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Highly-effective treatments for multiple sclerosis (MS) significantly reduce inflammatory disease 

activity and, consequently, disability accumulation associated with clinical relapses (relapse-associated 

worsening [RAW])1. However, patients with relapsing-remitting MS (RRMS) still accrue disability, 

ostensibly unrelated to relapses, termed PIRA (progression independent of relapse activity).1,2 The 

pathobiological substrates of PIRA remain undetermined, but evidence suggests that PIRA may be, in 

part, the clinical manifestation of neurodegeneration.3 PIRA has therefore gained attention as a potential 

outcome in clinical trials evaluating progression in RRMS, but certain concerns remain unaddressed. 

The initial definition of PIRA was based solely on clinical worsening (i.e., changes in the Expanded 

Disability Status Scale [EDSS]) independent of relapses, but without incorporating MRI activity. When 

MRI new lesion activity was incorporated in the ‘PIRA’ definition, in a cohort of patients with 11.5 

years follow-up, the number of PIRA events decreased by 60%.4  This finding raised concerns about 

the reliability of PIRA in representing extant neurodegeneration, independent of inflammation related 

to symptomatic and silent new lesions. As a consequence, the PIRA framework was recently 

reformulated as follows:5  PIRA is defined as confirmed or sustained increased disability (usually on the 

EDSS) at least 3 months after and 1 month before the onset of an investigator-reported relapse, and 

PIRMA as disability progression independent of relapse and MRI activity (the latter defined by new T2 
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and/or gadolinium lesions), constrained by identical time windows5. Although incorporating MRI 

activity into PIRA may improve the ability to capture the clinical correlates of non-inflammatory 

neurodegeneration, there remain outstanding issues related to the validation and implementation of 

PIRA/PIRMA.  

In this issue of Neurology®, Strijbis et al.6 publish a study that sheds light on the reliability of PIRA as 

a marker of MS progression in RRMS clinical trials. They evaluated PIRA, along with another outcome,  

“improvement independent of relapse activity (IIRA)”, and assessed their frequencies over the study 

period as well as the proportion of PIRA events associated with inflammatory MRI activity. RAW and 

relapse-associated improvement (RAI) events were also quantified. The authors reanalysed combined 

data, from the AFFIRM (NCT00027300) and SENTINEL (NCT00030966) trials and reported that, in 

around 2,000 people with RRMS, EDSS-related PIRA events, within 3-month consecutive time 

windows over 2 years, increase from 2.3% of patients at 12-weeks to 6.8% at 108-weeks. Furthermore, 

42.6% of patients who experienced EDSS-based PIRA events, developed MRI activity within the first 

year of follow-up and 36.4% in the second year. In comparison, between baseline and year 1, 42.7% 

(115 out of 269) of all EDSS-related IIRA events were linked to radiological disease activity, compared 

with 24.5% (69 out of 281) between year 1 and year 2. Of additional interest, the number of EDSS-

IIRA events (190 [10.5%] at week 108) exceeded EDSS-PIRA events (123 [6.8%] at week 108) 

throughout the study period.  

The two key findings of this study were the strong association of PIRA with concurrent MRI activity 

and the relatively high rate of IIRA; these findings challenge, respectively, the pathobiological accuracy 

and the precision of PIRA as a clinical outcome measure. For MRI associations, recent evidence 

indicates that asymptomatic spinal cord lesions occur in 15% to 25% of patients with RRMS not 

experiencing relapses.7 Therefore, the acknowledgment of new brain lesions only, to indicate MRI 

activity, may provide incomplete information. Additionally, other processes, such as paramagnetic rim 

lesions, slowly expanding lesions and cortical lesions, can also contribute to clinical worsening and 

PIRA events.3,8 To address this, a more comprehensive assessment has recently been proposed, 

incorporating advanced MRI techniques, OCT and serum biomarkers (i.e. advanced-PIRMA)9 but its 



implementation in clinical trials will be challenging. Accordingly, including all relevant MRI, OCT and 

serum markers in the assessment of PIRA could dramatically reduce the number of events assigned as 

‘PIRA’, non-concomitant with biomarker activity, reinforcing the idea that PIRA as such, may not 

represent an ideal proxy for ‘primary’ neurodegeneration.  

Furthermore, in the present study, IIRA, as assessed by the EDSS, occurred more frequently than PIRA.6 

From a biological perspective this is challenging to reconcile, unless there is appreciable measurement 

error in assessing EDSS, which is plausible. For Timed-25-Foot-Walk (T25FW) though, PIRA events 

were comparable with EDSS above (2.5% at 12-weeks increasing to 7.5% at 108-weeks), whereas IIRA 

events were less frequent (1.1% at 12-weeks vs 2.4% at 108-weeks), so T25FW may offer a more robust 

outcome than EDSS when assessing IIRA. Nevertheless, the study results highlight the likely influence 

of measurement noise, and that IIRA may need to be considered in conjunction with PIRA. There was, 

in addition, an increasing trend of PIRA events noted across all outcomes (especially EDSS and 

T25FW), whereas relapse-associated outcomes were not affected. This may reflect longer term effects 

of acute inflammation on disability accrual beyond the empirical 90-day post-relapse threshold assigned 

to PIRA and RAW definitions, and again questions the neurodegenerative assumptions that predicate 

PIRA. 

A recognized limitation of this study was that, in AFFIRM and SENTINEL trials, PIRA events were 

assessed retrospectively, whereas it is well known that a rigorous collection of PIRA events in clinical 

trials requires ad hoc planning and adapted statistical analysis9. Additionally, the MRI scanning 

frequency was much lower than the 12-weekly clinical assessments, hence it was not possible to 

correlate the precise occurrence of new lesions with clinical outcomes.  

Overall, Strijbis et al. offer thought-provoking observations on the limitations of using PIRA 

retrospectively in clinical trials and emphasize the need for measures that can accurately reflect the 

clinical impact of neurodegeneration. The conclusion is that the current definition of PIRA still does 

not fully address this requirement, and more comprehensive measures should be considered, when 

designing clinical trials, in which the primary outcome measure is the reduction of PIRA events in 

RRMS.  



 

 

References 

1.    Kappos L, Wolinsky JS, Giovannoni G, et al. Contribution of Relapse-Independent Progression 

vs Relapse-Associated Worsening to Overall Confirmed Disability Accumulation in Typical 

Relapsing Multiple Sclerosis in a Pooled Analysis of 2 Randomized Clinical Trials. JAMA 

Neurol. 2020;77:1132–1140.  

2.   Tur C, Carbonell-Mirabent P, Cobo-Calvo Á, et al. Association of Early Progression Independent 

of Relapse Activity With Long-term Disability After a First Demyelinating Event in Multiple 

Sclerosis. JAMA Neurol. 2023;80:151–160. 

3.  Calabrese M, Preziosa P, Scalfari A, et al. Determinants and Biomarkers of Progression 

Independent of Relapses in Multiple Sclerosis. Annals of Neurology. 2024;96:1–20.  

4.  Portaccio E, Bellinvia A, Fonderico M, et al. Progression is independent of relapse activity in 

early multiple sclerosis: a real-life cohort study. Brain. 2022;145:2796–2805.  

5.  Müller J, Cagol A, Lorscheider J, et al. Harmonizing Definitions for Progression Independent of 

Relapse Activity in Multiple Sclerosis: A Systematic Review. JAMA Neurol. 2023;80:1232–

1245.  

6.  Strijbis EMM, Mostert J, Comtois J, et al. Progression independent of relapse activity and 

related-   associated worsening as outcome measure in multiple sclerosis clinical trials. 

Neurology. 2024; XX:xx-xx. 

7.  Ruggieri S, Prosperini L, Petracca M, et al. The added value of spinal cord lesions to disability 

accrual in multiple sclerosis. J Neurol. 2023;270:4995–5003.  

8.    Cagol A, Benkert P, Melie-Garcia L, et al. Association of Spinal Cord Atrophy and Brain 

Paramagnetic Rim Lesions With Progression Independent of Relapse Activity in People With 

MS. Neurology. 2024;102:e207768 

9.  Ciccarelli O, Barkhof F, Calabrese M, et al. Using the Progression Independent of Relapse 
Activity Framework to Unveil the Pathobiological Foundations of Multiple Sclerosis. Neurology. 

2024;103:e209444.  

 


