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Mortality in patients with multiple

sclerosis
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ABSTRACT

Mortality in patients with multiple sclerosis (MS) is significantly increased compared with the general
population. Many questions concerning survival in MS are still unanswered due to the difficulty of
comparing information collected at different times and in different geographic areas. The increasing
incidence of MS, the improvement in care of the chronically disabled, and different methodologies
may explain the lack of coherence among studies’ results. Reported times to death from birth and
from disease onset/diagnosis are highly variable. Patients older at onset or with primary progressive
course have shorter survival; however, data on sex and mortality are contradictory. Changes in sex
ratio in MS over time represent one possible explanation. MS is the main cause of death in =50% of
patients and the incidence of deaths not due to MS varies among countries. Particularly, suicide is
substantially increased in patients with MS, and, despite its varying incidence, mainly due to “cultural
bias," it should be considered an MS-related cause of death. Recent results of the long-term follow-up
study of interferon-B-1b demonstrated a significant reduction of mortality among treated patients.
Notwithstanding its long latency, mortality is therefore an unambiguously valid long-term outcome in
randomized controlled trials. It usefully combines the net impact of treatment efficacy on longevity
and adverse events, which may reduce it. Neurology® 2013;81:184-192

GLOSSARY

EDR = excess death rate; IFN = interferon; MHC = major histocompatibility complex; MS = multiple sclerosis; PP = primary
progressive; RCT = randomized clinical trial, SMR = standardized mortality ratio.

Although in multiple sclerosis (MS) the accumulation of severe disability in the long term is not
strictly the immediate cause of death, patients with MS have a statistically significant increase in mor-
tality compared with the general population, with a reduction of life expectancy of 7-14 years."”'* A
number of large registries have been set up to collect longitudinal data on disease course (including
mortality), leading to similar but not always consistent conclusions. In addition, larger databases
containing information about the general population and many millions of patients have examined
all-cause mortality from other conditions as well as among patients with MS (e.g., Premier Perspective
database), helping to address some of the unanswered questions concerning survival in MS.

Patients with MS may die from causes not related to the disease.>>*'"~'> Nevertheless, for just
over half, on average, MS is recorded on death certificates as the underlying cause of death. Survival is
an endpoint with unrivaled face validity, but it is very late in the course and has never been considered
a treatment outcome measure in MS. The subject of mortality in MS tends to be underemphasized
by neurologists, as it is with many other chronic diseases, with appropriate priority focused on
symptomatic treatment and disease-modifying therapies. Limited research has been performed on
this aspect of the disease.

This review focuses on mortality trends in MS and causes of death in patients with MS, assessed
from published studies, and will discuss the challenge of comparing findings from data collected at

different times, in different geographic areas, and over varying time periods.
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ALL-CAUSE MORTALITY: TIME TRENDS AND
VARIABILITY Many methods have been employed to

assess mortality in MS. These include the classic survival
analyses (Kaplan-Meier curves and Cox regression) or
more demographic-based approaches using standardized
mortality ratios (SMRs; the ratio of observed to expected
number of deaths, using mortality in the general popula-
tion) and excess death rates (EDRs; observed minus
expected number of deaths per 1,000 person-years).

Survival analyses. Kaplan-Meier curves are nonparametric
and take into account “censored” data (i.e., patient not
reaching the endpoint).'® A disadvantage, however, is
that only a few factors can be analyzed (i.c., dichotomous
or categorical strata), and continuous variables cannot be
handled without categorization.'” In addition, mistakes
and distortions frequently arise in the display and inter-
pretation of such survival plots.”” Cox regression analysis
offers the possibility to assess the relationship between
relative survival and several independent exploratory var-
iables, and to model the time to a specific event based on
the value for a given covariate. However, the key limita-
tion is that the model requires rigid assumptions to rep-
resent time-varying effects.'® Often the predictive effect
of the prognostic factors changes over time, which vio-
lates the proportional hazards assumption of the model."”

Survival analyses can assess mortality from birth (age
at death), according to the lifespan®#!131>202! (table 1),
or from onset or diagnosis of MS*>71522% (table 2).
Each method has advantages and disadvantages. By ana-
lyzing survival from birth, mortality can be readily
compared with expected mortality in matched population-
based controls. In addition, caveats associated with dif-
ficulties due to diagnostic timing are not applicable as
the time of diagnosis and onset is bypassed. The date at
birth is both accurate and straightforward to obtain and
in large groups should measure the impact of MS on
survival in general. However, this measurement does not
take into account the duration of MS. Indeed, time from

onset or diagnosis to death allows better characterization
of the type and course of the disease.

Standardized mortality ratios and excess death rates.
Directly age-adjusted SMRs allow comparison of mortal-
ity with respect to the general population, eliminating
the effect of differing age distributions. However, the rel-
ative ranks or rates observed will depend on the standard
population chosen for comparison. Furthermore,
although advantaged by the possibility of adjusting the
analysis according to several factors (such as race or
sex), directly age-adjusted SMRs are relatively unstable
when based on small numbers of deaths. Indirectly
age-adjusted SMRs may be more useful, as the variance
is smaller and the estimated values more precise.

EDRs are computed as the difference between the
observed death rates and the expected number of deaths
based on age, sex, race, and other covariates. Although
they are not constant and tend to vary with age,® EDRs,
better than SMRs, allow comparisons of excess mortality
in different periods, after disease onset.’

Variability in mortality among cohorts. Times to death vary
considerably among cohorts (table 2). An extensive review
of natural history studies reported an overall average time
to death, from MS onset, of 35 years, ranging from 24.5
years in Scotland to 45 years in New Zealand.”” Mortality
trends may differ even between neighboring geographic
areas; MS median survival in Norway (41 years)® was 10
years longer compared to Denmark (31 years)*® (table 2).
Differences in follow-up duration and sample sizes
explain some of the large variability observed among stud-
ies (table 2). In addition, ascertainment may have
increased and care of the chronically disabled has
improved substantially, potentially explaining the
reported shorter time from diagnosis to death among
older studies. Also, before disease-modifying treatment
was available, only details of the most severe cases were
recorded, whereas currently there is more complete ascer-
tainment, with milder cases being included. Furthermore,

[ Table 1 Kaplan-Meier survival analyses from birth: Age at death in patients with MS

Study Place Mean age at death, y, by lifespan Cohort/deceased, n
Phadke (1987)% Scotland 25-807 216/216
Koch-Henriksen et al. (1998)** Denmark 58.4 6,068/6,068

Ekestern and Lebhart (2004)2° Austria 57 2,469/2,469

Redelings et al. (2006)*® United States 60.9 27,319/27,319

Hirst et al. (2008)* Wales 6583 379/221

Smestad et al. (2009)° Norway 64.0 (RRMS)/66.0 (PPMS) 386/263

Ragonese et al. (2010)%* Sicily 63 194/30

Kingwell et al. (2012)° Canada 76.7 (RRMS = 76.9/PPMS = 76.3) 6,917/1,025 (784/236)

Abbreviations: MS = multiple sclerosis; PPMS = primary progressive multiple sclerosis; RRMS = relapsing-remitting mul-

tiple sclerosis.
2Range.
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[ Table 2 Kaplan-Meier survival analyses from onset or diagnosis: Time to death in patients with MS ]

Cohort/
Study deceased, n
Leibowitz et al. (1969)3+ 266/52
Phadke (1987)*° 216/216
Riise et al. (1988)z2 598/136
Midgard et al. (1995)>° 251/70
Wallin et al. (2000)?2 2,489/2,059
Bronnum-Hansen et al. (2004)® 9,881/4,254
Grytten Torkildsen et al. (2008)8 878/198
Hirst et al. (2008)* 379/221
Smestad et al. (2009)? 386/263
Hader (2010)” 150/105
Kingwell et al. (2012)° 6,917/1,025

Survival time from onset

Mean age at onset, y or diagnosis of MS, y

326 17
24.5
Overall 27
<35 34.5
=35 21.7
33.6 Men 21.3 (75th percentile)

Women 24.5 (75th percentile)
White men 34
Black men 30

White women 43

Overall 31
347 Men 28
34.1 Women 33
Overall 41
Group 21-30 45
Group 51-60 23
43 (RRMS)
26 (PPMS)
38
27.3 (Alive at inclusion) 85
34.8 (Deceased at inclusion)
30.5 33 (Men)
28.4 38 (Women)
Chil 47.5

Abbreviations: MS = multiple sclerosis; PPMS = primary progressive multiple sclerosis; RRMS = relapsing-remitting mul-

tiple sclerosis.

time from disease onset or diagnosis is often based on
patient recall, introducing possible bias toward shorter
survival from onset.

There has been some variability in mortality reported,
even when SMRs are common endpoints (figure 1). This
is due to the declining pattern of SMR when duration of
follow-up increases, leading to a higher number of
expected and observed deaths.? In a study by Sumelaht
et al.,° the overall mortality rate remained stable during
the first 2 years after diagnosis (SMR 0.8); however, it
became significantly higher (2.4) between 2 and 9.9
years and increased further (3.1) over 10 years. This is
probably partially due to aging and increasing mor-
tality in adults.

The increasing incidence of MS in many coun-
tries®” and the lengthening of lifespan in the healthy
general population® make comparisons difficult
among datasets acquired over time. An appropriate
reference population should provide adjustment for
this effect. Comparison of results is further compli-
cated by considerable variation of duration and time
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of the observation period among studies, both affect-
ing mortality estimates.>*'"131521222531 (able 3). For
example, in serial studies from Denmark, average age
at death was initially recorded as 51 years in 1950 and
then as 60 years in 1993."" Similarly, the EDR from MS
has been reported to have decreased from approximately
12 deaths per 1,000 person-years between 1949 and
1958 to <6 between 1979 and 1988.3? Furthermore,
in Austria, the median age at death due to MS increased
by 2.9 years in women between 1970 and 2001.° Ob-
servations from Manitoba, Canada, suggested that the
age-adjusted prevalence of MS has increased year on
year.” However, this is improbably attributed solely to
prolonged survival (see Orton et al.*) and there may be
additional factors.

FACTORS AFFECTING MORTALITY Survival is affected
by several factors. It is well established that a primary
progressive (PP) course associates with faster time to
death from disease onset.2>7-212152534 However, time
to death from birth is not significantly affected by type



[ Figure 1 Standardized mortality ratios for all causes of mortality ]
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For each study, number of observed deaths/number of expected deaths in the matched general population is indicated in

brackets. SMR = standardized mortality ratio.

of disease course. Similar median/mean ages at death have
been reported between patients with PP and relapsing-
remitting onset: 78 vs 78 median years,” 68 vs 66
median years,> 76.3 vs 76.9 mean years.” A majority of
studies found an association between younger age at onset
and longer survival or lower risk of death.>*”~*>*> Nev-
ertheless, age at onset of PP** and age at onset of sec-
ondary progressive phase” do not affect time to death
from the onset of progression. Data on the prognostic
effect of type of initial symptoms also do not seem

homogenous. Groups with brainstem/cerebellar involve-

15,25 or

ment at onset have been reported to have shorter
even longer® survival. Others found no impact of initial

presentation on time to, and probability of, death.?

SEX AND MORTALITY There are contradicting data
about the relationship between sex and mortality.
Although many studies found longer survival in female
groups’2,7—9,15,25

men and women,?

others reported no difference between

712 or even a higher risk of mortality

?Long-term follow-up of randomized clinical trial.

[ Table 3 Duration of follow-up among studies of mortality in patients with multiple sclerosis (MS) ]
Duration of

Study Country Study period follow-up, y Cohort/deceased, n
Phadke (1987)® Scotland 1970-1980 10 216/216
Sadnovnick et al. (1991)*4 Canada 1972-1988 16 3,126/145
Midgard et al. (1995)2° Norway 1950-1984 34 251/70
Koch-Henriksen et al. (1998)!t Denmark 1951-1993 42 6,068/6,068
Wallin et al. (2000)22 United States 1956-1996 40 2,489/2,059
Bronnum-Hansen et al. (2004)° Denmark 1949-2000 51 9,881/4,254
Redelings et al. (2006)*2 United States 1990-2001 11 27,319/27,319
Leray et al. (2007)? France 1976-2004 28 1,879/68
Grytten Torkildsen et al. (2008)8 Norway 1953-2005 52 878/198
Hirst et al. (2008)* Wales 1985-2006 21 379/221
Smestad et al. (2009)3 Norway 1940-2006 66 386/263
Ebers et al. (2009)31 United States/Canada 1988-2005 16 372/35
Sumelahti et al. (2010)® Finland 1971-2006 36 1,595/464
Ragonese et al. (2010)>* Sicily 1981-2001 20 194/30
Hader (2010)” Canada 1977-2007 30 150/105
Kingwell et al. (2012)° Canada 1980-2005 25 6,917/1,025
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among female patients.”*?' Lack of homogeneity could
be partially attributed to changes of MS sex ratio over
time. The higher incidence of MS among women
observed for the last 4-5 decades was not evident 34
generations ago, when sex ratio was close to unity.”
Recent studies have shown that the sex ratio in MS is
still changing in many countries. For instance, in Japan
the female-to-male ratio has increased from 1.7 in 1972
to 2.9 in 2004%¥; in northern climates it now exceeds
3.1.383 In addition, the increased concordance rate in
monozygotic twins compared with dizygotic twins or
siblings is very largely derived from female pairs.* The
causes of the sex ratio changes that have occurred in
most countries are unclear but are likely to have resulted
from environmental influences or from the consequen-
ces of gene—environmental interactions. Since epige-
netic mechanisms are implied, it is probable that this
will be a key way genes and the environment interact. A
recent study investigating the sex effects in parental
transmission of major histocompatibility complex
(MHC) class II alleles reported that haplotype-specific
epigenetic changes at MHC class 1I and their decay
appear to be important in MS pathogenesis and inher-
itance of risk.*!

[ Figure 2 Percentages of deaths due to multiple sclerosis (MS) among studies ]
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CAUSES OF DEATH IN MS Although MS is essentially
chronic and disabling, long-term disability is not neces-
sarily the immediate cause of death. However, MS does
carry the risk of systemic complications in the advanced
stages of the disease that may lead to death. The record of
“MS” as main cause of death marks the attainment of the
last step of the Expanded Disability Status Scale (EDSS
10), defined as “...an acute death due to brainstem
involvement or to respiratory failure or death consequent
to the chronic bedridden state with terminal pneumonia,
sepsis, uremia, cardiorespiratory failure. It excludes inter-
current causes of death. Antemortem, the patient will
ordinary be DSS 9, sometimes 8.7

This definition can be variably interpreted by doctors
and be endirely unknown for those not familiar with MS,
leading to large variation of the proportion of “deaths due
to MS” among cohorts. This ranges from the lowest 50%
in the Norwegian cohort’ and 47% in the Canadian
cohort' to the highest 75% recorded in the French
cohort® (figure 2). Deaths not related to MS are mainly
attributable to the common causes of death in the non-
MS population: cardiovascular disease, cancer, infectious
and respiratory disease, and accidents or suicide>>5!-">
(table 4). The incidence of these causes of death varies
greatly among studies. Cardiovascular discases were
responsible for 14.4%° and 13.1%° of mortality cases
in 2 populations of Norwegian MS cohorts, but for as
many as 26% in a Finnish MS population.’> However,
deaths due to cardiovascular disease depend heavily on
the age distribution of those at risk. The Finnish study
also demonstrated a higher proportion of MS deaths
related to cancer (35%)"> compared with cohorts from
Denmark (8.6% and 10.1%),>"" Wales (9.5%),* and
Norway (9.8% and 10.6%),*® again possibly due to age
differences. Interestingly, there seems to be contradicting
data on the frequency of cancer among patients with MS
compared with the matched general population. A lower
incidence was observed in Denmark (SMR = 0.85 and
0.79)>'" and Canada (0.67x),"* and a higher incidence
was observed in Finland (35% vs 20%)'* and Norway
(SMR = 2.25).% Other studies, aimed at addressing this
specific question, could not find cohering results, dem-

344 or lower risk®4°

onstrating similar® of cancer among
patients with MS. A recent meta-analysis, pooling data
from several cohorts and gathering information from
more than 45,000 patients, concluded there is a signifi-
cantly decreased risk (odds ratio = 0.92; p = 0.004) of
all cancers in the MS population relative to controls,”
which could be due to earlier death since the risk of
cancer rises with age. Respiratory diseases not attributed
to MS-related disability generally account for a low per-
centage of deaths, ranging from 1.5% among Norwegian
patients’ to 4.7% in Danish patients® and 5.4% in Finn-
ish patients.® In striking contrast with the general trend,
47.5% of deaths in Welsh patients were attributed to

respiratory diseases (infections included),* and surely this



[ Table 4 Main causes of death among patients with multiple sclerosis (MS)

Phadke
(1987)5
No. of deaths 216

Causes of death, %

MS 62.0
Cardiovascular 19.0
disease

Cancer 12.0
Respiratory 3.2
disease

Accident/ Il
suicide

Other/unknown 2.7

Sumelahti
et al. (2002)*2 et al. (2004)°

Sadovnick Koch-Henriksen
et al. (1991)** et al. (1998)*

145 6,068 219 4,254
471 55.4 58.0 56.4
20.6 17.6 26.0 15.5
30.2 8.6 35.0 101
Il 51 Il 47
28.6 3.8 5.0 4.5

Il 9.5 Il 135

has more to do with definition and local custom than to
real difference in cause of death.

Causes of death and methodologic difficulties. The differen-
ces among recorded causes of death (table 4) can be
attributed to methodologic differences, but there are
other potential factors. The assessment of causes of death
in population studies of MS is inevitably incomplete and
rarely autopsy-confirmed. Most often it comes from
death certificates or death registries but some large clinics
do have capacity to have more proximate information.
However, even here, the majority of deaths may lack
clear documentation and often occur outside of treat-
ment hospital settings. Although death certificates are
the main source of information on the cause of death,
other methods are available. Searches using both public
domain, such as medical records, and private sources can
be undertaken. Furthermore, MS experts can review
patient charts and telephone contact and in-person inter-
views with relatives can be conducted. In the United
States, mortality status can also be determined using
the National Death Index. If related to a clinical trial,
notes to file by investigators and data from the trial can
also be checked. Given the potential for ambiguity in
death certificates, one recent study used a blinded inde-
pendent committee to determine if the cause of death in
the original B-interferon (IFN) study was attributable to
MS.* There was a degree of inference involved but if a
young bedridden patient dies of pneumonia it seems
reasonable to conclude this was MS-related. This reality
should not detract from the importance of carrying out
studies of long-term outcome in trials and death is always
a hard measure of potential adverse events.

The distribution of causes of death is strongly
influenced by the age of the study population and
coding practices,” hindering accurate comparison
of cause-specific mortality. There may also be cultural
differences and potential problems associated with con-
sistency of recording cause of death. In addition,

Bronnum-Hansen

Redelings Grytten Torkildsen Hirst et al. Smestad

et al. (2006)*2 et al. (2008)2 (2008)* et al. (2009)3
27,319 198 221 263

61.2 56.5 57.9 50.0

10.9 131 16.0 144

8.5 10.6 9.5 9.8

19.7 51 47.5 15

0.3 25 0.0 53

1 6.6 8.6 1

completeness of ascertainment might influence the find-
ings. The almost complete ascertainment of benign cases,
where MS diagnosis is not obvious at death and may be
overshadowed by an independent cause, could lead to a
lower frequency of MS on death certificates. However,
cause of death generally based on clinical examination
and assessed by doctors with limited knowledge of the
patient history'"'? has given results similar to studies
using more specialized methods. In addition, similarly
to other chronic diseases, the assessment of causes of
death in MS can be gready affected by the interval
between patients’ death and data collection.

Suicide. The risk of suicide among patients with MS has
been reported to be increased compared with the general
populaton: SMR = 23, SMR = 2.1, SMR =
1.62,"* 7.5x." However, assessing its prevalence is par-
ticularly challenging, and widely varying incidence rates
are found in the literature (table 4), exemplifying cultural
biases existing in different populations: 28.6%,* 5%,
5.3%,* 4.5%,> 3.8%,"" 2.5%.® Part of this variation re-
sults from referral bias due to the fact that clinic-based
cohorts tend to include more severely affected individu-
als, with higher rates of affective disorders.* Furthermore,
considerable geographical and ethnic variation in general
population suicide rates is apparent. It is also plausible
that the cause of death recorded on the death certificate
may be influenced by cultural taboos such as the right to
be buried in certain cemeteries (cultural bias), so suicide
may be underreported to avoid social stigma or to main-
tain insurance benefits. In Finland, where suicide rates in
the general populaton are very high, suicides are not
traditionally disguised or recorded as “accidents,” and
there are no obvious cultural or religious factors that
would lead to underreporting.® Indeed, the SMR for
suicides (1.7) in Finnish patients with MS was not sig-
nificantly increased compared with the general popula-
tion.® On the contrary, substantially higher (7.5x)

incidence is seen in longitudinally followed patients from
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Canada, where suicide tends to be underreported for
cultural bias."* However, suspected suicide in a patient
with MS may be more comfortably ascribed to MS
everywhere. Our view is that there is no reasonable
doubt that suicide is substantially increased in MS and
that suicide should be included as an MS-related cause of
death, unless there is a case-specific reason to think oth-
erwise. We have had patients surviving motor vehicle
accidents following which they later admitted they had
driven directly at obstacles with suicidal intent. Indeed,
what presents as accidental deaths (e.g., car accidents,
drowning) among patients with MS might have been
driven by suicidal intention, affecting the reported num-
ber of suicides toward underestimation.

NATURAL HISTORY DATA VS CLINICAL TRIAL
DATA IN THE ASSESSMENT OF MORTALITY There

are limitations in the data obtained from randomized
clinical trials (RCTs)*" and from natural history studies
with respect to mortality as an outcome in MS. Due to
substantial variability of the disease course, natural his-
tory studies require a large number of patients, a very
long follow-up, and a low rate of dropouts. Such studies
can be prone to migration, selection, and compliance
biases®” and very few have been conducted in subcatego-
res of disease. Differences in data collection methodol-
ogies, sample sizes, number of losses to follow-up, and
choices of endpoints explain the wide range of results
reported in literature.”® In contrast, within clinical trial
settings, patients’ characteristics are carefully controlled
and follow-up is regular with frequent assessments. How-
ever, the outcomes used are fragile and their surrogacy for
long-term disease evolution has never been validated.>*
In addition, patients are generally observed over a short
period of time (usually no more than 2 years) and, since
they tend to be young and mobile, it is hard to conduct
an RCT for longer than 5 years. The length of time
needed in order to confidently detect a treatment effect
on disability in MS is probably several years or even
longer when mortality is used as outcome. However, a
more accurate selection of the study population may
increase statistical power in future RCTs.

Clinical trial data must be adjusted when extrapolating
to natural history studies for meaningful comparisons to
be made. In an attempt to overcome the short trial dura-
tion, a number of long-term follow-up studies have been
reported.®>>” Both 16-year’*” and 21-year follow-
up® studies of the pivotal IFN-B-1b trial provide useful
information on all-cause mortality that could not be ob-
tained during the original investigation. In particular, the
21-year study had very high ascertainment (98.4%) and
showed a significant (p = 0.0173) reduction in all-cause
mortality in patients originally randomized to IFN-B-1b
250 g compared with placebo (hazard ratio = 0.532
[95% confidence interval 0.314-0.902]) (figure e-1 on the
Neurology® Web site at www.neurology.org).® However,
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the missing data between when the patients were last
observed in the trial and their time of death represent a
main limitation, especially for characterizing the clinical
course over time before death. In addition, patients
included in the trial are not representative of the entire
MS population, making it difficult to draw definitive
conclusions on the real impact of disease-modifying
therapy on patient mortality.

DISCUSSION Data from numerous large cohort regis-
tries confirmed that life expectancy in the MS population
is reduced by 7 to 14 years compared with the general,
healthy population. At least 50% of patients die from
MS directly related causes. Nevertheless, survival of pa-
tients with MS is now much improved compared with
a generation ago. Following successful efforts to increase
longevity, the main problem now arises from high levels
of disability maintained for prolonged time and conse-
quently from the larger number of disabled patients need-
ing to receive appropriate care.

Although a large amount of data on mortality has
been gathered over the last 40 years, the lifespan of the
general population is increasing and the care of chroni-
cally disabled patients has improved consistently, making
comparison of datasets acquired over time problematic.
In addition, the improvement of methodology and the
increased duration of follow-up in recent studies,
accounting for the large variability of mortality observed,
make the task of reaching meaningful conclusions even
harder. A possible way to overcome these difficulties
and try to address appropriately the many unanswered
questions on mortality is to calculate the reduced lifespan
compared with the appropriate controls in the appropri-
ate general population. In the future, it will be important
to be able to assess the inherent strengths and weaknesses
of each approach, and to standardize the way we collect
data on mortality and causes of death, in order to make
comparisons among studies more easily accessible.

Survival still represents a poorly described aspect of
the disease, largely avoided by MS neurologists. It has
never been used as an outcome measure when assessing
the effect of treatments, although data from long-term
follow-up clinical trials have recentdy highlighted its
importance. The use of all-cause mortality as a long-term
outcome measure in patients with MS has advantages.
It eliminates the need to differentate among specific
causes (e.g., accidents, suicide, and medication-related
mortality). In addition, it is not dependent on the fre-
quently limited ability of the doctor to decide on a specific
cause, and it simultaneously takes into account any dele-
terious effect on survival from treatment. Finally, it allows
detection of whether the benefit of an immunosuppres-
sive drug is offset by increased death from infection or
cancer. We believe that the long latency of mortality as
an outcome is offset to a degree by its unambiguous face
validity. It therefore represents an attractive long-term


http://www.neurology.org/

endpoint for MS RCTs, usefully combining the net

impact of treatment efficacy and adverse events.
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