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Abstract

Background: The onset of secondary progression is a pivotal event in the course of
relapsing-remitting (RR) multiple sclerosis (MS). Patients with secondary progressive
MS (SPMS) experience continuous worsening of symptoms independent of the
occurrence of relapses. Possible risk factors associated with the onset of SPMS remain
under-investigated in natural history studies of MS disease course.

Methods: We used Kaplan-Meier survival analyses and Cox regression models to
investigate the influence of gender, onset age and onset symptoms on time to and age
at SPMS in British Columbia (BC) MS patients with a RR disease onset who were
unexposed to immunomodulatory drugs.

Results: Of 5778 patients in the BCMS database with definite MS, 5207 (90%) had a
RR onset. Median time to SPMS was 21.4 years (95%Cl:20.6-22.2), reached at a
median age of 53.7 years (95%CI:53.1-54.3). Male gender and motor onset symptoms
were associated with a shorter time to and a younger age at SPMS. A younger age at
disease onset was associated with a longer time to SPMS, but also with a younger age
at secondary progression. Other onset symptoms were not associated with time to, or
age at, SPMS.

Conclusions: We identified three factors influencing the onset of SPMS in untreated
patients with RRMS: motor onset symptoms and male gender were associated with both
a shorter time to and a younger age at SPMS. A younger age at disease onset should

not be viewed as indicating a better prognosis.
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Introduction

Natural history studies of multiple sclerosis (MS) often focus on the time from disease
onset until patients reach certain landmark disability scores (such as EDSS 6.0, when a
cane is required for walking, or EDSS 8.0, when a patient is mostly restricted to a
wheelchair). Besides the accumulation of disability, patients with relapsing-remitting MS
are also at risk of experiencing a critical change in their disease course, the

development of secondary progression.*

A secondary progressive disease course has developed when a patient's clinical
condition starts to deteriorate steadily and independently of relapses. Patients with
secondary progressive MS (SPMS) have an unfavorable prognosis and can expect a
slow and unremitting worsening of their ability to function.? The onset of secondary
progression is therefore another important outcome to examine in natural history

studies.

The onset of secondary progression has been addressed by several small studies that
may have had limited power, and have often focused on patients who had already
reached SPMS.*® Tremlett and co-workers have previously investigated a subset of the
British Columbia MS (BCMS) cohort,® but when examining predictors of progression,
were unable to fully adjust findings for the different patient characteristics considered.
Here, we expand findings by examining the entire available cohort and by fitting a
multivariable model when considering possible predictors of progression. For the
present study, we investigate the natural history of secondary progression in IMD-naive

patients by examining factors associated with the time from onset to the development of
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SPMS in the whole BCMS cohort of relapsing at onset patients. Because MS is a
chronic, life-long disease, the age at which patients reach the progressive phase is
important and relevant to patients and their physicians; we have therefore also

examined the factors that influence the age at which SPMS develops.
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Methods

Clinical information

The clinical information was taken from the British Columbia MS (BCMS) database, a
longitudinal database linking the four MS clinics in British Columbia, Canada, and
capturing prospective data for over 80% of the MS population in the province.”® We
selected all patients with a diagnosis of clinically definite MS according to the Poser
diagnostic criteria,” with a relapsing-at onset disease course who were enrolled in the
database from September 1st 1980 to July 31st, 2003. SPMS disease course was
defined clinically by the treating neurologist as a progressive course following a
relapsing-remitting onset.’® Follow-up visits typically occurred annually. In order to
investigate the natural history of the disease without the possible influence of
immunomodulatory drugs (IMDs), patients who received such treatments were censored
at the first day of treatment. Gender, age at disease onset and onset symptoms (motor,
sensory, optic neuritis, and cerebellar/ataxia/brainstem), recorded at the patient’s first
BCMS clinic visit, were also extracted from this database. Age at onset was divided into
four categories: <30 years, 30 to <40, 40 to <50 and = 50 years. The main outcome
measures were the time from disease onset and from birth to the onset of secondary

progression.

Statistics

The time from disease onset to onset of secondary progression and the age at

secondary progression (i.e. time from birth to SPMS) were estimated from Kaplan-Meier
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survival analyses. Group differences in survival time were compared with log-rank tests.
In addition we built multivariable Cox regression models with the time to secondary
progression and age at secondary progression as the dependent variables. Covariates
included in these models were gender, onset symptoms and age at disease onset for
the time from onset to secondary progression, and gender and onset symptoms for the
age at secondary progression. The age at disease onset was not included as a covariate
in the model for age at secondary progression because its value is necessarily smaller
than the outcome in every case. The latter model was stratified by age at disease onset
instead. We tested for possible violations of the proportional hazards assumption in

these multivariable models with log-minus-log plots and Schoenfeld residuals.

All statistical analyses were performed with the SPSS statistical software package

version 16 (SPSS Inc, Chicago, lll., USA).

Standard Protocol Approvals, Registrations, and Patient Consents

The study was approved by the Clinical Research Ethics Board of the University of

British Columbia.
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Results

Patient cohort

Of 5778 patients with definite MS, 5207 (90%) had a relapsing-remitting onset. IMDs
had been used by 1249 (24%) patients; these patients were censored at the first day of
treatment. The date of onset of secondary progression was unavailable for 38 patients
(0.7%), these patients were excluded from all analyses. The time of disease onset was
unknown for a further 7 patients (0.1%), these patients were excluded from the analyses
of the time to secondary progression from onset of MS and from the stratified Cox
regression analysis of predictors of age at SPMS. Of the 5169 available patients, 1821

(35%) had reached SPMS by the study end.

Kaplan-Meier survival analyses

The results of the Kaplan-Meier survival analyses are shown in the table. The median
time to secondary progression was 21.4 years from onset (95% CI: 20.6 - 22.2 years)
and the median age at secondary progression was 53.7 years (95% CI: 53.1 - 54.3
years). There was wide variability in survival estimates in both the time to and the age at
secondary progression: while the 25% of patients with the quickest disease progression
reached secondary progression in less than 11.4 years and at a younger age than 45.1
years (first quartile estimated from the Kaplan-Meier analysis), the 25% with the slowest
progression reached secondary progression after more than 32 years and at an age of
more than 63.1 years (last quartile). Men and patients with motor onset symptoms

developed SPMS after a shorter time and at a younger age (See Table, Figures 1 and
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2). Patients with a younger age at onset took a longer time to SPMS, but reached SPMS

at a younger age (p<0.0005, Figure 3).

Multivariable regression models

The results of the multivariable Cox regression models are shown in the table. Male
gender and the presence of motor onset symptoms were independently associated with
a shorter time to, and a younger age at, SPMS (table). Younger age at disease onset
was associated with a longer time to SPMS; the hazard rate of reaching SPMS
increased by 27.1% (95%CIl:23.4-30.9%) for every 5-year increase in onset age (hazard

ratio per one year increase: 1.05 (95%CI: 1.04-1.06)).

Other onset symptoms were not associated with these outcomes. Our investigation of all
models with log-minus-log plots and Schoenfeld residuals showed no evidence of a

violation of the proportional hazards assumption
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Discussion

We report on the long-term follow-up of a cohort of relapsing at onset MS patients from a
population-based MS database in British Columbia, Canada. We found the onset of
secondary progression to be a gradual process in the cohort as a whole, with a steady
increase of conversions to SPMS observed over follow-up. However, the window was
wide, with SPMS being reached within one year of MS onset, through to more than 50

years post-onset, and in individuals from 11 to 82 years of age.

Overall, the median time to SPMS was 21.4 years, which is similar to that reported for
the few other cohorts in which survival analyses have been applied, including 19.1 years

in Lyon'! and 20.0 years in Lorraine, France.'

Three factors were associated with the onset of secondary progression in our cohort:

gender, age at onset and motor onset symptoms.

Male gender predicted a shorter time to, and a younger age at, SPMS in our cohort. The
influence of male gender on the time to onset of SPMS has been controversial, while
some previous studies suggested that men have a worse prognosis than women,®***3

other studies have found no such association.***® Sex hormones may play a role in this

gender difference - an increase in estrogen levels in particular is believed to reduce CNS
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inflammation.’® Relapse frequency is also reduced during pregnancy and shows a
rebound after delivery. This phenomenon has been associated with the rise and fall of
estrogen and progesterone levels during pregnancy and the postpartum period.”
Furthermore, the administration of oral estriol in women with MS resulted in a decrease
in the number and volume of gadolinium enhancing lesions on cranial MRI in one
preliminary study.”* A further trial investigating the potential therapeutic value of sex

hormones for MS is currently ongoing.?

Motor or 'long tract' onset symptoms have reportedly been associated with the time to

1114168 \vhile others have found no association between onset

SPMS in some studies,
symptoms and the timing of secondary progression.***>!’ |t is not clear why a motor
onset should impact the disease course more than other onset symptoms. The steady
worsening of neurological signs may be more apparent in patients with a motor disease
onset, and this could lead to the earlier detection of secondary progression in this group.
It is also possible that a significant portion of those patients with motor onset symptoms

have an early involvement of the spinal cord, which is believed to carry a worse

prognosis.? This merits further investigation.

The age at disease onset is considered to be the strongest predictor of the time to
SPMS.M>17 A young age at the onset of MS has long been viewed as a relatively good
prognostic sign, because a longer delay to specific disability outcomes has typically

been observed in these patients.?* In terms of the pathophysiology of MS, a younger
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age has been viewed as favorable, because older age is associated with worse recovery
from experimental demyelination in animal models due to impaired recruitment and
differentiation of oligodendrocyte precursor cells.® Our investigation of the influence of
MS onset age on conversion to SPMS shows that a younger age at MS onset should not
be viewed as favorable: patients with a young age at disease onset may take longer until
they convert to SPMS, but they are also younger at the onset of SPMS. This concurs
with recent findings from other natural history studies examining time to disability

(EDSS) milestones in both adult and pediatric MS.?*2®

The main strength of this study is the fact that we have investigated a large population-
based cohort followed for a long time period with prospectively collected data. A
limitation of our study, however, is the fact that an estimated 20% of the MS patients in
BC have not been captured by the database; we are unable to determine if these other
MS patients in BC would have progressed to SPMS faster or slower than the patients
included in this study. On the other hand, there is no reason to believe that factors such
as gender, onset symptoms and age at onset would have any different effect on disease

course amongst those not included in the database.

Recent research suggests that the use of IMDs may influence the timing of secondary
progression.’?? In this study we concentrated on untreated patients to evaluate which
factors are relevant in the natural history of the disease and to provide a treatment-naive
comparison for future cohort studies. This information may also be helpful for the design

of randomized controlled trials of the effect of IMDs on conversion to SPMS.
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Table
Kaplan-Meier estimates and multivariable hazard ratios of time to and age at secondary progression by potential risk factors
Factor n Median time to o] E;nzZrtg ri\?(\)/g o] n Median age at p ﬁgzea?cti ?ai:\gi p
0, 0,
SPMS (95% Cl) (95% Cl) SPMS (95% Cl) (95% Cl)
Overall 5162 21.4,20.6-22.2 5169 53.7,53.1-54.3
Gender
Women 3792 22.7,21.8 23.7 1.0 (reference) 3796 54.4,53.7 - 55.2 1.0 (reference)
< 0.0005 <0.0005 <0.0005 <0.0005
Men 1370 17.1,15.4 - 18.7 1.43,1.30-1.58 1373 51.2,49.9-525 1.43,1.30-1.58
Age at onset/ years* *
<30 2533 24.9,23.8-26.0 2533 48.6, 47.6 - 49.6
30 to <40 1680 18.5,17.3-19.7 1680 52.8,.51.7 - 53.8
< 0.0005 1.05, 1.04 — 1.06$ <0.0005 <0.0005 --- ---
40 to <50 761 12.2,11.0-13.4 761 56.5,54.9 - 58.0
50 and above 188 8.1,7.0-9.3 188 64.8, 63.0 - 66.5
Onset symptoms
Motor
absent 4131 22.0,21.1-229 1.0 (reference) 4137 54.1,53.3 - 54.9 1.0 (reference)
< 0.0005 0.02 0.31 0.004
present 1031 18.6,17.1 - 20.0 1.03-1.31 1032 52.9,51.7-54.1 1.12,1.06 - 1.35
Sensory
absent 2597 22.7,21.8-23.5 1.0 (reference) 2603 53.4,52.6 - 54.1 1.0 (reference)
0.22 0.95 0.29 0.68
present 2565 23.1,21.9-24.2 1.0,0.89-1.13 2566 54.7,53.3-55.2 1.03,0.91-1.16
CAB
absent 4511 23.1,22.3-23.9 1.0 (reference) 4518 53.9,53.2-54.5 1.0 (reference)
0.60 0.3 0.18 0.15
present 651 22.0,20.5-23.6 1.08,0.93-1.26 651 52.8,50.6 - 54.9 1.12,0.96 — 1.30
ON
absent 4251 21.4,20.5-22.3 1.0 (reference) 4258 53.9,53.2-54.6 1.0 (reference)
0.71 0.34 0.02 0.15
present 911 21.4,19.9-23.0 1.08,0.93-1.25 911 52.6,51.1-54.2 1.03,0.96 — 1.30

20

CAB: cerebellar, ataxia or brainstem; ON: optic neuritis; * Seven patients for whom date at disease onset was unknown were excluded from all analyses

of time to SPMS and from the analysis of the association between age at onset and age at SPMS. ** derived from Cox regression analyses
represent i

$ Hazard

ratios

a

per

year

increase in

risk
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Figure Legends

Figure 1

Kaplan-Meier curves showing time to (left) and age at (right) secondary progression by

gender.

Figure 2

Kaplan-Meier curves showing time to (left) and age at (right) secondary progression by

motor onset symptoms.

Figure 3

Kaplan-Meier curves showing time to (left) and age at (right) secondary progression by

age at disease onset.
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