

Uveitis 383 (21.9) 75 (28.1) 308 (20.8) 0.008

Dactylitis 30(1.7) 1(0.4) 29 (2.0) 0.068

Psoriasis 58 (3.3) 9(3.4) 49 (3.3) 0.944

IBD 21(1.2) 1(0.4) 20 (1.4) 0.145
ASDAS-CRP 3.58+1.08 2.23+0.93 3.82x0.91 <0.001
BASDAI 5.95+£2.00 2.50£1.02 6.57£1.42 <0.001
ESR 37.0£29.5 31.7£27.7 37.9+29.7 0.001
CRP 2.13+2.84 1.55+2.50 2.24+2.89 <0.001
BASFI 3.48 +2.57 1.39+1.68 3.85+2.52 <0.001

(Continued)]
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Table 1. (Continued)
Total BASDAI p
<4 =4
(N=1773) (N=269) (N=1504)
Patients with syndesmophytes, n (%) 573 (34.9) 82 (33.1) 491 (35.2) 0.511
Biologic therapy, n (%) 0.010
First line 1373 (77.4) 192 (71.4) 1181 (78.5)
Second line or more 400 (22.6) 77 (28.6) 323 (21.5)

BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BMI,
body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IBD, inflammatory bowel disease; SpA,

spondyloarthritis.
Data are expressed as mean = SD or n (%).

p Values were calculated by the Mann-Whitney test or chi-square test.

Table 2. Disease activity status at baseline stratified by BASDAI and ASDAS.

Baseline ASDAS-CRP  Baseline BASDAI Total

<4 =4
<21 118 (6.6) 24 (1.4) 142 (8.0)
=21 151 (8.5) 1480 (83.5) 1631 (92.5)
Total 269 (15.2) 1504 (84.8) 1773 (100.0)

ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing
Spondylitis Disease Activity Index; CRP, C-reactive protein.
Data are expressed as n (%).

Characteristics of patients with low BASDAI at
baseline and follow-up

We next analyzed the characteristics of patients
with a low BASDALI at baseline along with their
ASDAS-CRP status (Supplemental Figure 2 and
Supplemental Table 1). The high ASDAS-low
BASDAI subgroup at baseline had a greater
male:female ratio and higher baseline ESR and
CRP levels and BASFI values than the low
ASDAS-low BASDALI subgroup (Table 3).

On follow-up of patients with a low BASDAI at
baseline, there was no difference in the ASDAS-
CRP, BASDAI, or BASFI values up to 5years
between the high and low ASDAS subgroups at
baseline. Although most patients reached low
disease activity (both ASDAS-CRP and
BASDAI) on follow-up, 8.3% of the patients in
the first year and 14.3% of the patients in the
fourth year of follow-up maintained high disease

activity. Moreover, over 10% of the patients con-
tinued to have a high ASDAS-CRP value despite
a low BASDAI in the fourth and fifth year of
follow-up (Figure 1).

Predictability of treatment response in the first-
year ASDAS-CRP in BASDAI responders

We examined ASDAS, BASDAI, and the drug
retention rate at 2years stratified by the 1-year
ASDAS or BASDAI response. Both 1-year
ASDAS responders and 1-year BASDAI
responders had a significantly higher percentage
of patients with BASDAI<4.0 and ASDAS
<2.1 than non-responders, and a better drug
retention rate at 2years (Supplemental Table 2).
Next, all patients were divided into two groups
based on their ASDAS-CRP at 1year: ASDAS-
CRP <2.1 (i.e. ASDAS responders) and ASDAS-
CRP =2.1 (i.e. ASDAS non-responders). We
found that ASDAS non-responders despite hav-
ing a low BASDAI (<4.0) at lyear of TNFi
treatment had a poor clinical response thereafter
(Supplemental Table 3). Upon tracking subse-
quent changes in ASDAS-CRP and BASDAI in
the patients, the ASDAS response in the BASDAI
responders was closely linked to a good treat-
ment response afterward. In patients with a
BASDAI response at 1year, both the ASDAS-
CRP and BASDAI values at follow-up were
higher in the ASDAS-CRP non-responders than
in the ASDAS-CRP responders (second year to
the fifth year). The yearly changes in ASDAS-
CRP and BASDAI values in the two groups are
shown in Supplemental Table 4.
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Table 3. Characteristic of patients with a low BASDAI at baseline based on ASDAS.

Total (N=269)

Age 38.5+135
Sex (malel, n (%) 207 (77.0)
Disease duration 52+6.2
BMI 23.6+3.8
HLA-B27 positivity, n (%) 224 (90.0]
Family History of SpA, n (%) 25 (9.4)
Extra-articular manifestations, n (%)

Arthritis 71 (26.5)

Enthesitis 41(15.4)

Uveitis 75 (28.1)

Dactylitis 1(0.4)

Psoriasis 9 (3.4)

IBD 1(0.4)
ESR 31.7x27.7
CRP 1.55+2.50
BASDAI 2.50+1.02
ASDAS 2.23+£0.93
BASFI 1.39+1.68
Patients with syndesmophytes, n (%) 82 (33.1)
First-line biologic therapy, n (%) 192 (71.4)

ASDAS-CRP p
<2.1(N=118) =>2.1(N=151)

37.9+11.9 38.9+ 145 0.823
84 (71.2) 123 (81.5) 0.047*
5.4+55 5.1+6.7 0.257
233+3.4 23.8+4.0 0.415
98 (86.7) 126 (92.6) 0.112
10 (8.5) 15(10.1) 0.673
27 (22.9) 44 (29.3) 0.235
18 (15.3) 23 (15.4) 0.967
40 (34.2) 35 (23.3) 0.050
0 1(0.7) 1.000
6(5.1) 3(2.0) 0.188
1(0.9) 0 0.442
17.3+15.2 42.9+30.0 <0.001
0.28 +0.41 2.57+2.97 <0.001
2.10+1.00 2.84+0.89 <0.001
1.37+0.47 2.91+0.56 <0.001
0.8+1.3 1.8+18 <0.001
30 (27.5) 52 (37.4) 0.100
67 (56.8) 125 (82.8) <0.001

ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index;
BASFI, Bath Ankylosing Spondylitis Functional Index; BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; IBD, inflammatory bowel disease; SpA, spondyloarthritis.

Data are expressed as mean = SD or n (%).

p Values were calculated by the Mann-Whitney test or chi-square test.

To verify the usefulness of ASDAS-CRP at 1 year,
we compared the switching rate of biologics
between ASDAS responders and ASDAS non-
responders in BASDAI responders (Supplemental
Table 5 and Figure 2). There was a significant
difference in the switching rate for the following
year: 27/681 (4.0%) of the ASDAS responders
and 13/131 (9.9%) of the ASDAS non-respond-
ers switched to another agent (¥2=8.33, p<<0.01).

In terms of drug survival, 82.5% of the ASDAS
responders and 68.7% of the ASDAS non-
responders retained their biologic agent
(x?>=13.27, p<0.001) for the following year.
This difference was not found in the third to the
fifth years (Figure 2). Taken together, the 1-year
ASDAS-CRP was able to help predict the reten-
tion of biologic therapy in the following year in
BASDALI responders.
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Figure 1. Disease activity changes in patients with low BASDAI at baseline during follow-up.
BASDAI, Bath Ankylosing Spondylitis Disease Activity Index.

Proportions of BASDAI responders

continuing biologic therapy (%)

100
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883 *
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825 82.2 80.0
76.4
735
68.7 69.2
Year 1 Year 2 Year 3 Year 4 Year 5
804 681 504 346 170

m 1st year ASDAS responders 1st year ASDAS non-responders

Figure 2. Drug survival of biologic therapy in BASDAI responders stratified by ASDAS responders and non-

responders (*p <0.01).

ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index.

Discussion

that the ASDAS-CRP and BASDAI values corre-

Disease activity indices have become essential tools lated well in patients with AS starting biologic
not only for assessing patient status but also for therapy. However, 8.5% of the patients had high
modulating ongoing therapy. We demonstrated ASDAS-CRP despite a low BASDAI at baseline.
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More patients had a higher disease activity accord-
ing to ASDAS-CRP compared with BASDAI when
TNFi was started or switched to another agent.
Among patients with a low BASDAI at baseline,
the treatment response to biologics was not differ-
ent from patients with high or low ASDAS at base-
line. However, in the BASDAI responders at 1 year,
the disease activity indices at follow-up differed sig-
nificantly between ASDAS responders and non-
responders. The rate of switching or drug survival
of the initial biologic agent was significantly differ-
ent for the following year.

The ASDAS has been utilized and validated in
many studies.%1213 ASDAS was better associ-
ated with structural progression® and inflamma-
tory, cartilage, and bone biomarkers than
BASDAI. % On the other hand, some studies
favored BASDAI over ASDAS.!%16 A multi-
center study in Spain reported that the BASDAI
had better validity than ASDAS, disclaiming the
advantages of ASDAS over BASDAI.!> Another
study demonstrated that the ASDAS showed
low internal consistency.!¢ There is also a con-
troversy regarding the ASDAS cutoff point. A
study showed that ASDAS-CRP and BASDAI
values that indicate a patient-acceptable symp-
tom state are <2.3 and <4.1, respectively.!”
From this point of view, the ASDAS cutoff point
of 2.1 for low disease activity is relatively more
stringent than the BASDAI cutoff point of 4.
Symptoms represent the patient’s perspective of
active disease, whereas ASDAS, which incorpo-
rates laboratory indicators of inflammation,
reflects disease activity from the physician’s per-
spective.!® Recently, a quick quantitative CRP
testing was applied to assess disease activity in
axial spondyloarthritis (ASDAS-qCRP), allow-
ing for immediate decision-making in clinical
practice with the goal of treat-to-target.!®
BASDALI is preferred in clinics because it is less
time-consuming than ASDAS-CRP. However,
ASDAS-qCRP, which is simple to perform and
includes CRP, may become a new tool used in
daily clinical practice.

Moreover, the ASDAS could also help in assess-
ing the response to therapy.? Our study demon-
strates that ASDAS-CRP could capture more
patients at the time of starting biologic treatment.
Clinical trials of biologics have also shown that
the proportion of patients with a high ASDAS is
greater than that of patients with a high BASDAI.20
Fagerli ez al. compared ASDAS and BASDAI in

selected patients treated with a TNFi. In that
study, 16.6% of the patients had a high ASDAS
and a low BASDAIL?! which was similar to our
results. Overall, 8.5% of patients in our cohort
had a low BASDAI and a high ASDAS-CRP,
while more than half of the patients with a low
BASDALI had a high ASDAS-CRP at baseline. A
previous study showed that 38.8% of AS patients
with a low BASDALI still had a high ASDAS-CRP
at 3months after starting TNFi therapy.?2 A
Chinese cohort study demonstrated that the per-
formance of ASDAS was better than BASDAI in
patients with high inflammatory markers while
the performance of both indices was comparable
in patients with low inflammatory markers.23
Along with the data of our study, this indicates
that ASDAS-CRP is very helpful in identifying
patients with high inflammatory markers.

Our study also showed that the ASDAS responses
at lyear could predict drug persistence during
follow-up among patients with a low BASDAI at
1year. A previous study demonstrated that a high
ASDAS was linked to responsiveness to TNFi,
whereas a high BASDAI was associated with
treatment discontinuation.® In a retrospective
cohort study, despite TNFi therapy for 3 months,
patients with a low BASDAI/high ASDAS had a
higher risk of discontinuing biologics at 9 months
than those with a low BASDAI/low ASDAS.??
However, the ASDAS at 3 months after biologic
therapy may be a timepoint too early to predict
the long-term response to therapy. A recent study
demonstrated a treat-to-target strategy to achieve
ASDAS <2.1 was more beneficial in efficacy out-
comes of ASDAS low disease activity and ASAS
40 than a usual care strategy in patients with axial
spondyloarthritis that were biologic-naive.2*
Overall, the ASDAS provides important clinical
information about patients with AS beyond com-
plementing BASDALI.

Despite that our study was based on a nationwide
registry, there are some limitations. The study
population was mainly based on patients that initi-
ated biologic therapy, thus skewed to subjects with
high disease activity at baseline as measured by
BASDALI. Therefore, our results could not encom-
pass the utility of ASDAS in patients with low dis-
ease activity persistently. Second, some CRP
values were missing in a few patients at follow-up
visits. Meanwhile, CRP levels may be associated
with the HLLA-B27 status.?> Nevertheless, the pro-
portion of positive HILLA-B27 was comparable

journals.sagepub.com/home/tab


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

THERAPEUTIC ADVANCES in
Musculoskeletal Disease

Volume 15

between high and low disease activity groups in
this study. Last, we were not able to investigate the
consequences of structural damage in patients with
discrepancies in ASDAS and BASDALI

Conclusion

In summary, the ASDAS-CRP captured more
patients who were about to initiate biologic therapy
than BASDAI did. Moreover, the ASDAS respond-
ers among the BASDAI responders at 1year had
better persistence in biologic therapy than the
ASDAS non-responders. Therefore, ASDAS could
provide further valuable information to physicians
who treat patients on biologic therapy.
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