Data Request

Title of the project: 
Validation of a Personalised Axial Spondyoarthritis Metrology Index Using Data from Clinical Trials.  

Rationale of this application: 

Radiographic axial spondyloarthritis (r-axSpA), also known as Ankylosing Spondylitis, is a disease in which inflammation in the spine can lead to bony fusion between vertebrae and arthritis in the hip joints, leading to a temporary or permanent loss of mobility in these joints. With the aid of a tape measure and a simple goniometer, clinicians started tracking these changes in mobility over the course of the disease by measuring the maximum angle of rotation in the neck (cervical rotation), the flexion in the lumbar spine (Schober’s test), side flexion of the lumbar spine (lateral spinal flexion), abduction of the hips (intermalleolar distance) and flexion deformity of the spine (originally occiput to wall distance, then tragus to wall distance). The Bath Ankylosing Spondylitis Metrology Index (BASMI) was then developed as a composite index of these spine and hip mobility measures and it has been widely used in r-axSpA research ever since it was first published in 1994 (1). Since then, the BASMI formula has undergone minor modifications ,from nominal scales (BASMI2 and BASMI10) to a continuous scale (BASMI Linear)(2) the last one being the version most commonly used in recent clinical trials due to its higher practicability in computer evaluations. The population studied in these trials has also evolved. Over the past 15 years, the use of MRI rather than x-ray to achieve an earlier diagnosis has led to the introduction of a new and more inclusive term for the disease ‘axial spondyloarthritis’ (axSpA). Although the BASMI is still widely used, those clinical trials that have focused on patients with early axSpA have often reported a lack of responsiveness of BASMI, suggesting that this outcome tool may no longer be appropriate in this group of patients(3). Indeed, the Assessment of SpondyloArthritis international Society (ASAS) has recently reviewed the core set for axSpA and determined that the BASMI should no longer be recommended as a core outcome domain for inclusion in all axSpA therapeutic studies (4). Among the reasons for this change are the floor effect seen in patients with short disease duration, and poor sensitivity to change (5). A floor effect exists when a significant number of participants have a score at or near the bottom of the scale, meaning that the scale is unable to measure any improvement in mobility in these patients. Similarly, a ceiling effect in an outcome measure exists when a significant number of participants have a score at or near the top of the scale, meaning that the scale is unable to detect any worsening of mobility in these patients. Sensitivity to change means that the scale should be able to detect small but significant changes in spinal mobility.
At the time the BASMI was developed, it had not been tested on a group of normal individuals. When this was systematically studied in the MOBILITY study of healthy individuals, it was found that the BASMI was strongly influenced by factors such as height, age and gender. To the surprise of researchers, the mean BASMI was found to be 1.2 (on a 0-10 scale from normal to severe restriction of mobility). No normal individual had a fully normal BASMI, i.e., a BASMI score of zero (6). Previous versions of the BASMI had no way of determining the appropriate normal/lower end of the reference range for each measurement. These limits can now be defined more precisely using the 50th/75th percentile values from the MOBILITY study but the choice of the best ‘cut off’ points also requires analysis of axSpA datasets. Another important observation in the MOBILITY study was that whilst the occiput to wall distance was zero in 95% of healthy individuals (as expected), not a single one had a normal Tragus to wall distance (TTW) score.  The TTW measurement had been introduced as a more reliable way of measuring the original ‘Occiput to wall’ distance which had been used for many years as an outcome measure representing the severity of kyphosis in more advanced r-axSpA. 
Clinical Significance
The MOBILITY study in the healthy population clearly showed that the BASMI Linear assigns inappropriately high/low readings for spinal mobility to a substantial proportion of people, particularly those who are shorter/taller than average and those patients who are older. This means that the clinician’s assessment of the severity of mobility restriction can be quite inaccurate as they are unaware of the adjustments that need to be made. For clinical trials, patient selection (i.e. early disease) would be more accurate if the spinal mobility score truthfully represented the level of restriction due to the condition. In addition, the formula for calculating the Tragus to wall scale in the BASMI Linear is clearly misleading and needs to be corrected. 
The Adjusted Score - the Personalised Axial Spondyloarthritis Metrology Index (PASMI)
We therefore hypothesized that an adjusted version of the BASMI Linear, taking age, height and gender into account would have better psychometric properties than the ones from the original BASMI Linear. As a first step of this project, the Personalised Axial Spondyloarthritis Metrology Index (PASMI) was developed. The PASMI allows, by adjusting each individual spinal mobility measure for age, height and gender, as appropriate, to deliver a more ‘truthful’ representation of spinal mobility for each individual. The PASMI also redefines the normal limit of the scale using the data from the healthy population and corrects the ‘false floor’ in the TTW score. The PASMI score has been designed to be more ‘truthful’ than BASMI for the individual, and hopefully this will also improve its psychometric properties in comparison to those of the BASMI and the individual spinal mobility measures. We further hypothesized that the TTW measurement will have a large floor effect in cohorts with early axSpA, so we will compare the psychometric properties stratified by duration of disease/symptoms.
What is the Test of a Good Outcome Measure?
Outcome Measures in Rheumatology (OMERACT) is a network initiated in 1992 to standardize and improve outcome measurement in rheumatology. According to the OMERACT filter, every outcome measurement instrument needs to fulfill the criteria of Truth, Discrimination and Feasibility (7). Truth refers to whether the measurement can be shown to be truthful, i.e. whether it measures what it is supposed to; includes content validity, face validity and construct validity (including known group validity). Discrimination asks whether the measure discriminates between situations of interest, and includes reliability (test-retest reliability) and discrimination between treatment arms in a clinical trial; longitudinal construct validity, and thresholds of meaning (i.e. minimal important difference). Finally, feasibility answers questions about the practicality of using the tool: access, length, time, cost, and burden (8).
The construct validity of PASMI needs to be assessed in cohorts of patients with established axSpA, early axSpA and also in normal healthy individuals. One of the advantages of using the PASMI tool is that values for each component of the PASMI can be calculated using the same original measurements that were used to obtain the BASMI Linear. As a result, we can test its measurement properties by calculating the PASMI for patients included in published randomised controlled trials (RCTs) and conducting analyses to compare its psychometric properties against the BASMI Linear. With this data request, we hope to obtain access to RCT data (including data on the individual BASMI components, demographic data – age, gender and height, and treatment allocation) in order to analyse the psychometric properties of PASMI.

Objective:
The aim of this study is to assess the psychometric properties of the newly developed PASMI and to compare them with the psychometric properties from BASMI Linear and the individual spinal mobility measurements in RCTs of patients with axSpA treated with biologic disease-modifying antirheumatic drugs (bDMARDs) and targeted synthetic disease-modifying antirheumatic drugs (tsDMARDs).
a) To compare the construct validity of the PASMI, BASMI Linear and individual spinal mobility measures in patients with axSpA 
b) To compare the discriminatory capacity (in trials) of the PASMI, BASMI Linear and individual spinal mobility measures in patients with axSpA 

Study design: 

Data from RCTs fulfilling the eligibility criteria and available by the sponsors through public data repository (Vivli, YODA, ClinicalStudyDataRequest) will be analysed.

Population selection and subgroups of interest

RCTs in patients with axSpA fulfilling the ASAS classification 2009 criteria or the modified New York criteria with available data on spinal mobility collected using standard methods as originally described for the BASMI or in the ASAS handbook. We will not select RCTs that have not recorded the measurements for each component of BASMI i.e. Schober’s test, Lumbar spinal flexion, intermalleolar distance, cervical rotation and Tragus to wall distance. Occiput to wall measurements are not essential to the PASMI calculation but if reported this data will be analysed alongside TTW.
Different RCTs with diverse subpopulations of axSpA (early axSpA, established axSpA, non-radiographic axSpA (nr-axSpA), radiographic axSpA (r-axSpA), axSpA (complete spectrum)) will be assessed, as the PASMI may perform differently at different stages of the disease.
Patients with available data of spinal mobility assessments at baseline and at the timing of the primary endpoint will be included as this will allow determination of the outcome measure’s sensitivity to change. 

Assessment

The following mobility measurements will be assessed at baseline and at timing of the primary endpoint: BASMI and the following individual mobility measures: tragus-to-wall, lumbar flexion (Schober test), cervical rotation, lateral spinal flexion, intermalleolar distance and (where available) the occiput to wall distance. 
Individual factors such as age, gender and height will be used for the adjustment of the original individual spinal mobility measures. For each of the BASMI components, an adjusted version -PASMI components- will be created and assessed.
Since factors like age, gender and height have been found to significant influence measurements in BASMI, an adjusting formula will be applied for each of the components as needed, in order to create and assess the PASMI components. The formula incorporates the relevant correction factor derived from the multiple regression formulae in MOBILITY so that each measurement scale more accurately represents the degree of mobility restriction compared to a normal person of the same age, height and gender. Furthermore, the normal and limit of the mobility scale can now be redefined more precisely using the data from the reference intervals curves in healthy subjects (50th/75th percentile in the MOBILITY study). The severely restricted limit of the mobility scale has been redefined using data from a cohort of axSpA patients (5th percentile). The TTW scale had to be treated differently due to an unforeseen problem with the occiput to wall measurement in the BASMI scale: new normal limits will be tested with reference to the occiput to wall distance (which was separately measured in MOBILITY). Next, each new adjusted measure will be transformed into a 0-10 scale (using the same process as BASMI Linear) and afterward, the PASMI will be determined. The ceiling and floor effects of the changes to the limits of each scale will be analysed. The final version of the PASMI will depend on the psychometric properties of the variants tested (e.g. the floor effects when using the 50th vs. the 75th percentile as the normal reference point for the scale).
In order to calculate the psychometric properties (construct validity, including known group discrimination and discrimination over time -longitudinal construct validity and trial discrimination-) to test whether the PASMI performs better than the  BASMI Linear and the individual mobility measures , some external measures will be needed: age, gender, height, symptom and disease duration. Hypothetically, adjusting the score for age will reduce scores for older patients which may reduce the apparent correlation with disease duration recorded by the BASMI Linear.  The PASMI will also be tested for correlation, at baseline, with the standard measure of functional impairment, the Bath Ankylosing Spondylitis Functional Index (BASFI) and the structural damage score Modified Stoke Ankylosing Spondylitis Spinal Score (mSASSS) or number of syndesmophytes. The correlation of PASMI with disease activity scores such as the Bath AS disease activity score (BASDAI) and the Ankylosing Spondylitis Disease Activity Score (ASDAS) will also be assessed. We would expect lower correlation of PASMI with age and height, and better correlation with BASFI, BASDAI and ASDAS in comparison with BASMI Linear. Additionally, we will evaluate sensitivity to change, expecting higher change in the new score. 
Lastly, subgroup analyses will be conducted to test whether the psychometric properties change according to disease characteristics like early vs established disease (dichotomized according to cutoffs of 3 and 5 years symptom duration); younger vs older patients (cut-off according to the median age of the population); gender (male vs females); previous treatment (bDMARDs naïve vs non-naïve bDMARDs patients); and type of disease (nr-axSpA vs r-axSpA).

Statistical analysis plan

The psychometric properties will be assessed according to the OMERACT filter. Trial discrimination will only be assessed in RCTs, which will be analysed separately.
To assess the ‘Truth’ of the PASMI scale, we will carry out a descriptive analysis of each study population to determine the percentage of patients scoring at the floor or ceiling of each component within the the normalized linear score. In the case of the Tragus to wall distance, in all populations the PASMI should register a score of zero in at least 95% of patients who have an occiput to wall distance of zero (widely accepted as ‘normal’). True floor effects are more likely to be seen in those with a shorter duration of symptoms, whilst ceiling effects are more likely in cohorts with a much longer duration of symptoms. In addition, the absolute difference in scores between the BASMI and PASMI components (and BASMI Linear and PASMI) will be categorized into three levels to assess the clinical significance of the score adjustment - <0.5, 0.5 to 1.5 and >1.5. For instance, the relative impact of adjustments for age would be expected to be greater in cohorts with an older mean age. This descriptive analysis will enable clinicians and researchers to assess the relative importance of the adjustments for each component of the score.
For the construct validity analysis, hypotheses of correlation strength will be formulated between BASMI/PASMI components and functional impairment, disease activity, spine radiographic damage, as well as age, symptom duration and height. Then, Spearman correlation (or Pearson) will be calculated. Correlation will be considered low if ≤0.30, moderate if >0.30 and <0.69, strong if ≥0.70.(9) To further test the validity of the construct ‘mobility’, the discriminatory capacity of the spinal mobility measures and components between patient subgroups as defined at baseline will be assessed: low or high functional impairment (BASFI < 3 vs > 6), high or low structural damage (syndesmophytes <=1 vs > 5, mSASSS 0 vs >20), low and high disease activity (ASDAS < 1.3 vs ASDAS > 3.5) the standardised mean difference (SMD) will be calculated (difference of the group means divided by the pooled SD of the group means). The SMD is unitless and can be used to compare the discriminatory ability across the various measures: the higher the value, the greater the discriminatory capacity. The t score of a two-sided independent sample t test will be presented as an additional statistic to compare the various measures. Again, the higher the t score, the greater the discriminatory capacity. 
The sensitivity to change (OMERACT, longitudinal trials discrimination) of each mobility measure (BASMI Linear/PASMI and individual spinal mobility measures) for detecting improvement from baseline to the timing of the primary endpoint will be determined by comparing the adjusted standardized means of change from baseline to the timing of the primary endpoint for both treatment groups (active treatment and placebo) separately. Adjusted standardized means of change will be obtained for each continuous mobility measure (dependent) stratified for treatment arm and adjusted for baseline values of the corresponding outcome measures (covariate), using analysis of covariance. The following formula will be used for standardizing ‘spinal mobility change (timing of the primary endpoint – baseline) divided by SD of that mobility measure at baseline. These standardized mean changes reflect sensitivity to change of an outcome measure within a treatment group.
We will then assess whether responses assessed by these measures can discriminate between treatment arms by determining SMDs, which reflect the capacity of the spinal mobility measures to disseminate between change under active treatment and change under placebo (OMERACT, trial discrimination). Furthermore, the t-score and the Guyatt’s effect size (ES) will be determined for discriminatory capacity and sensitivity to change, respectively. Guyatt’s ES is the mean change in the active treatment group divided by the SD of the change in the placebo group. Higher values indicate a better effect/noise ratio. Guyattt’s ES of 0.2, 0.5 and 0.8 represent small, medium and large effect size, respectively.(10) A higher t-score indicates a better discriminatory ability within the same trial.
Lastly, subgroup analyses, similar to the described main analyses, will be performed by stratifying the population in different subgroups: 
1) early vs established disease (where early disease is defined as symptom duration less than 3 years, and as a different cut-off, less than 5 years);
2) younger vs older patients (cut-off according to the median age of the population);
3) male vs female
4) nr-axSpa vs r-axSpA

Due to the low number of patients with early disease (less than two years of symptom duration) in each RCT, the option of pooling data from all early disease patients across all RCTs will be evaluated. If carried out, the corresponding meta-analysis will be performed, including an assessment of heterogeneity between studies (e.g., using I²).

Variables needed for the analysis:

· Spinal mobility
- Tragus-to-wall (TTW)
- Occiput to wall (OTW)
- Lumbar side flexion (LSF)
- Lumbar flexion (Schober test) 
- Cervical rotation (seating) (CR)
- Intermalleolar distance (IMD) 
· Sociodemographic and clinical characteristics
- Age
- Gender
- Height
· Symptom and disease duration 
· Disease subtype
-nr-axSpA
-r-axSpA
· Disease activity
-BASDAI
-ASDAS
· Functional ability
-BASFI
· Structural damage
-mSASSS
-number of syndesmophytes
· Treatment
-Previous treatment (TNFi, IL17i, JAKi)
-Current treatment (TNFi, IL17i, JAKi, placebo)



Collaboration:

Dafne Capelusnik, Care and Public Health Research Institute CAPHRI, Maastricht, the Netherlands; Department of Rheumatology, Tel Aviv Sourasky Medical Center, Tel Aviv, Israel; Instituto de Rehabilitación Psicofísica (IREP), Ciudad de Buenos Aires, Argentina. capelusnikdafne@gmail.com
Philip Gardiner, Department of Rheumatology, Western Health and Social Care Trust, Londonderry, UK. pvgardiner@gmail.com
Annelies Boonen, Department of Rheumatology, Maastricht University Medical Center, Care and Public Health Research Institute (CAPHRI), Maastricht University, Maastricht, the Netherlands. a.boonen@mumc.nl
Elena Nikiphorou, Centre for Rheumatic Diseases, King’s College, Department of Rheumatology, King’s College Hospital, London, UK. enikiphorou@gmail.com
Sofia Ramiro, Department of Rheumatology, Leiden University Medical Center, Leiden, the Netherlands. Department of Rheumatology, Zuyderland Medical Center, Heerlen, the Netherlands. sofiaramiro@gmail.com
All statistical analyses will be conducted by the fellow (Dafne Capelusnik) under the supervision of Philip Gardiner, Annelies Boonen, Elena Nikiphorou and Sofia Ramiro.

Time frame concerning this analysis

The present study will be carried out over a period of 18 months after we obtain the data from all eligible RCTs. The schedule will be as follows:
· 6 months: to prepare the databases and perform the statistical analysis. 
· 12 months: to discuss the main findings and their interpretation and to prepare the manuscript to be submitted.
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