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A B S T R A C T

Observational studies investigate a wide range of topics in multiple sclerosis research. This paper presents an
overview of the various observational designs and their applications in clinical studies. Observational studies are
well suited for making discoveries and assessing new explanations of phenomena, but less so for establishing
causal relationships, due to confounding by indication (selection bias), co-morbidity, socio-economic or other
factors. Whether observational findings are demonstrative, indicative or only suggestive, depends on the re-
search question, whether and how the design fits this question, analytical techniques, and the quality of data.
Observational studies may be cross-sectional vs. longitudinal, and prospective vs. retrospective. The term ‘ret-
rograde’ is proposed to explicate that cross-sectional studies may obtain data that cover (long) preceding periods.

Case reports and case series are usually based on accidental observations or routinely collected data. Cross-
sectional studies, by simultaneously assessing clinical phenomena and external factors, enable the discovery and
quantification of associations. In ecological studies the unit of analysis is population or group, and relationships
on patient level cannot be established. A cohort study is a longitudinal study that investigates patients with a
defining characteristic, e.g. diagnosis or specific treatment, by analyzing data acquired at various intervals.
Prospective cohort studies use (some) data that are not yet available at the time the research is conceived,
whereas in retrospective studies the data already exist. In a case-control study a representative group of patients
with a specific clinical feature is compared with controls, and the frequencies at which an external factor, e.g.
infection, has occurred in each group is compared; in a nested case-control study controls are drawn from a fully
known cohort. Randomized controlled trial (RCT)-extension studies are informative because, due to RCT ran-
domization, they are free from confounding by indication. Patient or disease registries are organised systems for
the long-term collection of uniform data on a population that is defined by a particular disease, condition or
exposure, with the purpose to study changes over time.

In pharmacotherapeutic research, accidental observations of unexpected beneficial effects may lead to further
research into a drug's efficacy in other conditions. Uncontrolled phase 1 studies investigate safety and dosing
aspects. Observational studies are alternatives to RCTs when these are not feasible for ethical or practical rea-
sons. Phase 4 observational studies play a crucial role in the evaluation of the effectiveness of treatments in daily
practice, the validation of RCT-based side effect profiles, and the discovery of late occurring or rare, potentially
life-threatening side effects. Combinations of multidisciplinary longitudinal data bases into large data sets enable
the development of algorithms for personalized treatments.

To improve the reporting of observational findings on treatment effectiveness, it is proposed that abstracts
define the research question(s) the study was meant to answer, study design and analytical methods, and identify
and quantify the patient population, treatment of interest, relevant outcomes and the study's strengths and
limitations. The development of guidelines for Strengthening the Reporting of Observational Studies in
Effectiveness Research (STROBER), as an extension of the guidelines used in epidemiology, is wanted.
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1. Introduction

The importance of observational studies in multiple sclerosis (MS)
research has long been under-appreciated by neurologists and clinical
researchers (Feigin and Howard, 2008). In the last decades, due to an
increasing number of randomised controlled trials (RCTs) on the effi-
cacy of disease-modifying drugs (DMDs), the RCT design became to be
perceived as virtually the only valid method in therapeutic research
(Feigin and Howard, 2008). In fact, however, a considerable number of
theoretical and practical questions can be answered only with ob-
servational data (Feigin and Howard, 2008).

In recent years the appraisal of observational studies in clinical MS
research has increased (Trojano et al., 2007), especially since neurol-
ogists have come to realize that discussions regarding the effectiveness
of DMD treatments can be resolved only by using high-quality data
acquired via observations in daily practice (Kalincik and Butzkueven,
2016; Sormani and Bruzzi, 2015; Trojano et al., 2017). Thus, a PubMed
search using the entries ‘multiple sclerosis’ and ‘observational’ showed
that in the years 2008–2018 the number of articles had increased from
21 to 160 per year. Accordingly, a common understanding of the evi-
dence from observational studies is becoming a basis for supporting
clinical decision-making.

However, the critical valuation and interpretation of observational
reports by clinical neurologists may be hampered by specific metho-
dological aspects of study designs they are not sufficiently familiar with
(Hernan et al., 2004; Kalincik and Butzkueven, 2016; Trojano et al.,
2017).

In view of the above, this article aims to present an overview of
observational study designs used in clinical MS research, and of those
pharmacotherapeutic research questions that can be answered only or
mainly by observational data. The latter regard the effectiveness of
treatments, validation of RCT-based side effect and safety profiles,
identification of late or rare side effects, and alternatives to RCTs where
these are not feasible.

2. Epistemological aspects

2.1. Observations in medical science

An observation may be defined as ‘an act of recognizing and noting
a fact or occurrence often involving measurement with instruments’, as
well as ‘a judgment on or inference from what one has observed’
(Merriam-Webster, 2018). Accordingly, observational studies are stu-
dies that draw inferences in settings where the independent variables
are not under the control of researchers (non-interventional studies) or
where there is no randomization (non-randomized interventional stu-
dies) (Vandenbroucke, 2008).

The scientific status of observational studies largely depends on the
research question. Thus, regarding the establishment of intended
treatment effects, the RCT has by far the strongest evidential value
(Feigin and Howard, 2008; Vandenbroucke, 2008), whereas observa-
tional studies have serious interpretational difficulties in this respect.
An association not necessarily reflects causality, nor the direction of
causality, as it may be coincidental or mediated by a third factor
(Vandenbroucke, 2008). Very rarely do observational reports provide
sufficient evidence for a treatment effect (Vandenbroucke, 2008; Smith
and Pell, 2003), in contrast to them being well suited for making dis-
coveries and assessing new explanations of phenomena
(Vandenbroucke, 2008; Frieden, 2017).

2.2. Confounding

When assessing the effect of a treatment on an outcome via ob-
servations the possibility of confounding by other factors must be
considered (Kyriacou and Lewis, 2016; Rothman, 2008). To be qualified
as confounding a variable has to meet three criteria (Rothman, 2008): it

must be an independent causal (or a surrogate for a casual) factor for
the outcome, must be associated with the exposure, and cannot be an
intermediate variable between treatment and outcome (Kyriacou and
Lewis, 2016; Mansournia et al., 2017; Hernan et al., 2004).

Confounding by indication (selection bias) occurs when the in-
dication for choosing a specific treatment also affects the outcome; e.g.
patients with a high annualized relapse rate (ARR) are likely to be
treated with high-efficacy DMDs, and when comparing treatment ef-
fects in non-randomized studies, the treatment with high-efficacy DMDs
may appear to result in outcomes equal to those of low-efficacy DMDs
in patients with low disease activity (Kyriacou and Lewis, 2016). An-
other example of selection bias is the preferential inclusion in RCTs of
patients with high disease activity when there is no standard treatment,
and the inclusion of patients with low disease activity when standard
treatment is available (Vandenbroucke, 2008).

Other examples of confounders are clinical conditions that exist
before or during a patient's treatment, as they may affect the outcome
and influence the type of treatment (Kyriacou and Lewis, 2016); and
socio-economic factors, as they may affect the type of treatment and the
availability of overall medical care (Kyriacou and Lewis, 2016).

2.3. Technical terms

Observational designs can be characterized by technical terms. Four
are discussed here to prevent misunderstandings and promote an un-
ambiguous use: cross-sectional, longitudinal, prospective and retro-
spective. A fifth term is introduced.

‘Cross-sectional’ are studies that focus on describing a state or
phenomenon at a fixed or indefinite time (Bailar III JC, 1986). Thus, a
study of the pharmacokinetics of a DMD describes characteristics in an
indefinite time; and a study on the association between MS diagnosis
and genetic make-up investigates phenomena that are fixed in time
(diagnosis) and indefinite (genetic make-up). Notably, cross-sectional
studies may obtain data that cover preceding periods, of months or even
years (Bailar III JC, 1986). Thus, health-related quality of life (HRQoL)
questionnaires typically ask about the previous one to four weeks; and
to calculate the Medication Possession Ratio, pharmacy data are usually
obtained over a period of months or years (Bailar III JC, 1986). To
explicate this potential backward aspect of data collection in cross-
sectional studies, we propose the term ‘retrograde’ data collection.

‘Longitudinal’ studies analyse processes over time to investigate
changes (Bailar III JC, 1986), and therefore data acquisitions are per-
formed at various intervals through time. The qualification ‘long-
itudinal’ does not depend directly on the length of the time period
covered by the observations (Bailar III JC, 1986). E.g. a study on the
cardiovascular effects of a sphingosine 1-phosphate-receptor-1 mod-
ulator would be considered longitudinal even though the observations
in patients may last an hour or less (Bailar III JC, 1986).

Prospective longitudinal studies collect or evaluate at least some
data that are not yet available at the time the research is conceived,
whereas retrospective longitudinal studies collect or evaluate data that
already exist at the time that the study is conceived.

In fact, two or more observational designs may be combined in one
study. E.g. in a registry-based study on the association between DMD
treatment and HRQoL, existing data may be analysed (retrospective
longitudinal aspect) in combination with cross-sectional data (retro-
grade cross-sectional aspect), and possibly a prospective follow-up.

The quality of observational data relate in part to the methodolo-
gical aspects the above terms refer to. E.g. retrospective studies may
analyse data that have been collected in daily practice without research
intention, whereas prospective studies are usually performed on the
basis of well-defined questions and protocols, and possibly with the
application of quality assurance measures. Moreover, in MS research,
due to patients´ cognitive impairment, retrograde acquisition of pa-
tient-reported outcomes (PROs) may negatively affect data quality.
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3. Observational study designs

3.1. Case reports and case series

These are usually based on accidental observations in clinical
practice or routinely collected clinical data (Thrift, 2009). Although the
scientific community will only rarely consider data from case reports or
case series to be a sufficient explanation of intended changes, there are
historical examples of treatments with such dramatic effects – e.g. in-
sulin for diabetes – that they were not further investigated in RCTs
(Glasziou et al., 2007; Vandenbroucke, 2008).

The evidential strength of case reports and series is high when
pertaining to unintended phenomena. Two case reports of progressive
multifocal leukoencephalopathy (PML) in relapsing remitting (RR) MS
patients treated with natalizumab in the extension phase of a RCT – in
combination with a PML report in a natalizumab-treated patient with
Crohn's disease – convinced neurologists, researchers and health au-
thorities of the causal link between natalizumab treatment and PML
(Kleinschmidt-DeMasters and Tyler, 2005; Langer-Gould et al., 2005;
Van Assche et al., 2005). The acceptance of causality was facilitated by
the background knowledge: PML had been known to occur almost ex-
clusively in patients with severe immune deficiency.

3.2. Cross-sectional studies

In cross-sectional studies the simultaneous assessment of a clinical
phenomenon and an external factor enables the discovery and quanti-
fication of associations (Thrift, 2009). Practical advantage of the cross-
sectional design is that studies can be performed relatively easy
(Thrift, 2009). However, to evaluate the causality of associations spe-
cial statistical techniques, like propensity score matching, are required.
E.g. a cross-sectional study in two groups of 50 RRMS patients, each
treated for at least one year with intramuscular interferon-beta (INF-β)-
1a or its biosimilar product, found no statistically significant differences
regarding HRQoL (Hatam et al., 2016). Although the groups did not
differ in demographic or disease characteristics, the results do not
justify the conclusion that the effect of the two DMDs on HRQoL does
not differ, as statistical procedures correcting for the absence of ran-
domization were not applied (Hatam et al., 2016). The interpretation of
an association may be further complicated when it is unknown whether
or not the exposure to a potential risk factor has preceded the occur-
rence of the phenomenon (Thrift, 2009).

3.3. Ecological studies

In ecological studies the unit of analysis is population or group, and
relationships on patient level, e.g. between exposure and effect, cannot
be established (Thrift, 2009). Populations or groups are compared be-
tween countries, or within one country at different time points
(Thrift, 2009). Generally, data are used that have been obtained for
other purposes, which explains why the interpretation of the findings
may pose difficulties (Thrift, 2009).

3.4. Cohort studies

A cohort study is a longitudinal observational study that in-
vestigates a group of patients who share a defining characteristic, e.g.
diagnosis or specific treatment, by analyzing data that have been ac-
quired at various intervals through time.

3.4.1. Prospective cohort studies
Prospective cohort studies collect or evaluate at least some data that

are not yet available at the time the research is conceived. Typically,
patients without the characteristic under investigation are followed in
time and are assessed for the occurrence of the characteristic. Examples
in MS are: conversion from clinically isolated syndrome to RRMS, from

RRMS to secondary progressive MS, or the occurrence of a relapse,
disability progression or a specific adverse event. In general, after
evaluation of patients who have been exposed and who have not been
exposed to an external factor – e.g. treatment –, the comparison of the
frequencies in both groups enables the assessment of a possible re-
lationship between the factor and the characteristic (Thrift, 2009). The
advantages of prospective cohort studies are that all cases can be as-
certained, that data collection does not depend on the patients’ memory
or hospitals’ participation, that all patients are potentially assessed in
the same way, and that multiple outcomes can be measured
(Thrift, 2009). Thus, MS patients with and without DMD treatment can
be followed up and associations can be established between disability
progression and treatment, provided that one corrects for the absence of
randomization (Trojano et al. 2007, 2009) .

Observational studies of intended changes in patients treated with a
specific (class of) DMD(s) are a special type of prospective cohort stu-
dies. Although no firm conclusion can be drawn on the causal re-
lationship between treatment and outcomes, these studies may quantify
on a group level changes occurring during treatment, and thus inform
about the chance of such changes in other groups in the same or similar
populations (Jongen et al., 2010a,b, 2014).

3.4.2. Retrospective cohort studies
Retrospective cohort studies collect or evaluate data that are ex-

isting at the time the research is conceived. Thus, to study the effect of
DMD treatment on progression to EDSS 3.0 and 6.0, and the relation-
ship between treatment effect and baseline disability, a hospital data
base of 3060 MS patients with annual clinical assessments was ana-
lyzed, applying Cox regression analysis adjusted for propensity score
and immortal time bias (Cocco et al., 2015). In comparison with un-
treated patients, the risk of EDSS 3.0 was 94% lower in patients re-
ceiving immunomodulating therapy, and the risk of EDSS 6.0 was 86%
lower; moreover, in comparison with untreated patients, the risk of
EDSS 6.0 was 91% lower in patients who received immunomodulation
before EDSS 3.0, and 75% lower in patients who received such treat-
ment after EDSS 3.0 (Cocco et al., 2015). However, as this study was
performed in a single academic center the generalizability of the results
may be limited (Cocco et al., 2015).

In general, retrospective cohort studies are less informative than
prospective ones, as data may be incomplete (Kappos et al., 2015b).
Especially in long-term studies, patient assessments may be relatively
infrequent, follow-up intervals may vary, and diverse methods may
have been used for assessment (Ford et al., 2010). Other aspects of
retrospective cohort designs may also determine whether conclusions
are informative. E.g., to assess the long-term effectiveness of GA
treatment in clinical practice conditions, a retrospective cohort study
included 149 RRMS patients treated with GA for at least five years, and
defined long-term effectiveness as absence of disability progression for
at least five consecutive years (Arnal-Garcia et al., 2014). About 75% of
the patients had no disability progression for at least five consecutive
years. However, as the study selectively included patients who were 5-
year treatment-persistent, and did not inform about non-persistence in
the first five years, the practical relevance of the findings are limited
(Arnal-Garcia et al., 2014).

3.4.3. Registry-based cohort studies
Patient or disease registries are organised systems for the long-term

collection of uniform data on a population that is defined by a parti-
cular disease, condition or exposure, with the purpose to study changes
over time. Accordingly, MS registries may be general, aiming at all MS
patients in a defined area, or may focus on specific subgroups, e.g.
pregnant patients (Alwan et al., 2015), patients exposed to DMD
treatment (Ghezzi et al., 2015) or those with certain side effects
(Prosperini et al., 2016). Registries are typically used for large-scale
prospective and retrospective cohort studies. Most MS registries are
nationwide population-based quality registers, enabling health
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authorities to monitor the quality and effects of DMD treatments
(Flachenecker et al., 2014). Examples of registry types and their sci-
entific potential are presented here.

In addition to the epidemiological Danish MS Registry, there is the
obligatory Danish MS Treatment Register for patients who have re-
ceived DMD treatments (Koch-Henriksen et al., 2015; Magyari et al.,
2016; Boesen et al., 2018). Notably, analysis of the latter registry's data
of 496 patients treated with fingolimod showed that 3.9% required
prolonged cardiac monitoring due to bradycardia or second-degree at-
rioventricular block type I, a rate similar to that reported in RCTs
(Voldsgaard et al., 2017).

The voluntary Swedish national MS registry exerts nationwide
pharmacological surveillance (Andersen, 2012; Hillert and Stawiarz,
2015; Granqvist et al., 2018). Interestingly, a recent study of 2477
patients from this registry, followed up to 15 years, revealed that
starting DMD treatment within six months after the onset of disease is
associated with a 36% lower risk (HR 0.74, p=0.010) of full-time
disability pension in comparison with starting treatment after 18
months (Landfeldt et al., 2018).

The North American Research Committee on MS registry is a vo-
luntary self-reported registry, collecting clinical and socio-demographic
information through semi-annual surveys (Salter et al., 2014). Recent
studies showed that in MS patients satisfaction with treatment of
bladder, bowel and sexual problems is low (9341 patients) (Wang et al.,
2018; Fitzgerald et al., 2018), and that stigma is related to depression
(5369 patients) (Cadden et al., 2018).

The MSBase registry is an international neurologists-driven project
to study MS and other neuro-immunological disorders. The registry
contains over 52,000 patient records from 34 countries, making it the
largest repository of longitudinal, observational MS patient data
worldwide (Butzkueven et al., 2006). A recent analysis showed that
among RRMS patients initial treatment with fingolimod, alemtuzumab
or natalizumab was associated with a lower risk of conversion to sec-
ondary progressive MS vs. initial treatment with GA or INF-β
(Brown et al., 2019).

3.5. (Nested) case-control studies

3.5.1. Case-control studies
In a case-control study a representative group of patients with a

specific clinical feature is compared with an otherwise similar group of
controls (Thrift, 2009). The frequencies at which an external factor (e.g.
treatment, risk factor exposure) has occurred in each group is com-
pared, and the result is expressed as an odds ratio (OR) (Thrift, 2009).
The case-control design is particularly advantageous when studying
rare outcomes because of the savings in cost and time that would
otherwise be required to study all the controls in the population from
which the cases are selected (Essebag et al., 2003). The underlying
assumption of a case-control study is that cases and controls are random
samples selected from the same source population. However, when
controls are selected from other clinics or neighborhoods of cases, se-
lection bias may be introduced (Essebag et al., 2003). A recent case-
control study on the prevalence of malignancies in MS used a postal
survey of a large cohort of MS patients and data from consecutive out-
patients as controls (Moisset et al., 2017). After propensity score
matching for age, gender, smoking history and alcohol consumption, it
was found that 7.32% of MS patients had ever presented with a cancer
vs. 12.63% of controls (Moisset et al., 2017).

3.5.2. Nested case-control studies
A variant of the case-control design is the nested case-control study

in which controls are drawn from the population in a fully enumerated
cohort for which information on all members can be obtained
(Essebag et al., 2003). This makes it easier to satisfy the assumption
that cases and controls are random samples of the same study popula-
tion (Essebag et al., 2003). A common definition is to also demand

‘density’ (or ‘risk set’) sampling of controls, i.e. that controls are se-
lected at the time a person becomes a case, among subjects currently at
risk and not yet having developed the outcome. This clever sampling
means that one estimates the odds of being an incident case, the OR
being a good approximation of the incidence rate. Nested case-control
studies are common today, in particular nested in registries, as they
overcome several of the potential weaknesses of traditional case-control
studies. Thus, the nested case-control design is frequently used when
the exposure of interest is difficult or expensive to obtain and when the
outcome is rare. Recently, a nested case-control study assessed the odds
of previous INF-β exposure for potential adverse events in RRMS pa-
tients, and found that INF-β was associated with a 1.83 (95% CI
1.16–2.89) and 1.55 (95%CI 1.18–2.04)-fold increase in the risk of
stroke and migraine, respectively, and a 1.33 (95%CI 1.13–1.56) and
1.32 (95% CI 1.01–1.72)-fold increase in depression and hematologic
abnormalities (de Jong et al., 2017; Jongen, 2017b).

Case-control studies can also use historical data to compare with
prospective observations. Recently, the medium-term effectiveness and
cost-effectiveness of INF-β and GA treatment were studied in the UK by
using the UK Multiple Sclerosis Risk Sharing Scheme cohort and a
natural history comparator (Palace et al., 2015). Combining observa-
tional data on the progression ratio (treated vs. untreated, measured in
EDSS score and utility) with modelling techniques provided evidence
that in RRMS patients the effects of INF-β and GA treatment on dis-
ability are maintained and cost-effective over 6 years (Palace et al.,
2015).

3.6. Randomized controlled trial follow-up studies

RCT follow-up studies, in which patients in the experimental
treatment arm are compared with those having received placebo or
standard treatment, are a special type of observational study. These
studies are informative because, even though they compare only early
vs. delayed treatment, due to the randomization in the RCT phase they
are free from confounding by indication (Sormani and Bruzzi, 2015).
RCT follow-up studies may be prospective, designed as RCT-extension
studies; retrospective, when the study is limited to data that have been
documented in health records in daily practice; or cross-sectional, when
a single assessment is performed at a fixed time point possibly with
retrograde data collection (Ford et al., 2010, 2006; Kappos et al.,
2015b). In general, cross-sectional follow-up studies investigating long-
term effectiveness of treatments may be hampered by patients lost to
follow-up or not willing to participate, or centres not willing to co-
operate. In all, results from RCT follow-up studies indicate that RRMS
patients can experience sustained benefit over many years from early
DMD therapy, in comparison with patients whose treatment is delayed
(Kappos et al., 2015b, 2006).

3.7. Combinations of observational data

There is a trend to combine data from various data bases into large
data sets, as it is thought that information from multidisciplinary and
longitudinal assessments – including clinical, functional and PRO
measures – will facilitate the development of personalized treatment
and disease management (Peeters et al., 2018; Peeters, 2017). The ra-
tionale being that, as disease activity and treatment response result
from multiple interactions between various factors, classification of
individuals into subpopulations with differences in prognosis or re-
sponse to a specific treatment will require a vast amount of data
(Peeters, 2017). Conceivably, the use of large data sets in combination
with deep learning approaches may lead to evidence- and practice-
based treatment algorithms (Butzkueven et al., 2006). To optimally
realize the potential of existing and future data, the application of the
Findable, Accessible, Interoperable and Reusable (FAIR) data concept
has been proposed, as well as the development of multidisciplinary data
infrastructures (Peeters, 2017; Wilkinson et al., 2016; Peeters et al.,
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2018). In all, these concepts and their implementation will expectedly
lead to sophisticated decision-support systems, and may also provide
health insurers and regulators with long-term data on (relative) effec-
tiveness and costs of treatments (Peeters, 2017).

4. Observational studies in pharmacotherapeutic research

Observational studies play a pivotal role in pharmacotherapeutic
research: as reports of accidental observations, as phase 1 and 4 studies,
and as alternatives to phase 3 RCTs.

4.1. Accidental observations

Incidentally, accidental observations of unexpected positive clinical
changes during treatment with an authorized drug, in symptoms or
signs other than those of the disease for which the drug is given, may
lead to further research into the drug's efficacy in other conditions
(Halvorsen and Martensen-Larsen, 1978). E.g. fumaric acid esters had
been used successfully for the treatment of psoriasis vulgaris since
1959, when observations in patients who had both psoriasis and RRMS,
suggested their efficacy in MS (Meissner et al., 2012; Liu et al., 2018).
In general, accidental observations are valid methods for making dis-
coveries regarding unknown effects of established treatments
(Vandenbroucke, 2008).

4.2. Phase 1 studies

Phase 1 studies are uncontrolled trials in patients or normal persons
to investigate pharmacokinetics, pharmacodynamics and safety aspects
of different dosages of a drug. Often these are first-in-human studies,
involving about ten to 20 persons (Streeter et al., 2015; Kanhai et al.,
2018). Although patients may show improvement in surrogate or
clinical outcomes, phase 1 studies cannot inform on the drug's efficacy,
due to the small sample size and confounding variables (Sedel et al.,
2015). E.g., following accidental observations in patients with psoriasis
and RRMS, an exploratory, prospective, uncontrolled study in ten pa-
tients with RRMS and at least one gadolinium (Gd)-enhancing lesion on
T1-weighted brain MRI, found that treatment with 360mg/day and
720mg/day of fumaric acid esters was associated with statistically
significant reductions in the number and volume of Gd-enhancing le-
sions (Schimrigk et al., 2006).

4.3. Phase 4 studies

4.3.1. Effectiveness of treatment
In the post-authorization phase, studies of intended clinical changes

during treatment with a drug whose efficacy has been demonstrated in
RCTs, are crucial in pharmacotherapeutic research, as they establish the
effectiveness of the treatment. Treatment effectiveness is not only de-
termined by the drug's efficacy, but also by factors operative in real-life
conditions, like reimbursement, social environment, treatment persis-
tence and adherence to the dosing regimen. Most effectiveness studies
are observational, especially ecological, cohort and case-control. As
these studies generally include patients treated in daily practice, their
findings can easily be applied to the overall MS population. On the
other hand, if they are performed in academic hospitals or MS clinics, or
in a single region, their generalizability is rather limited.

Three specific reasons for performing post-authorization effective-
ness studies are mentioned with examples. First, the assessment of the
relative effectiveness of two or more DMDs. E.g. to compare treatment
effectiveness and persistence in RRMS patients who initiated rituximab
vs. GA or INF-β, 461 patients from the Swedish MS registry in the ri-
tuximab arm were propensity score matched with 922 patients from the
INF-β/GA comparator, showing that rituximab was associated with
87% reduction in ARR and 85% reduction in discontinuation rate re-
lative to INF-β/GA (Spelman et al., 2018).

Second, the development of treatment strategies for patient sub-
populations. The large number of DMD treatments in RRMS urges the
establishment of optimal treatment sequences for different patient
subpopulations. E.g. in patients who have to switch from a given DMD
due to persistent disease activity vs. those who have to switch because
of side effects or safety risks. Thus, Alping et al. compared outcomes for
all RRMS patients switching from natalizumab due to JC virus antibody
positivity at 3 Swedish MS centers, and findings suggested an improved
effectiveness and tolerability of rituximab compared with fingolimod in
stable patients (Alping et al., 2016). So, observational data contribute
to a differentiated use of DMDs and the development of optimal treat-
ment sequences in subpopulations of patients.

Third, the assessment of variation in the drug's efficacy. The results
of large-scale international RCTs may show variation in beneficial ef-
fects among subgroups of patients, that are defined by country, geo-
graphic region or otherwise (Yusuf and Wittes, 2016). As these varia-
tions can occasionally reflect differences in true benefits, additional
observational data – derived form treatment in daily practice – are
needed to determine whether the RCT results are likely to be real or not
(Yusuf and Wittes, 2016). However, variations in treatment effective-
ness in real-life patients may also relate to pre-existing differences, e.g.
in co-morbidities or co-medications. E.g. the lipid-lowering statins have
anti-inflammatory effects that might be therapeutic in MS (Chan et al.,
2017).

4.3.2. Validation of side effect profiles
In phase 2 and 3 RCTs selected patients are treated in settings not

representative of daily practice. To increase the clinical usefulness of
the RCTs’ data on side effects, they have to be externally validated,
especially in patients who would not have met the RCT's eligibility
criteria, e.g. due to concomitant disease or age (Rothwell, 2005).

E.g., using quality assurance measures similar to those in phase 3
trials, an international prospective cohort study found that 75% of in-
tramuscular INF-β-1a-treated RRMS patients experienced one or more
adverse events that were likely or definitely related to INF-β-1a, and
could therefore be qualified as side effects, 69% of these being mild
(Jongen et al., 2011). Moreover, in comparison with the pivotal in-
tramuscular INF-β phase 3 trial, statistically significantly lower in-
cidences were found for most of the common side effects, which sug-
gests that in daily practice clinically relevant – i.e. reported after
explicit questioning – side effects are less frequent than indicated by
phase 3 RCT data (Jongen et al., 2011).

Notably, in phase 2 and 3 RCTs side effects are systematically
evaluated by researchers asking specific predefined questions, whereas
physicians in daily practice may have to confine themselves to a single
open question. Moreover, more than a few daily-practice studies on side
effects are retrospective, single-centered, restricted to academic set-
tings, or limited to one region or country (Barra et al., 2016). Ideally,
side effect validation studies are performed prospectively in general and
academic practices, in different countries and regions, and – to enhance
data quality – apply the International Conference on Harmonization
(ICH) and Good Clinical Practice (GCP) guidelines, supported by a
clinical research organization (CRO) (Jongen et al., 2011; Jongen,
2017b).

4.3.3. Detection of rare or long-term side effects
Given their limited duration, restricted numbers of patients and the

homogeneity of patient groups, phase 2 and 3 RCTs conceivably cannot
generate adequate side effect profiles. In contrast, observational phase
4 studies are well suited to identify and quantify side effects, especially
those that are rare or occur over the longer term (de Jong et al., 2017).
Nevertheless, confounding by indication may be a problem in these
studies, especially when assessing the incidence of side effects and
when comparing incidences between treatments
(Vandenbroucke, 2008). E.g. in clinical practice, risk factors for mi-
graine or stroke might be linked to the choice of treatment (age, sex,
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body mass index, socioeconomic factors, preexisting co-morbidities,
mobility) and may thus cause different rates of these outcomes in pa-
tients with different treatments.

Unfortunately, most post-authorization studies in MS insufficiently
assess side effects. Thus, it was two decades after the introduction of the
first INF-β drug before an increased risk of stroke, migraine, depression
and hematologic abnormalities was convincingly demonstrated in INF-
β-treated patients (de Jong et al., 2017). Large-scale, prospective, ICH-
GCP-based and CRO-supported observational studies, initiated im-
mediately after market authorization, are optimally suited to the timely
detection of rare or long-term side effects and safety signals (Jongen
et al., 2011; Jongen, 2017b). Special attention should be given to bio-
similars and follow-on non-biological complex drugs, as their safety
data are limited at the time of market authorization due to relatively
small numbers of patient-years .

4.4. Alternative to randomized controlled trials

When ethical, practical or financial considerations prevent large
RCTs from being conducted, observational studies may provide second-
best evidence for the beneficial effects of treatment. E.g. it is difficult to
obtain funding for RCTs when drugs are off-label or patents have ex-
pired. In these and similar conditions observational studies may be a
realistic option to acquire actionable data (Frieden, 2017).

5. Discussion

Observational studies play a major role in clinical MS research.
Whether observational findings can be qualified as demonstrative, in-
dicative or only suggestive, mainly depends on four factors: the re-
search question, whether and how the design fits this question, the
analytical techniques applied, and the quality of the data. Thus, when
assessing intended treatment effects, RCT follow-up studies provide
stronger evidence than case series, whereas, when looking for dis-
coveries, the evidence of case series may be as strong as that of case-
control studies. The appropriateness of analytical techniques relates to
the research question and study design, and as a review of these aspects
is not within the scope of this article the reader is referred to other
publications (Kalincik and Butzkueven, 2016; Sormani and Bruzzi,
2015; Trojano et al., 2009). Several questions arise when assessing the
evidential value of observational studies with respect to data quality,
such as: was the study prospective, retrospective or cross-sectional; who
generated the data, e.g. who performed EDSS scoring; what measures
were taken to minimise inter-rater or inter-centre differences, e.g. via
standardization of EDSS scoring (Kappos et al., 2015a), MRI settings
and MRI quantification methods (Giorgio and De Stefano, 2018); who
did the data input; and which measures were taken to assure data
quality. These issues pertain a fortiori to very large-scale and multi-
disciplinary longitudinal studies – often registry-based – given the sheer
quantity of data and the diversity of data sources (Insel, 2019).

At the stage of drug approval, regulatory authorities have to rely
principally on phase 2 and 3 RCT data to evaluate adverse events and
safety risks (Schultz, 2007). After market authorization, (registry-
based) cohort studies may extensively investigate side effects and safety
issues in the real world, including previously unrecognized concerns
(Ording et al., 2016; Services, 2007). Actually, the European Union
pharmacovigilance system aims to continuously obtain information on
the safety of drugs, through spontaneous case reports, risk management
programs and observational studies (Santoro et al., 2017). National
registries may also focus on safety and side effects;. e.g. as part of the
Swedish MS registry, a national post-marketing surveillance program
monitors the safety of natalizumab (Piehl et al., 2011).

The role of observational data in assessing the effectiveness of
treatments is often disputed, given the potential influence of con-
founding factors. It has even been suggested that results from ob-
servational studies on the effectiveness of DMD treatments in MS should

not be relied on for clinical or public health decisions (Sormani and
Bruzzi, 2015). On the other hand, for many clinical and health policy
questions, the only relevant information available to aid in decision
making is based on observational data (Van Poucke et al., 2016). Ac-
tually, observational evidence for decisive clinical action is receiving
increased interest, as are ways to improve the use of multiple data
sources – including observational ones – for making treatment decisions
(Frieden, 2017; Peeters, 2017; Peeters et al., 2018). As to DMD treat-
ment in MS, the combined evidence from a large number of (registry-
based) cohort, RCT follow-up and ecological studies sufficiently con-
vinced neurologists and health authorities of the effectiveness of these
treatments to continue using them. This also holds for the view that, in
general, early DMD treatment is better than late treatment, and that late
treatment is better than no treatment at all (Cocco et al., 2015). Actu-
ally, as observational DMD studies are typically situated in real life
settings, they are particularly suited to obtaining information that is
relevant to neurologists – e.g. regarding stabilisation or improvement of
disability (EDSS score) or ‘no evidence of disease activity’ (NEDA)
status (Parks et al., 2017) and patients - e.g. regarding stabilisation or
improvement of cumbersome symptoms (e.g. fatigue) or overall con-
dition (HRQoL) (Jongen, 2017a), when they have to decide on treat-
ment options (Jongen et al., 2016). In all, obtaining actionable data
from observational research is a reasonable and achievable goal
(Frieden, 2017). Thus, by using various designs and settings, a body of
evidence is now being built on the effectiveness of specific DMD
treatments and their optimal sequences in subgroups of MS patients
(Pardo and Jones, 2017). Yet, given the very nature of their design,
observational studies may also achieve contrary or contradictory re-
sults. E.g. meta-analyses of high quality case–control studies suggested
a statistically significant association between pre-morbid head trauma
and the risk for developing MS, whereas cohort studies did not
(Lunny et al., 2014).

A problem that arises when analyzing pooled data from various data
bases, is the use of different measures of the same clinical phenomenon.
E.g. for the assessment of MS-related fatigue at least five validated
scales are being used in clinical practice and research; and for HRQoL
the common use of at least seven scales has been reported
(Jongen, 2017a). As it seems unfeasible or undesirable to try to agree
worldwide upon a single scale for a given symptom or sign, consensus
should be reached on a limited set of measures and methods should be
developed that convert various measures (Peeters et al., 2018).

Observational studies are increasingly embedded in registries.
National quality registries use a multi-stakeholder approach that ben-
efits governmental health organisations by supplying data about the use
of health services, including DMDs (Fagius et al., 2017; Johansson
et al., 2009); healthcare providers by presenting a data overview and
follow-up charts (Hillert and Stawiarz, 2015); and patients by providing
a summary of personal data and the opportunity to generate PROs
(Hillert and Stawiarz, 2015; Butzkueven et al., 2006). By combining
physician-reported, paraclinical and patient-reported outcomes, and by
linkage to other data sets, MS registries become platforms for integrated
research (Hillert and Stawiarz, 2015). However, for very large-scale
registry-based studies, especially international ones, the conclusions’
relevance for individual patients is not self-evident. E.g. treatment ef-
fectiveness partly depends on factors that may vary by country or re-
gion, and that are usually not documented, like care settings, socio-
economic circumstances and patient-caregiver relationship (Insel,
2019; Harding et al., 2019).

Well-defined criteria for reporting observational effectiveness stu-
dies – similar to the CONSORT guidelines for RCT reporting
(Moher et al., 2001) – are lacking, as the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines are de-
vised for epidemiological research (von Elm et al., 2007). Consequently,
observational reports on treatment effects may fail to provide essential
information that is necessary for understanding the quality of the study
and the relevance of its conclusions (French and Gronseth, 2008;
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Barnish and Turner, 2017). Therefore, we suggest that reports of ob-
servational effectiveness studies describe in the abstract the following
six items: question(s) the study meant to answer, study design, patient
population, treatment of interest, relevant outcomes, and strengths and
limitations of the study. To further improve the quality of reporting and
to prevent incomplete or selective reporting, an extension of STROBE
may be considered: Strengthening the Reporting of Observational Stu-
dies in Effectiveness Research (STROBER) guidelines (von Elm et al.,
2007). Furthermore, to increase among neurologists the knowledge
about methodological and quality aspects of observational studies,
these topics need to be given more attention in scientific MS journals
and at MS congresses (Winchester, 2018; Saposnik, 2019).

Future directions in observational MS research may comprise the
systematic inclusion and valuation of patient-reported and economic
outcomes (Kalincik and Butzkueven, 2016), the application of new
analytical methods, the development of predictive and treatment al-
gorithms (Trojano et al., 2017), and - perhaps most important - the use
of pharmacovigilance systems that guarantee the very early detection of
unknown, possibly life-threatening side effects (Muraro et al., 2018).
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