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Background 243 

High-efficacy disease-modifying therapies have been proven to slow disability accrual in adults 244 

with relapsing-remitting multiple sclerosis (MS). However, their impact on disability worsening 245 

in paediatric-onset MS, particularly during the early phases, is not well understood. We 246 

evaluated how high-efficacy therapies influence transitions across five disability states, ranging 247 

from minimal disability to gait impairment; and secondary progressive MS (SPMS) in patients 248 

with paediatric-onset MS.  249 

Methods 250 

Longitudinal data were obtained from the international MSBase registry and the Italian MS 251 

Register. Patients <18 years old at the onset of MS symptoms were included, provided they had a 252 

confirmed diagnosis of relapsing-remitting MS and at least four Expanded Disability Status 253 

Scale (EDSS) scores recorded within 12-month intervals. The primary outcome was the time to 254 

change in disability state: minimal disability (EDSS 0,1·0, and 1·5), mild disability (EDSS 2·0 255 

and 2·5), moderate disability (EDSS 3·0 and 3·5), gait impairment (EDSS≥4·0), and clinician 256 

diagnosed SPMS. A multi-state model was constructed to simulate the natural course of MS, 257 

modelling the probabilities of both disability worsening and improvement simultaneously. The 258 

impact of high-efficacy (alemtuzumab, cladribine, daclizumab, fingolimod, mitoxantrone, 259 

natalizumab, ocrelizumab, rituximab, or autologous haematopoietic stem cell transplantation) 260 

and low-efficacy (dimethyl fumarate, glatiramer acetate, interferon beta, or teriflunomide) 261 

disease-modifying therapies, compared to no treatment, on the course of disability was assessed. 262 

Apart from recruitment, individuals with lived experience of multiple sclerosis were not involved 263 

in the design and conduct of this study. 264 

Findings 265 

A total of 5224 patients (70·56% female, 29·44% male) with mean (SD) age at MS onset 15·24 266 

(2·52) years were included. High-efficacy therapies reduced the risk of disability worsening 267 

across the disability states. The largest reduction (HR 0·41 [95% CI: 0·31,0·53]) was observed in 268 

patients who were treated with high-efficacy therapies while in the minimal disability state, 269 

compared to those remained untreated. The benefit of high-efficacy therapies declined with 270 

increasing disability. Patients with minimal disability who received low-efficacy therapy also 271 



10 
 

experienced a reduced hazard (0·65 [0·54,0·77]) of transitioning to mild disability, in contrast to 272 

those who remained untreated.  273 

Interpretation 274 

Treatment of paediatric-onset relapsing-remitting MS with high-efficacy therapy substantially 275 

reduces the risk of reaching key disability milestones. This reduction in risk is most pronounced 276 

among patients treated with minimal or mild disability. Children with relapsing-remitting MS 277 

should be treated early with high-efficacy therapy, before developing significant neurological 278 

impairments, to better preserve their neurological capacity over the long term.  279 

Funding 280 

NHMRC, Australia; MSBase Foundation Fellowship; MS Australia Postdoctoral Fellowship 281 

 282 

Research in context 283 

Evidence before this study 284 

We searched the PubMed database from inception to February 13, 2024, using the terms 285 

(paediatric multiple sclerosis OR pediatric multiple sclerosis OR ((children OR adolescent) AND 286 

multiple sclerosis)) AND (progression OR worsening) AND (recovery OR improvement) AND 287 

(disease-modifying treatment OR disease-modifying therapy OR disease-modifying drug). Two 288 

natural history studies contributed valuable insights into the attainment of disability milestones in 289 

patients with paediatric-onset MS compared to those with adult-onset MS. Three randomised 290 

controlled trials and five observational studies assessing the effectiveness of disease-modifying 291 

therapies provided evidence supporting their effectiveness in reducing the risk of disability in 292 

children with MS. Several other observational studies identified disease-modifying therapies of 293 

varying effectiveness as protective factors against disability in paediatric-onset MS. However, 294 

the risk of transitions across the entire spectrum of disability and its response to high-efficacy 295 

therapies, has not yet been explored. This knowledge gap limits clinicians’ ability to prevent 296 

irreversible disability through evidence-based treatment strategies. 297 

Added value of this study 298 
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This study demonstrates a substantial, clinically meaningful reduction in the risk of disability 299 

worsening as a consequence of high-efficacy therapy among patients with paediatric-onset MS, 300 

mostly before they develop disability that would limit their capacity. Patients who were treated 301 

with high-efficacy therapy during the initial phase of minimal disability experienced the most 302 

substantial reduction in the risk of disability worsening, in stark contrast to patients treated with 303 

low-efficacy therapy or those who remained untreated. 304 

Implications of all the available evidence 305 

Our findings suggest that patients with paediatric-onset MS presenting with minimal disability 306 

derive the greatest benefit from high-efficacy therapies. From the point of view of maximising 307 

the effectiveness of therapy, early administration of high-efficacy therapy is a favourable 308 

approach to treatment of paediatric-onset MS. 309 

 310 

Introduction 311 

Approximately 4-8% of patients with multiple sclerosis (MS) experience symptoms before the 312 

age of 18 years, according to data from national registries in Sweden and Italy.1,2 Prior research 313 

revealed that children are more likely to recover from relapses than adults with MS, which is 314 

potentially underpinned by their enhanced remyelinating capacity and less pronounced 315 

cumulative CNS damage at an early age.3-6 As a consequence, worsening of disability tends to be 316 

initially relatively slower among patients with paediatric-onset MS. Nonetheless, paediatric-317 

onset MS leads to earlier, significant physical limitations, potentially as early as the third decade 318 

of life.7,8 Disease-modifying therapies, including first-line injectables (interferon beta and 319 

glatiramer acetate)9 and oral therapies (dimethyl fumarate and teriflunomide), 10,11 and high-320 

efficacy therapies (fingolimod12 and natalizumab13-15) reduce the risk of disability worsening in 321 

patients with paediatric-onset MS.1,2,16-19 However, it is not fully understood how disease-322 

modifying therapies of varying potency modify the disability trajectory from minimal to more 323 

substantial disability in patients with paediatric-onset MS. 324 

The Expanded Disability Status Scale (EDSS) is widely employed to assess disability in MS. It is 325 

a categorical measure ranging from 0 to 10 mostly in 0.5-step increments, with 0 representing no 326 

impairment and 10 indicating death from MS. Its main limitation is its non-linear nature, 327 
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whereby a unit increase in EDSS does not correspond to a constant accrual of disability. For 328 

instance, the clinical impact of change from EDSS 2·0 to 3·0 is more significant than an increase 329 

from EDSS 0 to 1·0.20 Furthermore, the lower end of the EDSS spectrum is more variable and 330 

assessor dependent.21,22 Both these characteristics of EDSS pose challenges for comparisons of 331 

disability trajectories among individuals. By modelling disability states instead of the crude 332 

EDSS scores, we overcame the inherent asymmetry and variability associated with the EDSS, 333 

thus enhancing both the precision of our conclusions and their clinical relevance.  334 

In this study, we modelled the natural course of MS in patients with paediatric-onset MS, 335 

progressing from a state of minimal disability to pronounced gait impairment and secondary 336 

progressive multiple sclerosis (SPMS) using a multi-state Markov model. Further, we evaluated 337 

its change due to exposure to high- and low-efficacy disease-modifying therapies, compared to 338 

no treatment. We hypothesised that disease-modifying therapies attenuate the natural progression 339 

of disability, particularly during the lowest disability states. 340 

 341 

Methods 342 

Study design and participants 343 

This study is a longitudinal analysis of data from the MSBase registry and the Italian Multiple 344 

Sclerosis Register. MSBase (WHO registration ACTRN12605000455662) is an international 345 

registry of MS patients from 151 centres across 41 countries23 and the Italian MS Register is a 346 

nationwide database of MS patients from 178 Italian MS centres.24 Both registries prospectively 347 

record longitudinal clinical, paraclinical, and demographic information from patients with MS.  348 

Besides participation in the registry, patients did not participate in design and conduct of this 349 

study. 350 

Patients aged younger than 18 years at onset of MS symptoms with a confirmed diagnosis of 351 

relapsing-remitting MS were included, conditional on the availability of at least four EDSS 352 

scores recorded within intervals no longer than 12-months. 353 
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Eight centres from the Italian MS Register contributed data to the MSBase registry. To avoid 354 

duplication of records, only data from one of the registries were retained for these centres (data 355 

from MSBase for six centres and from Italian MS Register for two centres). 356 

Ethics approval for the prospective registries, MSBase and the Italian MS Register was obtained 357 

from the Melbourne Health Human Research Ethics Committee and the University/Hospital 358 

Ethics Committee of Bari, respectively. Written informed consent was obtained from all enrolled 359 

patients or their guardians. Adolescent patients provided written informed assent, co-signed by 360 

their guardians. Data for this study was extracted on April 1, 2022 from MSBase and on May 31, 361 

2022 from the Italian MS Register. 362 

Procedures 363 

The primary outcome was defined as the time to transition from entry state to one of the five 364 

disability states: minimal disability (EDSS 0, 1.0, and 1·5), mild disability (EDSS 2·0 and 2·5), 365 

moderate disability (EDSS 3·0 and 3·5), gait impairment (EDSS ≥4·0), and SPMS. EDSS scores 366 

recorded within 30 days of a previous relapse were excluded. Furthermore, EDSS scores and 367 

their changes were confirmed over a minimum of 6 months in order to identify transitions 368 

between states. Diagnosis of SPMS was made by treating clinicians as per the Lublin definition 369 

of clinical course.25,26 370 

Statistical analysis 371 

A semi-parametric (Cox) time-homogenous multi-state Markov process model was developed 372 

with five states: minimal; mild; and moderate disability; gait impairment; and SPMS. A Markov 373 

model predicts the probability of future transitions between different disability states over time 374 

based on the current disability status and patient characteristics. We simulated the natural course 375 

of MS by modelling both disability worsening and improvement simultaneously. Transitions to 376 

higher disability states represent disability worsening and transitions to lower states represent 377 

disability improvement. The model assumes that a patient can only exist in one state at a time, 378 

and that SPMS acts as an absorbing state, from which a patient cannot return to one of the four 379 

relapsing-remitting MS states. The time scale for transitions was the time-on-study, with origin 380 

(baseline) being the date of first EDSS score. This definition of origin is not subject to bias in 381 
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datasets with variable times of patient entry (i.e., left truncation). Patients were censored at the 382 

time of their last recorded visit. No risk of informative censoring was identified. 383 

All possible transitions between the five studied states are presented in Figure 1 which illustrates 384 

the natural course of disability in patients with MS. The Markov model assumes that transition 385 

rates are dependent on the clinical and demographic characteristics of patients. At each of the 386 

possible transitions in the worsening of disability towards SPMS, the model was therefore 387 

adjusted for available potential confounders identified based on clinical judgment and existing 388 

literature (appendix p 2): sex, age at onset of MS symptoms, time from symptom onset to 389 

confirmed diagnosis of relapsing-remitting MS, disease duration at each EDSS assessment, and 390 

annualised relapse rate during the time spent at each state. Exposure to therapy was modelled 391 

using a categorical variable: (i) treatment with high-efficacy disease-modifying therapy 392 

(alemtuzumab, cladribine, daclizumab, fingolimod, mitoxantrone, natalizumab, ocrelizumab, 393 

rituximab, or autologous haematopoietic stem cell transplantation), (ii) treatment with low-394 

efficacy therapy (dimethyl fumarate, glatiramer acetate, interferon beta, or teriflunomide), and 395 

(iii) no treatment during the time at a disability state (reference). At least 3 months exposure to 396 

the treatment was required to account for therapeutic delay.27 To adjust for geographic 397 

heterogeneity, the model was adjusted for country of patients’ residence.  398 

Smoothed plots of the scaled Schoenfeld residuals against time was inspected to assess the 399 

validity of the proportional hazards assumption. Linearity in the relationship between the 400 

outcome and each continuous covariate was assessed by plotting martingale residuals against the 401 

covariate.  402 

The multi-state model was estimated using the R package ‘mstate’. 403 

Role of the funding source 404 

The funder of the study had no role in study design, data collection, data analysis, data 405 

interpretation, or writing of the report. 406 

 407 

Results 408 
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Table 1 summaries the demographic and clinical characteristics of patients included in the 409 

analyses. A total of 5224 patients with paediatric-onset MS (appendix p 3), predominantly 410 

female (70·56%) were studied. Among them, 5170 (98.97%) patients had their first visit 411 

recorded between 1990 and 2020. The mean (SD) age at MS onset was 15·24 (2·52) years with a 412 

median (first, third quartiles) time from first symptom to diagnosis of MS of 2·03 (0·41, 8·12) 413 

years. During the study follow-up, 4570 out of 5224 patients (87·48%) received disease-414 

modifying therapies. Among them, 1834 patients started therapy before the age of 18 years. The 415 

median (first, third quartiles) disease duration at the time of initiation of first therapy among the 416 

treated was 2·43 (0·30, 8·71) years. Details regarding treatment with different disease-modifying 417 

therapies are provided in Table 2. The sequential exposure to therapies throughout the study is 418 

presented in an alluvial plot (appendix p 4). The demographic and clinical characteristics of the 419 

excluded patients were similar to the included patients, with the exception of the lower 420 

proportions of patients with recorded disease-modifying therapy, high-efficacy disease-421 

modifying therapy, and shorter follow-up duration (appendix p 5). 422 

5224 patients collectively contributed 91613 visits. During the median (first, third quartiles) 423 

observation period of 5·05 (2·53, 9·09) years, 2622 transitions were recorded in 1701 patients. 424 

The most frequent transition (651) was observed from minimal disability to subsequent state of 425 

mild disability, followed by 557 transitions in the reverse direction - from mild disability back to 426 

minimal disability (appendix p 6). Tables 3 and 4 present the transition specific hazard ratios 427 

(HR) and corresponding 95% confidence intervals (95% CI). The benefit of high-efficacy 428 

therapy was the greatest in early disease with minimal disability and decreased with increasing 429 

disability. Patients who were treated with high-efficacy disease-modifying therapy while having 430 

minimal disability were the least likely to transition up to the next disability state (mild 431 

disability). Their hazard of transition was 59% lower compared to those who were untreated (HR 432 

0·41 [95% CI: 0·31, 0·53]). Patients who received high-efficacy therapy during the state of mild 433 

disability had a 41% lower hazard of transition to the subsequent state of moderate disability, in 434 

comparison to those who were untreated (0·59 [0·40, 0·86]). In patients with moderate disability, 435 

high-efficacy therapy yielded a clinically significant 33% reduction in the hazard of transition to 436 

gait impairment, when compared to untreated patients (0·67 [0·46, 1·00]). However, the 437 

corresponding 95% CI marginally includes the null value of 1, indicating uncertainty in the 438 

estimate, presumably due to fewer transitions from the moderate disability to gait impairment. 439 
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Treatment with low-efficacy therapy also reduced the likelihood of disability worsening 440 

compared to those who were untreated, although to a lesser extent in comparison to the high-441 

efficacy therapy. Patients who were treated with low-efficacy therapy during the minimal 442 

disability state had a 35% reduced hazard of transition to the next (mild) disability state (0·65 443 

[0·54, 0·77]). Compared with patients who were treated with a high-efficacy therapy during the 444 

minimal disability state, patients who were treated with low-efficacy therapy had 1·59 times (HR 445 

0·65 vs. 0·41) higher hazard of transitioning to the next (mild) disability state. Treatment with 446 

low-efficacy therapy was also associated with a 41% lower hazard of worsening by two states 447 

from mild disability to impairment of gait when compared to no treatment (0·59 [0·39, 0·88]). 448 

Figure 2 (left) provides an illustration of observed disability trajectories of two included patients 449 

(patients ‘A’ and ‘B’) and (right) corresponding estimated probabilities of transition from 450 

minimal to mild disability. To illustrate the estimated impact of early choice of therapy, we 451 

explored the hypothetical probability of transitioning to mild disability if the patient ‘A’ were 452 

treated with low-efficacy therapy (counterfactual) instead of high-efficacy therapy (observed) 453 

during the minimal disability state. In this hypothetical scenario, the probability of transitioning 454 

from minimal to mild disability in patient ‘A’ would have been clearly higher.  455 

A higher annualised relapse rate was associated with a greater likelihood of transitioning to 456 

higher disability states (Table 3). This association was most pronounced for a 3-step transition 457 

from minimal disability to gait impairment (5·11 [3·91, 6·68]), followed by a 4-step transition 458 

from minimal disability to SPMS (4·96 [1·51, 16·31]). However, a higher annualised relapse rate 459 

also conferred a greater likelihood of disability improvement from gait impairment to moderate 460 

(1·76 [1·18, 2·62]) and mild (2·52 [1·41, 4·51]) disability (Table 4). 461 

Overall, longer MS duration was associated with increased probability of transition to higher 462 

states of disability. However, this association was reversed for transition from gait impairment to 463 

conversion to SPMS, suggesting a minimal 6% reduction in the risk of this specific transition 464 

(0·94 [0·90, 0·97]). Longer MS duration was also consistently associated with a lower likelihood 465 

of improvement for all possible transitions from higher to lower states of disability.  466 

Males were at a higher risk of transition from mild to moderate disability (1·34 [1·06, 1·69]). 467 

They were also 46% less likely to experience improvement once gait impairment has been 468 

reached (0·54 [0·33, 0·89]). 469 
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Older age at onset of MS symptoms was associated with a higher likelihood of disability 470 

worsening from minimal to mild (1·04 [1·01, 1·08]), and a lower likelihood of disability 471 

improvement from moderate to minimal disability (0·90 [0·81, 0·99]).  472 

A sensitivity analysis that incorporated adjustments for MS diagnostic criteria (categorised as: 473 

Poser [reference category], McDonald 2010, McDonald 2017) and diagnostic delay (time from 474 

symptom onset to MS diagnosis), corroborated the findings from the primary analysis (appendix 475 

p 7-8). 476 

 477 

Discussion 478 

This study provides insights into the effectiveness of disease-modifying therapies with different 479 

potency on the natural progression of disability from early to severe in patients with paediatric-480 

onset MS. It shows that disease-modifying therapies reduce the risk of worsening of disability 481 

from the earliest stage of the disease in this population. Compared to low-efficacy disease-482 

modifying therapy, high-efficacy therapy mitigates the risk of attaining disability more 483 

effectively, especially when started before patients have developed moderate or severe disability, 484 

corresponding to EDSS score ≥3. 485 

We suggest that patients with paediatric-onset MS should be treated with high-efficacy disease-486 

modifying therapy while they are still only affected by minimal or mild disability. In the phase 3 487 

randomised controlled trial conducted in children aged 10 to 17 years, fingolimod was associated 488 

with a lower annualised relapse rate and reduced accumulation of lesions on MRI than interferon 489 

beta-1a.12 Observational studies from the Italian MS Register demonstrated substantial 490 

reductions in the annualised relapse rate and disability worsening among children treated with 491 

natalizumab.14,15 More than half of the patients remained free from MRI activity throughout their 492 

treatment with natalizumab spanning up to 11 years.14 A single-centre observational study from 493 

Italy showed that high-efficacy therapies (natalizumab and immunosuppressants) considerably 494 

reduced the risk of the first relapse as well as the annualised relapse rate in children.17 A prior 495 

multi-centre study of observational data reported a lower relapse rate in children treated with 496 

newer therapies (fingolimod, dimethyl fumarate, teriflunomide, natalizumab, rituximab, and 497 

ocrelizumab) compared to those receiving injectables (interferon beta and glatiramer acetate).18 498 
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This is of importance, as the risk of relapses is particularly high in children.28,29 Another 499 

observational study reported that the risk of reaching key disability milestones affecting gait 500 

(EDSS 4·0 and 6·0) in paediatric-onset MS has declined by a half between years 1993 and 501 

2013.1 The authors suggested that the shift in practice towards starting disease-modifying 502 

therapies before age 18 may be responsible for this improvement in outcomes.1 A recent study 503 

using data from the French MS Registry has highlighted the superior effectiveness of high-504 

efficacy therapies (alemtuzumab, fingolimod, mitoxantrone, cladribine, natalizumab, 505 

ocrelizumab, ofatumumab, and rituximab) when used as first-line treatments for children. These 506 

therapies have shown superior control over relapse and radiological activity when compared to 507 

moderate-efficacy therapies (azathioprine, cyclophosphamide, dimethyl fumarate, glatiramer 508 

acetate, interferon beta, methotrexate, mycophenolate mofetil, and teriflunomide).19 In adults 509 

with MS, early initiation of high-efficacy therapies has been shown to result in improved disease 510 

control and superior long-term outcomes when compared to delayed initiation or escalation 511 

strategy.29-32 512 

Our findings revealed that low-efficacy therapies are also associated with a reduced risk of 513 

disability worsening in the earliest state of the disease with minimal disability. While high-514 

efficacy therapies are superior to low-efficacy therapies in reducing disability in paediatric-onset 515 

MS, the reduction in the risk of disability worsening associated with low-efficacy therapies is 516 

also clinically meaningful. Among patients with minimal disability, high-efficacy therapies were 517 

associated with an additional 14% reduction in the risk of disability worsening when compared 518 

with low-efficacy therapies. A previous study of 549 patients with paediatric-onset MS from the 519 

Swedish MS Registry reported no impact of treatment on disability among patients treated with 520 

first-line disease-modifying therapies (dimethyl fumarate, glatiramer acetate, interferon beta, and 521 

teriflunomide) but a reduced risk of reaching EDSS 3·0 and 4·0 (moderate disability or impaired 522 

gait, respectively) associated with second-line disease-modifying therapies (daclizumab, 523 

fingolimod, mitoxantrone, natalizumab, and rituximab), compared to no treatment.2 However, a 524 

randomised controlled trial in children, comparing dimethyl fumarate with interferon beta-1a, 525 

demonstrated reduced annualised relapse rate and MRI activity among those treated with 526 

dimethyl fumarate.10 527 
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In this study, relapses were consistently associated with a higher risk of increase in disability. 528 

This finding is consistent with the observation that relapses pose a risk for faster disability 529 

worsening in MS, including paediatric-onset MS.2,16 This includes a clinically very significant 530 

change from minimal disability directly to gait impairment. On the other hand, children are more 531 

likely to recover from relapses than adults,3 and, accordingly, we have observed that relapses are 532 

associated with a higher probability of eventual improvement in disability, including those who 533 

developed an impairment of gait after a relapse. This means that relapses represent transient 534 

events, whose reversibility depends on the ability of the CNS to recover from transient 535 

inflammatory damage. However, the magnitude of the associations of relapses with disability 536 

worsening exceeded the associations with disability improvement. This highlights the 537 

importance of preventing relapses to minimise the risk of irreversible disability. 538 

This study has benefitted from a large cohort followed over the median (first, third quartiles) of 5 539 

years (2·53, 9·09), representing diverse paediatric populations across multiple geographic 540 

regions. This cohort represented a broad spectrum of patients with varying degrees of disability, 541 

spanning from minimal to severe. In order to mitigate the shortcomings of the EDSS, we 542 

categorised disability into five states: minimal disability (EDSS 0, 1.0, and 1·5), mild disability 543 

(EDSS 2·0 and 2·5), moderate disability (EDSS 3·0 and 3·5), gait impairment (EDSS≥4·0), and 544 

SPMS. The limitation inherent in this approach is that combining all EDSS scores greater than 545 

4·0 into a single state precludes the analysis of change of disability among patients with 546 

advanced MS. Such patients were rare in the present cohort and would require a separate study in 547 

population based on different inclusion criteria. Moreover, EDSS is largely insensitive to 548 

cognitive impairment that has been reported in nearly one third of paediatric-onset patients33; 549 

cognitive data were not systematically collected in our cohorts. Further limitation is represented 550 

by unavailability of data about several potentially relevant confounders, such as body mass 551 

index, smoking status, medical comorbidities, and socio-economic status. Information on 552 

ethnicity was incomplete and was therefore not included in the analysis. The unobserved 553 

confounders could induce built-in selection bias, leading to a gradual decay of period-specific 554 

hazard ratios during the follow-up.34 This study is also limited by the lack of information about 555 

treatment safety and its effectiveness on radiological presentation and disease activity. The 556 

international multicentric nature of the data used limited our ability to utilise harmonised 557 

quantitative MRI information which may carry additional prognostic information. On the other 558 
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hand, this study models the natural course of MS by considering both disability worsening and 559 

improvement simultaneously. Separate analyses of disability worsening and disability 560 

improvement fail to consider two-way changes in disability status, necessary for holistic 561 

evaluation of the influence of treatment on disability and its mediation through the prevention of 562 

relapses. To mitigate sparse-data bias resulting from the absence of events in the therapy 563 

exposure groups, we opted not to model transitions from minimal disability to SPMS and from 564 

mild disability to SPMS in therapy exposure scenarios. In the study cohort, four instances of 565 

death were documented. Although death prevents the occurrence of the outcome of interest, 566 

acting as a competing risk for transitions between the disability states, it was not accounted for in 567 

our study design due to its very low incidence. The requirement of four EDSS scores recorded 568 

within intervals not exceeding 12-months may have introduced selection bias. Reassuringly, the 569 

excluded patients were very similar to the included patients, with the exception of exposure to 570 

disease-modifying therapy and the duration of the available follow-up. Individuals with lived 571 

experience contributed to this study by consenting to share their data. However, they were not 572 

involved in the design or conduct of this study. 573 

In conclusion, this study of a large, geographically diverse cohort shows that patients with 574 

paediatric-onset MS are at risk of acquiring substantial disability, which can be mitigated 575 

through early treatment, especially with a high-efficacy disease-modifying therapy. This 576 

knowledge has implications for treatment decisions among children with MS, where the 577 

evidence from randomised controlled trials about the use of high-efficacy therapies is scarce. 578 

From the perspective of maximising the effectiveness of therapy and preserving capacity, it is 579 

advisable that high-efficacy disease-modifying therapies are started in children early, during the 580 

most inflammatory stages of their disease and before they develop neurological disability. 581 

Naturally, the decisions regarding the most appropriate therapy are multifactorial and need to 582 

consider the known short-term safety profiles of the available therapies and the individual 583 

acceptability of their administration routes. It is imperative to remain mindful of the yet-to-be-584 

understood cumulative long-term risk of immunosuppression. The consensus from both The 585 

International Pediatric Multiple Sclerosis Study Group (IPMSSG) and European experts 586 

emphasises the paramount importance of prioritising safety in paediatric MS therapies.35,36 587 

Consequently, there is a critical need to institute an appropriate monitoring protocol in this 588 

population, with a strong emphasis on long-term safety considerations.35,36 The presented new 589 
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perspective on the long-term impact of therapies on preserving neurological function among 590 

people with paediatric-onset MS provides a useful addition to the information guiding policy 591 

governing access to disease-modifying therapies among children with MS. 592 
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Figure Legends  

 

Figure 1: Transition model for disability worsening and improvement in patients with 

paediatric-onset MS. 

 

Figure 2: (Left) Observed disability trajectories of two selected patients and (Right) their 

estimated transition probabilities of entering into the state of ‘mild disability’ from 

‘minimal disability’. The solid line represents the time of treatment with high-efficacy therapy 

while the dashed line represents the time of treatment with low-efficacy therapy. The dark 

orange line denotes patient A and the blue line denotes patient B. The light orange line denotes a 

hypothetical (counterfactual) scenario when patient A’s transition probability was modelled with 

exposure to low-efficacy therapy. The coloured bands denote the 95% confidence interval of the 

corresponding estimates. 


