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ABSTRACT

Objective:

The objective of this study was to investigate, if there was a difference in treatment
outcome, when comparing patients with ‘certain’ axSpA, who fulfil the ASAS classifica-
tion criteria, and patients with clinical axSpA, who do not meet these criteria.

Methods:

A retrospective cohort study reviewing medical records, where clinical information
was collected from electronic journal systems and a clinical online database, DANBIO.
Additionally, MRI was reviewed by a specialist in radiology. Clinical and imaging infor-
mation was collected to determine, if patients received a ‘certain’ or a clinical axSpA
diagnosis. This study employed various statistical methods. Logistic regression analysis
was used to evaluate the presence of a reduction in BASDAI > 20, and examined the
potential disparities between the two groups. A linear mixed-effects model was utilised
to understand the disease burden for each course of treatment, and was calculated as
a linear normalised time-weighted BASDAI average. A Kaplan Meier plot was computed
for treatment adherence.

Results:

Out of the 129 patients included in this study, 71 were classified as having a 'certain’
diagnosis and 58 were classified as having a clinical diagnosis. No statistically significant
difference in treatment response was found, when comparing patients in the two
groups. Further, it was found that patients with a ‘certain’ diagnosis adhere to treat-
ment for a longer period of time compared to patients with a clinical diagnosis, though
this finding was not significant (p = 0.078). Nevertheless, generally, treatment was as-
sociated with a decline in BASDAI scores for both groups, but overlapping confidence
intervals indicate no statistically significant differences. However, treatment with
bDMARDs resulted in a greater reduction in BASDAI score than treatment with NSAIDs,
regardless of the axSpA diagnosis (p < 0.05).

Conclusion:

This study found no discernible difference in treatment response between patients
with ‘certain’ and clinical axSpA diagnoses. While ‘certain’ diagnoses appeared to have
longer treatment adherence and potentially more effectiveness, this finding also lacks
statistical significance. Nevertheless, treatment decreased disease activity for both
groups, questioning the relevance of strict adherence to classification criteria.
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INTRODUCTION

Axial SpondyloArthritis (axSpA) is a chronic inflammatory disease, which can be clas-
sified into radiographic axSpA (r-axSpA) (also known as Ankylosing Spondyloarthritis, AS)
and non-radiographic axSpA (nr-axSpA) (1-6). R-axSpA and nr-axSpA fulfil the modified
New York criteria (mNY) (Figure 1) and the Assessment of SpondyloArthritis International
Society (ASAS) criteria, respectively (Figure 2). However, some patients do not fulfil
these classification criteria, and are treated based on a clinical diagnosis.

Modified New York Criteria for Ankylosing Spondylitis

Grading of the classification:

e Definitive AS:

o Fulfills radiological criteria and minimum 1 clinical criterium

Clinical criteria:

e Backpain and stiffness for over 3 months, which improve by activity

e Impaired range of motion in both lateral and forward bending

e Impaired thorax expansion (> 5 cm)
Radiological criteria:

e Sacroiliitis grade > 2 bilaterally

e Sacroiliitis grade > 3 unilaterally

Figure 1: Modified New York Criteria for r-axSpA/AS

ASAS Classification Criteria for axSpA
Chronic back pain (> 3 month) and age of onset < 45 years

Sacroiliitis on X-ray and/or MRI HLA-B27 positive
AND OR AND
> 1 SpA characteristic > 2 SpA characteristic

SpA characteristics:

e Inflammatory back pain
Arthritis
Enthesitis
e Anterior uveitis
e Dactylitis
e Psoriasis
e Inflammatory bowel disease
e Good response to NSAIDs
Family disposition to SpA
HLA-B27 positive
e Elevated CRP

Figure 2: ASAS Classification Criteria for nr-axSpA

AxSpA mainly affects the axial skeleton, and is characterised by onset before age 45,
gluteal and/or inflammatory back pain with a duration > 3 months and a good response
to Nonsteroidal Anti-Inflammatory Drugs (NSAIDs). However, diagnosing and classifying
axSpA can be challenging, as this type of gluteal pain is also commonly observed in other
conditions, such as degenerative spinal disease, Modic type 1, HIZ-lesions, osteitis con-
densans ilii (OCl) and postpartum women (1). Furthermore, biochemical tests are limited
to quantification of Human Leukocyte Antigen B27 (HLA-B27) and nonspecific acute
phase proteins, such as C-reactive protein (CRP) (1-4,7).

The prevalence of HLA-B27 is approximately 9 % in Denmark, and the prevalence of
axSpA among these people is 10-20 %, meaning this test increases the probability of
SpA, but is not a definitive diagnostic parameter (8). CRP is frequently used to monitor
disease activity, but an elevated value is inadequate to distinguish between, e.g. inflam-
mation and infection. AxSpA is also known to be associated with other inflammatory
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diseases, such as IBD, psoriasis, etc. Increased CRP can therefore equally be attributed
to the rheumatological disease, as well as any associated diseases (9).

In addition to these biochemical results, Magnetic Resonance Imaging (MRI) can be
used to increase the diagnostic certainty of axSpA. However, it is not considered a gold
standard. Typical findings of axSpA, such as Bone Marrow Edema (BME), are also seen
in other conditions, e.g. mechanical stress, degenerative diseases, pregnancy and OCI.
Therefore, it is important to characterise both the location and extent of the BME. Like-
wise, it is important to evaluate the presence of accompanying structural changes such
as erosions, fatty infiltration, fat metaplasia located in an erosion cavity (backfill), wid-
ening or narrowing joint space alterations, the presence of fluid in the joint space and
ankylosis. These changes and their severity may increase the probability of an axSpA
diagnosis (1,7,10,11).

The overlap in clinical symptoms and similarities in MRI findings among these various
differential diagnoses, leads to difficulty in establishing a definitive axSpA diagnosis.
Such ambiguities not only risk misdiagnosis, but also delay the initiation of relevant
treatment. Particularly, the risk of overdiagnosis is concerning. Patients with the clinical
manifestations of axSpA, and indefinite MRI findings might not necessarily invariably
suffer from axSpA. As patients age, discerning age-related MRI changes from pathologi-
cal ones becomes even more challenging (1).

Overdiagnosis risks unnecessarily exposing misdiagnosed patients, to the side effects
of the prescribed treatment, delaying the diagnosis of the correct disease, and using
financial resources on expensive treatment, for which there is no indication. Addition-
ally, anincorrect diagnosis might lead to treatment failure; this raises a pertinent ques-
tion: Do patients with ‘certain’ diagnoses have better treatment outcomes compared to
those with clinical diagnoses, potentially attributable to the initial administration of the
correct treatment?

Therefore, due to the limited evidence available in the current literature, this study
investigated, if there is a difference in treatment outcome, when comparing patients
with axSpA, who fulfil the ASAS classification criteria, and patients with clinical axSpA,
who do not meet these criteria.

Page 5 of 21



METHODS

STUDY DESIGN AND SETTING

This retrospective cohort study included patients treated for axSpA at the Department
og Rheumatology, North Denmark Regional Hospital, Hjgrring, Denmark.

STUDY POPULATION

To ensure the validity and relevance of this study, patients were selected based on
several criteria. The study population consisted of patients, who had an active treatment
course with either NSAIDs or Disease-Modifying Anti-Rheumatic Drugs (DMARDS) at the
Rheumatology Department of The North Denmark Regional Hospital, at the commence-
ment of this project in August 2023. The following International Classification of Dis-
eases 10th revision diagnosis codes were included: M45: Ankylosing spondylitis, M46.1:
Sacroiliitis, not elsewhere classified, M46.8: Other specified inflammatory spondylopa-
thies and M46.9: Unspecified inflammatory spondylopathy. Patients were required to
have a baseline Bath Ankylosing Spondylitis Disease (BASDAI) score for at least one
treatment course, and at least three appointments to evaluate the treatment response.

DATA ENTRY AND STORAGE

DANBIO

DANBIO (12) is an online database established in the year 2000 that constitutes a
nationwide patient management system, and clinical quality index for all adult rheuma-
tologic patients with inflammatory musculoskeletal diseases, such as axSpA. The data-
base relies on data reported by patients, and healthcare professionals across various
rheumatology departments, and private clinical facilities in Denmark. Patients and phy-
sicians are encouraged to enter data during control visits, and when there is an altera-
tion in medication. In this study, DANBIO was utilised to create the initial list of included
patients, and to gather the following information: Smoking status, CRP, BASDAI score
(0-100), as well as the type, dosage, duration and reason for alteration of NSAIDs treat-
ment and/or DMARDSs.

REVIEW OF MEDICAL RECORDS

Electronic medical records were reviewed. Three journal systems (NordEPJ, The Na-
tional Health Journal and Archive Clinical Suite) were used to collect both baseline data,
and data regarding treatment and treatment response. The following information was
collected when possible from the medical records: Age, Body Mass Index (BMI), location
of back pain (cervical, thoracal, lumbar and/or hip region), onset of back pain, if they
had an occupation involving physically demanding work, as defined in "Vejledning om
erhvervssygdomme” (13). Furthermore, it was noted, if the patients had a familial pre-
disposition to axSpA, exhibited HLA-B27, or had an elevated CRP. It was also docu-
mented, whether associated diseases, such as peripheral arthritis, enthesitis, anterior
uveitis, dactylitis, psoriasis in the skin and/or nails and inflammatory bowel disease were
present. Regarding evaluations of NSAIDs and DMARDs, the type, dosage, duration and
rationale for modifications, were cross-referenced with DANBIO and documented.
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REVIEW OF IMAGING EXAMINATION

A radiology specialist reviewed MRI sequences performed within a time frame of 6
months before and after the time of diagnosis, blinded from the clinical information.
The MRI identified BME in the subcondral bone on fluid-sensitive scans, including Short
Tau Inversion Recovery (STIR) and T2 fat-saturation (FS) sequences of the SlJ and spine.
Furthermore, it was noted, if axSpA was the most likely diagnosis.

REDCAP

Data entry and management were carried out employing the Research Electronic Data
Capture (REDCap) tool, hosted at Aalborg University Hospital, Denmark. REDCap is a
secure, non-commercial online software platform, facilitating data collection for re-
search studies, by providing an interface for data input, data sharing, transaction log-
ging, blinding, etc., and automated export for data transfers to commonly used statisti-
cal software (14-17).

EXPOSURE, OUTCOME AND COVARIATES

The exposure variable utilised in this study, was defined as fulfilment of the imaging
arm of the ASAS criteria, as the clinical arm is not utilised in Denmark. To assess if
patients met the ASAS criteria, it was evaluated if both the MRI results were indicative
of axSpA, and if the clinical aspects of the criteria were met. Consequently, the patients
were separated into two groups: 1) patients meeting the ASAS classification criteria,
prospectively referred to as ‘certain’ axSpA, and 2) patients who did not fulfil the crite-
ria, henceforth referred to as clinical axSpA.

This study had two primary outcome variables: a binary evaluation of a good treat-
ment response, and a linear normalised time-weighted BASDAI average score. Attain-
ment of a good treatment response was defined as a reduction in BASDAI score > 20, at
any point within the first 2 to 52 weeks, after initiation of a new treatment.

The linear outcome variable was calculated for each treatment course, by multiplying
the BASDAI score for each appointment by a time-weighted factor. The time-weighted
factor was calculated by adding half of the days since the previous appointment, to half
of the days until the next appointment. Individual results were afterwards summed
across all appointments for each treatment course (Figure 3). Lastly, the summarised
value was divided by the individual treatment courses' total duration (in days). This
process generated a normalised time-weighted value maintaining the same 0-100 range,
as the original BASDAI score.
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Figure 3: Illustration of how the time-weighted BASDAI score for each appointment was calculated for a fictive

treatment course. Each dot represents an appointment. Changes in the area under the curve mark the halfway
point between two appointments. The total area under the curve corresponds to each treatment course's summa-
rised time-weighted average BASDAI score. This value is then divided by the entire treatment duration (in days)
to normalise the value to a 0-100 range.

Several confounders and a single covariate were included in the statistical analyses.
Confounders consisted of age at diagnosis, presence of HLA-B27, gender and smoking
status.

Additionally, the covariate treatment type was analysed, which was divided into three
categories: NSAIDs, bDMARDs and Sulfasalazine. The bDMARDs category contained the
following pharmaceuticals: Adalimumab, Infliximab, Certolizumb, Golimumab, Etaner-
cept, Secukinumab, Ixekizumab, Ustekinumab and Tofacitinib.

Only covariates with no missing data were included in the regression analyses to avoid
having to either imputate missing values, and to maintain as large of a dataset as pos-
sible. This resulted in several potential confounders, such as BMI, not being included in
these analyses.

DEFINEMENT OF TREATMENT RESPONSE

A treatment course was defined based on three criteria: 1) Treatment was initiated
when a new prescription started, or a new dosage of the same medication was pre-
scribed. 2) Concerning compliance, patients were required to have adhered to the pre-
scribed treatment until the subsequent appointment. 3) In regard to termination of
treatment, it was defined as either the doctor instructing discontinuation, altering dos-
age or medication, if the patient stopped the treatment, or if it was the final recorded
consultation for the patient. In cases where more than one medication was prescribed
simultaneously, only the medication marked as the primary axSpA treatment, by the
medical record reviewers, was considered. These defined criteria resulted in the identi-
fication of 368 treatment courses for analysis.

STATISTICAL ANALYSIS

The baseline demographic and clinical characteristics were documented using de-
scriptive statistics. Confounders and covariates were compared using the Kruskal-Wallis
test for continuous variables and chi-squared for categorical variables.
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A logistic regression analysis was conducted to evaluate the likelihood of achieving a
good treatment response, and log odds were estimated. This model allowed comparison
between the two exposure groups, while adjusting for covariates. For the dependent
variable, the binary evaluation of a good treatment response outcome variable was uti-
lised. The independent variables consisted of the exposure variable, treatment type,
days since treatment start, age at diagnosis, smoking status, presence of HLA-B27, and
gender.

Due to the study being composed of longitudinal data, a linear mixed-effects model
was employed, to consider both individual variations among patients and changes in
outcome over time for each patient. The fixed effects included in the model were the
exposure variable, treatment type, smoking status, age at diagnosis, presence of HLA-
B27 and gender.

A Kaplan Meier plot was used to visually represent, how the probability of patients
adhering to their treatment course changed over time, stratified by the exposure varia-
ble. Lastly, a graph visualising the evolution of BASDAI score over time was created.

All statistical analyses were carried out using R version 4.3.1 (18).

ETHICS

This study received authorisation from The Scientific Ethics Committee for the North-
ern Region of Denmark (case number: 2309175).
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RESULTS

STUDY POPULATION AND DEMOGRAPHICS

A total of 129 patients were included in this study. In Table 1, demographic charac-
teristics are shown.

In this study population, there was a notable gender disparity among the patients, as
there were markedly more males, who had a ‘certain’ axSpA diagnosis than females. The
gender difference was found to be statistically significant. The median age at diagnosis
for patients with a ‘certain’ axSpA was 31 years, with an interquartile range of 24 to 38
years. Patients with clinical axSpA were generally older, with a median age of 48 years,
and an interquartile range of 37.2 to 55.5. This age difference was found to be statisti-
cally significant. Regarding HLA-B27 expression, patients with a ‘certain’ axSpA diagnosis
exhibited a significantly higher prevalence at 87.3 %, compared to 53.4 % for patients
with a clinical diagnosis. Inflammatory bowel disease and peripheral arthritis had a sig-
nificantly higher prevalence among clinical axSpA patients, compared to the ‘certain’
group. Conversely, anterior uveitis was more prevalent among patients with ‘certain’
axSpA; however, this result was not statistically significant.
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ASAS MRI

Yes

100 % (71)

41.4 % (24

73.6 % (95

(24) (95)
No/Clinical 0% (0) 58.6 % (34) 26.4 % (34)
. Yes 100 % (71) 36.2 % (21) 71.3 % (92)
ASAS clinical
No 0% (0) 63.8% (37) 28.7 % (37)
Female 26.8% (19) 51.7 % (30) 38 % (49)
Gender
Male 73.2 % (52) 48.3 % (28) 62 % (80)
Age at diagnosis Median [IQR] 31 [24, 38] 48 [37.2, 55.5] 37 (29, 47]
Positive 87.3% (62) 53.4 % (31) 72.1% (93)
HLA-B27 -
Negative 12.7 % (9) 46.6 % (27) 27.9% (36)
- Yes 24.6 % (15) 14.9 % (7) 20.4 % (22)
LRI No 75.4 % (46) 85.1 % (40) 79.6 % (86) 0.318
axSpA
Missing 10 11 21
o Yes 15.1% (8) 25.6 % (11) 19.8 % (19)
Back “S;grak'”'"g No 84.9 % (45) 74.4 % (32) 80.2 % (77) 0.305
Missing 18 15 33
Ml Median [IQR] 26.2 [22.1,28.6] | 25.7 [23.6, 32.2] 26 [22.9, 30] 0.639
Missing 22 12 34
Never 53.5 % (38) 55.2 % (32) 54.3 % (70)
Smoking status Current 32.4 % (23) 25.9 % (15) 29.5 % (38)
Former 14.1 % (10) 19 % (11) 16.3 % (21) 0.623
_ _ Yes 23.9% (11) 51.5% (17) 35.4 % (28)
Pe”phetr;' L No 76.1% (35) 48.5 % (16) 64.6 % (51) _
Missing 25 25 50
Yes 22.9% (8) 19 % (4) 21.4% (12)
Enthesitis No 77.1% (27) 81% (17) 78.6 % (44) 1
Missing 36 37 73
Yes 25 % (16) 9.3% (4) 18.7 % (20)
Anterior uveitis No 75 % (48) 90.7 % (39) 81.3 % (87) 0.074
Missing 7 15 22
Yes 9.1% (3) 11.5 % (3) 10.2 % (6)
Dactylitis No 90.9 % (30) 88.5% (23) 89.8 % (53) 1
Missing 38 32 70
Yes 17.3% (9) 15.6 % (7) 16.5 % (16)
Psoriasis No 82.7 % (43) 84.4 % (38) 83.5 % (81) 1
missing 19 13 32
. Yes 5.9% (2) 30.3 % (10) 17.9 % (12)
Inflammatory No 94.1% (32) 69.7 % (23) 82.1% (55) _
bowel disease
missing 37 25 62
Yes 30 % (6) 50 % (8) 38.9 % (14)
Reactive arthritis No 70 % (14) 50 % (8) 61.1% (22) 0.379
Missing 51 42 93

Table 1: Baseline demographic characteristics and ASAS classification status for the study population. IQR: in-

terquartile range.

: number of patients.
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LOGISTIC REGRESSION ANALYSIS

A logistic regression analysis was conducted to determine, whether there was a dis-
parity in good treatment responses between patients with ‘certain’ axSpA and those
with clinical axSpA. The results revealed no discernible difference in treatment response
between these two groups. However, the logistic regression analysis unveiled two sta-
tistically significant results: First, treatment with bDMARDs, in contrast to NSAIDs, was
associated with a greater likelihood of achieving a favourable treatment outcome. Sec-
ond, being male, as opposed to female, was associated with a greater likelihood of not
achieving a good response. Notably, other covariates examined, such as days since treat-
ment start for each treatment course, HLA-B27 status, age at diagnosis and smoking
status, all exhibited no statistically significant association with attainment of a good
treatment response.

In order to gauge the model's explanatory power, a Nagelkerke pseudo-R%-value was
calculated (19). This value was calculated to assess the extent to which the included
factors contributed to explaining the variance in treatment outcome. The calculation
showed a pseudo-R? of 0.068, indicating that numerous factors, beyond the covariates
incorporated in the model, play a role in explaining the treatment response observed in

this model.
Variale ~ Jiogodds[95%c] |standard error|z-valuep-value|
(Intercept) -0.332 [-1.702, 1.024] 0.692 -0.479 | 0.632
Fulfilling ASAS vs NOT fulfilling ASAS 0.117[-0.667, 0.888] 0.395 0.297 | 0.766
Treatment with bDMARDS vs NSAIDs 0.814 [0.229, 1.431] 0305 | 2.666 |JOI0BN
Treatment with Sulfasalazine vs NSAIDs 0.288 [-1.690, 1.839] 0.858 0.336 | 0.737
Days since treatment start for each treatment -0.002 [-0.007, 0.002] 0.002 -1.042 | 0.297
Age at diagnosis -0.020 [-0.049, 0.009] 0.015 -1.345 | 0.179
Current smoker vs never smoker 0.118 [-0.545, 0.761] 0.332 0.356 | 0.722
Former smoker vs never smoker 0.176 [-0.657, 0.961] 0.409 0.429 | 0.668
HLA-B27 positive vs negative 0.078 [-0.608, 0.796] 0.356 0.219 | 0.827
Male vs female gender -0.666 [-1.251, -0.086] 0296 | -2.248 [JOI00SN

Table 2: The results of the logistic regression analysis. Log odds, standard errors, Z-values, p-values and upper
and lower limits for 95 % confidence intervals are provided. Significant p-values are highlighted. Cl: 95 % confi-
dence intervals

LINEAR MIXED-EFFECTS MODEL

In an effort to gain a better understanding of the disease burden over an entire treat-
ment period, a linear mixed-effects model was performed. This analysis found that pa-
tients with ‘certain’ axSpA, exhibited a normalised time-weighted average of 2 BASDAI
scores higher than those with clinical axSpA, although this difference lacks statistical
significance. Additionally, only one significant fixed covariate was identified. Treatment
with bDMARDs was associated with a 10 lower average BASDAI score, compared to NSAID
treatment. Remarkably, for gender, a 6.4 lower BASDAI score was found for males as
compared to females, contrary to what the logistic regression analysis found, however
this result was not significant. Finally, for the fixed covariates alone, the pseudo-R?-
value was calculated to be 0.091, while the total pseudo-R?-value for fixed and random
covariates was 0.753.
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Fixed (Intercept) 48.488 [32.043, 64.932] 8.299 5.843 111.279
. Fulfilling ASAS vs NOT fulfilling 2.115[-8.411,12.640] | 5309 | 0.398 |106.037| 0.691
Fixed ASAS
Treatment with bDMARDSs vs
Fixed NSAIDs -10.236 [-13.892, -6.579] 1.858 -5.509 | 290.195
Treatment with Sulfasalazine vs
Fixed NSAIDS 8.687 [-2.200, 19.574] 5.533 1.570 307.882 0.117
Fixed Age at diagnosis -0.043 [-0.444, 0.357] 0.202 -0.214 | 107.096 0.831
Fixed Current smoker vs never smoker 3.033 [-6.042, 12.107] 4.579 0.662 ([ 109.891 0.509
Fixed Former smoker vs never smoker -6.230 [-17.657, 5.197] 5.767 -1.080 | 110.830 0.282
Fixed HLA-B27 positive vs negative -4.347 [-14.030, 5.337] 4.886 -0.890 [ 108.709 | 0.376
Fixed Male vs female gender -6.455 [-14.882, 1.971] 4.250 -1.519 | 105.766 0.132
Pa'tlent ID Intercept standard devi- 19.476
Random|ation
Random |Residual standard deviation 11.891

Table 3: The results of the linear mixed-effects model. Estimates, standard errors, t-values, df (degrees of free-
dom), p-values and upper and lower limits for the 95 % confidence intervals are provided. Significant p-values
are highlighted. Patient ID intercept standard deviation: The average deviation at baseline between individual
patients' BASDAI scores. Residual standard deviation: The variance in the evolution of the BASDAI score over
time within each patient. Cl: 95 % confidence interval.

ADHERENCE TO TREATMENT

A Kaplan Meier Plot (Figure 4) provided a visual representation, of how the probabil-
ity, of adherence to treatment, changed over time dependent on the certainty of the
axSpA diagnosis. It appears the patients with a ‘certain’ axSpA diagnosis remain on the
same treatment for a longer duration, or at least in the initial 1000 days, compared to
those with a clinical diagnosis. However, the observation achieved no statistical signifi-

cance.

axSpA diagnosis

'Certain' axSpA ~ Clinical axSpA

1.00

Probability of adherence to treatment
g 3

o
N
A

0.00

2000
Days since treatment start

0 1000 3000 4000

Figure 4: Kaplan Meier Plot. The likelihood of adherence to treatment (NSAIDs, bDMARDs or Sulfasalazine) in days
since initiation of treatment. Cox regression was utilised to calculate the p-value.
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CHANGE IN BASDAI SCORE OVER TIME

Figure 5 visualises BASDAI scores over the first five years for all treatment courses,
subdivided by the certainty of axSpA diagnosis. This showed that treatment generally
resulted in a decrease in BASDAI scores for both groups. Further, patients with a ‘cer-
tain’ axSpA diagnosis had a consistently slightly lower score than those with a clinical
axSpA diagnosis, and the groups followed similar curves. However, the confidence inter-
vals overlapped throughout the entirety of the graph, indicating no statistically signifi-

cant differences.

BASDAI Score Over Time by axSpA certainty for all treatments

axSpA diagnosis = 'Certain' axSpA . Clinical axSpA

60

50

BASDAI Score

30

365 730 1095 1460 1825
Days Since Treatment Start

Figure 5: BASDAI scores over the first five years for all types of treatment divided by axSpA certainty. The light

grey areas indicate 95 % confidence intervals, whereas the dark grey indicates overlap in confidence intervals.

0
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DISCUSSION

The main objective of this study was to identify, if there existed a disparity in treat-
ment response, when comparing patients, who fulfil the ASAS criteria (‘certain’ axSpA),
with patients who did not meet these criteria (clinical axSpA). The results of this study
showed that treatment generally resulted in a decrease in BASDAI scores for both
groups, but no significant difference in treatment outcome was observed between them.
However, it should be noted that patients with a ‘certain’ axSpA diagnosis, appeared to
adhere to their treatment for a longer duration. This could imply that they had a better
treatment response compared to patients, who received the clinical diagnosis, never-
theless, this result was not significant.

DIFFERENTIAL DIAGNOSES

One plausible explanation for this lack of difference could be that a larger than ex-
pected proportion of patients, including those with clinical diagnoses, derive therapeu-
tic benefit from treatment. The primary approach for many differential diagnoses of
axSpA, such as OCI, degenerative diseases, nonspecific lower back pain, etc., involves
the use of NSAIDs (20,21). This commonality in initial treatment, makes identifying dif-
ferences in treatment outcomes challenging. Additionally, it is well-documented that
OCl is a self-limiting condition and therefore, symptoms are anticipated to resolve even-
tually (20). These factors could account for some of the good treatment responses ob-
served among patients with clinical diagnoses, due to the nature of these differential
diagnoses, and not the treatment itself. Furthermore, NSAIDs are known to effectively
treat any kind of inflammatory pain (22). Consequently, nonspecific lower back pain
might benefit from treatment, resulting in several patients having a good treatment
response, independent of the certainty of axSpA diagnosis.

BASDAI SCORE, ASAS20 AND ASAS40

Challenges in identifying improvement in axSpA could be resolved, if there existed an
objective and more exact measurement of axSpA disease activity. This study utilised the
BASDAI score to evaluate the disease activity, which is an exclusively subjective meas-
urement consisting of patient-reported pain, morning stiffness, fatigue, sleep and over-
all functional ability (23). One potential bias towards increased values of BASDAI scores,
and thereby not achieving a good treatment response, could be negativity bias. If a
significant amount of time passed since the last reporting of BASDAI score, patients may
find it easier to recall negative experiences associated with bad disease days, as nega-
tive experiences often tend to have a stronger impact on emotions and memory (24).

In other studies, the Assessment in SpondyloArthritis International Society 20 % or
40 % (ASAS20 or ASAS40) improvement criteria have been employed, as the primary
endpoint in clinical trials, for evaluating disease activity in patients with axSpA (25). To
meet the ASAS20 and ASAS40 improvement criteria, patients must achieve at least a 20
% or 40 % improvement in a minimum of three out of four domains: pain, patient's global
assessment of disease activity, Bath Ankylosing Spondylitis Functional Index (BASFI), and
biomarkers, such as CRP. Regarding ASAS20 and ASAS40 improvement criteria, it is note-
worthy that the focus is on percentage and a relative reduction in symptoms and disease
activity. Therefore, ASAS20 and ASAS40 improvement criteria are less restrictive and
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can capture a broader range of treatment improvements. For further research, this
method for observing disease activity could be applied to compare differences in treat-
ment outcomes for ‘certain’ and clinical axSpA diagnoses.

BDMARDS COMPARED TO NSAIDS

This study’s findings revealed only one consistently significant result: patients being
treated with bDMARDs, instead of NSAIDs, independent of their fulfilment of the ASAS
criteria, achieved significantly better treatment outcomes. bDMARDs are recognised for
their ability to target specific proteins involved in inflammation. Consequently,
bDMARDs possess properties that potentially alter the course of axSpA, unlike NSAIDs,
which primarily provide symptomatic relief by reducing pain and inflammation (26). Sim-
ilar observations have been seen in prior studies, where the results showed a more
prominent reduction in inflammation on MRI, and a better clinical remission, and
thereby a better treatment outcome, when the patients received both NSAIDs and
bDMARDs, compared to NSAIDs alone (27).

Another pertinent explanation for the better treatment outcomes associated with
bDMARDs is patient selection. Patients prescribed bDMARDs are typically selected due
to the severity of their condition, potentially predisposing them to a better treatment
response, as there is more room for improvement. The current Danish national axSpA
guidelines only advocate for considering treatment with bDMARDs for patients who have
tried at least two separate NSAIDs, over a four-week period, and continued to have a
BASDAI score consistently above 40 (1). This creates a natural selection bias, which
could significantly impact the logistic regression analysis, as the outcome is defined as
an absolute BASDAI score reduction of at least 20, rather than a relative decrease in
scores. Consequently, patients starting with higher BASDAI scores might find it easier to
reach this fixed threshold, making the 'good response' criterion more attainable than
for patients with lower initial scores.

In contrast, the results of the time-weighted linear mixed model demonstrate,
bDMARD treatment results in a lower average BASDAI score than NSAIDs. This contra-
dicts the previous observation, as this model requires bDMARD treatment to maintain
consistently lower scores to achieve a lower average, indicating bDMARDs consistently
sustain better treatment outcomes, compared to NSAIDs.

An alternative explanation for the better treatment outcomes observed for bDMARDs
could be that NSAIDs appear less impactful due to attrition bias. Around two-thirds of
patients, who receive NSAIDs experience difficulties in tolerating the maximum NSAID
doses (28). Consequently, having to potentially terminate treatment, before a sufficient
improvement in disease activity, can be documented.

OTHER FACTORS INFLUENCING THE RESULTS

A large disparity was observed between the pseudo-R2-values in the logistic regres-
sion, and linear mixed effects models. The pseudo-R2-values for the logistic model, and
the pseudo-R2-value for the fixed portion of the linear mixed effects model were below
10 %, indicating a model with a low explanatory power. However, when accounting for
the fixed and random variables, the pseudo-R%-value for the linear mixed effects model
was significantly higher at 75.3 %, indicating a robust model. This disparity indicates
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that the fixed effects included in the models only play a minor role, while the individual
variation between patient identity, accounts for a much larger portion of the variance.

This emphasises the need for clinicians to consider the complexity of patient-specific
factors, beyond the fixed effects. These could include genetic predisposition, the sever-
ity of disease at diagnosis, treatment length, concurrent treatment with other medica-
tions, potential infections, and the presence of autoimmune diseases, etc.

CLINICAL RELEVANCE

Given this study identified no discernible difference in treatment response between
those with ‘certain’ axSpA, and those with clinical axSpA, it raises a pertinent clinical
gquestion: Should treatment be limited to patients with a formal diagnosis, when it ap-
pears to be effective regardless of fulfilment of the ASAS criteria?

Previous research (1) has raised concerns about overdiagnosis among the elderly, as
they are more susceptible to other differential diagnoses, in particular degenerative
diseases. In fact, the prevalence of degenerative diseases, significantly outnumbers that
of axSpA, amplifying the potential for misinterpreting age-related changes in MRI of the
SIJ (1). However, these potential challenges with classifying patients might not be rel-
evant, if the classification criteria have no impact on treatment outcomes. Focusing on
symptomatology and treatment response might be a more relevant clinical considera-
tion, than strict adherence to age-based diagnostic criteria.

Furthermore, it is known that the imaging arm of the ASAS classification criteria uti-
lised in Denmark prioritises specificity (97.3 %) over sensitivity (66.2 %) (29). This nat-
urally leads to a large proportion of patients, who do have axSpA not fulfilling these
criteria. Utilising these criteria as a tool for clinical decision-making could, therefore,
risk underdiagnosing and potentially denying treatment to patients, who could benefit
from it. Underdiagnosis is of particular concern among younger patients, as shorter dis-
ease duration is often linked to a more favourable treatment outcome. However, it is
important to acknowledge that only a limited number of studies have directly evaluated
the impact of treat-to-target strategy (28).

Another topic of clinical importance is that there are currently no validated guidelines
for choosing biological treatment. Nevertheless, bDMARDs are high-cost therapies, ne-
cessitating a carefully individualised approach for each patient. Therefore, it is advisa-
ble to consider other factors, such as the presence of extra-articular manifestations and
comorbidities, when adjusting treatment. Cost implications should only be considered,
if the treatment outcome is comparable (28). Furthermore, bDMARDs pose a significant
risk of severe infections, occasional occurrence of bone marrow suppression, hepato-
toxicity and potential exacerbation of congestive heart failure, etc. (30). These factors
require clinicians to carefully weigh the potential benefits against the costs and compli-
cations for each individual patient and treatment.

STRENGTHS AND LIMITATIONS

This study encountered both strengths and limitations, some of which are already
described. A possible limitation is that three individuals reviewed patient records, and
could have interpreted journal entries differently, potentially leading to inter-observer
variability and biased results. However, before data entry, a few patient records were
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reviewed jointly, and a consensus of interpretation was reached. If doubt occurred dur-
ing data entry, patient records were reviewed jointly.

A strength of this study was that MRIs were assessed by a highly experienced radiol-
ogist with up-to-date expertise in MRl interpretation. Nevertheless, only one radiologist
assessed MRIs, introducing potential single-observer bias. Two blinded radiologists re-
viewing MRIs, could be employed for better reliability in future studies.

The external validity of this study was limited by the sample consisting of 129 patients
treated at a single centre. However, each patient had multiple treatment courses, which
consisted of numerous appointments, resulting in many data points for each patient.

A key strength of the linear mixed-effects model was the use of a normalised time-
weighted average BASDAI score as the outcome variable. This provided a better repre-
sentation of the disease burden over an entire treatment course, as opposed to a mo-
mentary insight. However, this could lead to outliers in BASDAI scores having less impact
on the overall results.
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CONCLUSION

The primary purpose of this study was to identify, if there was a difference in treat-
ment response, when comparing patients who fulfilled the ASAS classification criteria,
with patients who did not. The results revealed no significant difference in treatment
response between these two groups. Therefore, despite clinical diagnoses potentially
being associated with differential diagnoses in terms of treatment outcomes, this
study's findings suggest that these diagnostic complexities have no discernible conse-
guences. Patients with ‘certain’ diagnoses did, however, seem to adhere to treatment
for a longer period of time, compared to patients with a clinical diagnosis. While this
trend may suggest a potential improved treatment effect, no significance was observed.
Nevertheless, treatment was associated with a decline in BASDAI scores for both expo-
sure groups. This underscores the importance of clinical decision-making based on indi-
vidual disease courses and treatment responses, and brings into question the relevancy
of strict adherence to classification criteria.
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