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Figure 3. Utility scores by level of disease severity (N = 15,429). (a) Utility scores for the total sample by level of
disease severity (EDSS). Mean scores and confidence intervals (Cls). (b) Utility scores by country and by level of disease
severity EDSS).

The EQ-5D is designed to calculate a single score for HRQoL, a preference-based utility, which anchored between full health (a score
of 1) and death (a score of 0). In MS, utility decreases steadily from normal population levels in early disease until EDSS 6.5, then
declines steeply to values below zero, a state considered worth than death. The seeming flatness of the curve in the mid range of EDSS
score results from the non-linearity of the EDSS scale. EDSS: Expanded Disability Status Scale; EQ-5D: EuroQol Five Dimensions
questionnaire.
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Table 3. Resource consumption: percent of patients using a resource during a 3-month period.
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Figure 4. Use of informal care by patients at different levels of disease severity (N = 7176). In all, 42% of patients
require assistance from their families, with the intensity of usage concentrated in the group with severe disease which
represented 34% of users (N = 2414). The mildly severe disease group represented 20% (N = 1433) and the moderately
severe disease group 46% (N = 3329). Most of the respondents in the severe disease group use family help around the
clock. The intensity of usage is, however, also dependent on the availability of community support, family structure
and traditions: better community support reduces the need for informal care (e.g. Sweden, Switzerland); families in
Mediterranean countries are often larger and more support is available (e.g. Italy, Spain, Portugal). Mild: EDSS 0-3;
moderate: EDSS 4-6.5; severe: EDSS 7-9.
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Figure 5. Workforce participation: proportion of patients below retirement age (N = 13,391) employed or self-employed
(N =6769). Workforce participation decreases rapidly with advancing EDSS, from normal population levels at EDSS 0 to
only a few patients being able to work at EDSS 9. EDSS: Expanded Disability Status Scale.
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Figure 6. Mean total annual cost per patient by disease severity and resource type, 2015€ PPP (N = 16,808). Results

are presented for the main resource categories and by disease severity. Early in the disease, the cost of DMTs dominates,
while late in the disease, community services and informal care represent a large proportion of costs. Production losses
play a major role in moderate and severe disease. Costs are converted to Euros and adjusted with purchasing power parity
according to GDP. EDSS: Expanded Disability Status Scale; PPP: purchasing power parity.

journals.sagepub.com/home/msj 9


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

Multiple Sclerosis Journal

€90,000
€80,000 /
€70,000 / :
€60,000 /
€50,000 "/

€40,000 /x/l/
€30,000 /
€20,000

2015€ PPP

€10,000
€0 T T T T T T T T T T |
0 1 2 3 4 5 6 6.5 7 8 9
EDSS
(a)
€140,000
€130,000 y
€120,000
a— A\ Ustri
€110,000 usta
e===Belgium
€100,000 —— === Czech Republic
e—) K
€90,000 enmar
esmFrance
& €80,000 s Germany
o c—H
w €70,000 ungany
© — taly
& €60,000 e===Netherlands
PO
€50,000 oland
s Portugal
€40,000 e===Russia
Spain
€30,000 -
Sweden
€20,000 - Switzerland
United Kingdom
€10,000
€0 T T T T T T T T T T )
0 1 2 3 4 5 6 6.5 7 8 9
EDSS

Figure 7. Mean total annual cost per patient by EDSS score, 2015€ PPP (N = 16,808). (a) Mean total annual costs in

the study sample by EDSS score, 2015€ PPP (N = 16,808). Costs are adjusted with purchasing power parity (PPP) and
confidence intervals (Cls) calculated with the bootstrap method (1000 replicas). (b) Mean total annual cost per patient by
country and by EDSS score, 2015€ PPP (V= 16,808). Total annual costs per patient in early disease are very similar in all
countries when adjusted to €PPP, but start to differ at higher EDSS scores. Particularly in severe disease, costs are highly
variable between countries according to the provision of services, with Sweden, Denmark and Switzerland providing the
most support. EDSS: Expanded Disability Status Scale; PPP: purchasing power parity.

A number of factors may have influenced the compo-  with the help of patient organisations, both online and
sition of our sample populations. We collected data on paper, which leads to some degree of bias. Patient
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organisations provide an opportunity to enrol partici-
pants with all levels of disease severity, but depending
on the association’s activities, its membership may be
biased towards older or younger people. Enrolment
may also be biased towards more active and involved
patients because they are on treatment and online data
collection will favour a younger and better-educated
population. Thus, the cost estimate and patient-
reported outcome data from this study would need to
be adjusted using prevalence data before they are rep-
resentative of the overall MS population. However,
these biases only minimally affect estimates by dis-
ease severity (EDSS score).

The proportion of participants receiving a DMT was
higher than expected in some countries, particularly
those in which the participants had a lower mean age
or where the sample had to be augmented with partici-
pants recruited through MS centres or other sources
(France, Spain, Poland, Portugal and Russia). As
DMT use represents the majority of healthcare costs,
especially for patients with mild MS (Figure 6), this
raises the question of whether DMT costs from this
study can be adjusted to reflect the proportion of
patients on treatment in the overall MS population.
DMTs have an effect on relapse rate and thereby on
change in EDSS score. Therefore, it could be expected
that the total costs for patients with the same EDSS
score and no relapses should be similar if DMT costs
are excluded. We investigated this in the German
sample as it provided sufficiently large subgroups.
However, we found that patients on DMTs had
slightly but statistically significantly higher costs due
to more intensive management. Thus, adjustments are
not straightforward.

Our DMT costs are also likely to be overestimated. As
actual selling prices are not public, list prices were
used to calculate the average cost per patient. In recent
years, however, the market for expensive treatments
has seen a number of price adjustments in the form of
mandatory or voluntary discounts, special national or
local contract agreements, special forms of distribu-
tion or bundling.2*2> As a consequence, list prices will
overestimate the actual cost of DMTs, particularly in
countries with lower gross domestic product (GDP).
We partly addressed this by assuming that price
reductions are set according to economic wealth and
adjusting costs (including DMT costs) using PPP.
This may only partly be the case, however, and does
not allow for other forms of discount that are known
to exist.

It is noteworthy that total costs per patient are similar
across countries for participants with mild MS (EDSS

0-3). This could result from a number of factors.
First, healthcare costs — in particular DMTs — consti-
tute the majority of costs in this group, while fewer
community services are required and employment
status is still relatively unaffected. DMTs have similar
list prices across Europe and differences in our esti-
mates could result mainly from differences in pre-
scribing patterns. This appears not to be the case in
our sample, however. A second interpretation could
be that the importance of early intervention with a
DMT? leads to a concentration of healthcare resources
on this patient group, even in less wealthy countries.
As MS progresses and becomes more severe, dispari-
ties between countries appear owing to differing
availability and use of community services.

The intensity of healthcare service use varied widely
across the countries and appeared unrelated to differ-
ences between the sample populations. Rather, this
reflects differences in healthcare organisation, medi-
cal traditions, ease of access and — most importantly
— availability of given services. Hence, each country
needs to be considered in its own right, and few gen-
eral observations can be made.

Using questionnaires to collect patient-reported data
has the advantage of enabling data on HRQoL and
symptoms to be related to disease severity. This
approach can, however, lead to uncertainty related to
clinical features (e.g. type of MS) and recall bias.
Indeed, the proportions of patients with primary pro-
gressive multiple sclerosis (PPMS) in our sample
populations is higher than the known prevalence of
PPMS. This attests to the difficulty classifying MS by
type, which itself is subject to ongoing discussions.?
In addition, all types of MS are present at some of the
EDSS scores; therefore, in this study, we ignore dis-
ease type and focus on EDSS score. Recall bias has
been shown to be a very minor problem in previous
studies. For example, data on the mean number of
sick days (from insurance companies) and hospitali-
sations (sourced from patient charts) differed by only
half a day from those reported by patients.!! The
advantage of using questionnaires is therefore more
important than the drawbacks.

Previous large cost of illness studies have shown simi-
lar results for utility (Figure 3),% but have not included
information on fatigue and cognition. Although we
collected these data using VAS rather than validated
instruments in order to minimise questionnaire length,
the answers can still provide insight. Interestingly, dif-
ferences between countries were small, despite the dif-
ferences in the sample populations presented earlier.
Fatigue was experienced by practically all patients,
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and mean VAS scores were similar for mild, moderate
and severe disease. Fatigue was also the most burden-
some symptom for employed patients, although it was
more pronounced in patients who were not working
(VAS score 6.0 vs 5.0 for employed patients). These
data cannot confirm, however, whether fatigue was a
cause for leaving the workforce. Cognitive difficulties
were reported by over 70% of patients, and VAS scores
were similar at different disease severities (as for
fatigue). A similar pattern has been shown previ-
ously.?’ Several confounders for self-reported cogni-
tive difficulties have been found: fatigue,?® depression?
and anxiety.’® In our sample, 95% of patients reported
fatigue, 14% reported treatment for depression and
50% reported problems in the EQ-5D anxiety/depres-
sion domain. These symptoms were only weakly cor-
related with EDSS score, and an interesting question
would be whether a given level of difficulties was
interpreted differently by patients with different dis-
ease severities due to differences in demands or a cop-
ing effect. Regardless of the underlying causes and
confounders, however, we believe that how patients
report that they feel is of primary importance.

Future research

Our study highlights a number of areas for further
research. In order to estimate the total burden of MS
in Europe, new epidemiological studies are needed
that estimate prevalence by disease severity (EDSS
score), rather than by disease type. This may be facili-
tated using self-assessed EDSS scores that have
shown an excellent correlation with clinician-assessed
EDSS.3! In addition, we need new estimates of DMT
use, ideally also by disease severity. Further research
into how fatigue, cognition, depression and anxiety
affect employment and community participation is
warranted. Research on healthcare services should
investigate the differences evident in our study
between systems, incentives and payment-driven
resource utilisation, as a basis of reform and learning
from existing practice. Finally, and most importantly,
we need data on the long-term impact of DMTs in
preventing and delaying disability progression in
order to assess their value to society.
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