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ABSTRACT

We present a commentary on the inclusion
criteria and outcome measures of the major
randomized trials on multiple sclerosis. A qual-
itative comparison of the characteristics of the
enrolled patients is done. The objective is to
stimulate a discussion about the need to
improve research strategies. The discovery of
new drugs studied without personalized criteria
does not allow for useful advances in
knowledge.

Keywords: Teriflunomide; Dimethyl fumarate;
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Ozanimod; Ponesimod; Cladribine;
Ofatumumab

Key Summary Points

Over the past 20 years, many disease-
modifying therapies have become
accessible to patients with multiple
sclerosis.

Pivotal trials are designed with the same
inclusion criteria and outcome measures.

This commentary highlights that new
drugs are being investigated on patients
with similar prognostic characteristics.

Studying different drugs on very similar
patients does not allow personalizing the
therapies.

For the future, research on new therapies
for multiple sclerosis that design clinical
studies with precision medicine criteria is
required.

INTRODUCTION

Multiple sclerosis (MS) is a neurodegenerative
disease whose etiology is not yet fully

C. Avolio
Department of Medical and Surgical Sciences,
University of Foggia, Foggia, Italy

C. Avolio (&)
Multiple Sclerosis Intradipartimental Center,
Department of Neurosciences, Policlinico Riuniti,
Viale Luigi Pinto 1, 71100 Foggia, Italy
e-mail: carlo.avolio@unifg.it

D. Centonze
Multiple Sclerosis Research Unit, Department of
Systems Medicine, Tor Vergata University, Rome,
Italy

D. Centonze
Unit of Neurology and Neurorehabilitation, IRCCS
Istituto Neurologico Mediterraneo (INM)
Neuromed, Pozzilli, Italy

Neurol Ther (2022) 11:1–8

https://doi.org/10.1007/s40120-021-00291-y

http://orcid.org/0000-0002-0987-1967
http://crossmark.crossref.org/dialog/?doi=10.1007/s40120-021-00291-y&amp;domain=pdf
https://doi.org/10.1007/s40120-021-00291-y


understood [1]. Much evidence has accumu-
lated over the past 30 years regarding the role of
the immune system in MS [2]. This knowledge
has opened the way to intense research on the
role of modulation of the immune system.
Today, many disease-modifying therapies
(DMTs) are available for patients with MS [3]. In
addition, in the last 2 decades, improvements
obtained in terms of reduction of disease activ-
ity and quality of life are evident. Nevertheless,
many questions remain unanswered. One of the
open problems is the lack of staging for prog-
nostic groups and the knowledge of predictive
factors for the response to therapies [4]. Such
uncertainties cause difficulties in offering
patients an experimental therapy whose efficacy
and safety are not known.

An indication of this difficulty is the strange
similarity of the patients enrolled in the regis-
tration trials of recent years. The designed
clinical studies with the same inclusion criteria
have led to a mass of homogeneous data. This
does not help in the choice of personalized
therapies. In this article, we compare the basal
characteristics of patients in different random-
ized studies to stimulate discussion on the need
for precision medicine in the next few years.

For our qualitative analysis, we selected ran-
domized pivotal studies conducted after 2000.
The main baseline characteristics of the ran-
domized patients were compared in a synoptic
table. For the qualitative analysis, only the
experimental arms were selected at the dosages
registered by the regulatory agencies. We use
the teriflunomide TEMSO trial [5] as a reference
value for the comparison tables.

RESULTS AND DISCUSSION

Fourteen randomized studies and nine mole-
cules were screened for a qualitative comparison
of the characteristics of the enrolled patients.
Among the various studies, the median age
values ranged from 34.5 to 41.9 years. The mean
duration of disease was between 4.9 and
8.7 years. The median expanded disability sta-
tus scale (EDSS) scores were very similar and
always between 2 and 3. Relapse rates in the
year prior to randomization were identical.

Except for the EVOLVE MS-1 study, the per-
centage of patients with Gd ? lesions was
between 32 and 43%. [5–16].

The diagnostic criteria for multiple sclerosis
have undergone several updates over the past 2
decades. The aim was to improve the sensitivity
to anticipate diagnosis and treatment and avoid
irreversible disability progression. This diag-
nostic advance effort did not have an impact on
clinical research. In fact, although the proba-
bility of correct diagnosis has improved, the
inclusion criteria of the pivotal trails have
remained the same. Despite advances in bio-
marker analysis and imaging technology,
patients enrolled in randomized trials have
strangely retained the same characteristics over
the past 20 years. The TEMSO and CLARITY
studies are among the oldest in this series. They
show striking similarity in age and disease
duration. Since then, even the trials conducted
in the following years have shown an extraor-
dinary similarity in basal characteristics
(Table 1). An exception is the recent study on
diroximel fumarate. The primary endpoint of
this pivotal study was safety. The broader
inclusion criteria made it possible to investigate
patients up to 65 years with EDSS up to 6 [15].
Statistical dispersion measures reveal a ten-
dency to enroll patients\30 years old and very
rarely those[50 years. Certainly, the inclusion
criterion of no later than 55 years is a restraint
on the recruitment of patients [ 50 years
(Table 2). Investigators probably find it too
challenging or impractical to investigate new
drugs in elderly patients or those with comor-
bidities. Furthermore, many patients[50 years
old, even if eligible, meet the exclusion criteria
because of the numerous pretreatments they
have undergone. The repetitiveness of the
median characteristics in the various studies
analyzed coincides with the prevalence rates
known to date for multiple sclerosis [17].
Therefore, the probability of offering an exper-
imental therapy reflects the average population
managed in clinical practice. The very large
standard deviation values around age and dis-
ease duration suggest some effort by clinicians
to enroll as many patients as possible. This
trend is also confirmed by the high percentage
of pretreated patients enrolled in the recent
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studies on ponesimod and diroximel fumarate.
The presence of wider inclusion criteria does
not demonstrate a change in median baseline
characteristics. The CONFIRM, ASCLEPIOS and
OPTIMUM studies allowed for randomization,
even with only magnetic resonance activity,
without relapse (Table 2). Nevertheless, the
characteristics of the median patient were very
similar to those of subjects in the other trials.
Contrarily, the choice of more stringent inclu-
sion criteria impacted the median characteris-
tics of the enrolled patients at baseline. Eligible
patients in the CARE-MS I study (alemtuzumab
vs. interferon), aged 18–50 years, were only
naı̈ve to previous DMTs. They had a disease
duration of up to 5 years and EDSS B 3. Here,
the median patient is about 4 years younger
than the in the other trials with a mean disease
duration\ 2 years [18]. The AFFIRM study (na-
talizumab versus placebo) also showed a shift in
the mean baseline characteristics of our series.
Patients pretreated with interferon beta, glati-
ramer acetate or both for [ 6 months were
excluded from randomization. Such criteria, in
the absence of many therapeutic alternatives in
2001, may have prompted investigators to
enroll naive patients with shorter disease dura-
tion [19]. The similarity of the basal character-
istics of the patients enrolled in the different
trials raises some questions. First, are we
observing a random event or an involuntary
selection bias caused by the preferences of
clinicians and patients? Second, can we make
adequate inferences from the sample to the
patient universe about the effect of these treat-
ments? Multiple sclerosis is a chronic disease
that forces clinicians and patients to switch
between DMTs. Having measured the effect of

different DMTs with the same inclusion and
exclusion criteria probably caused a homologa-
tion of the patient screening phases. The shared
prudence in enrolling naive and very young or
very old patients contributed to reducing the
representativeness and variability of the sample.
However, in clinical practice, these DMTs are
used sequentially in the absence of sequence
studies. Curiously, some recent pivotal trials
chose teriflunomide as an active comparator.
This does not allow an assessment of the dif-
ferences in effect between drugs of the same
class. Furthermore, it will be necessary to
investigate the strong differences in the effect of
teriflunomide on the same median patients in
different trials (Table 3). The introduction of
more precise inclusion criteria seems to have
some impact on patient selection. In this case
the price to pay could be a difficulty in enroll-
ment, as evidenced by the lack of randomized
trials in pediatric multiple sclerosis [20]. Fur-
thermore, the power of data directness from the
study to clinical practice would be reduced.
Recently, the German MS Register, initiated by
the Federal Association of the German Multiple
Sclerosis Society, published an evaluation of the
proportion of real-world patients fulfilling the
inclusion and exclusion criteria of the phase III
studies. Percentage of patients fulfilling all cri-
teria of pivotal trials rarely exceeded 30% [21].
This gap must stimulate a new way of con-
ducting phase III studies. Therefore, pivotal
studies should be designed with prognostically
and not epidemiologically homogeneous crite-
ria. Measuring the effect of new therapies on
prognostically similar subsets would probably
also allow for smaller sample sizes and faster
results.

Table 3 Differences in the effect of teriflunomide in different trials

Trial Study drug ARR Comparator ARR

ASCLEPIOS I Ofatumumab 0.11 Teriflunomide 0.22

ASCLEPIOS II Ofatumumab 0.10 Teriflunomide 0.25

TEMSO Teriflunomide 0.37 Placebo 0.54

TOWER Teriflunomide 0.32 Placebo 0.5

ARR annualized relapse rate

Neurol Ther (2022) 11:1–8 5



CONCLUSION

To date, genetic research on alleles associated
with multiple sclerosis susceptibility has not
provided useful information for precision med-
icine. No biomarkers for the prognostic course
of the disease have been validated [22]. Unfor-
tunately, there are no known predictors of best
response to treatment [23]. Over the past
20 years, great progress has been made in the
diagnosis of multiple sclerosis. The awareness
campaigns and multidisciplinary work have
made it possible to anticipate diagnostics.
Translational research is still very intense today.
Several independent research groups have star-
ted pharmacogenomic investigations in multi-
ple sclerosis [24]. The contributions of the
pharmaceutical companies and the efforts of
the regulatory agencies have greatly improved
the expectation and quality of life in patients
with multiple sclerosis. We suggest that future
studies should investigate the effect of therapies
more precisely. Comparing drugs with the same
mechanism of action could be a useful step
forward. Validating primary endpoints more
consistent with drug action mechanisms will
also be useful. CSF markers could be investi-
gated in randomized trials as a primary end-
point in small samples. These and other
suggestions coming from the scientific com-
munity will be the prerequisite for personalized
medicine in the coming years.
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