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Abstract

Background and purpose: The diagnosis of late-onset (age 250 years old) relapsing re-
mitting multiple sclerosis (LORRMS) has been increasingly described in clinical practice,
whereas data focusing on the specific therapeutic management of LORRMS are scarce.
Our objective was to compare the effectiveness of injectable and oral first-line disease-
modifying therapies (DMTs) in a cohort of LORRMS patients with time to first relapse,
time to confirmed disability progression (CDP), and time to discontinuation.

Methods: This is a multicenter, observational, retrospectively acquired cohort study on
LORRMS-naive patients from the Italian MS Register who started either injectable or
oral first-line DMTs between January 1, 2013 and December 31, 2017. LORRMS patients
were divided into two groups, namely the injectable group (IG) and oral group (OG). Cox
models adjusted with inverse probability-weighted propensity score were built for the
investigated outcomes.

Results: Of a cohort of 3989 patients, 302 were enrolled (203 in the IG and 99 in the OG).
The two cohorts did not differ in baseline characteristics. Time to first relapse did not
show any difference between the two groups (hazard ratio [HR]: 1.10; 95% confidence
interval [Cl]: 0.50-2.46, p = 0.797). Furthermore, no differences were found between the
two groups with respect to the risk of CDP (HR: 1.04; 95% Cl: 0.35-3.06, p = 0.939), nor
for the risk of DMT discontinuation (HR: 0.90; 95% Cl: 0.17-2.08, p = 0.425).
Conclusions: Real-world data from the Italian MS Register suggested that both injecta-

bles and oral first-line DMTs similarly controlled the investigated outcomes in LORRMS.
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INTRODUCTION

Multiple sclerosis (MS) is among the most common causes of neurological
disability in young adults when the onset of disease happens at about
30 years of age [1]. However, about 10% of all patients with MS have late-
onset MS (LOMS), defined as onset of the disease at 250 years of age [2].

The diagnosis of LOMS in the relapsing remitting multiple
sclerosis (RRMS) population (LORRMS) has been increasingly
described in clinical practice, due to the improvement of the
diagnostic sensitivity of the new diagnostic criteria [3].

It is described that LORRMS is associated with an adverse prog-
nosis in terms of disability accrual, but established marker(s) of such
poor prognosis are still lacking in clinical practice [4-7].

At the same time, data focusing on the specific therapeutic
management of LORRMS are scarce; and all of the licensed disease-
modifying therapies (DMTs) have been studied in clinical trials that
usually recruit patients up to 55 years of age [8]. However, DMTs
should be studied in all age groups, and trial participants should be
representative of the patient population receiving the therapy daily
in medical practices.

The aim of the current study was to evaluate long-term out-
comes of first-line DMTs in terms of time to first relapse, disability
progression, and time to discontinuation in LORRMS-naive patients
by focusing on the direct comparison between injectable (interfer-
ons and glatiramer acetate) and oral (dimethyl fumarate and teriflun-
omide) first-line DMTs [9].

METHODS
Study design and setting

A multicenter, observational, retrospectively acquired cohort was
utilized for the current study. Anonymized clinical data of patients
with RRMS were extracted from the Italian MS Register from their
first treatment prescription with injectable and oral DMTs (between
January 1, 2013 and December 31, 2017) to their last follow-up with

the same treatment [10].

Participants

Key eligibility criteria included: (i) a diagnosis of RRMS accord-
ing to the 2010 revised McDonald criteria [11] with an age of
onset 250 years, here defined as LORRMS, (ii) start of first-line
DMTs (injectable or oral) between January 1, 2013 and December
31, 2017, (iii) continuous exposure to the investigated DMTs for
>6 months, and (iv) patients with at least three visits (includ-
ing baseline) with the Expanded Disability Status Scale (EDSS)
evaluation.

LORRMS-naive patients who matched the required criteria were
divided into two groups for the analyses, the injectables group (IG)
and oral group (OG). The IG included LORRMS patients who were

treated with either glatiramer acetate (40 mg/ml, three times per
week subcutaneously and at least 48 h apart) or interferons (inter-
feron B-1a and interferon $-1b, 30 ug/0.5 ml, once weekly, intramus-
cularly or interferon p-la, either 22 pg or 44 pg, three times per
week subcutaneously) [12-15]. The OG included LORRMS patients
who were treated with either dimethyl fumarate (120 mg twice per
day for the first 7 days, then 240 mg twice per day) or teriflunomide
(14 mg once per day) [16,17].

Study endpoints

The primary study outcome was the evaluation of time to first re-
lapse and time to confirmed disability progression (CDP). The time
interval from baseline to the first event (for patients with an event)
or to the last evaluation at follow-up (for patients without an event)
was examined. Additionally, the time to discontinuation of the first
prescribed DMT was evaluated.

Procedures and outcomes

Patients were included in the study at the initiation of treatment
(baseline) and were monitored over their full time on the medi-
cation, with data collection performed at baseline and approxi-
mately every 6 months during the time of exposure. Patients were
censored at treatment discontinuation or at their last recorded
clinical visit.

A relapse was defined as new symptoms or an exacerbation of
existing symptoms persisting for 224 h in the absence of concurrent
illness/fever and occurring 230 days after a previous relapse.

CDP events were defined as 26-month confirmed increases of
either 20.5 points for patients with a baseline EDSS score >5.5, 21.0
point for those with a baseline EDSS score of 1 and 5.5, and 21.5
points for those with a baseline EDSS score of 0.

A minimum of three visits, including the baseline visit, with an
EDSS score evaluation, was required. EDSS scores recorded within
30 days after the onset of a relapse were excluded.

Discontinuation of investigated drugs was defined as a gap of
treatment for 60 or more days. Time to discontinuation (in months)
was measured as the time between the index date and the end of the
supply of the prescriptions dispensed.

Statistical analyses

Data are presented as counts (proportions) for categorical variables
and mean (SD) or median (interquartile range [IQR]) for continuous
variables. Unpaired t tests and Mann-Whitney tests were used to
compare continuous variables according to their distribution. X2
tests were used to compare categorical variables. Univariate non-
parametric Kaplan-Meier curves and log-rank tests were used to
evaluate the events under investigation in the entire sample.
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FIGURE 1 Patients' selection flow
chart. Cop, Copaxone; Int, interferons;
Dim, dimethyl fumarate; Ter, teriflunomide
[Colour figure can be viewed at
wileyonlinelibrary.com]
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A Schoenfeld global test was used to verify the proportional haz-
ards assumption for the time on treatments. Once the proportional-
ity assumption was verified, a Cox proportional model was built for
each investigated outcome in the entire sample. A Cox proportional
hazard univariate regression model was used to estimate the hazard
ratio (HR) and its 95% confidence interval (Cl).

To take into account the imbalance of the two groups, a propen-
sity score (PS) was calculated.

Additionally, logistic regression was conducted to evaluate all
patients using treatment (injectable vs. oral) as the independent
variable and baseline levels of sex, age, type of MS onset (monofo-
cal or multifocal), EDSS score, number of relapses in the year prior
to onset, and disease duration as covariates. Inverse probability of
treatment weight (IPTW) and the stabilized inverse probability of
treatment weight were also calculated.

Standardized differences calculated in weighted (using the sta-
bilized weights) and unweighted samples were used to assess the
balance of baseline covariates between treated and control.

Multivariable Cox proportional hazard regression models weighted
for IPTW were performed to evaluate the relationship between out-
comes and treatment groups. HRs and 95% Cls were calculated to
evaluate the relationship between outcomes and the treatment group.

For the analysis of relapse outcomes, a negative binomial model
and weighted negative binomial model were conducted, using the
annual relapse rate as the dependent variable and group as the in-
dependent variable.

To better examine the differences between the two treatment
strategies in mild-to-moderate patients, subgroup univariate analyses
were conducted, stratifying patients on baseline EDSS scores (<2 and
>2) and for number of relapses in the prebaseline year (one or more
than one), and a Cox proportional hazard univariate regression model
was applied to each subgroup. HRs and their 95% Cls were reported.

Missing data were handled through multiple imputation. The
analysis used normalized weights to approximate the inferences
in the data with data missing not at random [18]. The associations
between missingness of the baseline data and other demographical
and clinical characteristics were calculated with a multivariate logis-
tic regression analysis, as previously published [19,20].

A sensitivity analysis was conducted on patients with at least
30 months of follow-up. All results were considered significant at
0.05. SPSS 21.0 (IBM) was used for all analyses.

Protocol approvals standard, registrations, and
patient consents

The ethics committee of the University of Bari (Italy) approved
the study as the coordinator center (reference nos. 0055587
and 0052885) and the local ethics committees of all participant
centers with the final approval of the Scientific Committee of
the Italian MS Register. All studies were undertaken with the un-
derstanding and written consent of each subject, and that the
study conforms with World Medical Association Declaration of
Helsinki.

Data availability statement

Anonymized data will be shared by request from a qualified inves-
tigator for the sole purpose of replicating procedures and results
presented in the report, provided that the data transfer is in agree-
ment with European Union legislation on the general data protection

regulation.

RESULTS
Participants

Out of 3989 RRMS patients in the Italian MS Register who had
started their first DMT during the index window, 302 (203 in the
IG and 99 in the OG) matched the required criteria and have been
considered eligible for the analyses (Figure 1).

Baseline characteristics by group are shown in Table 1. Patients
in the two groups were similar for the baseline characteristics
(Table 1). The median follow-up of the total cohort was 25.8 months
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TABLE 1 Baseline characteristics of the two groups

oG

IG

Weighted standardized

Unweighted standardized mean

difference

mean difference

99

203

No.

72 (72.7) 0.132 -0.087 -0.184
0.896 0.16

-0.048

-0.084

(64.0)

130

Female, n (%)

0.082
-0.009
-0.11
-0.017

(5.0)
(97)

55.0
96

(4.8)

(96)

55.1
195

Age, years, mean (SD)

0.692

Monofocal onset, n (%)

0.492

(1.5-3.0)

(89.9)

2.5
89

(1.5-3.0)

(88.2)

2.0
179

EDSS at baseline, median (q1-g3)

0.174

0.657

Relapses in the year before treatment start,

n (%)
DD, median (q1-q3)

0.0002

70.5 (22-195) 0.982 2.12

(18-167)

58

Abbreviations: DD, disease duration; EDSS, Expanded Disability Status Scale; IG, injectable group; OG, oral group, q1-g3, first and third quartiles.

*Only in patients with relapses in the last year.

(IQR: 14.5-38.2 months), the median follow-up in the |G was higher
than the OG (31.1 months, IQR: 17.8-43.6 months vs. 17, IQR: 12.4-
24.5 months, p < 0.0001).

Survival analyses

During the follow-up, 52 patients relapsed (n = 41 [20.2%] in the IG,
n=11[11.1%] in the OG).

A log-rank test revealed that the risk of experiencing the first
relapse was similar between the two groups (p = 0.395) (Figure 2),
which was also confirmed by the IPTW-adjusted Cox model
(HR: 1.10; 95% Cl: 0.50-2.46, p = 0.797) (Figure 3).

A negative binomial model and weighted negative binomial
model were applied using the annual relapse rate as the depen-
dent variable and group (IG vs. OG) as the independent variable.
The incidence rate ratio (OG vs. IG) was 0.80 (95% Cl: 0.54-1.19,
p=0.281).

After an inverse probability weighting, the incidence rate ratio
was 0.79 (95% Cl: 0.52-1.23, p = 0.305). Taking this into consider-
ation with the total count of relapses, the two groups did not show
any differences in the risk to occurrence of relapses.

The event CDP was observed in 76 patients (n = 59 [31.6%] in
the IG,n =17 [18.7%] in the OG). The risk to reach CDP did not differ
between the two groups using a log-rank test (p = 0.790) (Figure 4).
This was confirmed by the IPTW-adjusted Cox model (HR: 1.04; 95%
Cl: 0.35-3.06, p = 0.939) (Figure 3).

Finally, DMT discontinuation was observed in 69 patients, 56
patients (27.6%) in the IG, 13 patients (18.8%) in the OG). The risk
to discontinue DMT did not differ between the two groups using
a log-rank test (p = 0.079) (Figure 5). This was confirmed by the
IPTW-adjusted Cox model (HR: 0.90; 95% Cl: 0.17-2.08, p = 0.425)
(Figure 3).

Subgroup analyses

Subgroup analyses were also performed for each investigated
outcome to examine any difference in the two groups in mild-to-
moderate patients. IG and OG subjects were stratified based on
their baseline EDSS score (<2 or >2) and the number of relapses
during the year prior to their baseline visit (1 or >1) (Supplementary
Table S1).

No statistically significant differences were found between
the two groups for all the investigated outcomes (Supplementary
Table S1).

Sensitivity analysis
A sensitivity analysis was conducted on 163 (136 IG and 27 OG)

subjects with at least 30 months (out of 36) of follow-up. The IQR
around the median at follow up visits became much smaller, with
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FIGURE 2 Time to first relapse between the two groups. Cl,
confidence interval; IG, injectable group; OG, oral group; St. error,
standard error [Colour figure can be viewed at wileyonlinelibrary.
com]

median follow up of 36.7 months (IQR: 29.7-47.9 months). In the IG,
the median was also 39.3 months (IQR: 30.7-50.5 months), whereas
in the OG it was 31.5 months (IQR: 26.7-36.6 months).

Time to first relapse (p = 0.512), time to CDP (p = 0.631), and
time to DMT discontinuation (p = 0.190) did not show differences
when analyzed with a log-rank test. The IPTW PS-adjusted Cox re-
gression model revealed no differences in hazard ratios for investi-
gated outcomes: time to first relapse (HR: 1.01; 95% Cl: 0.81-1.23,
p = 0.992), time to CDP (HR: 0.79; 95% Cl: 0.42-1.47, p = 0.460),
and time to first DMT discontinuation (HR: 0.46; 95% Cl: 0.95-2.26,
p=0.342).

DISCUSSION

In this multicenter, observational, retrospectively acquired cohort
study on LORRMS, we found no differences between the two in-
vestigated groups in terms of risk of relapse occurrence, CDP, and
treatment discontinuation.

In our cohort, the rates of the three investigated events were
higher in patients in the IG group, but when these data were ana-
lyzed over time (first with univariate survival analysis and then with
a multivariate IPTW PS-adjusted Cox model), we did not find any
difference.

In clinical practice, LORRMS has been investigated in terms of
clinical characteristics and prognostic factors, but difference in

Time to first relapse
HR 1.10; C1 95% 0.50-2.46

Time to CDP
HR 1.04; CI95% 0.35-3.06

Time to first DMT discontinuation
HR 0.90; CI95% 0.17-2.08

: __j_____{r____T_

0 0,5 15

FIGURE 3 Analysis of treatment effects in time to first relapse,
time to CDP, and time to DMT discontinuation. The treatment
effects were explored by a propensity-score adjustment in quintiles
for age, duration of disease from onset, Expanded Disability Status
Scale at baseline, relapses in the previous year, sex, and clinical
onset. CDP, confirmed disability progression; Cl, confidence
interval; DMT, disease-modifying therapies; HR, hazard ratio
[Colour figure can be viewed at wileyonlinelibrary.com]

effectiveness of first line DMTs in such a cohort has been considered
lightly, simply as the rate of patients exposed or not [6]. No specific
treatment guidelines exist for LORRMS that have been considered
a cohort of MS patients at major risk of worst clinical prognosis [2].
A recent work by Thakolwiboon et al. [21] showed preliminary
results on the effectiveness and tolerability of DMTs in a cohort of
44 |LORRMS also considering first-ine DMTs. The effectiveness
was assessed by no evidence of disease activity (NEDA) score after
12 months on therapy, and tolerability was reported as rates of discon-
tinuation for safety alerts [21]. After 12 months, the NEDA status was
obtained by 18 of 27 patients on glatiramer acetate, 6 of 13 patients on
interferons, 4 of 6 patients on dimethyl fumarate, and 10 of 19 on teri-
flunomide [21]. However, efficacy of each DMT in that study should
not be compared due to small sample size and possible selection bias.
LORRMS represents a very frail cohort of people with RRMS,
because they are more prone to the worst prognosis in term of dis-
ability accrual, as previously described [5-7,22,23].
Immunosenescence is a matter of debate in the neuroimmunol-
ogy field for the qualitative and quantitative changes occurring to
adaptive and innate immunity compartments during aging [24].
These changes may be additive or synergistic with the effects
produced by immunomodulatory and immunosuppressive medica-
tions, which could lead to a lower efficacy and tolerance of drugs
with a higher rate of therapeutic failure and side effects [24].
To date, more studies are needed for a better understanding of
the benefits of DMTs in LORRMS, both in clinical trials and in the
real-world setting.
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FIGURE 4 Time to confirmed disability progression between
the two groups. Cl, confidence interval; IG, injectable group; OG,
oral group; St. error, standard error [Colour figure can be viewed at
wileyonlinelibrary.com]

Big data registries offer the opportunity to study real-world clin-
ical outcomes in large cohorts of patients, and the strengths of our
work include the generalizability, the representation of daily clinical
MS practice, and the large cohort of patients collected in the Italian
MS Register, which is the largest national clinical database with
about 140 connected Italian MS centers [10,25].

Age at onset should be associated with a personalized treatment
algorithm, considering the disease heterogeneity and the increasing
number of DMTs available. Additionally, the long-term data on the
DMTSs' efficacy and safety are mandatory to inform decision making.

The primary limitation of our study is the observational nature of
the data. To mitigate the imbalance due to heterogeneity of data, we
have employed a IPTW PS adjustment. Furthermore, to overcome
biases related to data collection, we have conducted a sensitivity
analysis limited to patients with at least 30 months of follow-up
[26-29].

Another limit is due to the lack of magnetic resonance imaging
data, because the current criteria for defining the efficacy of a treat-
ment of MS must consider the presence of new or active (enhanc-
ing) lesions on magnetic resonance imaging scans [30]. These data
are missing in many real-world studies. The level of evidence of a
descriptive study without MRI data is limited and cannot replace a

non-inferiority trial.

FIGURE 5 Time to first disease-modifying treatment
discontinuation between the two groups. Cl, confidence interval;
IG, injectable group; OG, oral group; St. error, standard error
[Colour figure can be viewed at wileyonlinelibrary.com]

Furthermore, we have no detailed data to adequately compare
the safety profile of the investigated drugs, because data were not
sufficiently complete to enable such an analysis.

Further research is needed to more accurately identify the DMTs
that could fit better in a LORRMS cohort, both for efficacy and for

safety issues in a real-world setting.
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