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Abstract

Background: Cerebellar and brainstem symptoms are common in early stages of multiple sclerosis (MS)
yet their prognostic values remain unclear.

Objective: The aim of this study was to investigate long-term disability outcomes in patients with early
cerebellar and brainstem symptoms.

Methods: This study used data from MSBase registry. Patients with early cerebellar/brainstem presenta-
tions were identified as those with cerebellar/brainstem relapse(s) or functional system score =2 in the
initial 2 years. Early pyramidal presentation was chosen as a comparator. Andersen-Gill models were used
to compare cumulative hazards of (1) disability progression events and (2) relapses between patients with
and without early cerebellar/brainstem symptoms. Mixed effect models were used to estimate the associa-
tions between early cerebellar/brainstem presentations and expanded disability status scale (EDSS) scores.
Results: The study cohort consisted of 10,513 eligible patients, including 2723 and 3915 patients with
early cerebellar and brainstem symptoms, respectively. Early cerebellar presentation was associated with
greater hazard of progression events (HR=1.37, p<<0.001) and EDSS (f=0.16, p <0.001). Patients
with early brainstem symptoms had lower hazard of progression events (HR=0.89, p=0.01) and EDSS
(B=-0.06, p<0.001). Neither presentation was associated with changes in relapse risk.

Conclusion: Early cerebellar presentation is associated with unfavourable outcomes, while early brain-
stem presentation is associated with favourable prognosis. These presentations may be used as MS prog-
nostic markers and guide therapeutic approach.

Keywords: Multiple sclerosis, disability outcome, early symptomatology, prognostic marker, cerebellar,
brainstem
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Introduction

Cerebellar and brainstem manifestations are a com-
mon feature of multiple sclerosis (MS). They are
observed in 81.6% of all MS patients and 22.5% of
first demyelinating events.! In addition, 10.1% and
16.6% of MS relapses are reported to be of cerebellar
and brainstem presentations, respectively.? Despite

their high incidence, the relationship between cerebel-
lar and brainstem symptoms in early MS and disabil-
ity accumulation remains unclear. While cerebellar
dysfunction itself is often resistant to treatment,?
understanding the prognostic value of early cerebellar
and brainstem manifestations could help with earlier
identification of patients who may benefit from
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targeted and aggressive therapies and further our
understanding of early cerebellar/brainstem involve-
ment in MS pathogenesis.

This study investigated disability outcomes of early
cerebellar and brainstem symptoms using MSBase,
an international MS registry. We first examined the
associations between these early symptoms and long-
term disability levels as well as the risk of disability
progression. We then investigated their relationships
with further relapse activity.

Methods

Approvals and consents

The MSBase registry* (registered with World Health
Organization’s International Clinical Trials Registry
Platform (WHO ICTRP), ID ACTRN1260500045
5662) was approved by the Melbourne Health Human
Research Ethics Committee and by the local ethics
committees in all participating centres (or exemptions
granted, according to applicable local laws and regu-
lations). If required, written informed consent was
obtained from enrolled patients, in accordance with
the Declaration of Helsinki.

Database and study population

Data from 58,383 patients from 124 centres in 33 coun-
tries were extracted from the MSBase registry in March
2018. The inclusion criteria consisted of (1) diagnosis
of clinically definite relapse-onset MS? or clinically
isolated syndrome (MS course was recorded as per
clinical judgement of treating neurologists),® (2) first
expanded disability status scale (EDSS) recorded
within 2 years of MS onset, (3) availability of the mini-
mum data set — date of birth, sex, MS centres, MS onset
and first relapse date,=3 visits with recorded EDSS
scores, = 6 months between second and last EDSS and
EDSS frequency =1 per year and (4) =1 documented
clinically significant early neurological symptom.

Clinical data were recorded as part of routine clinical
practice, typically at the time of clinical visits. Data
were entered through iMed patient record system or
MSBase online data entry system. Data quality was
assessed prior to screening for inclusion and statisti-
cal analysis using a standardised procedure.”

Presentations and outcomes

Duration of MS was calculated from patient-reported
first clinical manifestation of the disease. Patients
were censored at last recorded EDSS.

Early pyramidal symptoms are well known poor
prognosis predictor in MS®-!2 and thus were chosen as
a benchmark comparison in this study.

Patients were identified as having early cerebellar/
brainstem/pyramidal symptoms if within the first
2years of MS onset, there was evidence of either
(1)=1 relapse with cerebellar/brainstem/pyramidal
symptoms or (2) EDSS cerebellar/brainstem/pyrami-
dal functional system score (FSS)=2.

The primary outcomes were disability levels and con-
firmed disability progression events. Disability was
quantified using the EDSS.!* The MSBase observa-
tional plan requires Neurostatus-accredited scorers at
each participating centre.'* Baseline EDSS was defined
as the median of all recorded EDSS within the first
2 years. Disability progression events were defined as
an increase in EDSS by 1.5, 1.0 or 0.5 steps if baseline
EDSS was 0, 1.0-5.5 or=6, respectively, confirmed
at=6months and sustained for the remainder of fol-
low-up.!> While first signs of EDSS progressions were
recorded irrespective of their association with prior
relapses, only EDSS scores recorded = 30days from
onset of a preceding relapse were used and confirmed
progression events. Multiple progression events were
allowed per patient. Occurrence of the EDSS progres-
sion events relative to the date of first MS symptoms
was calculated.

The secondary outcome was incidence of relapses.
Relapses were defined as occurrence of new symptoms
or exacerbation of existing symptoms persisting
for=24hours, in the absence of concurrent illness or
fever and occurring = 30 days after a previous relapse. '®
The onset attack was termed the ‘first relapse’.

Statistical analysis

Statistical analyses were performed using R, version
3.4.1.17 All hypotheses were tested at a two-tailed
0.05 level of significance.

Andersen-Gill models (proportional hazard models
with robust estimation of variance for multiple events)
were performed to analyse the association between
the impaired neurological domain within the first
2years and cumulative hazards of (1) disability pro-
gression events and (2) relapses.

Linear mixed effect models were used to estimate
the association between early cerebellar/brainstem/
pyramidal symptoms and EDSS recorded throughout
the follow-up. The random intercepts were included
for patient ID (given the multiple observations per
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MSBase registry, March 2018
n = 58,383

Excluded

« Diagnosis other than CIS, RRMS or SPMS, n = 6,573

« Data incomplete?, n = 9,653

« No EDSS recorded within 2 years of MS onset, n = 22 846

« Insufficient number of EDSS scores with insufficient
frequency and span of the scores®, n

* No documented clinically significant early neurological
symptom, n = 416

=8,382

Included
n=10,513

Figure 1. CONSORT flowchart of patient eligibility (primary analysis).
CIS: clinically isolated syndrome; RRMS: relapsing-remitting multiple sclerosis; SPMS: secondary-progressive multiple sclerosis;

EDSS: expanded disability status scale.

aPatients excluded due to incomplete data had date of MS onset and/or date of first relapse missing.
bPatients excluded due to insufficient number of EDSS scores had <2 EDSS recorded, <6 months between second and last EDSS, or

EDSS frequency <1 year

patient) and centre (to account for centre-specific
effects, including any systematic differences in the
years of patient inclusion). The models were adjusted
for interaction terms for symptom of early presenta-
tion with time.

All models were adjusted for known MS prognostic
markers. These included demographic markers (sex
and age at onset), clinical markers in the initial
2 years (EDSS at first visit, number of relapses, num-
ber of impaired neurological domains, time between
MS onset and first EDSS) and clinical markers at
confirmed progression events (in Andersen-Gill
models) or EDSS entries (in mixed effect models)
(disease duration, MS course, proportion of follow-
up on disease-modifying therapies (DMTs)). DMTs
were categorised into three groups: Group 1 — inter-
feron beta, glatiramer acetate and teriflunomide,
Group 2 — dimethyl fumarate, fingolimod, siponimod,
cladribine and daclizumab and Group 3 — natalizumab,
ocrelizumab, ofatumumab, rituximab, alemtuzumab
and mitoxantrone.

To identify any overlap between cerebellar and brain-
stem symptoms that could confound brainstem and
cerebellar FSS, a questionnaire containing an unfil-
tered list of symptoms/signs related to these domains
was distributed to a sample of study investigators to
assess the consensus on the classification of cerebel-
lar and brainstem symptoms.

A sensitivity analysis was performed to evaluate
patients with and without early cerebellar/brainstem/
pyramidal symptoms classified based on relapses and
FSS separately. Another sensitivity analysis, focusing

on long-term disability outcomes, was conducted by
only including patients with at least 5 years of follow-
up and with an early definite diagnosis of MS.

Results

Patient demographics

Out of 58,383 patients in the MSBase registry, 10,513
patients from 103 centres across 33 countries were
retained with the inclusion criteria (Figure 1). Early
cerebellar, brainstem and pyramidal symptoms were
documented in 2723 (25.9%), 3915 (37.2%) and 5530
(52.6%) patients, respectively. For 673 patients, both
early cerebellar and brainstem symptoms were docu-
mented. The median number of impaired domains in
the first 2 years for our cohort was two out of seven
domains. Complete remission from first relapse was
observed in 652 (24%), 1151 (29%) and 1457 (26%)
patients with early cerebellar, brainstem and pyrami-
dal symptoms, respectively. The median time from
MS onset to DMT initiation for patients with early
cerebellar, brainstem and pyramidal symptoms were
0.83, 0.86 and 0.85 years, respectively. Further demo-
graphic and clinical characteristics of the study cohort
are outlined in Table 1.

Disability accumulation

The cumulative hazards of disability progression
events are shown in Figure 2 and Table 2. Patients with
early cerebellar symptoms were at a higher risk of dis-
ability progression than those without early cerebellar
symptoms (HR=1.20,95% CI=1.08-1.33, p <0.001).
This was confirmed by the relatively higher EDSS
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Table 1. Demographic and clinical characteristics of the study cohort.

Patients
Patients, number (% female)
Age, years, mean (SD)
Disease duration, years, median (IQR)
EDSS, median (IQR)
No. of relapses in the first 2 years, median (IQR)

Disease course
CIS, number (%)

RRMS, number (%)
SPMS, number (%)
Neurological domains impaired within the first 2 years
Total number of domains impaired, median (IQR)?
Cerebellar, number of patients (% cohort)
As per EDSS/FSSbd
As per relapse phenotype®d

Brainstem, number of patients (% cohort)
As per EDSS/FSSh4d
As per relapse phenotypesd

Pyramidal, number of patients (% cohort)
As per EDSS/FSSb-d
As per relapse phenotypecd

Disease-modifying therapy (DMT)

Number of patients not exposed to DMT
During the first 2 years, number (%)
During the observation period, number (%)

Group 1¢, number exposed (%)
Proportion of time on treatmentf, median (IQR)

Group 2¢, number exposed (%)
Proportion of time on treatment’, median (IQR)
Group 3¢, number exposed (%)
Proportion of time on treatment’, median (IQR)

10,513 (70.5)

32.4(9.9) 39.3 (10.6)
0.4 (0.1-0.9) 6.3 (3.5-10.3)
2.0 (1.0-2.5) 1.5 (1.0-3.0)
2(1-3)
4846 (46) 951 (9)
5643 (54) 9139 (87)
24(0.2) 423 (4)
2(1-3)
2723 (26)
1924 (18)
1471 (14)
3915 (37)
1806 (17)
3233 (31)
5530 (53)
3520 (33)
4384 (42)
1719 (16)
1233 (12)
8108 (77)
0.64 (0.38-0.85)
2247 (21)
0.31 (0.15-0.52)
1325 (13)

0.35 (0.18-0.60)

scores observed in patients with early cerebellar dys-
function (B=0.16, 95% CI=0.14-0.18, p <0.001).

In contrast, patients who presented with early brain-
stem symptoms had lower risk of progression events
(HR=0.89, 95% CI=0.81-0.97, p=0.01) and

marginally lower EDSS scores (B=—-0.06, 95%
CI=-0.08 to —0.05, p<<0.001) when compared to
those who did not.

Patients with early pyramidal symptoms were asso-
ciated with a greater risk of disability progression
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Figure 2. Disability outcomes.

HR: hazard ratio; : regression coefficient; EDSS: expanded disability status scale.

Cumulative hazard functions for disability progression events (A, B, C) and mixed effect models of EDSS scores (D, E, F) stratified by
the presence of early cerebellar (A, D), brainstem (B, E) and pyramidal (C, F) symptoms. Each patient contributed multiple disability
progression event and EDSS entries. Shaded areas indicate 95% confidence interval (CI).

Cumulative hazard function is interpreted as the most probable count of repeatable events that would be expected for each individual by

defined time, if the exposure to the risk started at time 0.

(HR=1.23,95% CI=1.11-1.36, p <0.001) and higher
EDSS scores (=0.18, 95% CI=0.17-0.20, p < 0.001)
than in those without early pyramidal symptoms.

A model combining both early cerebellar and pyrami-
dal symptoms was used to assess for any confounding
effects between the two domains. This model con-
firmed that the cumulative hazard of disability pro-
gression events was greater in patients with early
cerebellar symptoms than in those without (HR =1.24,
95% CI=1.12-1.38, p<0.001) and was independent
from the occurrence of early pyramidal symptoms.
Similarly, patients with early pyramidal symptoms
were also at greater risk of disability progression
(HR=1.27,95% CI=1.14-1.40, p < 0.001), indepen-
dently from the occurrence of early cerebellar symp-
toms. The interaction variable between cerebellar and
pyramidal symptoms (f=0.31, 95% CI=0.30-0.33,
p<0.001) suggested a potentiation between these
two associations.

Multivariable cumulative hazards models found no
associations between the cumulative hazards of
relapses and early presentation with cerebellar
(HR=0.96, 95% CI=0.91-1.01, p=0.09), brainstem
(HR=0.99, 95% CI=0.95-1.03, p=0.63) or

pyramidal symptoms (HR=1.01, 95% CI=0.97-1.05,
p=0.52).

The responses of 27 of the study investigators to
our consensus questionnaire indicated a high degree
of consistency among investigators with symptoms
mostly well separated. For all symptoms (with the
exception of ‘postural instability”), one diagnostic cat-
egory was clearly dominant over the others. Out of 22
symptoms/signs listed, only four demonstrated over-
laps: nystagmus (78% rated as both domains), dysar-
thria (70% rated as both domains), tandem walking
impairment (26% rated as both domains) and postural
instability with falls (44% rated as brainstem only and
41% rated as cerebellar only). The full responses are
shown in Appendix 1.

Sensitivity analyses

The first sensitivity analysis was performed to eval-
uate disability outcomes of patients with and without
early cerebellar/brainstem/pyramidal symptoms
classified based on relapses and FSS separately. The
results of six cumulative hazard models of disability
progression are summarised in Table 3. The associa-
tions and their directions were consistent with the
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Table 3. Sensitivity analysis: definitions of early cerebellar, brainstem and pyramidal symptoms based on relapses and

FSS separately.

Domain affected in the first n (%) Cumulative hazard of disability progression events
2years
HR (95% CI) p-value

Cerebellar

As per FSS? 1924 (18) 1.25 (1.12—-1.40) <0.001

As per relapse phenotype® 1471 (14) 1.12 (1.00-1.25) 0.049
Brainstem

As per FSS? 1806 (17) 0.91 (0.82—-1.01) 0.077

As per relapse phenotypeP 3233 (31) 0.86 (0.79-0.95) 0.002
Pyramidal

As per FSS? 3520 (64) 1.18 (1.07-1.31) 0.001

As per relapse phenotypeP 4384 (42) 1.15 (1.05-1.25) 0.002

FSS: functional system score.

Six Andersen-Gill models of disability progression events were performed to either definition (per relapse phenotype or per impaired
EDSS functional system) for early cerebellar, brainstem and pyramidal symptoms to investigate if either definition was primarily

responsible for the overall results.

aPatients identified as having early cerebellar/brainstem/pyramidal symptoms by evidence of =1 EDSS score with cerebellar/

brainstem/pyramidal FSS = 2 within the first 2 years of MS onset.

bPatients identified as having early cerebellar/brainstem/pyramidal symptoms by evidence of = 1 relapse with cerebellar/brainstem/
pyramidal symptoms, respectively, within the first 2 years of MS onset, = 1 relapse with cerebellar/brainstem/pyramidal symptoms,

respectively.

results of the primary analysis using the compound
definition of early symptoms.

The second sensitivity analysis included 5608 patients
with definite MS and = 5-year follow-up to evaluate
long-term disability outcomes. The models confirmed
the poor long-term prognosis of early cerebellar and
pyramidal symptoms and the favourable disability
outcomes of early brainstem symptoms. These results
are summarised in Table 4.

Discussion

Using data from 10,513 patients in the observational
international MSBase registry, we have demonstrated
that the presence of cerebellar dysfunction, either at
MS onset or at any time within the first 2 years, carried
a 20% worse prognosis. Conversely, patients with
early brainstem symptoms accumulate disability at an
11% slower rate, in comparison to those without (i.e.
those whose early clinical presentation was driven by
other neurological domains). These differences in
prognosis were not mediated through differences in
the frequency of MS relapses, as the risks of further
relapses were similar in all compared patient groups.

The demographic and clinical characteristics of our
cohort were comparable to those of previous studies.
Cerebellar and brainstem manifestations were reported
in 26% and 37% of our cohort during the first 2 years,

respectively. Previous studies have reported cerebellar
symptoms in 6.7%—17% and brainstem symptoms in
19.6%—-22% of patients at disease onset.>!! The high
prevalence of these symptoms in the early years of MS
further emphasises the need to understand their influ-
ence on prognosis.

Cerebellar symptoms are common in advanced MS.
However, it is unclear if the reverse is true, that is,
whether the presence of early cerebellar symptoms
indicates faster disability progression. Some previous
studies found no association between early cerebellar
presentation and the risk of disability progression.!0:12.18
However, Amato et al. showed that cerebellar manifes-
tation at MS onset was associated with both higher dis-
ability (HR=1.48, 95% CI=1.09-2.01) and rapid shift
to secondary progressive course (HR=1.53, 95%
CI=1.01-2.32).3 Similar results were reported by Riise
and colleagues, who observed that the presence of
early cerebellar symptoms was a strong predictor of
faster disability accumulation (3=0.68, 95% CI=0.23—
1.14 and HR=1.60, 95% CI=1.07-2.40)."" In agree-
ment with these studies, our work demonstrated an
increased risk of disability progression found in
patients with early cerebellar symptoms. This observa-
tion was further confirmed by sensitivity analyses of
more than 5000 patients with long-term follow-up and
was independent from the measured potential con-
founders of disability outcomes. The unfavourable out-
comes could be explained by the early presence of gait
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5608).

Table 4. Sensitivity analysis: patients with definite MS and = 5-year follow-up (n

Relapse

Disability progression

n (%) EDSS scores

Domains

(Andersen-Gill models)

(Andersen-Gill models)

(Mixed effect models)

affected in the
first 2 years

HR (95% CI) p-value HR (95% CI) p-value

p-value

B (95% CI)

0.96
0.

1.00 (0.95-1.05)
0.95 (0.90-1.01)

0.012

1.15 (1.03-1.29)
0.90 (0.81-0.99)

<0.001
<0.001
<0.001

0.18 (0.16-0.21)
—0.07 (=0.09 to —0.04)

1504 (26.8)
2213 (39.5)
3046 (54.3)

Cerebellar
Brainstem

11

0.034

0.45

0.002 1.02 (0.97-1.07)

1.18 (1.06-1.32)

0.18 (0.16-0.21)

Pyramidal

B: regression coefficient; HR: hazard ratio; CI: confidence interval; EDSS: expanded disability status scale.

The sensitivity analysis assessed long-term outcomes by only including patients with at least 5 years of follow-up and with an early definite diagnosis of MS.

ataxia, which may exacerbate motor symptoms, includ-
ing gait impairment, and thus directly contributes to
higher EDSS. The discrepancy between our result and
that of some previous studies!®12:18 was possibly due
to differing definitions of study outcomes used.
Indeed, Harding et al.!® demonstrated that cerebellar
symptoms at disease onset was only associated with
time to certain disability milestones (EDSS 8.0 but not
EDSS 4.0 and 6.0). Similarly, Scalfari et al.2° suggested
that even though the type of clinical onset was not asso-
ciated with the latency from MS onset to SPMS, those
presenting with cerebellar symptoms at onset accumu-
lated disability faster once they reached secondary pro-
gressive phase.

In contrast, only few studies have specifically investi-
gated the prognostic value of early brainstem symp-
toms in MS, with mostly mixed results.®1%-12 In a 503
patient cohorts, brainstem symptoms at MS onset were
not identified as a prognostic marker for disability
(B=0.10, 95% CI=-0.32 to 0.53) nor the rate of con-
version into progressive MS (HR=1.25, 95%
CI=0.82-1.91)."! In contrast, Phadke'8 demonstrated a
significantly better prognosis in patients with an initial
isolated brainstem lesion (HR=0.60, 95% CI=0.38—
0.95). Brainstem relapses were also found to be associ-
ated with a higher chance of complete recovery than
relapses of other phenotypes.? Using disability accu-
mulation rather than relapse recovery as study out-
come, our results confirmed the relatively favourable
prognosis of patients with early brainstem symptoms.

Cerebellar presentations can at times be confused for
brainstem presentations in routine clinical practice. In
fact, some studies have previously investigated the
prognostic value of cerebellar and brainstem symp-
toms together as one domain.? Our study has shown
that while the time between MS onset and DMT ini-
tiation was relatively similar between the two groups,
the proportion of patients with complete recovery
from first relapse was marginally higher in patients
with early brainstem symptoms. Furthermore, the dif-
ferential rates of disability accumulation between the
two domains emphasise the need to separate cerebel-
lar from brainstem presentations in clinical practice.

Several known confounders of MS disability outcomes
were included in our statistical models. Consistent with
previous studies, we have found that older age at
onset,”21-23 male sex,%21-24 early secondary progressive
course!>?5 and a higher relapse frequency during the
first years of MS%2123.26 were invariably associated
with an increased likelihood of disability progression.
Baseline EDSS, however, was not associated with
long-term disability, most probably due to the narrow
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range of EDSS recorded in the first 2years in our
cohort. In contrast, our study confirmed that patients
with a higher number of impaired neurological
domains in the initial 2 years are at risk of further dis-
ability accumulation,®?? with 10% increase in the
cumulative hazard per each additional affected domain.
This could potentially be attributed to the relationship
between the number of impaired neurological domains
and both the extent of central nervous system damage
and the impact on ambulatory function (which is an
important determinant of EDSS scores in EDSS > 4).14
Finally, we have demonstrated that all three groups of
DMTs were associated with lower risks of disability
progression and slower disability accumulation, in
keeping with the results of other studies.?”

Our study was subject to limitations that are inherent in
the observational nature of the studied data set. The
study may be affected by selection bias, potentially
introduced by the inclusion criteria, which might limit
the generalisability of the results. We have mitigated
the risk of selection bias by limiting inclusion criteria
to the minimum necessary criteria to select patients
with sufficient information about the relevant MS
symptoms and disability. The reporting of cerebellar
and brainstem signs in clinical practice can be at times
imprecise.2® We have, therefore, compared the out-
comes in groups presenting with either cerebellar or
brainstem signs and have also attempted to minimise
the diagnostic inaccuracies by the requirement of
Neurostatus certification at each participating centre.
Furthermore, the responses to our questionnaire, whose
purpose was to assess the level of agreement and con-
sistency among a sample of study investigators, dem-
onstrated excellent differentiation between the two
domains. It should be noted that the respondents to the
questionnaire were principal investigators at partici-
pating sites and may be only partially representative of
the full cohort of study investigators. While we have
adjusted the analyses for multiple known and meas-
ured prognostic markers, the results may be subject
to unmeasured confounding. Quantification of
MS-related disability with EDSS is limited by the non-
linear nature of this scale.?® Therefore, our primary
analysis relied on 6months confirmed disability pro-
gression, a standard metric used in the clinical trials of
MS therapies, ! and was complemented by the analysis
of EDSS scores. While heterogeneity may exist in the
studied global multicentric cohort, we have controlled
for centre-specific management and within-patient
dependence by incorporating centre and patient ID as
random effects in the linear models and by clustering
patients in the Andersen-Gill models. The treatment
variables were included to adjust for modification of
disability outcomes by therapy; a reader should resist

the temptation to draw inference about treatment effec-
tiveness based on the reported hazard ratios. Given that
lesion size and load are associated with MS disability
outcomes, the lack of MRI parameters prevented us
from evaluation of this aspect of phenotypic prognos-
tics. However, this emphasises the focus of our study
on early presentations of cerebellar and brainstem
symptoms based on clinical data, which are more read-
ily available prognostic markers. The availability of
degree of remission from first relapse, documented in
only 56% of the cohort, remained another limitation in
this study. Given that relapse phenotypes are inherently
associated with different likelihood of recovery, the
differences in relapse recovery may act as a mediator
between relapse phenotype and disability accumula-
tion. Models of causal relationship should not adjust
for mediators of the relationship of interest, as this
leads to overadjustment and could introduce additional
confounding.?'32 Recovery from relapses serves as the
mediator of the relationship between relapse phenotype
and long-term disability outcomes and was therefore
not adjusted for. Finally, there is a risk that patients
with progressive MS forms may be misclassified as
having relapsing—remitting MS by their physicians
during the first 2 years of MS onset, partly due to the
typically longer time required for the diagnosis of pro-
gressive MS.333* Only 4% of our cohort was diagnosed
with SPMS during the observation period. However,
such low proportion of SPMS is not unexpected in a
cohort where 75% patients were followed up for an
average of 10.3 years from MS onset, and in the context
of active immunotherapy, which is known to delay the
onset of secondary progressive stage. There also tends
to be a hesitation among clinicians to diagnose SPMS,
as this would often limit patients’ access to DMTs.

Conclusion

Using a large and representative MS cohort, this study
has shown that early cerebellar presentation in MS is
associated with a greater risk of disability accrual,
whereas early brainstem presentation is associated
with relatively favourable disability outcomes. Our
findings could allow physicians to identify a subgroup
of MS patients at higher risk of severe irreversible
neurological disability, who may benefit from more
aggressive therapies to mitigate such unfavourable
disease trajectory.

Acknowledgements

The contributors to this study are listed in Appendix
2. The MSBase Foundation is a not-for-profit organi-
sation that receives support from Roche, Merck,
Biogen, Novartis, Bayer Schering, Sanofi Genzyme
and Teva.

journals.sagepub.com/home/msj

763


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

Multiple Sclerosis Journal 27(5)

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts
of interest with respect to the research, authorship, and/
or publication of this article: M.V.H.L., C.B.M. and
S.S. report no disclosure. D.H. received speaker hono-
raria and consulting fees from Biogen, Merck, Roche,
Teva and Novartis, as well as support for research
activities from Biogen and research grant from Czech
Ministry of Education PROGRES Q27/LF1. E.K.H.
received speaker honoraria and consultant fees from
Actelion, Biogen, Celgene, Merck, Novartis, Roche,
Sanofi and Teva and support for research activities
from Czech Ministry of Education (project Progres
Q27/LF1). M.T. received speaker honoraria from
Biogen Idec, Bayer Schering, Sanofi Aventis, Merck,
Teva, Novartis and Almirall; has received research
grants for her institution from Biogen Idec, Merck and
Novartis. G.I. received speaking honoraria from
Biogen, Novartis, Sanofi, Merck, Roche, Almirall and
Teva. S.E. received speaker honoraria and consultant
fees from Biogen Idec, Novartis, Merck, Bayer, Sanofi
Genzyme, Roche and Teva. S.O. reports no disclosure.
A.L. has served as a Bayer, Biogen, Merck Serono,
Novartis, Roche, Sanofi Genzyme and Teva Advisory
Board Member. She received travel grants and hono-
raria from Mylan, Biogen, Merck Serono, Novartis,
Roche, Sanofi Genzyme, Teva and Fondazione Italiana
Sclerosi Multipla (FISM). Her institution received
research grants from Novartis. A.P. reports no disclo-
sure. M.G. received consulting fees from Teva Canada
Innovation, Biogen, Novartis and Genzyme Sanofi; lec-
ture payments from Teva Canada Innovation, Novartis
and EMD. He has also received a research grant from
Canadian Institutes of Health Research (CIHR). P.D.
served on editorial boards and has been supported to
attend meetings by EMD, Biogen, Novartis, Genzyme
and Teva Neuroscience. He holds grants from the CIHR
and the MS Society of Canada and has received fund-
ing for investigator-initiated trials from Biogen,
Novartis and Genzyme. C.L. received consulting and
speaker fees from Celgene, Actelion, EMD-Serono, Teva
Canada Innovation, Roche, Biogen, Novartis and
Genzyme Sanofi. She holds grants from the CIHR, the
MS Society of Canada and the Grant for Multiple
Sclerosis Innovation (GMSI) from Merck-EMD-
Serono. She is a junior research scholar of the Fonds de
recherche du Québec-Santé (FRQS). R.A. received
honoraria as a speaker and for serving on scientific
advisory boards from Bayer, Biogen, GSK, Merck,
Novartis, Roche and Sanofi Genzyme. R.B. received
speaker honoraria from Bayer Schering, Biogen,
Genzyme, Merck, Novartis, Sanofi Aventis and Teva;
research grants from Bayer Schering, Biogen, Merck,
Novartis, Sanofi Aventis and Teva; congress and travel/
accommodation expense compensations by Almirall,

Bayer Schering, Biogen, Genzyme, Merck, Novartis,
Sanofi Aventis and Teva. P.S. served on scientific advi-
sory boards for Biogen Idec and Teva; she has received
funding for travel and speaker honoraria from Biogen
Idec, Merck, Teva, Sanofi Genzyme, Novartis and
Bayer and research grants for her institution from
Bayer, Biogen, Merck, Novartis, Sanofi and Teva. D.F.
received travel grants and/or speaker honoraria from
Merck, Teva, Novartis, Biogen and Sanofi Genzyme.
P.G. is a Merck, Novartis, Teva Neuroscience, Biogen
and Genzyme advisory board member, consultant for
Merck, received payments for lectures by Merck, Teva
Neuroscience and Canadian Multiple sclerosis society,
and received grants for travel from Teva Neuroscience
and Novartis. F.G'M. received honoraria or research
funding from Biogen, Genzyme, Novartis, Teva
Neurosciences, Mitsubishi and ONO Pharmaceuticals.
M.T. received travel grants from Novartis, Bayer
Schering, Merck and Teva; has participated in clinical
trials by Sanofi Aventis, Roche and Novartis. C.B.
received conference travel support from Biogen,
Novartis, Bayer Schering, Merck and Teva; has partici-
pated in clinical trials by Sanofi Aventis, Roche and
Novartis. R.H. received honoraria as consultant on sci-
entific advisory boards from Merck, Biogen, Genzyme-
Sanofi and Teva, research funding from Merck and
Biogen, and speaker honoraria from Sanofi Genzyme
and Novartis. H.B. served on scientific advisory boards
for Biogen, Novartis and Sanofi Aventis and has
received conference travel support from Novartis,
Biogen and Sanofi Aventis. He serves on steering com-
mittees for trials conducted by Biogen and Novartis
and has received research support from Merck,
Novartis and Biogen. E.P. reports the following rela-
tionships that were present during the 36 months prior
to writing this paper: he has received honoraria and/or
travel grants from Roche, Sanofi Genzyme, Novartis,
Biogen, Merck and Teva; he has received equipment
from ‘Associazione Marchigiana Sclerosi Multipla e
altre malattie neurologiche’. F.G. received research
grant from Biogen, served on scientific advisory boards
for Biogen, Novartis, Merck and Sanofi Aventis and
received funding for travel and speaker honoraria from
Biogen, Merck, Sanofi Aventis and Almirall. V.V.P.
received travel grants from Biogen, Bayer Schering,
Genzyme, Merck, Teva and Novartis Pharma. His insti-
tution receives honoraria for consultancy and lectures
from Biogen, Bayer Schering, Genzyme, Merck, Roche,
Teva and Novartis Pharma as well as research grants
from Novartis Pharma and Bayer Schering. A.S. and
B.Y. report no disclosure. J.L-S. accepted travel com-
pensation from Novartis, Biogen and Merck. Her insti-
tution receives the honoraria for talks and advisory
board commitment from Biogen, Sanofi Genzyme,
Merck, Novartis and Teva and has been involved in

764

journals.sagepub.com/home/msj


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

M Le, C Malpas et al.

clinical trials with Biogen, Clene, Novartis and Teva.
D.S. received honoraria as a consultant on scientific
advisory boards by Bayer Schering, Novartis and
Sanofi Aventis and compensation for travel from
Novartis, Biogen, Sanofi Aventis, Teva and Merck. R.A.
received conference travel support from Novartis, Teva,
Biogen, Bayer and Merck and has participated in clinical
trials by Biogen, Novartis, Teva and Actelion. R.T.
reports no disclosure. G.I. had travel/accommodations/
meeting expenses funded by Bayer Schering, Biogen,
Merck, Novartis, Sanofi Aventis and Teva. C.R-T.
received research funding, compensation for travel or
speaker honoraria from Biogen, Novartis, Merck,
Genzyme and Almirall. J.L.S-M. accepted travel com-
pensation from Novartis and Biogen, speaking hono-
raria from Biogen, Novartis, Sanofi, Merck, Almirall,
Bayer and Teva and has participated in a clinical trial
by Biogen. Y.S., R.G. and V.S. report no disclosure. J.P.
accepted travel compensation from Novartis, Biogen,
Genzyme and Teva and speaking honoraria from
Biogen, Novartis, Genzyme and Teva. A.A. received
personal fees and speaker honoraria from Teva, Merck,
Biogen—Gen Pharma, Roche, Novartis, Bayer, Sanofi
Genzyme; received travel and registration grants from
Merck, Biogen—Gen Pharma, Roche, Sanofi Genzyme
and Bayer. Y.F. received honoraria as a consultant on sci-
entific advisory boards by Novartis, Teva, Roche and
Sanofi Aventis and compensation for travel from
Novartis, Biogen, Sanofi Aventis, Teva, Roche and
Merck. P.A.McC. received funding or speaker honoraria
from Biogen, Merck, Novartis and Sanofi Aventis. T.P.
received funding or speaker honoraria from Biogen,
Merck, Novartis, Bayer Schering, Sanofi Aventis, Roche
and Genzyme. M.S. has participated in, but not received
honoraria for, advisory board activity for Biogen, Merck,
Bayer Schering, Sanofi Aventis and Novartis. M.B.
served on scientific advisory boards for Biogen, Novartis
and Genzyme and has received conference travel sup-
port from Biogen and Novartis. He serves on steering
committees for trials conducted by Novartis. His institu-
tion has received research support from Biogen, Merck
and Novartis. S.V. reports no disclosure. A.van Der W.
served on scientific advisory boards for Biogen,
Novartis, Merck and Genzyme. She has received confer-
ence travel support from Novartis, Merck, Biogen,
Genzyme and Roche. She has received research support
from Merck, Novartis and Biogen. T.K. served on scien-
tific advisory boards for Roche, Genzyme Sanofi,
Novartis, Merck and Biogen, steering committee for
Brain Atrophy Initiative by Genzyme, received confer-
ence travel support and/or speaker honoraria from
WebMD Global, Novartis, Biogen, Genzyme Sanofi,
Teva, BioCSL and Merck and received research sup-
port from Biogen.

Funding

The author(s) disclosed receipt of the following finan-
cial support for the research, authorship, and/or publi-
cation of this article: This work was financially
supported by the National Health and Medical
Research Council (1140766, 1129189, 1157717).

ORCID iDs

Dana Horakova https://orcid.org/0000-0003-1915-
0036

Sara Eichau
3128

Raed Alroughani
5436-5804

Vahid Shaygannejad (2 https://orcid.org/0000-0001-
5511-509X

Yara Dadalti Fragoso (2} https://orcid.org/0000-0001-
8726-089X

Michael H Barnett https://orcid.org/0000-0002-
2156-8864

Anneke Van Der Walt (1) https://orcid.org/0000-0002-
4278-7003

https://orcid.org/0000-0001-9159-

https://orcid.org/0000-0001-

Supplemental material
Supplemental material for this article is available
online.

References
1. Poser S, Wikstrom J and Bauer HJ. Clinical data and the
identification of special forms of multiple sclerosis in
1271 cases studied with a standardized documentation
system. J Neurol Sci 1979; 40(2-3): 159-168.

2. Kalincik T, Buzzard K, Jokubaitis V, et al. Risk of
relapse phenotype recurrence in multiple sclerosis.
Mult Scler 2014; 20(11): 1511-1522.

3. Mills RJ, Yap L and Young CA. Treatment for ataxia
in multiple sclerosis. Cochrane Database Syst Rev
2007(1): CD005029.

4. Butzkueven H, Chapman J, Cristiano E, et al.
MSBase: An international, online registry and
platform for collaborative outcomes research in
multiple sclerosis. Mult Scler 2006; 12(6): 769—774.

5. Polman CH, Reingold SC, Banwell B, et al. Diagnostic
criteria for multiple sclerosis: 2010 revisions to the
McDonald criteria. Ann Neurol 2011; 69(2): 292-302.

6. Lublin FD, Reingold SC, Cohen JA, et al. Defining
the clinical course of multiple sclerosis: The 2013
revisions. Neurology 2014; 83(3): 278-286.

7. Kalincik T, Kuhle J, Pucci E, et al. Data quality
evaluation for observational multiple sclerosis
registries. Mult Scler 2017; 23(5): 647-655.

journals.sagepub.com/home/msj

765


https://journals.sagepub.com/home/msj
https://orcid.org/0000-0003-1915-0036
https://orcid.org/0000-0003-1915-0036
https://orcid.org/0000-0001-9159-3128
https://orcid.org/0000-0001-9159-3128
https://orcid.org/0000-0001-5436-5804
https://orcid.org/0000-0001-5436-5804
https://orcid.org/0000-0001-5511-509X
https://orcid.org/0000-0001-5511-509X
https://orcid.org/0000-0001-8726-089X
https://orcid.org/0000-0001-8726-089X
https://orcid.org/0000-0002-2156-8864
https://orcid.org/0000-0002-2156-8864
https://orcid.org/0000-0002-4278-7003
https://orcid.org/0000-0002-4278-7003

Multiple Sclerosis Journal 27(5)

Visit SAGE journals online
journals.sagepub.com/
home/msj

®SAGE journals

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Amato MP, Ponziani G, Bartolozzi ML, et al. A
prospective study on the natural history of multiple
sclerosis: Clues to the conduct and interpretation of
clinical trials. J Neurol Sci 1999; 168(2): 96-106.

Kantarci O, Siva A, Eraksoy M, et al. Survival and
predictors of disability in Turkish MS patients.
Turkish Multiple Sclerosis Study Group (TUMSSG).
Neurology 1998; 51(3): 765-772.

Moreira MA, Felipe E, Mendes MF, et al. [Multiple
sclerosis: Descriptive study of its clinical forms

in 302 cases]. Arq Neuropsiquiatr 2000; 58(2B):
460-466.

Riise T, Gronning M, Fernandez O, et al. Early
prognostic factors for disability in multiple sclerosis,
a European multicenter study. Acta Neurol Scand
1992; 85(3): 212-218.

Trojano M, Avolio C, Manzari C, et al. Multivariate
analysis of predictive factors of multiple sclerosis
course with a validated method to assess clinical
events. J Neurol Neurosurg Psychiatry 1995; 58(3):
300-306.

Kurtzke JF. Rating neurologic impairment in multiple
sclerosis: An expanded disability status scale (EDSS).
Neurology 1983; 33(11): 1444-1452.

D'Souza M, Yaldizli O, John R, et al. Neurostatus
e-Scoring improves consistency of expanded
disability status scale assessments: A proof of concept
study. Mult Scler 2017; 23(4): 597-603.

Kalincik T, Cutter G, Spelman T, et al. Defining
reliable disability outcomes in multiple sclerosis.
Brain 2015; 138(Pt. 11): 3287-3298.

Schumacher GA, Beebe G, Kibler RF, et al. Problems
of experimental trials of therapy in multiple sclerosis:
Report by the panel on the evaluation of experimental
trials of therapy in multiple sclerosis. Ann N Y Acad
Sci 1965; 122: 552-568.

R: A language environment for statistical computing
[computer program]. Version 3.4.1. Vienna: R
Foundation for Statistical Computing, 2017.

Phadke JG. Clinical aspects of multiple sclerosis
in north-east Scotland with particular reference to
its course and prognosis. Brain 1990; 113(Pt. 6):
1597-1628.

Harding KE, Wardle M, Moore P, et al. Modelling the
natural history of primary progressive multiple sclerosis.
J Neurol Neurosurg Psychiatry 2015; 86(1): 13—19.

Scalfari A, Neuhaus A, Daumer M, et al. Onset of
secondary progressive phase and long-term evolution
of multiple sclerosis. J Neurol Neurosurg Psychiatry
2014; 85(1): 67-75.

Confavreux C, Vukusic S and Adeleine P. Early
clinical predictors and progression of irreversible

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

disability in multiple sclerosis: An amnesic process.
Brain 2003; 126(Pt. 4):770-782.

Runmarker B and Andersen O. Prognostic factors in
a multiple sclerosis incidence cohort with twenty-
five years of follow-up. Brain 1993; 116(Pt. 1):
117-134.

Weinshenker BG, Rice GP, Noseworthy JH,

et al. The natural history of multiple sclerosis: A
geographically based study. 3. Multivariate analysis
of predictive factors and models of outcome. Brain
1991; 114(Pt. 2): 1045-1056.

Eriksson M, Andersen O and Runmarker B. Long-
term follow up of patients with clinically isolated
syndromes, relapsing-remitting and secondary
progressive multiple sclerosis. Mult Scler 2003; 9(3):
260-274.

Scalfari A, Neuhaus A, Daumer M, et al. Age
and disability accumulation in multiple sclerosis.
Neurology 2011; 77(13): 1246-1252.

Confavreux C, Aimard G and Devic M. Course

and prognosis of multiple sclerosis assessed by the
computerized data processing of 349 patients. Brain
1980; 103(2): 281-300.

Palace J, Duddy M, Bregenzer T, et al. Effectiveness
and cost-effectiveness of interferon beta and
glatiramer acetate in the UK Multiple Sclerosis Risk
Sharing Scheme at 6 years: A clinical cohort study
with natural history comparator. Lancet Neurol 2015;
14(5): 497-505.

Parmar K, Stadelmann C, Rocca MA, et al. The role
of the cerebellum in multiple sclerosis-150 years after
Charcot. Neurosci Biobehav Rev 2018; 89: 85-98.

van Munster CE and Uitdehaag BM. Outcome
measures in clinical trials for multiple sclerosis. CNS
Drugs 2017; 31(3): 217-236.

Stewart T, Spelman T, Havrdova E, et al.
Contribution of different relapse phenotypes to
disability in multiple sclerosis. Mult Scler 2017,
23(2): 266-276.

Richiardi L, Bellocco R and Zugna D. Mediation
analysis in epidemiology: Methods, interpretation and
bias. Int J Epidemiol 2013; 42(5): 1511-1519.

Schisterman EF, Cole SR and Platt RW.
Overadjustment bias and unnecessary adjustment in
epidemiologic studies. Epidemiology 2009; 20(4):
488-495.

Lorscheider J, Buzzard K, Jokubaitis V, et al.
Defining secondary progressive multiple sclerosis.
Brain 2016; 139(Pt. 9): 2395-2405.

Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis
of multiple sclerosis: 2017 revisions of the McDonald
criteria. Lancet Neurol 2018; 17(2): 162—173.

766

journals.sagepub.com/home/msj


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

