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Background: Multiple sclerosis (MS), a progressive neurodegenerative disease, greatly impacts
the quality of life and economic status of people affected by this disease. In Germany, the total
annual cost of MS is estimated at €40,000 per person with MS. Natalizumab has shown to slow
MS disease progression, reduce relapses, and improve the quality of life of people with MS.
Obijective: To evaluate MS-related and all-cause health care resource utilization and costs
among German MS patients during the 12 months before and after initiation of natalizumab
in a real-world setting.

Methods: The current analysis was conducted using the Health Risk Institute research database.
Identified patients were aged >18 years with >1 diagnosis of MS and had initiated natalizumab
therapy (index), with 12-month pre— and post-index-period data. Patients were stratified by prior
disease-modifying therapy (DMT) usage or no DMT usage in the pre-index period. Outcome
measures included corticosteroid use and number of sick/disability days, inpatient stays, and
outpatient visits. Health care costs were calculated separately for pre- and post-index periods
on a per-patient basis and adjusted for inflation.

Results: In a final sample of 193 natalizumab-treated patients, per-patient MS-related cortico-
steroid use was reduced by 62.3%, MS-related sick days by 27.6%, and inpatient costs by 78.3%
from the pre- to post-index period. Furthermore, the proportion of patients with MS-related
hospitalizations decreased from 49.7% to 14.0% (P<0.001); this reduction was seen for patients
with and without prior DMT use.

Conclusions: In a real-world setting in Germany, initiation of natalizumab treatment in people
with MS significantly reduced MS-related hospitalizations, corticosteroid use, sick days, and
associated costs.

Keywords: multiple sclerosis, relapsing-remitting, health care resource utilization, costs,

outcomes, natalizumab

Introduction

Multiple sclerosis (MS) is a progressive, degenerative disease of the central nervous
system, characterized by multiple symptoms, including spasticity; problems with walk-
ing, balance, and coordination; fatigue, depression, and mood disorders; bladder, bowel,
and sexual dysfunction; and cognitive impairment. As such, MS is the leading cause
of disability among nonelderly individuals in industrialized countries.! In Germany,
it is estimated that at least 120,000 people have MS,?> with the total annual cost of
MS in Germany estimated to be €40,000 per person with MS.>* MS pathogenesis is
characterized by inflammatory and neurodegenerative mechanisms,> which manifest
as relapses®’ and disability progression,® respectively.
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The most common form of MS is relapsing—remitting
MS (RRMS), whereby an unpredictable course of relapses is
followed by a period of remission and recovery.’ MS relapses
have been shown to profoundly affect an individual’s quality
of life, as occurrences interfere with the ability to perform
daily activities, are linked to emotional distress and depres-
sion, and impact family, friends, and caregivers.'® Thus, the
societal, economic, familial, and personal burden of MS
relapses is enormous.

People with MS who experience relapses are often
treated with corticosteroids and admitted to the hospital.!!
MS relapses contribute significantly to the costs associated
with the disease,'> which increase with disease severity.!>!*

Treatments that can slow or prevent the progression of
MS have the potential to significantly improve the quality of
life for people with MS and reduce the economic impact of
the disease.'*!> Natalizumab, a selective adhesion-molecule
inhibitor, has been shown to reduce annualized relapse rates
by 68% versus placebo among people with RRMS'®!” and
by 81% versus placebo among people with highly active
RRMS." In the European Union, natalizumab is indicated
in adults with highly active RRMS who failed to respond to
an adequate course of interferon beta or glatiramer acetate,
and in adults with rapidly evolving severe RRMS (with >2
relapses in 1 year and 21 gadolinium-enhancing lesion or
a significant increase in T2 lesion load compared with a
previous recent magnetic resonance imaging assessment).'’

In Germany, ~90% of the population (~70 million indi-
viduals) is insured as part of the Statutory Health Insurance
(SHI) program,?*?! and the prevalence of MS among people
insured by the SHI in 2010 was estimated to range from
120,000 to >200,000.22 The objective of this study was to
evaluate MS-related and all-cause health care resource uti-
lization (HRU) and costs among German people with MS
during the 12 months before and 12 months after initiation
of natalizumab in a real-world setting. In addition, HRU and
costs were evaluated after stratifying people with MS by
whether or not they had used a disease-modifying therapy
(DMT) during the pre-index period. Although several studies
have evaluated the economic burden of MS in Germany,>*'
to our knowledge this is the first study to evaluate MS-related
HRU and costs among natalizumab-treated people with MS
based on their previous DMT exposure.

Methods
Database

The current analysis was conducted using the Health
Risk Institute (HRI) research database, which contains

anonymized, patient-level inpatient, outpatient, sick leave,
and pharmacy claims data from about 80 health insurance
companies, representing a high proportion of the ~130 health
insurance companies that comprise the SHI in Germany?®
and providing good external validity.”* For 2008-2013, the
HRI research database contained individual, de-identified
claims data for about 4 million people, with a patient sample
that is representative of the German population for age and
gender.?*?* The database is fully compliant with all data
protection regulations in Germany and has been certified.
As the HRI research database includes verified accounting
data of the participating insurance companies, these claims
data are regularly audited by the insurance companies for
reimbursement purposes and are prepared in accordance
with German Social Law (paragraphs 287 SGB V and 75
SGB X). This study utilized an existing data set in line with
all data protection regulations, and patients were not identi-
fied for the purpose of this study.

This study is a retrospective database study based on
fully anonymized claims data, and claims data are recorded
for accounting purposes and not for clinical research. No
electronic medical records or other clinical parameters
were used. As a result, no ethical approval or consent
from an ethics committee or review board was required
for this study.

Case selection

The study sample included patients aged >18 years who
initiated treatment with natalizumab (index date [Anatomi-
cal Therapeutic Chemical {ATC} code LO4AA23] between
January 1, 2009, and December 31, 2012). All patients had a
primary or secondary diagnosis of MS (International Statisti-
cal Classification of Diseases and Related Health Problems,
10th revision, German Modification [ICD-10-GM] codes
G35.xx) in the inpatient sector in the pre-index period or
a verified diagnosis of MS in the outpatient sector during
any of the four quarters before the index quarter. At least
24 months of continuous eligibility was required, including
a 12-month pre-index period and a 12-month post-index
period. Furthermore, patients had to have >1 natalizumab
prescription in the fourth quarter of the post-index period to
indicate continuous natalizumab use. Thus, the entire study
covered the time interval from January 1, 2008, to December
31,2013 (Figure 1).

Patient groups
Outcomes were evaluated in the overall sample of patients
who initiated treatment with natalizumab and in natalizumab
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Pre-index period (12 months)

Post-index period (12 months)

Figure | Study design.

initiators based on the prior use of other DMTs. Patients
were categorized as having used (prior DMT use) or not
used (no prior DMT use) another DMT during the 12-month
pre-index period.

Outcome measures

Patient demographic and clinical characteristics included
age, gender, and index year. The Deyo-Charlson Comorbidity
Index (DCT),?*” a summary measure of comorbidity burden,
is reported as both a continuous and categorical measure.
Individual DCI comorbidities are reported as binary out-
comes (i.e., present or not present). MS-related and all-cause
hospitalizations were defined as having a primary MS-related
ICD-10-GM code (G35.xx) or any ICD-10-GM code, respec-
tively. For the total population, the total number of inpatient
stays and total length of stay were each summed across all
admissions for the pre- and post-index period.

The use of corticosteroids (intravenous [IV] and oral)
was determined if a patient had =1 prescription claim for
dexamethasone, methylprednisolone, prednisolone, pred-
nisone, or adrenocorticotropic hormone. Similarly, immu-
nosuppressant use was recorded affirmatively if a patient
had >1 claim for an immunosuppressant. Per the German
Association of Neurologists’ guidelines for diagnosis and
treatment of MS,?® drugs for MS symptom relief include
antidementia agents, antidepressants, antiepileptics, muscle
relaxants (i.e., baclofen, botulinum toxin, dantrolene, tiza-
nidine, tolperisone, and tetrazepam), antispasmodics, and
select medications to manage fatigue (i.e., amantadine and
modafinil), tremor (i.e., propranolol), and sexual dysfunction
(i.e., sildenafil, tadalafil, and tibolone). Use of MS symptom
reliefand all MS-related prescription medications was identi-
fied using the ATC classification system.

Health care—related costs (in Euros [€]) were calculated
separately for the pre- and post-index periods on a per-patient
basis and converted to 2013 € using the general rate of infla-
tion for Germany.?* MS-related inpatient costs were defined
as the total costs for patient hospitalizations with a primary

ICD-10-GM code for MS, and all-cause costs were defined
as the total costs for admissions for any reason. Total costs
for corticosteroids (IV, oral, and self-injectable) and immu-
nosuppressants were summed across all relevant prescription
claims. Total costs for MS-related outcomes were calculated
as the sum of all costs for MS-related hospitalizations, corti-
costeroids, and immunosuppressants. Costs were collected in
the HRI database and the reported costs were those for which
the SHIs pay. In the inpatient sector, a German diagnosis-
related group system was used.

Additional end points included the percentage of patients
having any sick or disability days (sick leave >6 weeks), the
number of MS-related and all-cause sick days, and all-cause
disability days.

Statistical analyses

Results for baseline demographic and clinical characteristics,
HRU and costs, and sick days and disability days are sum-
marized descriptively. Continuous variables are presented
as means (with standard deviations [SDs]) or medians
(with ranges), depending on the distributions of the data.
Categorical variables are presented as frequency distribu-
tions and percentages. Statistical comparisons of baseline
demographic and clinical characteristics between those with
and without prior DMT use were performed using nonpaired
t-tests for means and Mann—Whitney U tests for medians;
chi-square and Fisher’s exact tests were used for comparisons
of proportions.

Statistical comparisons of the changes from the pre- to
post-index period for HRU, costs, sick days, and disability
days were performed using one-sample #-tests for means
and Wilcoxon signed-rank tests for medians; McNemar
chi-square tests were used for comparisons of categorical
data. Statistical comparisons of the changes from the pre- to
post-index period between patients with and without prior
DMT use were performed using Two-sample #-tests for means
and Wilcoxon rank-sum tests for medians; Mantel-Haenszel
chi-square tests were used for categorical data.
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Results

Patient disposition and characteristics

The final sample included 193 patients who initiated treat-
ment with natalizumab between 2009 and 2012 and met
all selection criteria (Figure 2). The majority of patients
(75%; n=145) had used another DMT during the pre-index
period. The mean (SD) age was 37.1 (10.2) years, and 65%
of the sample was female. Overall, hemiplegia or paraplegia
(20.7%) and chronic pulmonary disease (19.7%) were the
most prevalent conditions contributing to the DCI. With
the exception of mean DCI, which was significantly higher
among patients with prior DMT use, baseline demographic
and clinical characteristics were comparable regardless of
prior DMT use (Table 1).

Patients with >1 natalizumab
prescription during enroliment period

Inpatient hospitalizations and

expenditures

MS-related and all-cause inpatient HRU and expenditures
were reduced after initiating natalizumab compared with
the pre-index period. In the overall sample, the proportion
of patients with MS-related hospitalizations decreased
significantly on natalizumab therapy, from 49.7% to 14.0%
(P<0.001; Figure 3A), with a corresponding decrease in the
per-patient mean number of MS-related hospitalizations
from 1.1 to 0.2 (P<0.001; Table 2). The mean number of
MS-related inpatient days among those with hospital stays
decreased by 61.3%, from 7.0 days (n=96) in the pre-index
period to 2.7 (n=27) on natalizumab therapy (P<0.001;
Table 2).

Final study population
(n=193)

(n=478)
I Excluded: patients aged <18 years
v > at index date
(n=6)
Patients aged >18 years at index date
(n=472)
Excluded: patients with <4 quarters
[ > of enrollment before and after
1 index quarter
. . (n=41)
Patients with >4 quarters of enroliment
before and after index quarter
(n=431)
T N Excluded: patients with no
v P diagnosis of MS prior to index date
(n=8)
Patients with a diagnosis of MS
prior to index date
(n=423)
Excluded: patients with
[ »| natalizumab treatment in the 12
v months prior to the index date
. . . (n=180)
Patients with no natalizumab treatment
in the 12 months prior to the index date
(n=243)
Excluded: patients with no
I > natalizumab prescription in the
\ 2 fourth quarter after the index quarter
Patients with >1 natalizumab (n=35)
prescription in the fourth quarter after
the index quarter
(n=208) Excluded: patients who were
[ »| pregnant within 12 months of the
v index date or quarter
(n=15)

Figure 2 Patient selection process.
Abbreviation: MS, multiple sclerosis.
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Table | Baseline demographic and clinical characteristics of patients initiating treatment with natalizumab

Characteristic All patients With prior Without prior P-value®
(N=193) DMT use (n=145) DMT use (n=48)
Age, years
Mean (SD) 37.1 (10.2) 37.1 (9.8) 37.1 (11.4) 0.818
Median (range) 37 (19, 61) 38 (19, 60) 36 (21, 61)
Female gender, n (%) 125 (64.8) 91 (62.8) 34 (70.8) 0.384
Index year, n (%)
2009 37 (19.2) 26 (17.9) 11 (22.9) 0.747
2010 39 (20.2) 30 (20.7) 9(18.8)
2011 55 (28.5) 40 (27.6) 15 (31.3)
2012 62 (32.1) 49 (33.8) 13 (27.1)
DCl score
Mean (SD) 0.88 (1.2) 0.99 (1.3) 0.54 (0.9) 0.031
Median (range) 0(0.0,5.0) 0 (0.0, 5.0) 0 (0.0, 3.0)
DCI conditions 25%, n (%)
Hemiplegia or paraplegia 40 (20.7) 34 (234) 6 (12.5) 0.149
Chronic pulmonary disease 38 (19.7) 31 (21.4) 7 (14.6) 0.403
Diabetes without complications 12 (6.2) 10 (6.9) 2 (42) 0.733
Mild liver disease I (5.7) 9 (6.2) 2(42) 0.734
Prior DMT, n (%)
Glatiramer acetate (Copaxone®) 42 (21.8) 42 (29.0) 0 (0.0) Not applicable
Intramuscular interferon beta-la (Avonex®) 34 (17.6) 34 (234) 0 (0.0
SC interferon beta- b (Betaferon®) 28 (14.5) 28 (19.3) 0 (0.0)
SC interferon beta-la (Rebif®) 28 (14.5) 28 (19.3) 0 (0.0
SC interferon beta-1b (Extavia®) 7 (3.6) 7 (4.8) 0 (0.0)
Fingolimod (Gilenya®) 6 (3.1) 6 (4.1) 0 (0.0
No prior DMT 48 (24.9) 0 (0.0) 48 (100)
Multiple sclerosis-related medications, n (%)
Corticosteroids® 146 (75.6) 116 (80.0) 30 (62.5) 0.020
Immunosuppressants 10 (5.2) 7 (4.8) 3 (6.3) 0.712

Notes: °P values for the comparison of the subgroups of patients with and without prior DMT use; "dexamethasone, methylprednisolone, prednisolone, prednisone, or

adrenocorticotropic hormone.

Abbreviations: DCI, Deyo-Charlson comorbidity index; DMT, disease-modifying therapy; SC, subcutaneous; SD, standard deviation.

In the overall sample, the proportion of patients with
MS-related hospitalizations decreased by 71.8% while on
natalizumab therapy (P<0.001; Figure 3A). Similarly sig-
nificant reductions were observed for patients with (70.2%,
P<0.001) and without (77.3%, P<0.001) prior DMT use. The
mean number of MS-related hospitalizations also decreased
significantly in both groups, from 1.1 to 0.2 in patients with
prior DMT use (P<0.001) and from 0.9 to 0.1 in patients
without prior DMT use (P<0.001; Table S1). Among all
MS patients, the mean duration of hospital stays decreased
by 52.8% in patients with prior DMT use (from 7.2 to 3.4
days; P<0.001) and by 90.5% in patients without prior DMT
use (from 6.3 to 0.6 days; P<0.001).

Mean annual per-patient MS-related inpatient costs
decreased by 78.3%, from €3,759 (median, €706; range,
€0—€60,583) in the pre-index period to €815 (median, €0;
range, €0—€25,934) in the post-index period in the overall
sample, and by 76.6% and 83.9% in patients with and without
prior DMT use, respectively (all P<0.001; Figure 3B).

In the overall sample, the proportion of patients hospital-
ized for any cause decreased by 52.4% while on natalizumab
therapy (P<0.001; Figure 4A). The mean number of all-cause
hospitalizations was 1.3 in the pre-index period and 0.4 in the
post-index period (P<0.001), and the mean duration of these
stays decreased by 48.2%, from 9.6 to 5.0 days (P<0.001;
Table 2). Similar reductions after natalizumab initiation were
observed in the subgroups of patients with and without prior
DMT use (Figure 4A; Table S1).

Mean annual per-patient all-cause inpatient costs
decreased by 64.0%, from €4,610 (median, €2,365; range,
€0—€60,583) in the pre-index period to €1,660 (median, €0;
range, €0—€33,719) in the post-index period in the overall
sample and by 58.9% and 78.7% in patients with and without
prior DMT use, respectively (all P<0.001; Figure 4B).

Corticosteroid use
In the first year of treatment with natalizumab, statistically
significant reductions from the pre-index period in the
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Figure 3 Multiple sclerosis—related (A) hospitalizations and (B) inpatient costs.
Abbreviation: DMT, disease-modifying therapy.

proportions of patients using corticosteroids were observed
among all patients (62.3% reduction) and among those with
(63.8% reduction) and without (56.6% reduction) prior DMT
use (all P<0.001; Figure 5A). Similarly, a significant decrease
was observed in the mean number of corticosteroid prescrip-
tions for all patients (from 2.4 to 0.6; P<0.001). Patients who
had received prior DMTs showed a larger change in cortico-
steroid use (from 2.6 to 0.6) than those who did not receive
prior DMTs (from 2.1 to 0.9; all P<0.001; Table 2; Table
S1). Mean expenditures associated with corticosteroid use
also significantly declined in each patient group (decreased
by 78.9%, 79.0%, and 78.2% for patients overall, with prior

DMT use, and without prior DMT use, respectively; all
P<0.001; Figure 5B).

Sick days and disability days

After initiation of natalizumab, the percentage of patients
with MS-related and all-cause sick days decreased from the
pre-index period by 27.6% (P<0.001) and 14.0% (P=0.011),
respectively (Figure 6A, B). The percentages of patients with
sick days also decreased in patients with and without prior
DMT use; however, only the changes in the former group
were statistically significant (Figure 6A, B). In contrast,
changes in the mean number of MS-related and all-cause sick
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Table 2 Health care resource utilization among overall patient sample before and after initiating treatment with natalizumab

Health care All patients (N=193)

resource utilization

Pre-index Post-index Change P-value

Number of hospitalizations

MS-related
Mean (SD) I.1(1.5) 0.2 (0.7) -0.9 (1.4) <0.001
Median (range) 0 (0, 8) 0(0,5) 0 (-6, 3)

All-cause
Mean (SD) 1.3 (1.8) 0.4 (I.1) —-0.9 (1.8) <0.001
Median (range) 1(0,9) 0(,Il) 0(-8,9)

Number of inpatient days

MS-related
Mean (SD) 7.0 (10.7) 2.7 (20.5) —4.3 (20.5) <0.001
Median (range) 0 (0, 62) 0 (0, 277) 0 (—62, 238)

All-cause
Mean (SD) 9.6 (16.6) 5.0 (23.5) —4.6 (25.0) <0.001
Median (range) 40, 113) 0 (0, 277) 0(-113,238)

Corticosteroid use
Mean (SD) 2.4 (2.5) 0.6 (1.3) -1.8(24) <0.001
Median (range) 2 (0, 19) 0(0, 8) -1 (-19,3)

Number of sick days

MS-related
Mean (SD) 29.8 (53.1) 21.8 (55.8) -8.0 (59.7) <0.001
Median (range) I (0, 326) 0 (0, 366) 0 (=308, 311)

All-cause
Mean (SD) 36.2 (58.5) 27.9 (61.4) —8.3 (63.8) <0.001
Median (range) 5 (0, 330) 0 (0, 366) 0 (-312, 256)

Number of all-cause disability days
Mean (SD) 33.2 (84.9) 39.7 (97.9) 6.6 (61.5) 0.436
Median (range) 0 (0, 365) 0 (0, 366) 0 (—158, 365)

Abbreviations: MS, multiple sclerosis; SD, standard deviation.

days were statistically significant for all patients regardless
of previous DMT use (Table 2; Table S1). The mean number
of MS-related sick days per patient was reduced by 8.0 days
(P<0.001) for patients overall, by 7.7 days (P=0.003) for
those with prior DMT use, and by 8.9 days (P=0.012) for
those without prior DMT use. Similarly, the mean number
of all-cause sick days was reduced by 8.3 days (P<0.001),
9.0 days (P=0.001), and 6.2 days (P=0.026), respectively.
Both for patients with and without prior DMT use, changes
in the proportion of patients with all-cause disability days
and in the mean number of all-cause disability days (Table 2;
Table S1) were not statistically significant.

Discussion

Natalizumab has been available in Germany since 2006.%
Among German people with MS initiating natalizumab treat-
ment between January 2009 and December 2012 in real-world
settings, this study demonstrated significant reductions at
12 months in MS-related and all-cause hospitalizations and
corticosteroid use. Administrative medical and pharmacy
claims data from the German HRI research database showed
that, from the pre- to the post-index period, the proportion of

people with MS hospitalized for MS-related and all-cause
events decreased by 72% and 52%, respectively, and the
percentage of people with MS using corticosteroids was
reduced by 62%. For MS-related and all-cause hospitaliza-
tions, per-person costs were reduced by nearly €3,000; for
corticosteroid use, per-person costs were reduced by a mean
of approximately €300. In this study, 75% of people with
MS had used another DMT in the 12 months before starting
treatment with natalizamab. The reductions in MS-related
and all-cause hospitalizations and costs and MS-related and
all-cause sick days were larger among people with MS with-
out prior DMT use. In contrast, reductions in corticosteroid
use and disability days were comparable between people
with MS with and without prior DMT use. These findings
are supported by studies in other countries of people with
MS starting or switching to natalizumab.*'** In a similarly
designed US-based analysis, significant reductions were
observed in MS-related and all-cause hospitalizations, cor-
ticosteroid use, and associated costs after starting treatment
with natalizumab.?! Seventy percent of people with MS had
used pre-index DMT; for MS-related hospitalizations and
costs, reductions were larger in the cohort of people with MS
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Figure 4 All-cause (A) hospitalizations and (B) inpatient costs.
Abbreviation: DMT, disease-modifying therapy.

who had not used pre-index DMT.*! In an Italian observa-
tional study of people with RRMS who had continued disease
activity after interferon beta or glatiramer acetate therapy, a
significantly larger percentage of those who switched their
therapy to natalizumab showed no evidence of disease activity
compared with those who switched to another DMT after 24
months.*? In other studies, people with MS with breakthrough
disease after the first-line therapy showed larger reductions
in disease activity after switching from another DMT to
natalizumab.!”3334

In a 2006 German cost-of-illness analysis, the mean total
annual cost of MS per person was estimated at €40,000, two-
fifths of which was related to decreased productivity owing
to sick leave and early retirement.* Decreased numbers of

Patients with
prior DMT use
(n=145)

Patients without
prior DMT use
(n=48)

MS-related sick days (8.0 days) and all-cause sick days (8.3
days) in the first year following natalizumab treatment initia-
tion in this study could correlate with a significant decline in
the indirect costs of MS. In combination with the declines
in direct medical costs also observed here, the addition of
natalizumab to a treatment regimen for a person with MS
could have a positive impact on the economic burden of MS in
Germany. While decreases in the number of disability-related
days were observed, these changes did not reach statistical
significance. This may be due to the short 12-month follow-
up period and/or the small number of disabled people with
MS. In addition, DMT treatment may mitigate the number
of people with MS who become disabled as 70% of the
population is pretreated. Natalizumab significantly reduced
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Figure 5 Corticosteroid (A) use and (B) costs.
Abbreviation: DMT, disease-modifying therapy.

MS and all-cause HRU and the associated costs. These
reductions and cost offsets suggest that natalizumab may be
a cost-effective treatment option for MS in Germany.

An analysis of SHI claims data showed that the preva-
lence of MS in Bavaria had increased by 42% from 2005
to 2009, corresponding to an overall projected prevalence
of 142,856 people with MS in Germany in 2009.*° In addi-
tion, the percentage of people with MS receiving 21 DMT
increased from 46% in 2005 to 51% in 2009. Thus, given the
increasing prevalence of MS and the increasing proportion
of people with MS receiving multiple DMTs in Germany,
the findings from the current study suggest that natalizumab

may positively impact the high economic burden associated
with HRU among German people with MS.*

As this is a descriptive study, these results should be
interpreted in the context of certain limitations. First, although
the HRI research database is generally representative of the
German population, the relatively small sample size of this
study restricts the extent to which the findings are generaliz-
able to the German population of people with MS, at large.
Furthermore, the study results may not be generalizable to
pregnant women, as they were excluded from this analysis. It
was not possible to evaluate clinical measures of effectiveness,
including disability progression, as typically assessed by
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Abbreviation: DMT, disease-modifying therapy.

changes in Expanded Disability Status Scale scores, clini-
cally identified relapses, and severity of the relapses, as this
information is not available from the HRI research database.
In addition, the time period of the analysis does not allow for
a complete record of a person’s history with MS, including
disease duration, prior treatment, or relapse, all of which may
differ over time. Also, to have a comparable patient sample,
only patients staying on natalizumab therapy were included.

These analyses were limited by the 1-year pre- and
post-index periods, and future analyses can examine 2-year
pre- and post-index periods, provided that sample sizes are
large enough. These analyses were also limited to HRU (i.e.,
hospitalizations, corticosteroid use, and sick days) related to
MS outcomes and did not include any DMT costs, such as the
cost of natalizumab or DMT costs in the pre-index period.
In addition, corticosteroid use may be underestimated in this
study because its use in the inpatient setting could not be
included in this analysis. Corticosteroid use was evaluated as

a dichotomous outcome, and corticosteroid dosing changes
around natalizumab were not evaluated. Future research
should expand on this issue and describe corticosteroid dos-
ing over time. Finally, in German claims data, outpatient visits
are not coded with a diagnosis code, and emergency room
(ER) visits cannot be assessed; therefore, MS-specific outpa-
tient visits and ER visits were not included in this analysis.

Further research is warranted, including a more detailed
analysis to evaluate study outcomes among people with MS
by disease severity and to evaluate hospitalizations that may
be preventable, thereby reducing HRU-related costs.

Conclusions

In a real-world setting in Germany, people with MS who
initiated treatment with natalizamab demonstrated significant
reductions in MS-related and all-cause inpatient stays and
corticosteroid use with associated costs. Natalizumab was also
associated with significant decreases from the pre-index period
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in the percentage of people with MS-related and all-cause sick
days and in the mean number of MS-related and all-cause sick
days. These findings suggest that the benefits of natalizumab,
as demonstrated in clinical trials, translate into real-world
reductions in MS-related and all-cause hospitalizations and
corticosteroid use. In addition, people with MS without DMT
use had a greater magnitude of reduction in both MS-related
and all-cause inpatient utilization and costs following natali-
zumab initiation than people with MS with prior DMT use,
further highlighting the need to start treatment early.
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Supplementary material

Table S| Health care resource utilization among the subgroups of patients with and without prior DMT use before and after initiating

treatment with natalizumab

Health care Patients with prior DMT use (n=145) Patients without prior DMT use (n=48)
resource utilization  p e index  Post-index Change P-value  Pre-index Post-index = Change P-value
Number of hospitalizations
MS-related
Mean (SD) 1.1 (1.5) 0.2 (0.7) —0.9 (1.4) <0.001 0.9 (1.3) 0.1 (0.4) -0.8 (1.2) <0.001
Median (range) 1 (0, 8) 0(0,5) 0 (-6, 3) 0(0,5) 0(0,2) 0(—41)
All-cause
Mean (SD) 1.4 (1.8) 0.50 (1.3) —-0.9 (1.8) <0.001 1.2 (1.7) 0.3 (0.6) -1.0 (1.7) <0.001
Median (range) 1(0,9) 0(0, 11) 0(-7,9) 1 (0, 8) 0(0, 3) -0.5(-8,2)
Number of inpatient days
MS-related
Mean (SD) 72(11.2) 3.4 (23.5) -3.8(23.2) <0.001 6.3 (9.3) 0.6 (2.1) —5.7 (8.6) <0.001
Median (range) 4 (0, 62) 0 (0, 277) 0 (-62, 238) 0 (0, 36) 0(0, 13) 0(-35,2)
All-cause
Mean (SD) 9.8 (16.0) 5.6 (25.6) —4.1 (25.2) <0.001 9.2 (18.4) 3.0 (15.3) —6.2 (24.5) <0.001
Median (range) 4 (0, 104) 0 (0, 277) 0 (—66, 238) 1.5, 113) 0(0, 105) —1.5 (=113, 105)
Corticosteroid use
Mean (SD) 2.6 (2.5) 0.5 (1.0) -2.0 (2.4) <0.001 2.1 (24) 0.9 (1.9) —-1.2 (2.1) <0.001
Median (range) 2 (0, 19) 0 (0, 4) -2 (=19, 3) 1 (0, 10) 0(0, 8) -0.5(-7,3)
Number of sick days
MS-related
Mean (SD) 32.6 (55.5) 24.9 (61.2) 7.7 (65.2) 0.003 21.4 (44.5) 12.5 (33.8) —-8.9 (39.0) 0.012
Median (range) 4 (0, 326) 0 (0, 366) 0 (-308, 311) 0 (0, 209) 0 (0, 165) 0 (—162, 146)
All-cause
Mean (SD) 394 (61.1) 30.4 (64.5) —9.0 (66.3) 0.001 26.7 (49.5) 20.5 (50.8) —-6.2 (56.1) 0.026
Median (range) 10 (0, 330) 1 (0, 366) 0 (312, 256) 0 (0, 213) 0 (0, 270) 0 (166, 249)
Number of all-cause disability days
Mean (SD) 37.8 (90.9) 45.7 (105.5) 7.9 (65.1) 0.386 19.1 (61.9) 21.7 (68.0) 2.6 (49.1) 1.000
Median (range) 0 (0, 365) 0 (0, 366) 0 (—158, 365) 0 (0, 365) 0 (0, 366) 0 (123, 249)
Abbreviations: DMT, disease-modifying therapy; MS, multiple sclerosis; SD, standard deviation.
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