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Abstract

Background: Multiple sclerosis (MS) is a progressively debilitating neurologic disease that poses
significant costs to the healthcare system and workforce.

Objective: To evaluate the impact of MS disease progression on societal costs and quality of life (QoL)
using data from the German NeuroTransData (NTD) MS registry.

Methods: Cross-sectional cohort study. The cost cohort included patients with MS disability assessed
using Expanded Disability Status Scale (EDSS) in 2019 while the QoL cohort included patients assessed
using EDSS and EuroQol-5 Dimension 5-Levels between 2009 and 2019. Direct and indirect medical, and
non-medical resource use was quantified and costs derived from public sources.

Results: Within the QoL cohort (n =9821), QoL worsened with increasing EDSS. Within the cost cohort
(n="7286), increasing resource use with increasing EDSS was observed. Societal costs per patient, exclud-
ing or including disease-modifying therapies, increased from €5694 or €19,315 at EDSS 0 to 3.5 to
€25,419 or €36,499 at EDSS 4 to 6.5, and €52,883 or €58,576 at EDSS 7 to 9.5. In multivariate modeling,
each 0.5-step increase in EDSS was significantly associated with increasing costs, and worsening QoL.
Conclusion: This study confirms the major socioeconomic burden associated with MS disability progres-
sion. From a socioeconomic perspective, delaying disability progression may benefit patients and society.
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support, symptomatic medications, and disease-
modifying therapies (DMTs).

Introduction
Multiple sclerosis (MS) is a lifelong demyelinating
disease of the central nervous system affecting

approximately 2.8 million people worldwide in 2020,
with a prevalence of 36 per 100,000 people globally,
and 303 per 100,000 in Germany.' MS presents het-
erogeneously, and may include upper/lower extremity
disabilities, emotional and cognitive disturbances,
balance and coordination disruption, spasticity,
abnormal speech, bladder and bowel problems, and
fatigue.”> As MS progresses, myelin degradation
and axonal loss lead to deterioration in nervous com-
munication with the brain.>* Subsequently, patients
experience progressive loss of motor and sensory
functions.>* Although there is no cure for MS, symp-
toms may be managed with physiotherapy, social

The socioeconomic burden of MS extends beyond
healthcare costs. MS poses not only a significant
burden to patients and their families but also to wider
society.® MS disability severity is typically measured
using the Expanded Disability Status Scale (EDSS),
which is commonly used in MS randomized clinical
trials.”® With disability progression, as reflected in
higher EDSS, quality of life (QoL) decreases while
socioeconomic costs increase.” In patients with MS
(PwMS), increased disability correlates with decreased
workforce participation.”!® Costs associated with
short- to long-term work absences increase with MS
progression.' *'? Productivity costs, especially due to
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reduced employment, are enhanced by the early age of
diagnosis."® Direct non-medical costs including care
provided by family and professionals play a large
role with increasing disability.”'*-!*!

Several survey-based studies have previously high-
lighted increasing socioeconomic costs and decreas-
ing QoL associated with increased MS disability. '
These studies have relied on patient recruitment and
self-completion of questionnaires. In this cross-
sectional, registry-based cohort study of PwMS in
Germany, we evaluated the broad impact of disease
progression on societal costs and patient QoL, using
information routinely collected as part of the patient’s
standard of care within a registry.

Methods

Study design and population

This cross-sectional cohort study of PwMS used rou-
tinely collected data from the NeuroTransData (NTD)
MS registry.'® All PWMS were eligible for inclusion.
Two cohorts were evaluated. (1) The QoL cohort
included data from PwMS who visited NTD clinics
between 2009 and 2019. Eligible visits included EDSS
and EuroQol-5 Dimension 5-Levels (EQ-5D-5L)
assessments on the same day (defined as the index
date). (2) The socioeconomic costs cohort (cost
cohort) included data from PwMS with >1 visit to
NTD clinics in 2019 during which EDSS was assessed
(index date). This was the most recent year of full data
availability at time of analysis and excluded the impact
of COVID-19 restrictions on patient healthcare visits.
Another visit 365 days prior to the index date with
EDSS assessment was required to ensure adequate
capture of patient characteristics and socioeconomic
costs in that year.

For both populations, patients may be eligible for the
study at multiple time points, and for each patient,
only the most recent eligible time point was included.

Data source and setting

Data were retrieved from the NTD MS registry database
provided by the NTD network, a Germany-wide
network of neurologists and psychiatrists specialists
founded in 2008."® We included patients from each of
the 66 neurology and psychiatry clinics comprising the
NTD network. The NTD MS registry database currently
includes >22,000 PwMS with an average observation
period of 5 years. The NTD MS registry routinely cap-
tures demographic, medical history, socioeconomic
information, patient-reported outcomes, and clinical
data during visits to NTD outpatient offices, which are

performed on average of approximately 3.5 times per
year.!” A standardized dataset is collected, with the
minimal dataset collected at each visit, while additional
data are assessed depending on medical need. All data
are pseudonymized and pooled to form the NTD MS
registry database.'®

Outcomes

The following key variables were retrieved from the
NTD registry: EDSS, EQ-5D-5L, healthcare resource
utilization (HCRU), sociodemographics (age, sex,
educational attainment, living status), and clinical
history (disease duration, subtype, relapse history,
progression event history, DMT history).

To evaluate QoL, utilities were estimated from the
EQ-5D-5L values using the German value set pub-
lished in Ludwig et al., 2018."° The descriptive
system comprises five dimensions: mobility, self-
care, usual activities, pain/discomfort, and anxiety/
depression, with each having five levels: no problems,
slight problems, moderate problems, severe problems,
and extreme problems.

Societal costs were estimated from direct and indir-
ect medical and non-medical resource use. HCRU
categories were derived and compared based on
prior studies'® (Table 1). Records of healthcare
visits, investigations, treatments, need for equip-
ment, care, etc., from the index date visit and >1
other visit in the prior 12 months were used to
describe HCRU and generate an annualized cost.
If a record for a particular HCRU item was absent,
the patient was considered not to use this resource.
Costs associated with these variables were derived
from prior studies that leveraged public sources
(e.g., public information on average costs for
inpatient stays, consultations, etc.),g’10 which were
adjusted to 2019 values using the consumer price
index. Where necessary, this information was sup-
plemented with additional searches of public infor-
mation to obtain sample costs, for example, pricing
of assistive equipment from up to 10 product web-
sites. The human-capital method using national
German cost of labor was used to value productivity
losses.

Costs of care were estimated based on binary (yes/no)
information indicating whether a certain kind of care
is needed: daycare (care only provided during the
day), care by family, short-term care (temporally
restricted stay in an inpatient facility), care in an out-
patient setting, and domestic aid (support by commu-
nity services).
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Table 1. Healthcare resource utilization categories.

Categories Subcategories

Relevant NTD items

Direct medical Inpatient care
Day admissions
Consultations

Tests
Medications

DMTs
Direct Investments
non-medical
Community services
Informal care

Hospital visits, rehab visits

Hospital visits, rehab visits

Occupational/speech/physio/psycho/acupuncture therapy/
neurologist

Cerebral MRI, spinal MRI, blood samples

Wide range of medications, which are not DMTs including
fampridine, cannabidiol/delta-9-tetrahydrocannabinol
spray

DMTs

Wheelchair, walker, stairlift, house modification, crutches,
incontinence pads, diapers, bed pads, tub lift

Community care, care during day, domestic support

Care by family

Short-term absence
Long-term absence,
invalidity, early

retirement

Indirect

Sick days

Disability pensions, other payouts for extended periods
including “Uebergangsgeld” (interim pay) and
“Krankengeld” (sick pay)

We aligned our HCRU categories with those applied in Flachenecker et a

1'10

DMT, disease-modifying therapy; HCRU, healthcare resource utilization; MRI, magnetic resonance imaging; NTD,

NeuroTransData.

As the number of hours of care is not captured, the
average cost of informal care (care by family) per
EDSS was imputed, based on prior studies.'
Investment costs were assigned based on product
lifetime with occasional maintenance; these costs
and those based on product information were col-
lected. For some products, costs and lifetime
value are ill-defined, for example, “house modifi-
cation” costs vary from <€1000 (ramps) to >
€20,000 (complete adaption of a flat). We used
the average costs spent per flat in Germany to
make a flat barrier fee (excluding costs for tub
lifts and stair escalators, as these are separate
NTD items).

Statistical analysis

Patient characteristics for both cohorts were described
and compared with the overall NTD population to
ensure generalizability of findings.

For QoL, average utilities per EDSS are reported. For
this descriptive analysis, due to the small sample size
at severe EDSS (EDSS 7-9), these patients were cate-
gorized to a single EDSS 74 group. Subsequently,
multivariable linear mixed regression modeling
was performed to evaluate the association
between EDSS and utility adjusted for

confounders, including sociodemographics and
MS disease characteristics.

For HCRU, the proportion of PwMS with average usage
of each HCRU item was reported per EDSS level.
Similar to QoL analysis, severe MS patients were cate-
gorized to a single EDSS 7+ group. HCRU usage was
then mapped to costs, and costs per category were
reported according to three levels of disease severity
(mild MS, EDSS 0-3.5; moderate MS, EDSS 4-6.5;
severe MS, EDSS 7-9), and similar to prior
studies.”'° The prior study’ relied on a patient-reported
EDSS whereby EDSS category 0 to 3 would correspond
to EDSS 0 to 3.5 in the official EDSS. Multivariate
linear mixed regression modeling was performed to
evaluate associations between cost and EDSS, adjusted
for confounding. The NTD center was included as a
random effect in both models. All analyses were per-
formed using R Statistical Software (v4.1.2; R Core
Team 2021)*° and figures were produced using the
package RStudio.!

Ethical approval and patient consent

The data acquisition protocol was approved by the
ethical committee of the Bavarian Medical Board
(Bayerische Landesarztekammer; 14 June 2012, No.
11144) and reapproved by the ethical committee of
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Multiple Sclerosis Journal—Experimental, Translational and Clinical

HCRU/Cost

QoL /Utility

MS patients active in NTD registry
during 2019 and not on a DMT
without a label for any MS type

N=9866

MS patients active in NTD registry
during 2009-2019 and not on a DMT
without a label for any MS type
N=20,988

A\ 4

A\ 4

EDSS assessed in 2019
and the year prior N=8634

EDSS and EQ5D assessed on same
day during 2009-2019 N=12,889

v

Full covariate information available
N=7286

Full covariate information available
N=9821

Figure 1. Population flowchart for the QoL and cost populations. Full covariate list: age, sex, living status, educational
attainment, time since diagnosis, time since manifestation, MS subtype, time since last relapse, number of relapses in
previous year, time since last confirmed disability progression, current DMT, and time since last DMT change. DMT,
disease-modifying therapy; EDSS, Expanded Disability Status Scale; EQ-5D-5L, EuroQol-5 Dimension 5-Llevels; HCRU,
healthcare resource utilization; MS, multiple sclerosis; NTD, NeuroTransData; QoL, quality of life.

the Medical Board North-Rhine (Arztekammer
Nordrhein, 25 April 2017, ID 2017071). Patient inclu-
sion with informed consent is completed in the
respective NTD practice as part of routine clinical
care. Patients included in this analysis provided
their informed consent (via tablets in NTD practices,
electronic questionnaires, or via a patient portal) to
the NTD registry. Patients explicitly agreed to any
secondary use of their data.

Results
Sample description

Study population and patient demographics. The
final sample included 9821 and 7286 PwMS, for
the QoL and cost cohorts, respectively (Figure 1).
Patients were predominantly female (72%/72%),
relapsing-remitting MS (RRMS) patients (85%/
87%), treated with DMTs (71%/77%), with a
mean EDSS of 2.7/2.6, and age of 46/47 years.
Patient characteristics were comparable between
the cohorts, and both were representative of the
overall NTD population during 2019 (Figure 2),
although some differences were noted. The cost
cohort had a higher proportion of patients treated
with DMTs (77%) than the QoL cohort (71%),
which is likely reflective of the changing treatment
landscape for the different eras from which patients

were included in these cohorts (i.e., 2019 only
versus 2009-2019).

Quality of life

With MS disability progression, QoL was observed to
worsen with average utilities decreasing from 0.94 at
EDSS 0 to 0.36 at EDSS 7+ (Figure 3). Compared
with prior studies of PwMS in Germany,'® we
observed a sharper decrease in utility from moderate
to severe EDSS levels (Figure 3). The multivariate
linear regression model assessing the association of
EDSS with utility identified statistically significant
worsening of QoL with each 0.5-step increase in
EDSS, adjusting for confounders (Figure 4A).

Direct non-medical healthcare resource utilization
Investments were observed to increase with increas-
ing EDSS score in the cost cohort, with a notable
increase in use of aids and equipment from EDSS 4
onwards (Figure 5A). Overall, walking aids were
adopted by 15.8% of the NTD cost cohort, 9.6%
had wheelchairs, 4.8% had house modifications, and
3.3% had house lifts (Table 2). Community services
and informal care were observed at lower EDSS
scores, led by domestic support and family care,
which became increasingly relevant at EDSS >5
(Figure 5B). Overall, 6.0% of patients required
family care, and 18.7% of patients required domestic
aid (Table 2).

www.sagepub.com/msjetc
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% on DMT

% with relapse in last 3 months

% RRMS

% living alone

% women

Mean age at first manifest (SD)

Mean age at diagnosis (SD)

Mean age (SD)

NTD primary costs population
(2019)

NTD primary utility population
(2009-2019)

Overall NTD population

30 40 50 60 70 80 90 100
Patients (%)

20 30 40 50 60
Age (years)

(2019)

. NTD primary costs . NTD primary utility
population (2009-2019)

population (2019)

2 3 4 5
EDSS score

Overall NTD
population (2019)

Figure 2. Study population demographics and MS disease characteristics. DMT, disease-modifying therapy; EDSS,
Expanded Disability Status Scale; MS, multiple sclerosis; NTD, NeuroTransData; RRMS, relapsing-remitting multiple

sclerosis; SD, standard deviation.

Direct medical resource use

During the 12-month period, we observed an overall
rate of 0.36% of patients requiring inpatient care,
while overall outpatient nursing care was 1.73%,
which increased with EDSS (Figure 5B; Table 2).
All patients had >1 neurologist consultation in the
12 months prior to index date, whereas <5% of
patients had speech therapist, occupational therapist,
and psychotherapist consultations. For physiotherapy,
30% had at least one consultation, which increased
with EDSS (Figure 5C). Usage of medical investiga-
tions in the 12 months prior to index date was low;
however, magnetic resonance imaging (MRI) and
blood tests are not fully captured within the NTD
database (Figure 5C).

Indirect resource use and productivity losses
Overall, 93.9% (n=6838) of the cost cohort were
of working age (i.e., <65 years). Full-time employ-
ment amongst those of working age in the cost
cohort was 46.7% (n=3195), which decreased
with increasing EDSS score (Figure 5D). Of the
full-time employed population, 10.4% (n=333)
reported >1 day of sick leave in the 12 months pre-
ceding the index date. However, sick days are likely
underreported in the NTD database, as non-MS sick
days are not reported. Amongst those of working
age, 20.2% (n=1383) were receiving full or
partial invalidity pensions, which increased from
10.0% at EDSS 0 to 3.5 to 63.9% at EDSS 7+
(Figure 5D).
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1.00 4
0.90 ~
0.80 ~
0.70 A
0.60
0.50 -
0.40 A
0.30 A
0.20 A
0.10
0.00 ~

QoL

N= 1511 2300 2072 1062

-®- Flachenecker et al. 2017 (German patients, German valueset)

4 5 6 6.5 7

EDSS

1146 500 292 418 134

- NTD

Figure 3. Mean utility estimated with the EQ-5D-5L by EDSS level in the NTD registry QoL population (2009-2019)
compared with Flachenecker et al.'® NTD utility population (2009-2019) N= 9435, Flachenecker et al.' Patients with
EDSS >7 are not included in this chart due to low numbers and wide error bars. Note the previous study relied on
patient-reported EDSS, which has minor scoring differences at low EDSS compared with the official EDSS. EDSS,
Expanded Disability Status Scale; EQ-5D-5L, EuroQol-5 Dimension 5-Levels; NTD, NeuroTransData; QoL, quality of life.

Socioeconomic costs

Societal costs per patient per year in 2019, excluding
or including DMTs, increased from €5694 or €19,315
at mild EDSS, to €25,419 or €36,499 and €52,883 or
€58,576 at moderate and severe EDSS levels, respect-
ively (Table 3). The cost of DMTs per EDSS category
were €13,621, €11,080, and €5693 for mild, moder-
ate, and severe EDSS levels, respectively (Table 3).
The multivariate linear regression model assessing
the association of EDSS with overall costs, excluding
DMTs, identified statistically significant increases in
costs with each 0.5-step increase in EDSS, adjusting
for confounders (Figure 4B). Similar results were
observed in sensitivity analyses using overall costs
including DMTs (Supplemental Figure S1).

Discussion

This retrospective real-world study of PwMS from the
German NTD MS registry confirms EDSS-related
trends associated with decreasing QoL and increasing
socioeconomic costs associated with MS disease pro-
gression reported previously.”'*?*2¢ Specifically,
with each 0.5-step increase in EDSS, we observed a
significant decrease in utility (6% on average based
on EQ-5D-5L), and significant increase in annual
socioeconomic costs (€3643 on average), becoming
more pronounced at higher EDSS levels. Compared
with current literature,'® we observed a steeper
decrease in QoL at moderate to severe EDSS levels,
while for HCRU, at mild EDSS, absolute direct and

indirect medical costs, and non-medical costs
observed were lower, but increased at a steeper rate
with disease progression.

The greatest cost drivers evolved from DMTs for mild
MS (70.5% of total costs) to productivity losses in
moderate and severe disease (48.9% and 38.4%,
respectively; DMT costs fell to 30.4% and 9.7% of
total costs), findings in line with previous studies.'
We observed how the EDSS-related increasing use
of crutches (EDSS >2), walkers (EDSS >3), and
wheelchairs (EDSS >3) reflect the motor-driven
EDSS step definitions (in rare cases at low EDSS
levels, the usage of such aids was observed due to
temporary worsening of walking disability due to
relapse activity). The use of incontinence pads
increases from EDSS 0 linearly throughout all
stages, as do diapers from EDSS >3. Modifications
at home, stairlifts, and tub lifts become relevant at
EDSS >5.

Care needs increase linearly, with support within the
family starting at EDSS 0, and care of patients
within their families at EDSS >2. Comparing with
direct medical care needs, outpatient nursing care
becomes relevant at EDSS >4. Very few patients are
in full inpatient care. This demonstrates that PwMS
typically remain at home being supported and cared
for by their families. Furthermore, the EDSS-related
increasing use of physiotherapy (EDSS >0) and

www.sagepub.com/msjetc
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Figure 4. Multivariate regression models of the association between EDSS and separately: (A) QoL (»=9821) and (B)
costs (n=7286). QoL (measured using German value set); multivariate regression model was adjusted for age, living status,
sex, time since last relapse, time since MS diagnosis, time since manifestation, time since last DMT change, number of
relapses in previous year, time since last confirmed progression event, current DMT use, educational attainment, MS
subtype, and included NTD center as a random effect. CI, confidence interval; DMT, disease-modifying therapy; EDSS,
Expanded Disability Status Scale; MS, multiple sclerosis; NTD, NeuroTransData; QoL, quality of life.

occupational therapy (EDSS >4) reflected the EDSS
step definitions, while acupuncturist visits did not
increase throughout all stages.

Indirect costs associated with long-term workplace
absences were also a large driver of EDSS-related
cost increases. Full-time employment amongst those
less than 65 years of age, decreased from 55% at
low EDSS to 23% and 11% at moderate and severe
EDSS levels, respectively. Similarly, those receiving
full disability pensions increased from 10% at low
EDSS, to 48% and 64% at moderate and severe
EDSS levels, respectively.

Compared with prior studies of PwMS in
Germany,'® we observed similar overall costs and
trends with increasing EDSS (Supplemental
Figure S2). Overall our findings mirror prior
studies from Germany®’?° and other coun-
tries”!*!> whereby the predominant societal cost
at higher EDSS levels are the broader impacts
resulting in indirect costs due to disability pensions
and non-medical costs arising from community ser-
vices and informal care. These findings highlight
the potential value of halting or delaying disease
progression through the early use of high-efficacy
therapies.> !
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% partial disability pension (of below 65y old)

Figure 5. Percentage of patients per EDSS score within the NTD registry cost population (2019): (A) requiring direct
non-medical investments; (B) requiring direct medical care (including inpatient, outpatient, and short-term care) and direct
non-medical care (including family, domestic, and community daycare); (C) incurring direct medical costs (including
consultations, tests, and non-DMT medications [fampridine and cannabinoids]); (D) with indirect costs due to short-term and
long-term leave. NTD cost population (2019) N =7286. Note: for those of working age less than 65 years, n = 6838, and for
those of working age and working full time, » =3195. AU, sick day; DMT, disease-modifying therapy; EDSS, Expanded
Disability Status Scale; MRI, magnetic resonance imaging; NTD, NeuroTransData; y, year.

There are strengths and limitations to our study. This
study is the first to our knowledge to utilize routinely
collected real-world data from outpatient neurology
clinics to quantify MS disability progression-related
trends in QoL and socioeconomic costs. The similar-
ities with previous studies validate the use of routinely
collected registry data within the NTD to quantify
QoL and HCRU.>!'° However, a lower number of
MS-related hospitalizations were observed, in part
explained by a decline in the annualized relapse rate
(ARR) during this study observation period.'” In add-
ition, the NTD has a relapse treatment protocol to
prevent inpatient treatment and favors ambulatory
treatment of relapses. Compared with other settings,

this results in lower hospitalization rates. Since
2009, only 18% of NTD-managed PwMS had intra-
venous cortisone treatments administered in an
inpatient setting. This may have resulted in the obser-
vation of lower MS-related hospitalization rates,
although similar ARRs to prior studies. Further
research would be required to quantify the impact
on relapse outcome and cost of relapses resulting
from this treatment protocol in an outpatient setting.

Additional strengths in the current study include that
EDSS was assessed by the patient’s treating neurolo-
gist (a certified EDSS rater), while many prior studies
relied on patients’ self-reported EDSS.%!0-32-34
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Table 2. Percentage of patients per EDSS category within the NTD registry cost population (2019).

EDSS EDSS
Overall® 0-3.5 4-6.5 EDSS 7+
n=7286 n=5230 n=1750 n=306

Direct medical
MS patients using outpatient nursing care 126 (1.7) 17 (0.3) 59 (3.4) 50 (16.3)
MS patients using care during day 17 (0.2) 3(0.1) 8 (0.5) 6 (2.0)
MS patients using short-term care 13 (0.2) 2 (0.0) 6 (0.3) 5(1.6)
MS patients using inpatient care 26 (0.4) 5(0.1) 13 (0.7) 8 (2.6)
MS patients with spinal MRI in last 12 months 1335 (18.3) 1029 (19.7) 284 (16.2) 22 (7.2)
MS patients with cranial MRI in last 12 months 3055 (41.9) 2391 (45.7) 614 (35.1) 50 (16.3)
MS patients with blood test in last 12 months 1908 (26.2) 1426 (27.3) 446 (25.5) 36 (11.8)
MS patients with speech therapist visit in last 12 months 68 (0.9) 24 (0.5) 27 (1.5) 17 (5.6)
MS patients with occupational therapist visit in last 12 350 (4.8) 108 (2.1) 179 (10.2) 63 (20.6)

months
MS patients with psychotherapist visit in last 12 months 258 (3.5) 178 (3.4) 70 (4.0) 10 (3.3)
MS patients with physiotherapist visit in last 12 months 2182 (30.0) 978 (18.7) 986 (56.3) 218 (71.2)
MS patients with acupuncturist visit in last 12 months 35 (0.5) 18 (0.3) 13 (0.7) 4 (1.3)
MS patients with cortisone therapy in last 12 months 797 (10.9) 562 (10.8) 210 (12.0) 25(8.2)
MS patients with fampridine therapy in last 12 months 637 (8.7) 92 (1.8) 440 (25.1) 105 (34.3)
Direct non-medical
MS patients using crutches 906 (12.4) 123 (2.4) 660 (37.7) 123 (40.2)
MS patients using wheelchair 635 (9.6) 18 (0.4) 381 (24.9) 236 (86.5)
MS patients using walker 707 (9.7) 56 (1.1) 509 (29.1) 142 (46.4)
MS patients using stairlift 237 (3.3) 83 (1.6) 105 (6.0) 49 (16.0)
MS patients using house modifications 353 (4.8) 52 (1.0) 195 (11.1) 106 (34.6)
MS patients using catheter 105 (1.4) 12 (0.2) 53 (3.0) 40 (13.1)
MS patients using incontinence pads 726 (10.0) 284 (5.4) 354 (20.2) 88 (28.8)
MS patients using diapers 152 (2.1) 20 (0.4) 85(4.9) 47 (15.4)
MS patients using bed pads 190 (2.6) 39 (0.8) 83 (4.7) 68 (22.2)
MS patients using tube lift 87 (1.2) 5(0.1) 48 (2.7) 34 (11.1)
MS patients using walking aids (crutches or ambulators) 1150 (15.8) 128 (2.5) 774 (44.2) 248 (81.1)
MS patients using domestic aid 1364 (18.7) 614 (11.7) 594 (33.9) 156 (51.0)
MS patients using care by family 439 (6.0) 62 (1.2) 258 (14.7) 119 (38.9)
Indirect
% of working age (below 65 years)" 6838 (93.9) 5086 (97.3) 1514 (86.5) 238 (77.8)
MS patients on full disability pension (of below 65 1261 (18.4) 447 (8.8) 665 (43.9) 149 (62.6)

years)
MS patients working full time (of below 65 years) 3195 (46.7) 2821 (55.5) 348 (23.0) 26 (10.9)
MS patients on disability pension (partial or full) of 1383 (20.2) 508 (10.0) 723 (47.8) 152 (63.9)

below 65 years
MS patients with sick days last 12 months (of full-time 333 (10.4) 288 (10.2) 43 (12.4) 2 (7.7)

working population)

EDSS, Expanded Disability Status Scale; MRI, magnetic resonance imaging; MS, multiple sclerosis; NTD,

NeuroTransData.
4% calculated on 7 of those of working age.
% calculated on 7 of those working full-time.

Additionally, QoL was measured using the EQ-5D-5L
rather than the 3L version relied on previously.”'%#*3°
Furthermore, the NTD population may be more

representative of the RRMS distribution in PwMS in
Germany,’® when compared with a recent large-scale
survey of PwMS in Germany'’ and prospective
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Table 3. Mean healthcare resource utilization costs per EDSS category using the NTD registry cost population

(2019).
NTD (unit costs 2019). Average per
patient/year (€) N="7286
EDSS EDSS EDSS
0-3.5 4-6.5 7-9.5
Categories Subcategories n=4855 n=2125 n=306
Direct medical Inpatient care/day admissions 250 750 1418
Consultations 484 1185 1595
Test 91 71 31
Medications 229 1596 3043
Direct non-medical Investments 54 460 1349
Community services 305 2010 15,087
Informal care 50 1214 7824
Indirect Short-term absence 212 297 63
Long-term absence, invalidity, early 4019 17,836 22,474
retirement
DMT costs 13,621 11,080 5693
Total excluding DMT 5694 25,419 52,883
costs
Total including DMT 19,315 36,499 58,576
costs

DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; NTD, NeuroTransData.

observational studies.”®?’ We observed that the distri-
bution of MS characteristics, particularly subtype,
was more representative of MS population character-
istics in comparison to prior survey-based studies,
leading to further sample characteristic differences
such as lower mean EDSS.'*?*2° Survey-based
recruitment requiring self-participation may have
excluded healthier PwMS at lower EDSS levels
(e.g., recently diagnosed patients not currently
enrolled into MS patient society groups), as well as
sicker patients at higher EDSS who may decline to
participate due to the severity of their disability.
These sampling differences may have led to observa-
tions of lower costs at lower EDSS, and lower QoL at
higher EDSS in the current study compared with the
prior study.'® However, overall, comparable trends
of HCRU per EDSS were seen in both the current
and prior study.'® Similarly, prior prospective obser-
vational studies were restricted to RRMS patients
treated with certain Dl\/ITs,Z&29 while the current
study included all MS patients regardless of treatment
and subtype. Some limitations exist regarding the
reporting of HCRU in the NTD registry, for
example, visits for blood samples not involving a con-
current visit to the neurologist are not recorded in the
database, which otherwise may be captured via
surveys. MRI appointments at the early stage of MS

diagnosis are potentially not fully captured which
would have limited impact on the overall costs,
however this may have a greater impact on costs at
lower EDSS. Sick days are likely underreported in
the NTD database. Furthermore, the recording of
informal care usage was collected as “yes” or
“no,” and costs that could not be accurately
assigned as hours were not recorded. Similarly for
investments, only the use of a particular item was
known, hence the cost had to be assumed. Despite
this, the NTD routinely captures a wide range of
HCRU as part of standard practice, which are rele-
vant and may be replicable over time. Future studies
may consider further augmenting registry data with
patient survey data to improve granularity of certain
data elements. Bearing in mind the study limitations
potentially leading to underestimate some costs, the
burden of MS is likely higher than what is reported
in our study.

Within a clinically representative MS population, we
identified worsening QoL and increasing societal
costs as EDSS increases, in line with prior studies,
but with a modestly greater decrease in QoL.
Significant socioeconomic impacts including infor-
mal care requirements and disability pensions were
also observed. These findings highlight the
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socioeconomic burden of MS disease progression and
the potential value of halting or delaying disease
progression through the early use of high-efficacy
therapies.>” Administering DMTs early in MS could
lead to better socioeconomic outcomes related to
employment,38 reduce the need for informal care,
and improve patient QoL.** From a socioeconomic
perspective, delaying disability progression may
benefit both patients and society.
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