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Abstract

Multiple sclerosis (MS) is an autoimmune disease of the central nervous system (CNS) with a diverse disease course involving
inflammation and degeneration of neurons and axons. Multiple sclerosis results from a complex interaction of genetic and
environmental factors and clinically several disease subtypes with marked variation in symptoms can be discerned. Disease-
modifying therapies (DMTs) impact disease activity and outcome. Long-term follow-up studies of DMTs in MS have gener-
ally shown that the short-term effects in clinical trials are maintained for up to 21 years, e.g. in the case of interferon beta- 1b.
However, attainment can be a problem in these studies. On the one hand, so-called real-world studies can augment clinical
trials by providing data on the long-term effectiveness and safety of DMTs but lack, on the other hand, randomization and
may, in addition, also yield biased findings as a result of compliance issues. Long-term data from clinical trials in clinically
isolated syndrome (CIS) patients have been limited but in the case of interferon beta-1b this aspect has been addressed over
11 years in the BENEFIT 11 trial. The results suggest that early treatment results in persistent long-term benefits including
conversion to clinically definite MS (CDMS) as well as time to and risk of a first relapse. Here we primarily review the find-

ings of the BENEFIT 11 trial in the context of long-term studies.
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Natural history of multiple sclerosis

Multiple sclerosis (MS) is an autoimmune disease of the
central nervous system (CNS) involving inflammation and
degeneration of neurons and axons. Aspects of the disease
are diverse with respect to clinical presentation, disease
course, paraclinical read-outs such as magnetic resonance
imaging (MRI) and histopathological features [1, 2]. Con-
siderable research has suggested that MS is associated with
both genetic and environmental factors [3, 4] but it is still
unclear if there is a single or multiple causes for MS. A num-
ber of contributing factors increasing the susceptibility to
MS have been proposed including vitamin D, viral infections
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(most commonly Epstein—Bar virus [EBV]), obesity in ado-
lescence, latitude, female sex and smoking [1, 4-6].
Clinically, there are two different disease subtypes of
MS—relapsing MS (RMS), and progressive MS (PMS)
either manifesting itself as primary-progressive MS (PPMS)
or secondary-progressive MS (SPMS) [7]. Furthermore,
there are two defined MS pre-stage syndromes—radio-
logically and clinically isolated syndrome (RIS and CIS,
respectively). RIS is controversial in that incidental MRI
findings suggesting inflammatory demyelination are seen in
the absence of clinical symptoms. CIS, on the other hand,
is commonly accepted as the first clinical manifestation of
inflammatory CNS demyelination that may eventually con-
vert to MS but does not yet formally fulfill the criteria for
dissemination in time and space [§—10]. The definition of
CIS has considerably changed over the years. While in the
2001 and 2005 McDonald criteria CIS was defined as the
objective clinical evidence of one monosymptomatic lesion
[11, 12], the 2010 criteria stress that CIS presentations can
be monofocal or multifocal, and typically involve the optic
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nerve, brainstem/cerebellum, spinal cord, or cerebral hemi-
spheres [13]. The recent 2017 criteria state that a CIS is
a monophasic clinical episode with patient-reported symp-
toms and objective findings reflecting a focal or multifocal
inflammatory demyelinating event in the CNS, developing
acutely or subacutely. It must last at least 24 h, with or with-
out recovery, and in the absence of fever or infection, similar
to a typical multiple sclerosis relapse, but in a patient not
known to have multiple sclerosis [10]. This development
shows that with increased understanding of this entity the
definition became increasingly precise. In PMS, which is
characterized by a gradual worsening of symptoms with or
without relapses, neurodegeneration outweighs inflamma-
tion. SPMS is diagnosed in patients who show a gradual
worsening following a relapsing course.

MRI plays an important role in the diagnosis of MS.
Characteristic CNS lesions (as defined by the MAGNIMS
[Magnetic Resonance Imaging in MS] and McDonald 2017
criteria identified on MRI in combination with clinical
symptoms are usually used for diagnosis [9, 10]).

Survival and causes of death have been investigated using
patient records at Hordeland University Hospital, West Nor-
way in a 60-year population-based MS cohort (n=1388)
compared with the general population [14]. Median life
expectancy was 74.7 and 81.8 years for MS patients and
the general population, respectively (p <0.001), demonstrat-
ing that MS, per se, results in a shortened life expectancy.

Table 1 Summary of the long-term trials reviewed

Similar results were obtained in a large scale analysis of
databases from insurance companies in the US comparing
MS patients and comparator subjects. Based on data from
30,402 MS patients and 89,818 non-MS controls annual
mortality rates were calculated and shown to be 899/100,000
among MS patients and 446/100,000 among comparators.
Kaplan—Meier analysis demonstrated a median survival from
birth that was 6 years lower in MS patients versus compara-
tors [15].

The evolving concepts in the treatment of RMS have
already been concisely reviewed: Results from randomised
controlled trials in populations with CIS as well as obser-
vational clinical studies, support the efficacy of early use
of disease-modifying therapies in delaying the conversion
to clinically definite multiple sclerosis (CDMS) and post-
marketing studies have also confirmed the importance of
early treatment [16-22]. This review focuses on the lessons
learned from the extension phases of randomized-controlled
interferon beta trials.

Long-term studies in multiple sclerosis

Several long-term MS studies have been reported, which
generally follow-up shorter, randomized, controlled trials
(Table 1).

Study Patients Duration (years) DMT
16 year cohort study (follow-up) of the pivotal interferon p-1 trial in MS [23] 260, RRMS 16 IFNp-1b
A randomized cohort study 21 years after the start of the pivotal IFNf-1b trial [25] 336, RRMS 21.1 IFNp-1b
Intramuscular interferon beta-1a therapy in patients with relapsing-remitting multiple 122, RRMS 15 IFNB-1a, im
sclerosis: a 15-year follow-up study [26]
PRISMS-4: Long-term efficacy of interferon-beta-1a in relapsing MS [27] 506, RRMS 4 IFNp-1a, sc
PRISMS [28] 68.2% of original 8 IFNB-1a, sc
population,
RRMS
Continuous long-term immunomodulatory therapy in relapsing multiple sclerosis: 100, RRMS 13.6 GA
results from the 15-year analysis of the US prospective open-label study of glati-
ramer acetate [29]
Long-term follow-up of a randomized study of combination interferon and glatiramer 584, RRMS Upto7 IFNB-1a, im+GA
acetate in multiple sclerosis: efficacy and safety results up to 7 years [30]
Long-term effect of early treatment with interferon beta-1b after a first clinical event 358, CIS 5 IFNB-1b
suggestive of multiple sclerosis: 5-year active treatment extension of the phase 3
BENEFIT trial [27]
The 11-year long-term follow-up study from the randomized BENEFIT CIS trial [36] 278, CIS 11 IFNB-1b
Disease-related determinants of quality of life 10 years after clinically isolated syn- 127, CIS 10 IFNB-1a, im

drome (CHAMPIONS) [46]

PRISMS prevention of relapses and disability by Interferon beta-la subcutaneously in multiple sclerosis, CHAMPIONS controlled high risk
avonex multiple sclerosis prevention study in ongoing neurological surveillance, BENEFIT betaferon/betaseron in newly emerging MS for initial
treatment, CIS clinically isolated syndrome, GA glatiramer acetate, sc subcutaneous, im Intramuscular, /FNf interferon beta, RRMS relapsing-

remitting multiple sclerosis, DMT disease-modifying therapy
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Interferon beta-1b (IFNB-1b)

The 16-year long-term follow-up of the pivotal IFNB-1b
trial reassessed patients and evaluated which clinical and
MRI measures of the original trial predicted change in
both physical and cognitive outcomes [23]. The results
indicated that the baseline Expanded Disability Status
Score (EDSS) significantly correlated with the develop-
ment of physical disability and cognitive decline in the fur-
ther course of the disease (both p <0.0001). Furthermore,
the accrual of disability and annualized relapse rate (ARR)
in the randomized, controlled initial trial also correlated
with physical outcome but not cognition 16 years later
(both p <0.0001). Interestingly, baseline T2 lesion load
and baseline brain atrophy on MRI only correlated with
cognition (p <0.0001) but not physical outcome. In a fol-
low-up analysis the predictive validity of different NEDA
(No evidence of disease activity) composite measures at
2 years for negative disability outcomes (defined as death,
requirement for a wheelchair, EDSS 6, or progressive MS),
at 16 years and survival at 21 years after randomization
were examined [24]. Only absence of relapses or disability
progression captured by EDSS (i.e. clinical NEDA) dur-
ing the first 2 years predicted long-term clinical outcome.
NEDA-3 encompassing MR metrics of disease activity and
burden failed to increase predictive validity.

The authors concluded, therefore, that since base-
line measures showed stronger prediction than on-trial
changes, long-term outcome can be mainly determined
early in the course of MS. This is a crucial result as more
accurate prognosis of the future disease course at disease
onset will be facilitated.

A total of 366 patients (98.4% of the originally-
recruited patients) from the pivotal IFNf-1b trial could
be assessed further for all-cause mortality after 21 years
[25]. At follow-up (median 21.1 years), a total of 81 deaths
had occurred (22.1%) with a significant reduction in all-
cause mortality in patients treated with 250 ug IFNf-1b
versus placebo (p=0.0173). In addition, the hazard rate
of death was lowered by 46.8% or 46.0% (IFNp-1b treat-
ment 250 pg or 50 pg, respectively). Of note, the authors
themselves concede that it is unclear why IFNB-1b 50 pg
had a similar effect on survival as IFNB-1b 250 pg com-
pared with placebo. They assume that this benefit may be
attributable to effects of IFNf-1b, which are independent
of the dose differences. While the precise mechanisms of
IFNp-1b are still unclear, antioxidative effects might play
a role in this context. Taken together, these findings indi-
cate a significant survival advantage for patients treated
earlier with IFNB-1b compared with placebo. Of note and
as pointed out above, several reports have indicated that
patients with MS have a shorter life expectancy [14, 15].
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Interferon beta-1a (IFNB-1a)

Patients with RRMS from the randomized, placebo-con-
trolled, double-blind, 2-year trial of intramuscular (i.m.)
IFNf-1a entered an open-label, non-standardized treatment
regime following the 2-year period [26]. In those patients
who remained on IFNf-1a (46%) there was a significantly
lower mean EDSS score (p=0.011), less progression
with better general health and greater independence after
15 years. In addition, patients continuing IFNf-1a had a bet-
ter quality of life (QOL) and less disability than patients who
were not using this DMT at 15 years.

The original Prevention of Relapses and Disability by
Interferon beta-1a Subcutaneously in Multiple Sclerosis
(PRISMS) trial of subcutaneous (s.c.) [IFNB-1a demonstrated
significant clinical and MRI benefits after 2 years with both
doses (22 and 44 ng, respectively). Patients who initially
received placebo were randomized to blinded 22 or 44 pg
IFNp-1a (crossover group), while the remainder continued
blinded treatment with the originally assigned dose. After 4
years, patients treated with IFNf-1a in the crossover group
had reduced relapse count, MRI activity and accumulation
of lesion load compared with the placebo period (p <0.001),
demonstrating that even a later initiation of therapy still
results in clinical and paraclinical benefits [27]. Patients on
continuous treatment had better overall outcomes than those
in the crossover group. Subsequently, long-term follow-up (7
or 8 years) in 68.2% of the initial population showed a con-
tinued benefit for patients initially randomized to the 44 ug
dose versus the other treatment groups [28].

Glatiramer acetate (GA)

Patients with RRMS have received continuous treatment
with glatiramer acetate (GA) as sole DMT in the ongoing
US Glatiramer Acetate Trial [29]. In this open-label study,
which started in 1991, patients were prospectively and regu-
larly evaluated and were treated on average for 13.6 years.
The ARR declined from baseline (1.12 + 0.82 versus 0.25
+ 0.34 per year), EDSS scores were stable or improved
(change <0.5 points) and 65% had not progressed to SPMS
in the ongoing patient cohort, without any long-term safety
issues.

Combination of glatiramer acetate and interferon

In a blinded extension for up to 7 years of the randomized,
controlled study of combined use of IFNB-1a and GA in
patients with RRMS, the combination showed no clinical
benefit compared with each alone [30]. An initial superior
reduction of MRI disease activity with the combination did
not result in a later clinical advantage. However, a sustained
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advantage was observed in the reduction of disease activity-
free status.

Clinical trials in CIS patients

Often CIS is the first manifestation of MS and most of these
patients will subsequently be diagnosed with MS [3, 31].
In clinical studies, CIS patients treated early with disease-
modifying therapies (DMTs) show delayed conversion to
CDMS [17, 20, 32-35]. However, relatively limited data
are available on the long-term effects of early treatment of
CIS in particular with respect to disability progression and
QOL. In this context, the results from the Betaferon/Betase-
ron in Newly Emerging Multiple Sclerosis for Initial Treat-
ment (BENEFIT) trial are of special interest as the patients
were first randomly assigned to verum or placebo and after
conversion to clinically definite multiple sclerosis (CDMS)
or 2 years, patients on placebo could switch to IFNB-1b or
another treatment [33].

The BENEFIT trial investigated the effect of IFNfB-1b
treatment after diagnosis of CIS [33]. Patients were initially
randomized to receive IFNB-1b 250 pg (early treatment) or
placebo (delayed treatment) for 2 years. Placebo patients
were offered IFNf-1b treatment after 2 years or earlier if
and when they converted to clinically definite MS CDMS.
All were then eligible to enter a prospectively-planned and
double-blinded follow-up phase for up to 5 years post-rand-
omization. Patients in the early treatment group had a 37%
reduced risk of CDMS (p =0.007) compared with delayed
treatment at 5 years, underlining the importance of early
treatment. Patients were then entered into an open-label
observational extension study for a maximum of 8.7 years.

Finally, the effects of I[FNf-1b treatment were evaluated
in a prospective, comprehensive, 11-year (from randomiza-
tion), cross-sectional assessment (BENEFIT 11) [36]. The

patients included had to have been randomized and treated
in the controlled phase at least once. The assessments
included neurological history, EDSS and several tests for
cognition, QOL, employment status and resource use. To
include the more disabled patients who could not attend one
of the centers, structured phone interviews were offered. A
validated instrument for the telephone assessment of EDSS
was included as part of these interviews. The primary objec-
tives (disease course, relapse activity, change in disability,
cognitive function, resource use and working status) and
secondary objectives (MRI assessment, treatment history,
QOL, fatigue, depression) were assessed with proportional
hazards regression. Of note, patients in the “delayed” treat-
ment group started on average only 1.5 years later than those
with “early” treatment start, thus qualifying both groups as
patients with a relatively early treatment start within a maxi-
mum of 2 years after CIS. In addition, the patient cohort in
this study had active disease and high baseline T2 lesion
load.

Of the 97 original BENEFIT sites, 66 participated in
BENEFIT 11, enrolling overall 59.7% patients from the orig-
inal BENEFIT study. In total, 71.3% of those randomized
at these sites were evaluated in BENEFIT 11. Patients from
both the early- and delayed-treatment arms had similar base-
line characteristics and were comparable to the whole BEN-
EFIT cohort. The results showed that the early treatment
group demonstrated considerable improvement compared
with those who had delayed treatment (Table 2). A reduc-
tion of 33% in the risk of converting to CDMS was seen
in the early-treatment group compared with those treated
later (p=0.0012) and the time to CDMS was shorter in the
delayed-treatment group (log rank p =0.0034) (Fig. 1). Fur-
thermore, the time to first relapse was reduced in the delayed-
treatment group (p =0.0005) while risk of a first relapse
was reduced by 34.5% in those treated early compared with

Table 2 Patient characteristics at last follow-up before the BENEFIT 11 study [36]

At last follow-up before BENEFIT 11*

Did not enter BENEFIT 11

Participated in BENEFIT 11

Early treatment

Delayed treatment Overall

Early treatment ~ Delayed treatment Overall

167 111 278
92 (55.1) 68 (61.3) 160 (57.6)
0.1947 0.2517 0.2177

EDSS, median (mean), 1.5(1.72),1.0,2.0 1.5(1.52),1.0,2.0 1.5(1.65),1.0,2.0 1.5(1.68),1.0,2.0 1.5(1.69),1.0,2.5 1.5(1.69), 1.0,2.5

n 125 65 190
CDMS, n (%) 48 (38.4) 35(53.8) 83 (43.7)
ARR 0.1995 0.2653 0.2196
QlL, Q3
PASAT-3, median 58.0(53.0,59.0)  57.0 (49.0, 59.0)
(Q1,Q3)

57.0(52.0, 59.0)

58.0(54.0,59.5) 58.0(51.0,59.0) 58.0(53.0, 59.0)

Reproduced by permission from Kappos et al. [36]. http://www.neurology.org

BENEFIT betaferon/betaseron in newly emerging MS for initial treatment, ARR annualized relapse rate, CDMS clinically definite multiple scle-
rosis, CIS clinically isolated syndrome, EDSS expanded disability status scale, PASAT paced auditory serial addition task

*Last follow-up could have occurred at any time up to the 8-year analysis [32]
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Fig. 1 Kaplan—Meier estimates
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later. As the overall ARR was lower in the early-treatment
group, a 19.1% reduction in the risk of relapses was seen
(p=0.0018). The risk of conversion to SPMS was slightly
lower in the early group versus the delayed group (4.5% vs.
8.3%, respectively, Kaplan Meier (KM) estimate p=0.4857).
The Paced Auditory Serial Addition Task (PASAT)-3 total
score, adjusted for baseline score, was higher in early treated
patients (p =0.0070) (Fig. 2). Overall, conversion to SPMS,
change in EDSS, neuropsychological measures including

@ Springer

fatigue and depressive symptoms [Symbol Digit Modalities
Test (SDMT), Fatigue Scale for Motor and Cognitive Func-
tions (FSMC), Center for Epidemiologic Studies Depression
Scale (CES-D)], health-related QOL outcomes [EuroQoL-5
Dimension (EQ-5D), Functional Assessment of Multiple
Sclerosis (FAMS)], and MRI outcomes were similar in both
patient groups. In addition, employment and resource utili-
zation were also comparable in both groups starting treat-
ment relatively early.
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Interestingly, all outcome measures were positive when
put into context with cohorts in other trials, despite the
participants in BENEFIT 11 having highly active disease
(exemplified by the median T2 lesion number in the early
and delayed treatment groups). During the 11 years of this
trial, adverse events were consistent with the known profile
of IFNp-1b and no new safety signals were reported. The
overall findings from this study suggest that early treatment
with IFNf-1b has a long-term beneficial impact on the clini-
cal course of MS.

With regard to fatigue and depression, the prevalence
rates were lower in BENEFIT 11 over 11 years than rates
from several natural history findings such as the North
American Research Committee on Multiple Sclerosis (NAR-
COMS) database (moderate/severe fatigue prevalence 52%
and depression 13% in patients with a self-reported diag-
nosis of MS) [37] and from other studies where prevalence
rates for fatigue range from 50 to 97% and depression up
to 59.6% [38-40]. In addition, the median number of cor-
rect responses in the SDMT in BENEFIT 11 (53 in 90 s)
was similar to healthy controls and better than in patients
with RRMS in various cohorts [41, 42]. For example, Ben-
edict reported a mean score of 47.66 in RRMS and SPMS
patients versus 62.16 in controls for SDMT. In total, 73.4%
of all patients in BENEFIT 11 were still employed in the
11-year follow-up, which compares favorably with a survey
conducted by the Multiple Sclerosis International Federation
(MSIF). This online survey in 10 languages, which was com-
pleted by 8681 people from 125 countries, showed that 83%
of people were not employed due to MS, with 47% stopping
work within 3 years of MS diagnosis [43].

This 11-year long-term follow-up of the randomized
BENETFIT trial in CIS patients fulfilled criteria of an inter-
ventional phase IV trial with rigid regulatory conduct due to

the interventional diagnostic procedures undertaken. It was
an open-label follow-up of the initial randomized study that
had been double-blind during the 2 years of the placebo-con-
trolled phase and then rater-blinded up to Year 5 of the pro-
spectively planned BENEFIT / BENEFIT follow-up study.

In this trial, selection bias was minimized by facilitating
non-mobile patients to participate using telephone assess-
ments. Furthermore, there were no differences in baseline
and Year 5 characteristics between patients enrolled in
BENEFIT 11 who were treated early or late, with the only
difference being an imbalance in T2 lesion numbers in the
BENEFIT 11 cohort with a disadvantage for the early treat-
ment group.

The patients enrolled in the BENEFIT 11 study repre-
sented an ideal patient group to examine long-term benefits
of early treatment because of the frequent and comprehen-
sive assessments from the start of the first clinical event.
There was relatively stable disease after 11 years in both
treatment arms possibly because all patients were treated
relatively early in the disease course. Of note, the persistence
of the beneficial effects of early treatment were seen despite
only a short delay compared with the delayed group. In par-
ticular, ARR was lower in all but 2 of the follow-up years.
Additionally, in the BENEFIT 11 trial, the two treatment
groups did not differ in EDSS or change in EDSS. Further-
more, no difference was observed in patient-reported out-
comes. There were no significant group differences on MRI
outcomes of atrophy or lesion load. Nevertheless, there is a
high proportion of patients having EDSS score < 3.0 whereas
a natural history study from Canada found that after 10.2
years, 50% of the patients had reached EDSS score >3.0
[44].

The more favorable outcomes in the BENEFIT 11
study compared with reports from natural course studies,
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is possibly due to the overestimations from differences in
ascertainment. The lower ascertainment in other studies may
have resulted in the selection of patients with less severe dis-
ease than patients in BENEFIT 11. The trial participants in
BENEFIT 11 had highly-active disease shown by the median
T2 lesion number in both the early and delayed treatment
groups.

The effect of baseline demographics as well as other
factors was studied in the Barcelona CIS inception cohort
[45]. In total, 1045 consecutive CIS patients had brain MRI
scans within 5 months of the first attack and then at 1, 5,
10 and 15 years. Patients with an abnormal MRI scan were
more likely to convert to CDMS than those with normal
MRI scans (57% vs. 7%). These findings demonstrated that
baseline MRI characteristics impact in the long-term.

In the Controlled High Risk Avonex® Multiple Sclero-
sis Prevention Study in Ongoing Neurological Surveillance
(CHAMPIONS) trial that enrolled patients with CIS, factors
associated with QOL were assessed 10 years after the diag-
nosis of CIS [46]. Not surprisingly, both a second clinical
event indicating clinically definite MS (CDMS) and higher
EDSS at 5 and 10 years was associated with lower scores
on the 36-item Short Form Health Status Score Survey (SF-
36) Physical Component Summary at year 10 (p <0.01).
Moreover, earlier onset of CDMS in patients resulted in
worse patient-reported Physical Component Summary,
AF-36 Mental Component Summary, fatigue and pain scores
compared with those with no or later onset of CDMS after
10 years (p=0.015).

General considerations

Following proof of clinical efficacy of a drug in a controlled
trial, it is important to ascertain the long-term effects of ther-
apeutic interventions. These can be assessed by trial exten-
sion or observational studies relying on large data bases.
Extensions of clinical trials carry an advantage over obser-
vational studies since they are free from selection bias [47].

Ascertainment and selection bias

As mentioned further above, a major problem in long-term
studies is ascertainment. In the IFNf-1b 21-year study,
ascertainment was extremely high at 98.4% whereas in
other long-term studies it was significantly lower [25]. For
instance, in the s.c. IFNf-1a 8-year study ascertainment was
68.2% (48], while it was 40.5% in the IFNf-1a 15-year trial
[26], and 43% in the glatiramer acetate 15-year open label
study [29]. Therefore, long-term trial results with low ascer-
tainment may be associated with a selection bias.
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Long-term evolution of disability in treated multiple
sclerosis patients

In the prospective EPIC study (expression/genomics, prot-
eomics, imaging and clinical) of actively-treated MS patients
(recent onset of CDMS or CIS) to assess the long-term dis-
ease course and the predictive value of clinical and radio-
logic features at baseline and changes over 2 years, 41%
showed stable or improved neurological disability (EDSS)
up to 10 years compared with baseline [49]. Interestingly,
patients assessed with no evidence of disease activity in
the first 2 years had the same long-term outcomes as the
whole cohort. Similarly, 25-OH vitamin D levels in serum
had no effect on long-term disability. Overall, 10.7% (95%
CI=7.2-14%) of subjects reached EDSS > 6 while 18.1%
(95% CI 13.5-22.5%) developed SPMS from RMS at a
median time of 16.8 years.

Overall conclusions and limitations

MS is an autoimmune disease with a diverse course, and
both genetic and environmental factors are associated with
susceptibility. Several different disease subtypes have been
described and patients experience a wide range of symp-
toms. A number of long-term studies have been reported,
especially with the DMTs that were licensed first and these
generally show an advantage for early treatment. However,
ascertainment is often low, which could bias the findings.
Often patients who are doing poorly drop out and if this
occurs more frequently in one arm of a study it can produce
biased and therefore unreliable results [47].

Real-world studies, on the other hand, provide a valuable
source of data on the long-term effectiveness and safety of
DMTs and these data are usually routinely collected in clini-
cal practice. The use of AUC analysis of EDSS has been
suggested to leverage increased power from data on disabil-
ity [50]. However, there is still a need for more extensive
information on the real-world impact of these drugs, espe-
cially those licensed more recently.

To date, there is a lack of information on the long-term
effects of early treatment in CIS, particularly for disabil-
ity progression and QOL. The BENEFIT 11 follow-up of
the pivotal BENEFIT trial has addressed these aspects with
respect to IFNB-1b. The results of the BENEFIT 11 study
suggest that early treatment gives persistent long-term ben-
efits that are possibly due to an early effect on immune regu-
lation or a better preserved compensation capacity reducing
the consequences of inflammatory attacks. The BENEFIT 11
study has the longest follow-up of the published studies of
early treatment in CIS patients and includes outcome meas-
ures not used before. Furthermore, the patients recruited in
this study were at the earliest stage of the disease.
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The long-term follow-up studies with IFNs and GA have
confirmed the efficacy and safety observed in the shorter,
core clinical trials. However, the findings are more valuable
when high ascertainment is achieved and selection biases are
minimized as far as possible. Real-world data provide addi-
tional information to long-term follow-up studies in terms
of evaluating different patient populations. Perhaps the most
important outcome of long-term real-world studies investi-
gating IFNs and GA in RMS is that these medications, while
newer and more potent drugs have become available, con-
tinue to be effective MS treatments reliably reducing relapse
rate, disability progression and conversion to CDMS while
being well tolerated and remarkably safe. Therefore, they
remain valuable therapeutic options in our armamentarium.

Of course, owing to the long duration of the trials dis-
cussed here, there are some relevant limitations that merit
closer consideration. Dropout of patients is certainly a prob-
lematic point underlined by the fact that after 11 years only
71% of the originally randomized BENEFIT patients could
be analyzed. Another issue is that in the 21 year follow-up of
the original trial, it is not possible to distinguish between the
possibility that the detected survival benefit resulted from
an effect of early treatment or rather on a longer IFN-1b
exposure as original placebo patients had less cumulative
exposure to the drug. Maybe most importantly, however,
correlations between short-term measures and long-term
outcomes do not prove that these measures are true surro-
gates for long-term efficacy of any given drug. Of note, the
authors of the 16 year cohort follow-up study themselves
concede that. While the short-term measures they explored
(relapses, disability and lesion load) are generally believed
to reflect the pathological processes underlying permanent
disability in MS (inflammation, demyelination and axonal
injury) they were only modestly associated with disability
or cognitive outcomes after 16 years. Their recent follow-up
study provided evidence that absence of clinical activity at
2 years (“clinical NEDA”) had predictive validity long-term
whereas incorporation of MR metrics, as in NEDA-3 did not
increase this. Clearly, there is the necessity for an ongoing
search for better and more reliable surrogate markers such
as, for instance, NfL levels in the blood and CSF reflecting
ongoing axonal damage.

Search criteria

Online literature search for this article was performed
with PubMed (https://www.ncbi.nlm.nih.gov/pubmed)
and Google scholar.(https://scholar.google.co.uk/) using
parameters such as the respective drug or compound name
in conjunction with the key words ‘interferons’, ‘CIS’,
‘conversion’, ‘survival’ and ‘long-term benefits’. There a

large number of studies that could have been included but
it was decided to focus on the BENEFIT study.
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