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Introduction
Multiple sclerosis (MS) is a chronic immune-medi-
ated disease in which disability accumulation begins 
early and arises through two overlapping mecha-
nisms: relapse-associated worsening and progression 
independent of relapse activity (PIRA). Contemporary 
large-scale cohort studies have demonstrated that 
PIRA emerges from the earliest stages of relapsing-
remitting MS and represents a major determinant of 
long-term disability accumulation.1,2 More recently, 
this concept has been further refined, by recognizing 
that true silent progression should also occur in the 
absence of radiological inflammatory activity. This 

stricter phenotype, progression independent of relapse 
and MRI activity (PIRMA), aims to capture disability 
worsening driven by smoldering or compartmental-
ized disease mechanisms rather than focal inflamma-
tory events.3–5

Disease-modifying therapies (DMTs) reduce relapses 
and MRI activity, however, their impact on disability 
progression depends critically on both treatment effi-
cacy and timing. Evidence from international regis-
tries and expert consensus consistently indicates that 
early initiation of high-efficacy therapies leads to 
superior long-term outcomes compared with delayed 
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use or escalation strategies, including reduced irre-
versible disability accumulation and delayed attain-
ment of disability milestone.6–8

Despite this growing body of evidence, access to 
high-efficacy therapies remains uneven, particularly 
in low- and middle-income regions such as Latin 
America. In these settings, treatment selection is fre-
quently influenced by structural and economical con-
straints rather than clinical needs, leading to extended 
exposure to low-/moderate-efficacy therapies.6 
However, few real-world studies have quantified the 
specific impact of treatment efficacy on PIRMA under 
such restricted therapeutic conditions.

In this study, we used longitudinal real-world data from 
Argentina to estimate the causal effect of treatment effi-
cacy on the risk of developing PIRMA. Understanding 
how therapeutic efficacy shapes silent disability under 
constrained health-care conditions is essential to inform 
equitable treatment policies and optimize long-term 
outcomes for people living with MS.

Materials and methods

Study design and participants
This observational, longitudinal, retrospective cohort 
study collected clinical data from a tertiary MS center 

in Buenos Aires, Argentina. The analysis represents 
an interim evaluation of real-world data derived from 
an ongoing database comprising patients with MS 
who received one or more disease-modifying thera-
pies (DMTs) between 2011 and 2025. Data extraction 
and curation were performed between 2024 and 2025. 
Only patients meeting prespecified criteria for longi-
tudinal disability follow-up were included. The selec-
tion process is summarized in Figure 1.

Eligible participants were adults (⩾18 years) with at 
least three standardized clinical disability assessments 
per year and a minimum follow-up of 5 years. All 
included patients underwent at least one annual brain 
MRI; all examinations included at minimum T2/
FLAIR and T1-weighted sequences, with most studies 
also incorporating volumetric FLAIR and post-contrast 
T1 acquisitions. All MRI scans were performed on 
1.5T or 3T scanners. Patients with primary or second-
ary progressive MS at baseline were excluded. 
Collected demographic and clinical variables included 
age, sex, age at onset, disease duration, relapse history, 
EDSS scores and assessment dates, pyramidal func-
tional system scores, and start and end dates of each 
DMT exposure, allowing full reconstruction of longitu-
dinal treatment and disability trajectories.

Exposure.  The exposure of interest was the efficacy 
category of the prescribed DMT, modeled as a binary 

Figure 1.  Flowchart.
MS = multiple sclerosis; RRMS = relapsing-remitting multiple sclerosis.
aPatients were excluded because of missing relevant clinical data (n = 34), MRI studies not available for analysis (n = 21), or insufficient 
follow-up to assess study outcomes (n = 28).
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time-varying variable distinguishing low-/moderate- 
from high-efficacy treatments. Low-/moderate-effi-
cacy agents included interferon preparations, 
glatiramer acetate, teriflunomide, dimethyl fumarate, 
and fingolimod. High-efficacy therapies comprised 
cladribine and monoclonal antibodies including alem-
tuzumab, natalizumab, ocrelizumab, ofatumumab, and 
rituximab. Disease-modifying therapies were catego-
rized according to real-world effectiveness rather than 
trial-based relapse reduction alone; accordingly, fingo-
limod was classified as a moderate-efficacy agent 
based on comparative effectiveness data, and the 
grouping strategy was intended to reflect pragmatic 
treatment strata in routine care rather than biological 
homogeneity within each category. Because treatment 
switching was common in real-world practice, expo-
sure status varied over time within individuals. Due to 
the limited number of PIRMA events, defining fixed 
mutually exclusive exposure groups was not consid-
ered appropriate, as this would have generated sparse 
subgroups and unstable estimates; therefore, treatment 
category was modeled as a time-varying variable. A 
60-day lag was applied after each treatment switch to 
account for pharmacological onset. For treatment attri-
bution, PIRMA events were dated according to the 
confirmation visit of disability worsening; therefore, 
the 60-day pharmacological lag after DMT initiation 
or switch was applied relative to the confirmation date, 
rather than the initial worsening assessment.

Outcome.  The primary outcome was the occurrence 
of PIRMA events. Confirmed disability worsening 
(CDW) was defined as an increase in EDSS of ⩾1.0-
point for patients with baseline EDSS < 5.5, or 
⩾0.5-points for those with baseline EDSS ⩾ 5.5, sus-
tained for at least 3 months. CDW events were classi-
fied as PIRMA if they were sustained across at least 
two consecutive visits separated by a minimum of 
3 months, occurred in the absence of clinical relapse 
within 30 days before or after the worsening event, 
and were not associated with MRI activity in the pre-
ceding year (including on both brain and spinal cord).7 
In accordance with common observational definitions 
of PIRMA, MRI examinations performed within the 
preceding 12 months before confirmed disability 
worsening were used to adjudicate the absence of 
inflammatory activity. MRI disease activity was con-
sistently defined throughout the study as the presence 
of new or enlarging T2/FLAIR lesions and gadolin-
ium-enhancing lesions, despite changes in imaging 
protocols over time. EDSS assessments obtained dur-
ing relapse periods were excluded from outcome 
adjudication. Patients who did not experience PIRMA 
were censored at the date of their last recorded clini-
cal evaluation.

Covariates.  Covariates included both baseline and 
time-varying factors: age at onset, sex, disease dura-
tion, MRI lesion load, relapse activity in the preced-
ing 1 and 2 years, previous treatment class, number of 
prior treatment changes, and time since the most 
recent switch.

Statistical analysis.  Because several time-varying 
covariates affected both treatment selection and the 
risk of the outcome, and were themselves affected by 
prior treatment decisions, the data set exhibited a treat-
ment–confounder feedback structure. Under these con-
ditions, conventional time-varying Cox may introduce 
bias by inappropriate adjustment for intermediate vari-
ables.9 To appropriately address this issue, we used a 
marginal structural model with overlap weighting, as 
described elsewhere.10 Kaplan–Meier curves were gen-
erated to provide a descriptive visualization of PIRMA-
free survival across treatment categories. Because 
treatment exposure was modeled as time-varying and 
causal inference was derived from the marginal struc-
tural Cox model with overlap weighting, these Kaplan–
Meier curves should be interpreted as descriptive 
summaries rather than causal estimates.

Longitudinal follow-up was structured using a count-
ing-process framework to accommodate time-varying 
exposure and covariates. Overlap weights were esti-
mated using logistic regression models predicting the 
probability of receiving a low-efficacy treatment at 
each interval, conditional on baseline and time-vary-
ing covariates (age at onset, disease duration, sex, 
MRI lesion load, relapses in the previous year and 
previous 2 years, number of prior treatment changes, 
previous treatment class, and time since the last 
switch). This approach balances covariates within the 
overlap population—patients with a non-negligible 
probability of receiving either treatment category.11

Weighted Cox proportional hazards models were then 
fitted, including treatment category and baseline 
covariates (age at onset, disease duration, sex, and 
baseline lesion load). Ninety-five percent confidence 
intervals for the treatment effect were obtained using 
a nonparametric cluster bootstrap with 500 patient-
level resamples. The proportional hazards assumption 
was evaluated using weighted Schoenfeld residuals, 
and no relevant violations were detected.

To evaluate the robustness of this assumption, sensi-
tivity analysis were repeated using extended pharma-
cological lag windows of 90 and 180 days following 
treatment initiation or switching. These analyses  
evaluated whether the estimated association between 
treatment category and PIRMA risk remained 
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consistent under alternative lag specifications. All 
analyses were conducted using R statistical software.

Results
A total of 264 patients were included in final analysis, 
with a median follow-up of 7 years (IQR 6–10). The 
cohort was 62% female, with a median age at treat-
ment initiation of 31 years (IQR 25–37). The most 
frequent initial clinical presentations were myelitis 
(34.5%), optic neuritis (23.0%), and brainstem or cer-
ebellar syndromes (20.1%). Oligoclonal bands were 
detected in 79.7% of tested individuals, and spinal 
cord lesions were identified in 83.2% of the cohort. 
The median baseline EDSS was 1.0 (IQR 0–2). 
Baseline demographic and clinical characteristics of 
the cohort are summarized in Table 1. Baseline char-
acteristics differed modestly according to initial treat-
ment category (low-/moderate- vs high-efficacy 

DMTs), exposure, particularly with respect to MRI 
lesion load, reflecting real-world treatment allocation 
patterns (Table 2). These imbalances were adequately 
addressed using overlap weighting, resulting in ade-
quate covariate balance in the weighted pseudo-popu-
lation (Supplementary Table 1).

Patients frequently transitioned between low-/moder-
ate-efficacy and high-efficacy therapies during fol-
low-up, leading to heterogenous treatment exposure 
within individuals. Consequently, the analysis focused 
on estimating the causal effect of treatment efficacy 
category over time rather than comparing predefined 
patient groups based on initial therapy.

During the observation period, 26 PIRMA events 
were recorded. In the overall cohort, these events 
occurred over 1851.8 person-years of follow-up, cor-
responding to a crude incidence rate of 1.40 per 100 

Table 1.  Baseline characteristics of the complete cohort (n = 264).a 

Females, n (%) 164 (62)
Age at multiple sclerosis diagnosis, median (IQR) 31 (12)

Caucasian, n/N (%) 199/283 (70)

Smoking, n/N (%) 82/286 (29)

Cardiovascular risk factors, n/N (%) 19/287 (7)

Initial Clinical Manifestations

Optic Neuritis, n (%) 68 (23)

Myelitis, n (%) 102 (35)

Brainstem/cerebellar, n (%) 59 (20)

Hemispheric, n (%) 45 (15)

Multifocal, n (%) 17 (6)

Other, n (%) 3 (1)

Positive OCB, n/N (%) 94/118 (80)

EDSS at first visit, median (IQR) 1.00 (2)

Gadolinium-Enhancing Lesions, n/N (%) 88/189 (47)

Spinal cord lesions, n/N (%) 104/125 (83)

T2 lesional load

  <10 lesions, n (%) 27 (10)

  >10 < 50 lesions, n (%) 115 (43)

  >50 < 100 lesions, n (%) 25 (10)

  >100 lesions, n (%) 1 (1)

  Inconclusiveb 96 (36)

Disease modifying therapies at onset

  Low efficacy, n (%) 148 (56)

  Moderate efficacy, n (%) 83 (31)

  High efficacy, n (%) 33 (13)

  Disease duration in years, median (IQR) 7.98 (4.2)
  Switch to high-efficacy treatment during follow-up, n (%) 62 (24)

aPercentages are calculated based on available cases for each variable.
bIn absence of volumetric sequences or MRI studies not available to review.

https://journals.sagepub.com/home/msj


MF Guarnaschelli, M Marrodan et al.

journals.sagepub.com/home/msj	 741

person-years (95% CI, 0.92–2.06). The relatively low 
number of PIRMA events likely reflects the stringent 
outcome definition used in this study. The cumulative 
event probability in the full population is shown in a 
Kaplan–Meier curve (Figure 2), and a descriptive 
summary of PIRMA events across DMT exposures is 
provided in Supplementary Table 2.

In the marginal structural model with overlap weight-
ing, exposure to low-/moderate-efficacy therapy was 
associated with a significantly increased hazard of 
PIRMA compared with exposure to high-efficacy 
treatment (HR 7.05; 95% CI 1.15–43.35; p = 0.03). In 
the overlap population, this finding suggests that 
exposure to high-efficacy therapies is associated with 
a substantially lower risk of PIRMA compared with 
exposure to low-/moderate-efficacy treatments. Age 
at onset, disease duration, sex, and baseline lesion 
load were included as adjustment covariates in the 
weighted model to control for potential confounding, 
rather than to estimate their independent effects on 

PIRMA risk Supplementary Table 3). The propor-
tional hazards assumptions were met, as indicated by 
non-significant weighted Schoenfeld test, and post-
weighting covariate balance was satisfactory, with 
standardized mean differences close to zero. 
Additional sensitivity analyses using longer pharma-
cological lag periods yielded similar results. The 
90-day lag analysis produced results comparable to 
the primary model, whereas the 180-day lag analysis 
yielded extreme effect estimates and very wide confi-
dence intervals, consistent with model instability due 
to the small number of attributable events 
(Supplementary Table 4). Weighted cumulative inci-
dence curves for PIRMA further illustrate these 
results. Kaplan–Meier curves illustrate the cumula-
tive incidence of PIRMA across treatment categories; 
however, these curves are presented for descriptive 
purposes only, as the primary treatment effect esti-
mates were derived from the marginal structural Cox 
model accounting for time-varying exposure. Model-
based cumulative incidence curves derived from the 

Table 2.  Baseline characteristics by initial treatment type.a

High efficacy 
(n = 33)

Low/moderate efficacy 
(n = 261)

p-value

Female, n (%) 17 (52) 147 (64) 0.2498

Age at disease onset 31.00 (14) 32.00 (11) 0.3533

Disease duration in years, median (IQR) 7.06 (3) 8.09 (4) 0.0036

Caucasian, n/N (%) 19/28 (68) 167/240 (70) 1.000

Smoking, n/N (%) 8/29 (28) 71/243 (29) 1.000

Cardiovascular risk factors,b n/N (%) 3/29 (10) 14/241 (6) 0.405

Initial clinical manifestations (N = 289)

  Brainstem/cerebellum, n/N (%) 8/33 (27) 50/254 (20) 0.476

  Hemispheric, n/N (%) 7/33 (23) 39/254 (15) 0.288

  Multifocal, n/N (%) 2/33 (7) 14/254 (6) 0.676

  Myelitis, n/N (%) 13/33 (43) 85/254 (33) 0.343

  Optic Neuritis, n/N (%) 3/33 (10) 63/254 (25) 0.124

  Other, n/N (%) 0/33 (0) 3/254 (1) 1.000

  Positive OCB, n/N (%) 12/13 (92) 77/97 (79) 0.456

  EDSS at first visit, median (IQR) 1.25 (1) 1.00 (2) 0.174

  Gadolinium-enhancing lesions, n/N (%) 10/15 (67) 76/171 (44) 0.166

  Spinal cord lesions, n/N (%) 8/10 (80) 94/113 (83) 0.679

T2 lesional load

  <10 lesions, n (%) 0 (0) 27 (10) < 0.001

  >10 < 50 lesions, n (%) 8 (3) 107 (40) < 0.001

  >50 < 100 lesions, n (%) 7 (3) 18 (7) < 0.001

  >100 lesions, n (%) 1 (1) 0 (0) < 0.001
  Inconclusivec 17 (6) 79 (30) NA

aPercentages are calculated based on available cases for each variable.
bCardiovascular risk factors included dyslipidemia, hypertension.
cIn absence of volumetric sequences or MRI studies not available to review.
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weighted Cox model further illustrate these results 
(Figure 3). Periods of exposure to low-/moderate-effi-
cacy treatment were associated with a visibly higher 
accumulated risk of PIRMA over time compared with 
periods of high-efficacy treatments, with divergence 
emerging during mid-to-late follow-up (Figure 3). 
The figure also depicts a hypothetical scenario in 
which patients switched from low-/moderate-efficacy 
to high-efficacy therapy at year five, demonstrating 
an intermediate risk trajectory. Together, these curves 
offer a visual representation of the increased suscepti-
bility to silent disability progression associated with 
lower-efficacy treatment exposure and reinforce the 
protective effect observed with high-efficacy thera-
pies throughout follow-up.

Sensitivity analyses restricting PIRMA events to those 
sustained for ⩾6 months, reclassifying fingolimod as a 
high-efficacy therapy, and excluding early follow-up 
years yielded directionally consistent results, support-
ing the robustness of the main findings.

Discussion
Accumulating evidence over the last decade has sub-
stantially reshaped the understanding of disability 
accumulation in MS, demonstrating that it begins 
from the earliest stages of the disease and represents a 
major driver of long-term outcome.1,12 Large observa-
tional cohorts and pooled analyses from randomized 
clinical trials have consistently shown that a substan-
tial proportion of confirmed disability worsening 
occurs in the absence of clinical relapses, challenging 
the traditional view that irreversible disability in MS 
is predominantly relapse-driven.12,13 Collectively, 
these observations support a conceptual shift toward 
viewing MS as a biological continuum, characterized 
by the early coexistence of inflammatory and progres-
sion-related mechanisms rather than as a sequence of 
discrete clinical phenotypes.4,14

Within this evolving framework, increasing attention 
has focused on the role of DMTs in modulating not 
only relapse activity but also progression-related 

Figure 2.  Kaplan–Meier curve for PIRMA-free survival in the overall cohort.
The curve shows the unadjusted probability of remaining free from PIRMA over follow-up in the population included in the weighted 
time-to-event analysis (N = 264). Overall, 26 PIRMA events occurred during 1851.8 person-years of follow-up, corresponding to a 
crude incidence rate of 1.40 per 100 person-years (95% CI, 0.92–2.06). Shaded areas represent 95% confidence intervals. This figure is 
provided to contextualize the overall burden and timing of PIRMA events in the cohort, independent of treatment-specific time-varying 
exposure modeling.
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outcomes. Evidence indicates that early initiation of 
high-efficacy therapies is associated with superior 
long-term disability outcomes compared with delayed 
treatment or escalation strategies, including reduced 
accumulation of irreversible disability and delayed 
transition to advanced disease stages.6,15–17 Conversely, 
prolonged exposure to lower-efficacy therapies, par-
ticularly during the early inflammatory phase of the 
disease, has been associated with an increased risk of 
disability accrual that may not be reversible even after 
subsequent treatment intensification.18

However, much of the existing literature on PIRMA 
has relied on definitions that exclude clinical relapses 
but do not systematically account for subclinical 
inflammatory activity detectable on MRI, potentially 
conflating biologically distinct mechanisms of pro-
gression.12 Recent studies have emphasized the 
importance of distinguishing between active PIRA, 
occurring in the presence of MRI activity, and non-
active or “true” PIRA, which reflects disability accu-
mulation independent of both relapses and radiological 
activity and is increasingly referred to as PIRMA.3,7

In parallel, growing evidence indicates that the timing 
of PIRA onset carries major prognostic significance. 
Large longitudinal cohorts have previously shown that 
a substantial proportion of patients develop PIRA 
within the first 5 years of disease onset, and that early 
PIRA is associated with more rapid disability accumu-
lation and earlier attainment of irreversible disability 
milestones compared with late-onset PIRA.19,20 These 
observations support the concept that early silent pro-
gression identifies a high-risk disease trajectory, likely 
reflecting an aggressive biological substrate rather 
than mere cumulative effect of inflammatory damage 
over time.19,20

This study builds directly on this conceptual frame-
work by focusing on PIRMA in a real-world setting, 
outside the controlled environment of clinical trials. 
By requiring the absence of both clinical relapses 
and MRI activity in the adjudication of progression 
events, our analysis targets a more stringent and bio-
logically homogeneous phenotype of silent disabil-
ity progression, aligning with contemporary calls for 
harmonized and clinically meaningful definitions 

Figure 3.  Estimated cumulative risk of PIRMA under representative treatment exposure scenarios from the weighted 
Cox model.
Curves illustrate model-based cumulative PIRMA risk under sustained high-efficacy treatment, sustained low-/moderate-efficacy 
treatment, and escalation from low-/moderate- to high-efficacy treatment at year 5. During follow-up, 62 patients (24% of the cohort) 
transitioned from low-/moderate-efficacy to high-efficacy therapies, resulting in heterogeneous treatment exposure within individuals. 
Because treatment exposure was modeled as a time-varying variable within a marginal structural framework, the curves represent 
counterfactual risk trajectories derived from the fitted model rather than observed patient cohorts. Covariates were set to weighted 
typical values in the overlap population, and risks are displayed over 10 years of follow-up. Kaplan–Meier–type curves are shown for 
descriptive visualization of PIRMA risk over time; however, the primary treatment effect estimates were derived from the marginal 
structural Cox model accounting for time-varying exposure.
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applicable to observational data.3,12 Although the 
number of PIRMA events observed during follow-up 
was limited, this likely reflects the rarity of rigorously 
defined PIRMA when strict criteria excluding both 
clinical relapses and MRI activity are applied. . The 
analytical strategy was therefore designed to prior-
itize unbiased estimation of the direction of associa-
tion between treatment efficacy and silent disability 
progression rather than precise quantification of effect 
size. The use of a marginal structural model with 
overlap weighting mitigated time-dependent con-
founding inherent to real-world treatment allocation 
while restricting inference to the population with gen-
uine treatment equipoise. Accordingly, the width of 
the confidence intervals should be interpreted as 
reflecting limited event frequency and residual uncer-
tainty around magnitude, rather than instability of the 
observed association. Importantly, the consistency of 
the effect direction with prior large registry studies 
and biological models of early progression supports 
the robustness and clinical relevance of the observed 
relationship.

Using a causal inference framework with time-vary-
ing exposure and marginal structural modeling, we 
demonstrate that exposure to low-/moderate-efficacy 
therapies is associated with a substantially increased 
risk of PIRMA compared with high-efficacy treat-
ments, supporting the hypothesis that a significant 
component of early silent progression remains sensi-
tive to treatment efficacy. These findings suggest that 
early therapeutic decisions may influence not only 
relapse control but also the risk of clinically silent dis-
ability progression, reinforcing the potential long-
term benefits of timely access to high-efficacy 
therapies. The biological plausibility of these findings 
is supported by converging neuropathological and 
imaging evidence indicating that smoldering inflam-
matory activity is present from the earliest disease 
stages and contributes to progressive neuroaxonal 
damage. Compartmentalized inflammation, chronic 
active lesions, meningeal immune aggregates, and 
microglial activation have all been implicated in the 
gradual accumulation of disability independent of 
overt relapses, providing a mechanistic substrate for 
PIRMA that may still be modulated by timely and 
effective suppression of inflammatory pathways.21,22 
In this context, our results are consistent with the 
observation that early progression is not a purely 
degenerative phenomenon but rather reflects a com-
plex interplay between residual inflammatory activity 
and downstream neurodegenerative mechanisms.

An important strength of this study lies in its real-
world Latin American setting, a region that remains 

underrepresented in MS research despite substantial 
heterogeneity in health-care access and treatment 
availability. Although monocentric, the cohort was 
derived from a tertiary referral center with standard-
ized longitudinal follow-up and comprehensive treat-
ment documentation, enabling robust reconstruction 
of treatment exposure and disability trajectories over 
a prolonged period. Notably, the observed treatment 
patterns, characterized by delayed access to high-effi-
cacy therapies, frequent switching, and prolonged 
exposure to lower-efficacy agents, reflect common 
clinical realities in many low- and middle-income 
countries, thereby enhancing the external relevance of 
these findings beyond a single institution.

Despite the growing consensus supporting early use 
of high-efficacy therapies, access to these treatments 
remains uneven worldwide. Structural, regulatory, 
and economic barriers continue to delay optimal ther-
apy even in high-income countries, while such limita-
tions are often amplified in developing regions. Our 
findings highlight the tangible clinical consequences 
of these disparities, demonstrating that restricted 
access to high-efficacy therapies is associated with a 
markedly increased risk of silent disability progres-
sion. These data underscore the importance of incor-
porating progression-related outcomes, including 
PIRMA, into treatment algorithms and health policy 
decisions, particularly in resource-constrained 
settings.

Limitations of this study merit consideration. As an 
observational real-world study, residual confounding 
cannot be entirely excluded despite the use of 
advanced causal inference methods. Because the 
cohort spans multiple therapeutic eras (2011–2025), 
during which diagnostic timing, treatment intensity, 
and supportive care evolved, calendar-time effects 
independent of treatment efficacy cannot be fully 
excluded, as calendar year was not explicitly modeled 
as a stratification variable. The relatively small num-
ber of PIRMA events resulted in wide confidence 
intervals around effect estimates, even despite the 
mentioned long inclusion period. Temporal heteroge-
neity in MRI availability, acquisition protocols, and 
image quality represents an inherent limitation of this 
study. Although MRI disease activity was harmonized 
using standardized definitions, continuous improve-
ments in scanner technology and protocol optimiza-
tion over time may have affected the sensitivity to 
detect subtle inflammatory changes. Because MRI 
monitoring was performed at approximately annual 
intervals in routine clinical practice, transient inflam-
matory activity occurring between imaging studies 
may not have been detected, potentially leading to 

https://journals.sagepub.com/home/msj


MF Guarnaschelli, M Marrodan et al.

journals.sagepub.com/home/msj	 745

conservative misclassification of some progression 
events such as PIRMA. In addition, the predefined 
exclusion windows for relapses and MRI activity may 
not have fully captured delayed or low-grade inflam-
matory activity surrounding disability worsening 
events. This could have led to misclassification of 
PIRMA status, particularly in earlier years, poten-
tially resulting in conservative estimates of PIRMA 
frequency. In addition, advanced biomarkers of 
smoldering disease activity, such as paramagnetic rim 
lesions, quantitative brain or spinal cord atrophy, and 
serum neurofilament light chain, were not systemati-
cally available for inclusion in the analysis. 
Interpretation of progression-related outcomes must 
also consider the major changes in MS care that have 
occurred over recent decades. Also, potential con-
founders as subtle pre-progression signals, such as 
cognitive decline, fatigue, or mild pyramidal worsen-
ing, may influence treatment escalation but are not 
fully captured by relapse history or conventional MRI 
metrics. As a single-center tertiary referral study, 
these findings may not be fully generalizable to 
broader MS populations, particularly in settings with 
less intensive follow-up or different referral patterns. 
The expanding therapeutic armamentarium, increas-
ing treatment efficacy, and progressive shortening of 
diagnostic delays represent an “era” or “epoch effect” 
that may substantially influence both the incidence 
and timing of PIRMA events. Population-based stud-
ies have shown a clear temporal improvement in mul-
tiple sclerosis prognosis across treatment eras, with 
slower disability accumulation, which may affect 
both the detection and clinical interpretation of 
PIRMA in contemporary cohorts.4,23,24 Finally, 
although fingolimod has been considered a high-effi-
cacy therapy by some authors, it was classified as a 
moderate-efficacy DMT in this study.25 This choice 
was supported by a probable lower impact on disease 
activity compared with contemporary high-efficacy 
monoclonal antibody therapies.26

Future studies should aim to validate these findings in 
larger, multicenter cohorts across Latin America and 
other resource-constrained regions, allowing more 
precise estimation of treatment effects and a more 
granular analysis of early versus late PIRA and 
PIRMA phenotypes. Integration of advanced imaging 
and fluid biomarkers into longitudinal real-world 
frameworks will be essential to further disentangle 
inflammatory and smoldering mechanisms and to 
clarify how modern therapeutic strategies influence 
silent progression over time. Ultimately, such efforts 
may help refine risk stratification models and opti-
mize early therapeutic decisions for patients at high-
est risk of irreversible disability accumulation.
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