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Abstract  1 

Disability accrual in multiple sclerosis may occur as relapse-associated worsening or progression 2 

independent of relapse activity. The role of progression independent of relapse activity in early MS is yet 3 

to be established. The objective of this multicentre, observational, retrospective cohort study was to 4 

investigate the contribution of relapse-associated worsening and progression independent of relapse 5 

activity to confirmed disability accumulation in patients with clinically isolated syndrome and early 6 

relapsing-remitting multiple sclerosis, assessed within one year from onset and with follow-up >/= 5 7 

years (n=5169). Data were extracted from the Italian Multiple Sclerosis Register. Confirmed disability 8 

accumulation was defined by an increase in Expanded Disability Status Scale score confirmed at 6 9 

months, and classified per temporal association with relapses. Factors associated with progression 10 

independent of relapse activity and relapse-associated worsening were assessed using multivariable Cox 11 

regression models. Over a follow-up period of 11.5 ± 5.5 years, progression independent of relapse 12 

activity occurred in 1427 (27.6%) and relapse-associated worsening in 922 (17.8%) patients. Progression 13 

independent of relapse activity was associated with older age at baseline (HR=1.19; 95CI 1.13-1.25, 14 

p<0.001), having a relapsing-remitting course at baseline (HR=1.44; 95CI 1.28-1.61, p<0.001), longer 15 

disease duration at baseline (HR=1.56; 95%CI 1.28-1.90, p<0.001), lower Expanded Disability Status Scale 16 

at baseline (HR=0.92; 95CI 0.88-0.96, p<0.001), lower number of relapses before the event (HR=0.76; 17 

95CI 0.73-0.80, p<0.001). Relapse-associated worsening was associated with younger age at baseline 18 

(HR=0.87; 95CI 0.81-0.93, p<0.001), having a relapsing-remitting course at baseline (HR=1.55; 95CI 1.35-19 

1.79, p<0.001), lower Expanded Disability Status Scale at baseline (HR=0.94; 95CI 0.89-0.99, p=0.017), 20 

higher number of relapses before the event (HR=1.04; 95CI 1.01-1.07, p<0.001). Longer exposure to 21 

disease modifying drugs was associated with a lower risk of both progression independent of relapse 22 

activity and relapse-associated worsening (p<0.001). This study provides evidence that in early 23 

relapsing-onset multiple sclerosis cohort, progression independent of relapse activity was an important 24 

contributor to confirmed disability accumulation. Our findings indicate that insidious progression 25 

appears even in the earliest phases of the disease, suggesting that inflammation and neurodegeneration 26 

can represent a single disease continuum, in which age is one of the main determinants of disease 27 

phenomenology. 28 

Keywords: relapsing multiple sclerosis, progression independent of relapse activity, relapse associated 29 

worsening 30 

Abbreviations: CDA = Confirmed Disability Accrual; CI = Confidence Interval; CIS = Clinically Isolated 31 

Syndrome; DMT = Disease Modifying Therapies; EDSS = Expanded Disability Status Scale; HR = Hazard 32 

Ratio; MS = Multiple Sclerosis; PIRA = Progression Independent of Relapse Activity; PP = Primary 33 

Progressive; RAW = Relapse Associated Worsening; RR = Relapsing Remitting; SP = Secondary 34 

Progressive 35 

  36 
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Introduction  1 

Most of the patients with multiple sclerosis (MS) (~85%) experience an initial relapsing–remitting (RR) 2 

phase, in which discrete acute attacks can produce temporary or permanent disability accumulation 3 

(relapse-associated worsening - RAW).1 On the other hand, after the conversion to secondary-4 

progressive (SP) MS or in patients with primary progressive (PP) MS, relentless accumulation of 5 

permanent disability usually occurs independently of relapses (progression independent of relapse 6 

activity – PIRA).1 It remains, however, uncertain whether the clinical distinction in RR, SP and PPMS 7 

serves to identify potentially different physiopathologic mechanisms. Recent observations have 8 

challenged the phenotypical dualism between relapsing and progressive forms of MS.2-4 In relapsing MS 9 

patients, the introduction of disease modifying therapies (DMT), in particular of highly effective agents, 10 

can markedly reduce or suppress relapse activity, uncovering a “silent” progression since the earliest 11 

phases of the disease. Indeed, in contemporary cohorts based on randomized clinical trials3,4 and a 12 

single-centre dataset at the University of California, San Francisco (UCSF),2 RAW and PIRA were both 13 

detectable in the relapsing phase of MS. In one study, in particular, 80% to 90% of overall disability 14 

accumulation occurred independently of relapses.4   15 

In the present multicentre study based on the Italian MS register, we investigated the relative 16 

contribution of RAW and PIRA to confirmed disability accumulation and conversion to SPMS in a real-17 

world cohort of patients with clinically isolated syndrome (CIS) or early RRMS. 18 

Materials and methods  19 

Patients 20 

Anonymized clinical records of patients with a first demyelinating event were extracted from the Italian 21 

MS Register5 in July 2020.  The Italian MS Register was approved by the Policlinico of Bari Ethics 22 

Committee and by the local ethics committees in all participating centres. Written informed consent was 23 

obtained from all enrolled patients in accordance with the Declaration of Helsinki. The minimum dataset 24 

required for this study also comprised the main demographic characteristics, the date of disease onset, 25 

clinical course, follow-up visit dates, Expanded Disability Status Scale (EDSS)6 scores recorded at each 26 

visit, the date of all relapses, start and end dates of all DMTs and DMT type. Quality assurance through 27 

online certification of EDSS competency is required at each participating site. Inclusion criteria were: 28 

patients with a first neurological evaluation within 1 year from the first demyelinating event; CIS or RR 29 

course at the first neurological evaluation; a minimum of three visits with EDSS evaluation; a minimum 30 

of 5 years follow-up. We excluded patients with a PP and SP course at the first neurological evaluation 31 

and those enrolled in randomized controlled trials. The baseline was defined as the first neurological 32 

evaluation with EDSS scoring. If the first evaluation occurred within 30 days from a relapse, baseline was 33 

defined as the following assessment with EDSS scoring performed outside of a relapse and within the 34 

first year from disease onset. When re-baseline was not possible, patients were excluded. Multiple 35 
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sclerosis duration was calculated from the first demyelinating event. The follow-up time was defined as 1 

the time between the first and last available EDSS entry. 2 

Confirmed disability accrual (CDA) was defined as ≥ 24-week confirmed disability increase from study 3 

baseline, measured by EDSS (increase ≥ 1.5 points if baseline EDSS = 0; increase ≥ 1.0 point if baseline 4 

EDSS ≥ 1.0 and ≤ 5.5; increase ≥ 0.5 point if baseline EDSS ≥ 6.0). The date of CDA was assigned at the 5 

first EDSS score at which an increase occurred. RAW events were defined as a subset of CDA events. In 6 

these, the initial disability increase from study baseline occurred ≤ 90 days after or ≤ 30 days before the 7 

onset of a relapse. Otherwise, PIRA was defined as a CDA event occurring > 90 days after and > 30 days 8 

before the onset of a relapse.  9 

In a subgroup of patients with a MRI assessment ≤ 90 days before or ≤ 30 days after the CDA, 10 

progression independent of relapse and radiological activity (true PIRA) was defined as a CDA event 11 

occurring > 90 days after and > 30 days before the onset of a relapse and the presence of disease 12 

activity at the MRI evaluation (T1 gadolinium enhancing lesions and/or T2 new/enlarging lesions). 13 

Otherwise, CDA events occurring ≤ 90 days after or ≤ 30 days before the onset of a relapse and/or the 14 

presence of disease activity at the MRI evaluation were defined as relapse and/or radiological activity 15 

associated worsening (true RAW). 16 

A relapse was defined as the occurrence of new symptoms or the exacerbation of existing symptoms 17 

that persisted for 24 hours or more in the absence of concurrent illness or fever and that occurred 30 18 

days or more after a previous relapse.7 19 

Transition to SP was defined according to the following definitions: 1) the neurologist definition, based 20 

on the subjective decision made by the neurologists according to the Lublin criteria for SP.8,9 For this 21 

definition, the date of SP conversion assigned by the neurologists was used. 2) A data-driven algorithm 22 

based on a previous published definition10 with some modifications: a PIRA event with a minimum EDSS 23 

score of 4.0 at the time of conversion to SPMS and at the end of follow-up (final EDSS ≥ 4.0). For this 24 

definition, the date of PIRA event was assigned to SP conversion.  25 

For DMT exposure, the proportion of time during which patients received DMT was defined by the 26 

recorded starting and ending dates. Total time a patient spent on treatment was calculated including 27 

any switches and gaps in treatment. We did not consider gaps < 3 months as a therapy interruption. For 28 

DMT in which extended treatment effects are recognized, the estimated treatment effect duration was 29 

used to calculate the proportion of time that patients received therapy (six months for mitoxantrone, 30 

rituximab, ocrelizumab; five years for alemtuzumab and autologous haematopoietic stem-cell 31 

transplantation; two months for natalizumab; 12 months for cladribine).11  32 

The following two sensitivity analyses were carried out: 1) by including patients with the first 33 

neurological evaluation on or after January, 1st 2000; 2) CDA events were re-classified considering a time 34 

window of 365 days instead of 90 days as previously specified.  35 

 36 
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Statistical analysis 1 

The baseline and follow-up characteristics were expressed as mean and standard deviation (SD) or 2 

frequency and percentage for continuous and categorical covariates, respectively. Categorical and 3 

continuous variables were compared by using chi2 statistic, Mann-Whitney and Kruskal-Wallis test, as 4 

appropriate.  5 

Factors associated with of first 24-week CDA (PIRA or RAW) and transition to SP were assessed using 6 

multivariable Cox proportional hazard regressions. The proportional hazard assumption was assessed 7 

through graphical inspection of residuals and scaled Schoenfeld residuals test. In case of assumption 8 

violation, interaction terms between the covariates and were added to the model.12 The date of the first 9 

visit with full EDSS evaluation was used as time origin of the model. In the absence of outcome 10 

occurrence, data were censored at the latest EDSS available. The exposure time was censored at the 11 

reaching of the outcome or at the last visit. Results of Cox regression models were expressed as hazard 12 

ratio (HR) and 95% confidence interval (CI) of reaching the outcomes. The multivariable modelling 13 

analyses on the first 24-week CDA (PIRA and RAW) were adjusted for the following covariates: sex 14 

(female versus male), symptom at onset (multifocal versus unifocal), age at first visit (≤ 20, 21-30, 31-40, 15 

41-50, 51-60, ≥ 61 years), disease duration at first visit, disease course (RR versus CIS) and EDSS score at 16 

first visit, number of relapses before the event, percentage of time spent on DMT before the event, 17 

number of EDSS evaluations before the event. The risk of first RAW and first PIRA event in DMT treated 18 

and untreated patients was assessed through Kaplan-Meier survival curves.  19 

The role of CDA type (PIRA or RAW) on the risk of SP transition according to the two different definitions 20 

was assessed in patients with one or more CDA events during the follow-up. The survival models on the 21 

risk of SP were adjusted for the following covariates: sex (female versus male), symptom at onset 22 

(multifocal versus unifocal), age at first visit (≤ 20, 21-30, 31-40, 41-50, 51-60, ≥ 61 years), disease 23 

duration at first visit, disease course (RR versus CIS) and EDSS score at first visit, number of relapses 24 

before SP transition, percentage of time spent on DMT before SP transition, proportion of PIRA events 25 

(number of PIRA events/number of CDA events) before SP transition. 26 

All statistical analyses were performed with SPSS version 25.0 and R version 4.1.2. P-value < 0.05 was 27 

considered statistically significant. 28 

Data availability  29 

Anonymized data, not published in the article, will be shared on reasonable request from a qualified 30 

investigator. 31 

Results  32 

Data extraction was completed in July 2020. We had access to 49741 register patients from 77 Italian 33 

MS centres. By applying inclusion and exclusion criteria, we identified 5169 patients (Fig. 1). 34 
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Characteristics of the study sample are depicted in Table 1. Over a follow-up period of 11.5 ± 5.5 years, 1 

CDA occurred in 2349 (45.4%) patients. Patients with CDA had lower EDSS at baseline (1.5/1.6 vs 1.8), 2 

longer follow-up duration (12.7/13.7 vs 10.1 years) and were less frequently treated with DMT during 3 

the follow-up period before the event (15.3/22.8% vs 86.7%) (Table 1). As for the first DMT, 2712 4 

(93.2%) patients received platform therapies (interferons, glatiramer acetate, teriflunomide, dimethyl 5 

fumarate) while 199 (6.8%) received highly effective treatments (natalizumab, fingolimod, cladribine, 6 

alemtuzumab, mitoxantrone, rituximab, ocrelizumab). CDA patients had higher EDSS score at the end of 7 

the follow-up (3.7 vs 1.4) (Table 1). 8 

Factors associated with first RAW and PIRA event 9 

PIRA (n=1427) accounted for 60.7% of first CDA and were already detectable in the first years of follow-10 

up, becoming more frequent than RAW since the second year (Figure 2). On the whole, 682 out of 1427 11 

(47.8%) first PIRA and 570 out of 922 (61.8%) first RAW events occurred during the first five years of 12 

follow-up.  13 

In the multivariable analysis, RAW was associated with younger age at baseline (HR=0.87; 95CI 0.81-14 

0.93, p<0.001), having a RR course at baseline (HR=1.55; 95CI 1.35-1.79, p<0.001), lower EDSS at 15 

baseline (HR=0.94; 95CI 0.89-0.99, p=0.017), higher number of relapses before the event (HR=1.04; 95CI 16 

1.01-1.07, p<0.001) and shorter exposure to DMT before the event (HR=0.16; 95CI 0.12-0.20, p<0.001) 17 

(Table 2). Survival curve for the risk of RAW in treated and untreated patients is reported in Figure 3A. 18 

On the other hand, in the multivariable analysis, PIRA was associated with older age at baseline 19 

(HR=1.19; 95CI 1.13-1.25, p<0.001), having a RR course at baseline (HR=1.44; 95CI 1.28-1.61, p<0.001), 20 

longer disease duration at baseline (HR=1.56; 95%CI 1.28-1.90, p<0.001), lower EDSS at baseline 21 

(HR=0.92; 95CI 0.88-0.96, p<0.001), lower number of relapses before the event (HR=0.76; 95CI 0.73-22 

0.80, p<0.001) and shorter exposure to DMT before the event (HR=0.18; 95CI 0.15-0.22, p<0.001) (Table 23 

3). Survival curve for the risk of PIRA in treated and untreated patients is reported in Figure 3B. 24 

A subgroup of 359 out of 2349 (15.3%) CDA patients had an MRI assessment close to the event. Spinal 25 

cord MRI was available in 217 (60.4%) of cases. According to clinical definition, 187 RAW (52.1%) and 26 

172 PIRA (47.9%) occurred. Taking into account MRI activity, true PIRA decreased to 84 (23.4%), while 27 

the remaining 275 (76.6%) CDA events were re-classified as true RAW. Factors associated with true RAW 28 

and true PIRA were comparable to those of RAW and PIRA (Supplementary Tables 1 and 2). In particular, 29 

true RAW was associated with having a RR course at baseline (HR=1.73; 95CI 1.33-2.26, p<0.001), lower 30 

EDSS at baseline (HR=0.75; 95CI 0.67-0.84, p<0.001), higher number of relapses before the event 31 

(HR=1.15; 95CI 1.08-1.23, p<0.001) and shorter exposure to DMT before the event (HR=0.07; 95CI 0.05-32 

0.11, p<0.001) (Supplementary Table 1). True PIRA was associated older age at baseline (HR=1.45; 95CI 33 

1.16-1.80, p<0.001), having a RR course at baseline (HR=2.20; 95CI 1.33-3.65, p=0.002), longer disease 34 

duration at baseline (HR=2.48; 95%CI 1.10-5.60, p=0.029) and shorter exposure to DMT before the event 35 

(HR=0.10; 95CI 0.06-0.19, p<0.001) (Supplementary Table 2). 36 

 37 
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PIRA, RAW and risk of SPMS 1 

Over the follow-up period, 322 (6.2%) patients transitioned to SPMS according to the neurologist 2 

definition (14.1% of RAW and 12.9% of PIRA subjects), while 840 (16.3%) patients fulfilled the 3 

algorithmic definition of SPMS (27.0% of RAW and 41.4% of PIRA subjects) (Table 1).  4 

Focusing on patients with one or more CDA, SP course according to both definitions was associated with 5 

older age at baseline (HR=1.28-1.31; 95CI 1.15-1.49, p<0.001), higher EDSS at baseline (HR=1.38-48; 95CI 6 

1.26-1.55, p<0.001) and lower number of relapses before transition (HR=0.91; 95CI 0.85-0.96, p≤0.001). 7 

SPMS according to the neurologist definition was associated with a lower proportion of PIRA events 8 

before transition (HR=0.47; 95CI 0.34-0.64, p<0.001) and lower exposure to DMT before transition 9 

(HR=0.25; 95%CI 0.18-0.35, p<0.001). On the other hand, a higher proportion of PIRA events before 10 

transition was associated with a higher risk of SPMS according to the algorithmic definition (HR=3.35; 11 

95%CI 2.67-4.22, p<0.001) (Table 4). 12 

Sensitivity analyses 13 

The sensitivity analyses performed 1) by including patients with the first neurological evaluation on or 14 

after January, 1st 2000 and 2) re-classifying CDA events considering a time window of 365 days instead of 15 

90 days confirmed the results of primary models (Supplementary Tables 3-10).  16 

Discussion  17 

Accumulation of disability in MS can occur as RAW, in which disability increases in relation to an overt 18 

inflammatory manifestation (relapse) and as PIRA, in which “silent” disability accrual takes place in the 19 

absence of clinically evident inflammatory activity. RAW has been historically considered as the main 20 

epiphenomenon of RRMS and earliest phases of the disease, while PIRA is regarded as the feature of 21 

more advanced stages (SPMS) and PPMS. However, recent studies have challenged the current clinical 22 

distinction of relapsing and progressive forms, showing that in active relapsing MS a vast proportion of 23 

disability accrual can occur independently of relapses.2-4  24 

In the present multicentre, observational, retrospective cohort study based on prospectively acquired 25 

clinical data, PIRA accounted for approximately two thirds of disability worsening events. Notably, all 26 

patients were diagnosed with CIS or RRMS and had the first EDSS evaluation within one year from onset. 27 

On the one hand, this could limit the generalizability of our findings, as the majority of people with MS 28 

actually attend the clinic > 1 year after onset. Indeed, patients included in the present study were 29 

younger (31.8 ± 9.9 vs 37.7 ± 10.5 years, p<0.001) and less disabled (EDSS score 1.7 ± 1.2 vs 2.3 ± 1.5, 30 

p<0.001) than CIS and RRMS subjects with a first visit performed > 1 year form disease onset. On the 31 

other hand, however, our cohort is ideal to establish a proof-of-principle about the role of PIRA in the 32 

first years of the disease.  Therefore, our data clearly demonstrate that underlying disease progression is 33 

already relevant in the earliest phases of MS, suggesting that the disease could be considered as a 34 

continuum in which relapse dependent and independent disability worsening takes place since onset. 35 
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The key determinant of the way by which CDA occurs appears to be age, with RAW events being more 1 

frequent in younger patients and PIRA predominant in older patients.  2 

The influence of age on MS course has been consistently reported since the early epidemiological 3 

studies.13 In the natural history cohorts, age at assignment of disability landmarks was not substantially 4 

influenced by the type of the initial course of MS (be it relapsing-remitting or progressive) and mean age 5 

at onset of the progressive phase was similar between PPMS and SPMS patients.14,15 These observations 6 

induced to posit a unitary hypothesis,15 proposing MS as one-stage disorder in which acute focal 7 

recurrent inflammation and diffuse chronic progressive neurodegeneration are tightly intermingled 8 

since the outset of the disease. Several studies demonstrated a converse relationship between age and 9 

number of attacks16-18 with a florid inflammatory activity reported in younger patients and a gradual 10 

relapse frequency decrease by growing older.  11 

At the neuropathological and immunological level, the role of age could be explained, at least in part, by 12 

immunosenescence19 and inflamm-aging20 processes. In younger subjects, immunological responses are 13 

mainly driven by the adaptive system, that strongly characterize active lesions of relapsing MS. With 14 

advancing age, immunosenescence decreases activity and efficacy of the adaptive system, while a 15 

“chronic” inflammatory status, mainly sustained by the innate immune system, tends to emerge. In this 16 

scenario, “silent” neurodegeneration and disease progression can occur. Interestingly, activation of 17 

microglia in the perilesional normal appearing white matter as detected by TSPO-PET imaging has been 18 

linked to later PIRA over 4-year follow-up period.21 Moreover, smoldering lesions, in which the slowly 19 

expanding edge is mainly populated by activated microglia, are considered as markers of the progressive 20 

phase.22 It would be therefore of interest to assess whether the presence of smoldering lesions is 21 

associated with higher risk of PIRA.  22 

A higher number of relapses was associated with RAW events, while PIRA was related to lower relapse-23 

rate before CDA. This finding is not surprising, since a more “inflammatory” clinical phenotype is more 24 

likely to determine RAW, while a lower number of relapses reveals underlying “silent” progression, as it 25 

has been shown in recent observations.2,4 For instance, in the pooled analysis of two randomized clinical 26 

trials on ocrelizumab in RRMS, the suppression of relapse activity by both interferon β-1a and 27 

ocrelizumab, uncovered the presence of relentless progression even in a phase of the disease in which 28 

usually relapses dominate.4 29 

Other factors associated with CDA, in particular the RR disease course and lower EDSS score at baseline 30 

were shared by both RAW and PIRA, and were consistent with well acknowledged predictors of disability 31 

worsening in early MS.23  32 

Importantly, a longer exposure to DMT was associated to a lower risk of any CDA, independently of the 33 

phenotype. The efficacy of DMT on PIRA, in particular the superiority of ocrelizumab over interferon β-34 

1a, has been already reported in the pooled analysis of OPERA-1 and OPERA-2 trials.4 While the 35 

prevention of RAW is a straightforward outcome of inflammatory and relapse activity suppression, the 36 

effectiveness of DMT on PIRA as well indicates that “silent” progression could be, at least in part, 37 

sustained by an inflammatory component. It has to be noted that our study is purely clinically grounded, 38 

and we cannot exclude that acute inflammatory activity on MRI have contributed to PIRA. Indeed, in the 39 

subgroup of patients in which MRI assessment close to CDA was available, the proportion of true PIRA 40 
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was reduced to 23.4% of observed CDA. However, even in this analysis, DMT was effective in reducing 1 

the risk of true, suggesting that disability worsening was still attributable to an ongoing inflammatory 2 

activity.  3 

It has been argued that the same underlying process that causes silent progression could be responsible 4 

for SPMS when the march of clinical worsening is more evident.2 Indeed, patients with PIRA were 5 

characterized by accelerated brain atrophy over time,2 and PIRA has been proposed as a criterion to 6 

mark, on clinical grounds, the putative onset of the progressive phase in relapsing MS subjects.4 7 

However, in our study, the occurrence of PIRA and, therefore, the potential onset of progression in the 8 

earliest phases of the disease appeared to be undetected or misclassified by the clinicians. The 9 

neurologist definition identified only 322 (6.2%) SP patients, while the more objective definition, derived 10 

from that proposed by Lorscheider and colleagues,10 identified 840 (16.3%) SP cases. Moreover, 11 

unexpectedly, in multivariable models, SP course according to the neurologist definition was mostly 12 

driven by RAW events, while a higher proportion of PIRA was associated with a higher risk of SP 13 

according to the algorithmic definition. These differences could be explained, at least in part, by the 14 

selection of patients having the first visit within one year from disease onset. It is possible that, in the 15 

first years of the disease, neurologists may be prone to misclassification and feel hesitant to irreversibly 16 

assign an SP course, significantly narrowing the availability of effective and approved DMT options.  17 

In our opinion, these findings are in line with the hypothesis of MS as a single disease entity, in which 18 

RAW and PIRA can coexist since disease onset, both contributing to the accumulation of irreversible 19 

disability and the transition to the progressive phase. The exhaustion of compensatory mechanisms and 20 

age-related neurodegeneration are likely to play a role in the onset of the formerly described “amnesic 21 

phenomen”,24 i.e. the self-perpetuating accumulation of disability after a threshold of irreversible 22 

disability has been reached, irrespective (amnesic) of the prior clinical history of the disease. Of note, in 23 

our sample, beyond the CDA event, older age at baseline, and a higher baseline EDSS score were the 24 

main prognostic factors associated with a higher risk of transition to SPMS.  These results are in 25 

agreement with those from previous studies on predictors of the onset of the progression phase 26 

following relapsing MS.25-30 27 

In the interpretation of the study findings, a few limitations should be taken into account. The analysis 28 

of factors associated with disability worsening was limited to the first CDA event and on the EDSS score 29 

alone. In a previous observation, PIRA was largely driven by other disability measures, such as the Timed 30 

25-Foot Walk Test and the 9 Hole Peg Test;4 therefore, an underestimation of PIRA events in our sample 31 

cannot be excluded. However, this issue did not likely affect the main study finding, that is the 32 

occurrence of PIRA in a relevant proportion of MS patients even in the earliest phases of the disease. On 33 

the other hand, we cannot exclude that unnoticed (milder) relapses or MRI inflammatory activity may 34 

have contributed to PIRA events. Indeed, in the subgroup of subjects in which MRI assessment was 35 

available, the proportion of PIRA was reduced. Nevertheless, also in this subsample true PIRA events 36 

were still detectable and the main findings of multivariable survival analyses were comparable to those 37 

obtained in the whole sample. Finally, although DMT exposure was defined as the proportion of time 38 

during which patients received treatments, an immortal time bias cannot be completely ruled out, 39 

particularly for events that naturally take longer to occur.  40 
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Despite these limitations, our data add to previous observations as they are based on a large real life, 1 

multicentric cohort of patients followed-up for a substantial period of time from the earliest stages of 2 

the disease and include SPMS as outcome and DMT effect in the analysis. The study findings are 3 

consistent with the view of MS as a single continuum, in which RAW and PIRA occur since the earliest 4 

phases of the disease, with age representing one of the main determinants of disease phenomenology. 5 

In the first years of the disease, although frequent, PIRA events and their potential relationship with the 6 

onset of progression, appear to be neglected by the clinicians, leading to an underestimation or a delay 7 

in the identification of transition to SPMS. Furthermore, the study underscores the potential role of 8 

early DMT treatment in preventing the occurrence of any CDA,31 both RAW and PIRA, and, in turn, in 9 

slowing down the transition to the progressive phase, overall reducing the burden of the disease in the 10 

long-term. 11 

Funding  12 

No funding was received towards this work. 13 

Competing interests  14 

E. Portaccio received compensation for travel grants, participation in advisory board and/or speaking 15 

activities from Biogen, Merck Serono, Sanofi, Teva, and Novartis; serves on the editorial board of 16 

Frontiers in Neurology and Brain Sciences 17 

A. Bellinvia reports no disclosures 18 

M. Fonderico reports no disclosures 19 

L. Pastò received research support from Novartis, Biogen and speaker honoraria from Teva 20 

L. Razzolini received research support from Novartis 21 

R. Totaro received funding for travel or speaker honoraria from Alfa Wasserman, Bayer, Biogen, CLS 22 

Bering, Merck Serono, Novartis, SanofiAventis, Roche, and TEVA 23 

D. Spitaleri received honoraria as a consultant on scientific advisory boards by Bayer-Schering, Novartis 24 

and Sanofi-Aventis and compensa-tion for travel from Novartis, Biogen, Sanofi Aventis, Teva and Merck 25 

A. Lugaresi, served as a Biogen, Merck, Mylan, Novartis, Roche, Sanofi/Genzyme and Teva Advisory 26 

Board Member. She received congress and travel/accommodation expense compensations or speaker 27 

honoraria from Biogen, Merck, Mylan, Novartis, Sanofi/Genzyme,  Teva and Fondazione Italiana 28 

Sclerosi Multipla (FISM). Her institutions received research grants from Novartis. 29 

E. Cocco received research grants and honoraria as a speaker and member of advisory boards by: 30 

Almirall, Bayer, Biogen Idec, Merck Serono, Novartis, Sanofi Genzyme, Teva, Roche 31 

M. Onofrj reports no disclosures 32 

F. Di Palma reports no disclosures 33 

F. Patti received honoraria for speaking activities by Almirall, Bayer Schering, Biogen Idec, Merck 34 

Serono, Novartis, Roche, Sanof Genzyme, and TEVA; he also served as advisory board member the 35 

following companies: Bayer Schering, Biogen Idec, Merck Serono, Novartis, Roche, Sanof Genzyme, and 36 

TEVA; he was also funded by Pfizer and FISM for epidemiological studies; he  37 

received grants for congress participation from Almirall, Bayer Schering, Biogen Idec, Merck Serono, 38 

Novartis, Roche, Sanof Genzyme, and TEVA. 39 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/advance-article/doi/10.1093/brain/aw

ac111/6553893 by U
niversità di Bologna - Sistem

a Bibliotecario d'Ateneo user on 17 April 2022



12 

D. Maimone reports no disclosures 1 

P. Valentino reports no disclosures 2 

P. Confalonieri received honoraria for speaking, consultation fees or travel to attend scientific events from 3 

Merck Serono, Biogen Idec, Novartis, Teva and Roche. He also received institutional research support 4 

from Merck-Serono, Novartis and Roche. 5 

A. Protti reports no disclosures 6 

P. Sola reports no disclosures 7 

G. Lus reports no disclosures 8 

G. Maniscalco received personal compensation from Serono, Biogen, Novartis, Roche and Teva for 9 

public speaking and advisory boards 10 

V. Brescia Morra received grants to attend scientifc congresses or speaker honoraria from Biogen, Merck-11 

Serono, Novartis, Roche, Sanofi/Genzyme, Teva. 12 

G. Salemi received grants to attend scientifc congresses or speaker honoraria from Biogen, Merck-13 

Serono, Novartis, Roche, Sanofi/Genzyme, Teva. 14 

F. Granella received grants to attend scientifc congresses or speaker honoraria from Biogen, Merck-15 

Serono, Novartis, Roche, Sanof/Genzyme,  16 

Teva 17 

I. Pesci reports no disclosures 18 

R. Bergamaschi has served on scientific advisory boards for Biogen, Merck-Serono, Novartis, Sanofi-19 

Genzyme; received research support from Almirall, Bayer, Biogen, Merck- Serono, Novartis, Sanofi-20 

Genzyme; received support for travel and congress from Biogen, Roche, Merck-Serono, Sanofi-21 

Genzyme, Teva; received honoraria for speaking engagement from Biogen, Merck-Serono, Novartis, 22 

Sanofi-Genzyme. 23 

U. Aguglia received grants to attend scientifc congresses or speaker honoraria from Biogen, Merck-24 

Serono, Novartis, Roche, Sanof/Genzyme, Teva. 25 

M. Vianello reports no disclosures 26 

M. Simone reports no disclosures 27 

V. Lepore reports no disclosures 28 

P. Iaffaldano received grants to attend scientifc congresses or speaker honoraria from Biogen, Merck-29 

Serono, Novartis, Roche, Sanof/Genzyme, Teva 30 

M. Filippi, is Editor-in-Chief of the Journal of Neurology; received compensation for consulting services 31 

and/or speaking activities from Bayer, Biogen Idec, Merck Serono, Novartis, Roche, Sanofi Genzyme, 32 

Takeda, and Teva Pharmaceutical Industries; and still receives research support from Biogen Idec, Merck 33 

Serono, Novartis, Roche, Teva Pharmaceutical Industries, Italian Ministry of Health, Fondazione Italiana 34 

Sclerosi Multipla, and ARiSLA (Fondazione Italiana di Ricerca per la SLA) 35 

M. Trojano received travel and/or Speaker honoraria from Sanofi Aventis, Genzyme, Biogen Idec, Teva, 36 

Merck, Serono and Novartis reported receiving speaker honoraria and research grants to her institution 37 

from and serving on advisory boards of Biogen, Merck Serono, and Novartis 38 

M.P. Amato served on scientific advisory boards for and has received speaker honoraria and research 39 

support from Biogen Idec, Merck Serono, Bayer Schering Pharma, and Sanofi Aventis, and serves on the 40 

editorial board of Multiple Sclerosis Journal and BMC Neurology 41 

Supplementary material  42 

Supplementary material is available at Brain online.  43 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/advance-article/doi/10.1093/brain/aw

ac111/6553893 by U
niversità di Bologna - Sistem

a Bibliotecario d'Ateneo user on 17 April 2022



13 

References  1 

1. McGinley MP, Goldschmidt CH, Rae-Grant AD. Diagnosis and Treatment of Multiple 2 

Sclerosis: A Review. JAMA. 02 23 2021;325(8):765-779. doi:10.1001/jama.2020.26858 3 

2. Cree BAC, Hollenbach JA, Bove R, et al. Silent progression in disease activity-free 4 

relapsing multiple sclerosis. Ann Neurol. 05 2019;85(5):653-666. doi:10.1002/ana.25463 5 

3. Kappos L, Butzkueven H, Wiendl H, et al. Greater sensitivity to multiple sclerosis 6 

disability worsening and progression events using a roving versus a fixed reference value in a 7 

prospective cohort study. Mult Scler. 06 2018;24(7):963-973. doi:10.1177/1352458517709619 8 

4. Kappos L, Wolinsky JS, Giovannoni G, et al. Contribution of Relapse-Independent 9 

Progression vs Relapse-Associated Worsening to Overall Confirmed Disability Accumulation in 10 

Typical Relapsing Multiple Sclerosis in a Pooled Analysis of 2 Randomized Clinical Trials. 11 

JAMA Neurol. 09 01 2020;77(9):1132-1140. doi:10.1001/jamaneurol.2020.1568 12 

5. Trojano M, Bergamaschi R, Amato MP, et al. The Italian multiple sclerosis register. 13 

Neurol Sci. Jan 2019;40(1):155-165. doi:10.1007/s10072-018-3610-0 14 

6. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability 15 

status scale (EDSS). Neurology. Nov 1983;33(11):1444-52.  16 

7. Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis of multiple sclerosis: 2017 17 

revisions of the McDonald criteria. Lancet Neurol. 02 2018;17(2):162-173. doi:10.1016/S1474-18 

4422(17)30470-2 19 

8. Lublin FD, Reingold SC. Defining the clinical course of multiple sclerosis: results of an 20 

international survey. National Multiple Sclerosis Society (USA) Advisory Committee on Clinical 21 

Trials of New Agents in Multiple Sclerosis. Neurology. Apr 1996;46(4):907-11.  22 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/advance-article/doi/10.1093/brain/aw

ac111/6553893 by U
niversità di Bologna - Sistem

a Bibliotecario d'Ateneo user on 17 April 2022



14 

9. Lublin FD, Reingold SC, Cohen JA, et al. Defining the clinical course of multiple 1 

sclerosis: the 2013 revisions. Neurology. Jul 15 2014;83(3):278-86.  2 

10. Lorscheider J, Buzzard K, Jokubaitis V, et al. Defining secondary progressive multiple 3 

sclerosis. Brain. 09 2016;139(Pt 9):2395-405. doi:10.1093/brain/aww173 4 

11. Lizak N, Malpas CB, Sharmin S, et al. Association of Sustained Immunotherapy With 5 

Disability Outcomes in Patients With Active Secondary Progressive Multiple Sclerosis. JAMA 6 

Neurol. 11 01 2020;77(11):1398-1407. doi:10.1001/jamaneurol.2020.2453 7 

12. Bradburn MJ, Clark TG, Love SB, Altman DG. Survival analysis Part III: multivariate 8 

data analysis -- choosing a model and assessing its adequacy and fit. Br J Cancer. Aug 18 9 

2003;89(4):605-11. doi:10.1038/sj.bjc.6601120 10 

13. Scalfari A. MS progression is predominantly driven by age-related mechanisms - YES. 11 

Mult Scler. 06 2019;25(7):902-904. doi:10.1177/1352458518820633 12 

14. Tutuncu M, Tang J, Zeid NA, et al. Onset of progressive phase is an age-dependent 13 

clinical milestone in multiple sclerosis. Mult Scler. Feb 2013;19(2):188-98. 14 

doi:10.1177/1352458512451510 15 

15. Confavreux C, Vukusic S. Natural history of multiple sclerosis: a unifying concept. 16 

Brain. Mar 2006;129(Pt 3):606-16. doi:10.1093/brain/awl007 17 

16. Scalfari A, Lederer C, Daumer M, Nicholas R, Ebers GC, Muraro PA. The relationship of 18 

age with the clinical phenotype in multiple sclerosis. Mult Scler. 11 2016;22(13):1750-1758. 19 

doi:10.1177/1352458516630396 20 

17. Tremlett H, Zhao Y, Joseph J, Devonshire V, Neurologists UC. Relapses in multiple 21 

sclerosis are age- and time-dependent. J Neurol Neurosurg Psychiatry. Dec 2008;79(12):1368-22 

74. doi:10.1136/jnnp.2008.145805 23 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/advance-article/doi/10.1093/brain/aw

ac111/6553893 by U
niversità di Bologna - Sistem

a Bibliotecario d'Ateneo user on 17 April 2022



15 

18. Kalincik T, Vivek V, Jokubaitis V, et al. Sex as a determinant of relapse incidence and 1 

progressive course of multiple sclerosis. Brain. Dec 2013;136(Pt 12):3609-17. 2 

doi:10.1093/brain/awt281 3 

19. Dema M, Eixarch H, Villar LM, Montalban X, Espejo C. Immunosenescence in multiple 4 

sclerosis: the identification of new therapeutic targets. Autoimmun Rev. Sep 2021;20(9):102893. 5 

doi:10.1016/j.autrev.2021.102893 6 

20. Franceschi C, Garagnani P, Parini P, Giuliani C, Santoro A. Inflammaging: a new 7 

immune-metabolic viewpoint for age-related diseases. Nat Rev Endocrinol. 10 2018;14(10):576-8 

590. doi:10.1038/s41574-018-0059-4 9 

21. Sucksdorff M, Matilainen M, Tuisku J, et al. Brain TSPO-PET predicts later disease 10 

progression independent of relapses in multiple sclerosis. Brain. 12 05 2020;143(11):3318-3330. 11 

doi:10.1093/brain/awaa275 12 

22. Preziosa P, Rocca MA, Filippi M. Central vein sign and iron rim in multiple sclerosis: 13 

ready for clinical use? Curr Opin Neurol. Aug 01 2021;34(4):505-513. 14 

doi:10.1097/WCO.0000000000000946 15 

23. Rotstein D, Montalban X. Reaching an evidence-based prognosis for personalized 16 

treatment of multiple sclerosis. Nat Rev Neurol. May 2019;15(5):287-300. doi:10.1038/s41582-17 

019-0170-8 18 

24. Confavreux C, Vukusic S, Adeleine P. Early clinical predictors and progression of 19 

irreversible disability in multiple sclerosis: an amnesic process. Brain. Apr 2003;126(Pt 4):770-20 

82. doi:10.1093/brain/awg081 21 
ACCEPTED M

ANUSCRIP
T

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/advance-article/doi/10.1093/brain/aw

ac111/6553893 by U
niversità di Bologna - Sistem

a Bibliotecario d'Ateneo user on 17 April 2022



16 

25. Iaffaldano P, Lucisano G, Patti F, et al. Transition to secondary progression in relapsing-1 

onset multiple sclerosis: Definitions and risk factors. Mult Scler. 03 2021;27(3):430-438. 2 

doi:10.1177/1352458520974366 3 

26. Tremlett H, Yinshan Zhao, Devonshire V. Natural history of secondary-progressive 4 

multiple sclerosis. Mult Scler. Apr 2008;14(3):314-24. doi:10.1177/1352458507084264 5 

27. Koch M, Kingwell E, Rieckmann P, Tremlett H, Neurologists UMC. The natural history 6 

of secondary progressive multiple sclerosis. J Neurol Neurosurg Psychiatry. Sep 7 

2010;81(9):1039-43. doi:10.1136/jnnp.2010.208173 8 

28. Scalfari A, Neuhaus A, Daumer M, Deluca GC, Muraro PA, Ebers GC. Early relapses, 9 

onset of progression, and late outcome in multiple sclerosis. JAMA Neurol. Feb 2013;70(2):214-10 

22. doi:10.1001/jamaneurol.2013.599 11 

29. Rovaris M, Confavreux C, Furlan R, Kappos L, Comi G, Filippi M. Secondary 12 

progressive multiple sclerosis: current knowledge and future challenges. Lancet Neurol. Apr 13 

2006;5(4):343-54. doi:10.1016/S1474-4422(06)70410-0 14 

30. Stankoff B, Mrejen S, Tourbah A, et al. Age at onset determines the occurrence of the 15 

progressive phase of multiple sclerosis. Neurology. Mar 06 2007;68(10):779-81. 16 

doi:10.1212/01.wnl.0000256732.36565.4a 17 

31. Amato MP, Fonderico M, Portaccio E, et al. Disease-modifying drugs can reduce 18 

disability progression in relapsing multiple sclerosis. Brain. Oct 2020;143(10):3013-3024. 19 

doi:10.1093/brain/awaa251 20 

 21 

  22 

ACCEPTED M
ANUSCRIP

T

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/advance-article/doi/10.1093/brain/aw

ac111/6553893 by U
niversità di Bologna - Sistem

a Bibliotecario d'Ateneo user on 17 April 2022



17 

Figure legends 1 

Figure 1. Study population flowchart 2 

Legend to Figure 1 3 

MS: Multiple Sclerosis; CIS: Clinically Isolated Syndromes; RR: Relapsing Remitting; EDSS: Expanded 4 

Disability Status Scale;  5 

Figure 2. Percentage of RAW and PIRA events over the follow-up period 6 

Legend to Figure 2 7 

RAW: Relapse Associated Worsening; PIRA: Progression Independent of Relapse Activity 8 

Figure 3. Risk of first RAW (A) and first PIRA (B) in DMT treated and untreated patients (Kaplan-Meier 9 

survival curves, Log Rank p <0.001) 10 

Legend to Figure 3 11 

RAW: Relapse Associated Worsening; PIRA: Progression Independent of Relapse Activity; DMT: Disease 12 

Modifying Therapies 13 

 14 

 15 
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Table 1 Characteristics of the study sample 1 
  First CDA   

 Total n=5169 RAW n=922 PIRA n=1427 noCDA 
n=2820 

P 

Age at baseline, 
year, mean ± SD 

31.8 ± 9.9 30.3 ± 9.8 34.0 ± 10.1 31.1 ± 9.6 RAW vs noCDA 0.033 
PIRA vs noCDA <0.001 
RAW vs PIRA <0.001 

 

Sex, female n (%) 3503 (67.8) 645 (70.0) 956 (67.0) 1902 (67.4) 0.280 

Disease course at 
baseline, n (%) 

    0.575 

CIS 2082 (40.3) 373 (40.5) 590 (41.3) 1119 (39.7)  

RR 3087 (59.7) 549 (59.5) 837 (58.7) 1701 (60.3)  

Disease duration at 
baseline, year, mean 

± SD 

0.42 ± 0.27 0.42 ± 0.27 0.44 ± 0.28 0.41 ± 0.27 RAW vs noCDA 0.417 
PIRA vs noCDA <0.001 

RAW vs PIRA 0.313 

EDSS at baseline, 

mean ± SD 

1.7 ± 1.2 1.5 ± 1.1 1.6 ± 1.3 1.8 ± 1.2 RAW vs noCDA <0.001 

PIRA vs noCDA <0.001 
RAW vs PIRA 0.621 

Onset topography, n 

(%) 

    0.082 

Unifocal 4402 (85.2) 774 (83.9) 1198 (84.0) 2430 (86.2)  

Multifocal 767 (14.8) 148 (16.1) 229 (16.0) 390 (13.8)  

Follow-up duration, 
year, mean ± SD 

11.5 ± 5.5 13.7 ± 6.5 12.7 ± 5.9 10.1 ± 4.5 RAW vs noCDA <0.001 
PIRA vs noCDA <0.001 

RAW vs PIRA 0.001 

Number of visits 
during follow-up, 

mean ± SD 

15.4 ± 12.5 9.2 ± 8.8 11.1 ± 10.3 19.6 ± 13.0 RAW vs noCDA <0.001 
PIRA vs noCDA <0.001 

RAW vs PIRA <0.001 

DMT during follow-
up, n (%) 

2911 (56.3) 141 (15.3) 326 (22.8) 2444 (86.7) <0.001 

Percentage of 
follow-up spent on 

DMT, mean ± SD 

46.4 ± 44.7 13.5 ± 33.0 18.8 ± 36.9 71.1 ± 35.6 RAW vs noCDA <0.001 
PIRA vs noCDA <0.001 

RAW vs PIRA 0.018 

Final EDSS, mean ± 
SD 

2.5 ± 2.0 3.7 ± 2.2 3.7 ± 2.0 1.4 ± 1.0 RAW vs noCDA <0.001 
PIRA vs noCDA <0.001 

RAW vs PIRA 0.999 

SP at follow-up, n(%) 322 (6.2) 130 (14.1) 184 (12.9) 8 (0.3) <0.001 

Algorithmic 
definition SP at 
follow-up, n(%) 

840 (16.3) 249 (27.0) 591 (41.4) 0 (0.0) <0.001 

 2 
Significant P-values are highlighted in bold. CDA: Confirmed Disability Accrual; RAW: Relapse Associated Worsening; PIRA: Progression 3 
Independent of Relapse Activity; SD: Standard Deviation; CIS: Clinically Isolated Syndromes; RR: Relapsing-Remitting; EDSS: Expanded Disability 4 
Status Scale; DMT: Disease Modifying Therapies; SP: Secondary Progression. 5 
  6 
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Table 2 Factors associated with first RAW event 1 
 HR 95%CI P 

Sex (female versus male)  1.13 0.98–1.30 0.091 

Onset topography (multifocal 

versus unifocal) 

0.97 0.81–1.16 0.733 

Age at baseline 0.87 0.81–0.93 <0.001 

Disease course at baseline (RR vs 
CIS) 

1.55 1.35–1.79 <0.001 

Disease duration at baseline 1.12 0.87–1.44 0.384 

EDSS at baseline 0.94 0.89–0.99 0.017 

Percentage of time spent on 

DMT before the event 

0.16 0.12–0.20 <0.001 

Number of relapses before the 

eventa 

1.04 1.01–1.07 0.004 

Number of EDSS evaluations 
before the eventa 

0.86 0.85–0.88 <0.001 

 2 
RAW: Relapse Associated Worsening; HR: Hazard Ratio; CI: Confidence Interval; RR: Relapsing-Remitting; CIS: Clinically Isolated Syndromes; 3 
EDSS: Expanded Disability Status Scale; DMT: Disease Modifying Therapies. 4 
aAdjusted for an interaction term with time 5 
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 11 

Table 3 Factors associated with first PIRA event 12 
 HR 95%CI P 

Sex (female versus male)  0.99 0.89–1.11 0.857 

Onset topography (multifocal 
versus unifocal) 

1.02 0.89–1.18 0.763 

Age at baseline 1.19 1.13–1.25 <0.001 

Disease course at baseline (RR vs 
CIS) 

1.44 1.28–1.61 <0.001 

Disease duration at baseline 1.56 1.28–1.90 <0.001 

EDSS at baseline 0.92 0.88–0.96 <0.001 

Percentage of time spent on DMT 
before the event 

0.18 0.15–0.22 <0.001 

Number of relapses before the 

eventa 

0.76 0.73–0.80 <0.001 

Number of EDSS evaluations 
before the eventa 

0.91 0.90–0.92 <0.001 

 13 
PIRA: Progression Independent of Relapse Activity; HR: Hazard Ratio; CI: Confidence Interval; RR: Relapsing-Remitting; CIS: Clinically Isolated 14 
Syndromes; EDSS: Expanded Disability Status Scale; DMT: Disease Modifying Therapies. 15 
aAdjusted for an interaction term with time. 16 
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Table 4 Factors associated with SP in patients with one or more CDA event 1 
 Neurologist definition SP Algorithmic definition SP 

 HR 95%CI P HR 95%CI P 

Sex (female versus male)  0.84 0.64–1.09 0.191 0.95 0.82–1.09 0.434 

Onset topography (multifocal versus 
unifocal) 

1.65 1.22–2.23 0.001 1.04 0.87–1.24 0.707 

Age at baseline 1.31 1.15–1.49 <0.001 1.28 1.19–1.37 <0.001 

Disease course at baseline (RR vs 
CIS) 

1.12 0.84–1.49 0.457 1.04 0.89–1.21 0.631 

Disease duration at baseline 0.88 0.53–1.45 0.617 1.09 0.84–1.42 0.504 

EDSS at baseline 1.38 1.26–1.52 <0.001 1.48 1.42–1.55 <0.001 

percentage of time spent on DMT 
before the event 

0.25 0.18–0.35 <0.001 0.97 0.79–1.17 0.721 

Number of relapses before the 

eventa 

0.91 0.85–0.96 0.001 0.91 0.88–0.94 <0.001 

Percentage of PIRA events 0.47 0.34–0.64 <0.001 3.35 2.67–4.22 <0.001 

 2 
SP: Secondary Progression; CDA: Confirmed Disability Accrual; HR: Hazard Ratio; CI: Confidence Interval; RR: Relapsing-Remitting; CIS: 3 
Clinically Isolated Syndromes; EDSS: Expanded Disability Status Scale; DMT: Disease Modifying Therapies; CDA: Confirmed Disability Accrual; 4 
PIRA: Progression Independent of Relapse Activity; RAW: Relapse Associated Worsening. 5 
aAdjusted for an interaction term with time. 6 
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Figure 1 2 
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Figure 2 2 
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Figure 3 2 
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