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ABSTRACT

Introduction: Neuromyelitis optica spectrum
disorder (NMOSD) is a rare autoimmune disease
of the central nervous system which causes
recurrent relapses, resulting in blindness,
paralysis, and spinal cord damage. This study
sought to explore the real-world burden, treat-
ment, and cost of NMOSD in Germany using
claims data.
Methods: Our study consisted of a retrospective
analysis of two anonymized health insurance
datasets covering around 9 million patients in

Germany from 01/01/2013 to 31/12/2019.
NMOSD patients were identified using inpatient
and outpatient International Classification of
Diseases, Tenth Revision (ICD-10) diagnoses of
neuromyelitis optica (NMO; G36.0) and rele-
vant symptom codes. Active periods of disease
were identified based on relapse events (in-
cluding hospitalizations and acute treatment);
healthcare resource utilization (HCRU) and
direct costs were allocated to active and inactive
periods based on treatment dates. Propensity
score matching was used to compare HCRU and
cost outcomes among patients with and with-
out NMOSD.
Results: Overall, 130 patients were identified as
having NMOSD (mean age: 46.84 years; 58%
female). NMOSD patients recorded 16.52 active
and 348.48 inactive days per patient year (PPY).
HCRU and associated costs were approximately
tenfold higher during active periods than dur-
ing inactive periods, with the largest share of
the cost difference driven by hospitalizations
(€6424.09/€259.10 per active/inactive month)
and outpatient drug prescriptions (€412.83/
€271.58). Direct healthcare costs incurred by
patients with NMOSD (€12,913.28 PPY) were
approximately threefold higher than those
incurred by patients without NMOSD (€4667.66
PPY). Costs of hospitalization (€6448.32/
€1937.64 PPY) and outpatient prescriptions
(€3335.67/€1037.64 PPY) contributed most
strongly to the difference.
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Conclusion: Patients with NMOSD consume
substantial healthcare resources and incur
heavy costs during active disease phases. This
study captured direct measurable healthcare
costs and likely underestimates the real societal/
emotional burden on patients and their fami-
lies. Nevertheless, prevention of acute relapses
represents one compelling strategy to minimize
the economic burden of NMOSD in Germany.

Keywords: Claims data; Direct healthcare
costs; Germany; Healthcare resource use;
Neuromyelitis optica spectrum disorder;
Propensity score matching; Real-world
evidence; Relapse

Key Summary Points

Why carry out this study?

To expand upon a growing body of claims
data research from the United States and
East Asia, this study sought to assess the
healthcare resource and cost burden of
neuromyelitis optica spectrum disorder
(NMOSD) in Germany during periods of
active and inactive disease, as well as
amongst patients with NMOSD and a
propensity score-matched comparator
group.

We hypothesized that the costs of care
would be highest during periods of active
disease and that NMOSD patients would
incur higher costs than the comparator
group of individuals without NMOSD.

What was learned from the study?

Annualized direct healthcare spending
was found to be almost three times as high
in NMOSD patients as compared to the
propensity score-matched cohort of
patients without NMOSD, and the highest
degree of cost accumulation occurred
within hospital settings during periods of
active relapse.

Our findings suggest that heavy direct
healthcare costs incurred by patients with
NMOSD are strongly linked to periods of
acute relapse/active disease, and that the
magnitude of the cost difference in
Germany is tenfold higher during active
periods than during inactive periods.

Our results reaffirm that hospitalization
and outpatient prescriptions constitute
the primary cost drivers when treating
active NMOSD.

INTRODUCTION

Neuromyelitis optica spectrum disorder
(NMOSD), also known as Devic’s disease and
neuromyelitis optica (NMO), is a rare autoim-
mune condition of the central nervous system
(CNS), primarily characterized by the inflam-
mation of the optic nerve [optic neuritis (ON)]
and spinal cord [longitudinal extensive trans-
verse myelitis (LETM)] [1]. When left untreated,
patients with NMOSD may suffer from acute
relapses, resulting in blindness, paralysis, and
death. Various studies have suggested that
NMOSD is often misdiagnosed as multiple
sclerosis (MS) in clinical practice, given its low
prevalence (approximately 0.5–4 cases/100,000)
[2, 3] and its similar profile as an autoimmune
disease which involves the loss of visual acuity
as well as weakness, numbness and pain asso-
ciated with the demyelination of the spinal cord
[4, 5]. In recent years, serological testing for
highly specific autoantibodies targeting the
aquaporin-4 water channel (AQP4-IgG) has
been used to detect NMOSD in clinical settings,
with an average sensitivity of over 75% when
using cell-based serum assays [6].

NMOSD is frequently characterized by
recurrent and debilitating relapses, which
involve the onset of new or worsening symp-
toms and may result in partial or bilateral
blindness, weakness, paralysis, loss of sensation,
digestive dysfunction, and spinal cord damage
[7]. While some symptoms of NMOSD attacks
and recurrent relapses are reversible, active
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phases have been found to have a profound,
negative impact on quality of life of NMOSD
patients and instances of permanent neurolog-
ical disability are common [8, 9]. Attacks and
relapses have been found to occur almost twice
as frequently in NMOSD as in MS, and are
associated with more severe neurological
impairments, as well as lower rates of full
recovery [10, 11].

Generally, treatment of NMOSD comprises
three main types: (1) acute therapy, (2) main-
tenance therapy, and (3) treatment of symp-
toms [12, 13]. The objective of acute treatment
is to subdue inflammatory attacks, minimize
damage to the CNS, and improve long-term
neurological function [12, 13]. Acute treatment
of NMOSD generally consists of a 5-day high-
dose regimen of corticosteroids (often intra-
venous methylprednisolone) followed by a 2–8
week-long oral steroid taper [12, 13]. In some
cases, plasma exchange (PLEX) and/or intra-
venous immunoglobulin (IVIG) are used in
patients with NMOSD to regain neurological
function after an attack/relapse. Following a
patient’s initial diagnosis, long-term immuno-
suppressive therapy is used as a maintenance
therapy to reduce the risk of relapse. Mainte-
nance treatment regimens for NMOSD may
vary; however, common off-label therapies
include oral corticosteroids, azathioprine,
rituximab, and mycophenolate, among other
immunosuppressant drugs like mitoxantrone,
methotrexate, and tocilizumab [12–14]. Since
2019, three new therapies—eculizumab, inebi-
lizumab, and satralizumab—have been
approved. Among these, only eculizumab was
approved in Germany at the time of this anal-
ysis. Common medications used in the treat-
ment of NMOSD-related pain include
antiepileptics, anti-spasmodic drugs, anti-de-
pressants, and analgesics [12].

A recent study concluded that progressive
impairment in patients with NMOSD is singu-
larly linked to clinical relapses and that no
depreciation in the Expanded Disability Status
Scale (EDSS) score was detectable during inac-
tive disease periods [15]. These findings, among
others, have placed further emphasis on the
prevention of relapse as a means of optimizing
clinical outcomes for patients with NMOSD. In

alignment with a small but growing body of
claims research from the United States (USA)
and East Asia [16–20], this study seeks to explore
the real-world burden, treatment, and direct
measurable costs of NMOSD in Germany using
claims data, and to explore the differential
effect of active and inactive disease phases on
the costs of treating NMOSD patients. Study
objectives also included a comparison of
healthcare resource utilization (HCRU) and
costs incurred by patients with NMOSD and a
matched cohort of comparators without
NMOSD.

METHODS

Patient Identification and Active Period
Assignment

This study consisted of a non-interventional,
retrospective analysis of anonymized health
insurance claims datasets provided by AOK
PLUS and GWQ ServicePlus during the period
from 01/01/2013 to 31/12/2019. Taken toge-
ther, the data from both providers covered a
total sickness fund population of around 9
million patients in Germany (3.2 and 5.7 mil-
lion patients, respectively). Patients with
NMOSD (as well as a matched comparison
group of patients without NMOSD) were iden-
tified via an algorithm using inpatient and
outpatient International Classification of Dis-
eases, Tenth Revision, German modification
(ICD-10-GM) diagnostic codes.

Patients with NMOSD were identified if they
received at least (1) one inpatient code for neu-
romyelitis optica (G36.0), or (2) two confirmed
outpatient diagnoses of NMO, or (3) a con-
firmed outpatient diagnosis of NMO by a rele-
vant specialist1 and at least one inpatient or
confirmed outpatient diagnosis of optic neuritis
(H46), or transverse myelitis (TM) (G37.3) by a
relevant specialist during the inclusion period
(01/01/2014–31/12/2018). The first observed
NMO, TM, or ON code within the inclusion

1 Within the context of this study, the term relevant
specialist refers to the following specialties: neurology,
neuroradiology, ophthalmology, and rheumatology.
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period was set as the index date and all patients
included in the analysis were required to be
continuously insured by their respective sick-
ness fund for a minimum period of 2 years (with
at least 12 months of baseline and follow-up
observation). The only exception to the mini-
mum follow-up condition was early death.
Generally, patients were excluded based on
subsequent inpatient and outpatient specialist
codes for multiple sclerosis (G35) and sarcoidosis
(D86); however, a systematic check of these
patients’ diagnostic sequence was performed to
account for the strong likelihood of potential
MS misdiagnosis, especially in the early phase of
NMOSD diagnosis. Consequently, patients who
only received a few subsequent outpatient MS
codes close to the index date (with a much
higher proportion of subsequent inpatient and
outpatient NMO codes) were not excluded. In
addition to the base cohort of NMOSD patients,
relevant analyses were also performed for a
sensitivity cohort of NMOSD patients, who were
only included if outpatient diagnoses of NMO
(G36.0), included in the initial eligibility crite-
ria, were made by relevant specialists.

Patient characteristics were measured during
the 1-year baseline period, while treatment was
measured during the 1-year post-index period.
Active disease periods were identified during the
patient-individual follow-up period [from the
index diagnosis until censorship, (i.e., death,
end of insurance, or 31/12/2019)] based on
events associated with acute attacks and/or
relapses.

Within the German system, patients may
enter the hospital in one of three ways: (1) via
an emergency room (ER) visit with a subsequent
admission by an ER doctor, (2) at the suggestion
of an outpatient general practitioner (GP) or
specialist, who recommends hospitalization in
order to guarantee further monitoring of the
patient’s condition, or (3) in the event of a
planned procedure/surgery. During inpatient
stays in Germany, patients receive various
diagnoses, recorded via ICD-10 codes. The most
important of these is the main diagnosis, which
provides the basis for billing/reimbursement,
and generally encompasses the underlying rea-
son for the hospitalization. In addition to this
main code, a range of other primary and

secondary codes are also logged, which may
cover a diverse array of symptoms, infections,
and conditions that were detected and treated
during the inpatient stay. In our study, attack/
relapse events were defined as scenarios
involving (1) hospitalization with a main diag-
nosis of NMO, TM or ON, or (2) treatment with
acute therapies (based on outpatient codes for
intravenous corticosteroids,2 or either inpatient
or outpatient treatment with IVIG or PLEX).
This derives from the assumption that an acute
relapse, defined by the appearance of new or
worsening NMOSD-related symptoms, would
require immediate treatment and qualify as the
main diagnosis associated with an inpatient
stay. Ultimately, the start date of a relapse event
was defined as either the date of the hospital
admission or the date of the acute treatment
code.

In line with findings from a case control
study [10] and previous claims data research
[17], each 30-day period following a relapse
event was defined as an active period, in order
to account for the prescribed therapy course for
acute attacks (normally the administration of
intravenous methylprednisolone for 5 days fol-
lowed by oral steroids), which warrants treat-
ment of the patient over several days or weeks.
Clusters of acute treatment codes within
30 days of one another did not result in the
extension of the active period; however, all
hospitalizations with a main NMO, TM, or ON
code were considered active, even if the dura-
tion was longer than 30 days. All periods not
characterized as active were defined as inactive.
HCRU and costs were allocated to active and
inactive periods based on respective treatment
dates and reported days per patient year (PPY)
from the index diagnosis until censorship.
HCRU variables covered inpatient care (hospi-
talization and rehabilitation stays), outpatient
visits (to GPs and specialists), and sick leave
periods. Cost analyses included expenses related
to hospitalizations, rehabilitations, and outpa-
tient prescriptions, as well as medical aids (e.g.,
mobility devices, hearing aids) and therapeutic

2 Intravenous corticosteroids were observed only in an
outpatient treatment setting based on Anatomical Ther-
apeutic Chemical (ATC) codes, since no data on inpa-
tient use of corticosteroids was available.
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remedies (e.g., osteopathy, acupuncture). Out-
of-pocket expenses were omitted from this
analysis since they are not recorded in the
claims data; however, these are assumed to be
negligible within the German treatment setting.
In cases where an inpatient hospitalization,
rehabilitation stay or sick leave period spanned
both active and inactive periods, costs associ-
ated with each were allocated equitably across
all days and proportionately assigned to active
and inactive periods. The admission date or the
first sick leave day was used to characterize
hospitalization, rehabilitation, and sick leave
periods in aggregate; however, the number of
days allocated to active and inactive periods was

determined based on the distribution of days.
Figure 1 summarizes the methods used to assign
days to active and inactive NMOSD phases,
based on hospitalizations with a main NMO/
TM/ON diagnosis as well as acute treatment
codes.

Identification of Unmatched and Matched
Cohorts of Patients Without NMOSD

In order to compare HCRU and costs incurred
by NMOSD patients with those from a matched
cohort of patients without NMOSD, a second
base cohort of patients was identified. Patients
without NMOSD were required to satisfy

Fig. 1 Delineation of active and inactive disease periods
based on relapse events. Summary of the methodology used
to assign observational days to active and inactive
NMOSD periods based on hospitalizations with a main
diagnosis of NMO, TM, or ON, as well as acute treatment

codes. IVIG intravenous immunoglobulin, NMO neu-
romyelitis optica, ON optic neuritis, PLEX plasma
exchange, TM transverse myelitis
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continuous insurance criteria for the entire
study period and to possess no record of inpa-
tient or outpatient codes for NMO, TM, ON,
sarcoidosis, or MS from 01/01/2013 to 31/12/
2019. The latter two codes were excluded to
ensure that no NMOSD patients with current
misdiagnoses of sarcoidosis and MS would be
included in the non-NMOSD group. To align
the observational periods between both
cohorts, unmatched non-NMOSD individuals
were assigned a random index date that fell
between the first and last observed index date
from the NMOSD patient population.

A propensity score matching (PSM) method
was used to compare HCRU and cost across both
groups. The PSM used a nearest-neighbor
matching technique with a maximum caliper of
0.001. Patients from both cohorts were matched
with those who had the same probabilistic
likelihood of having NMOSD (based on a mul-
tivariate logistic regression using covariates
measured during the baseline period). Covari-
ates in the logistic regression model used to
assign propensity scores included sociodemo-
graphic characteristics, previous health resource
use (e.g., hospitalizations, procedures, prescrip-
tions, outpatient visits) and comorbidities. A
sensitivity analysis of different one-to-many
approaches was conducted to identify the best
method for matching patients with the goal of
minimizing the percentage bias between mat-
ched cohorts based on observable covariates
(age, sex, and comorbidities, as well as HCRU
during the baseline period). Propensity scores
and matched controls were assigned to patients
within each dataset separately, while HCRU and
costs were reported on an aggregate level for
patients with and without NMOSD. Lastly,
given the well-known skewness of per-patient
healthcare costs and the potential impact of
high-cost cases on the robustness of findings, a
sensitivity cost analysis was performed in which
the top and bottom 2.5% of patients in terms of
total healthcare costs (related to outpatient
prescriptions, outpatient care and hospitaliza-
tion costs only) were excluded.

Statistical Analyses

A descriptive analysis of baseline characteristics
and treatment was performed for all NMOSD
patients. Treatment codes can be found in the
Supplementary Material. Categorical variables
were analyzed using absolute and relative fre-
quencies while continuous variables were
reported using sample statistics [including
mean, standard deviation (SD), minimum,
median, and maximum values]. HCRU and cost
variables were measured over a minimum per-
iod of 365 days (except in cases of early death)
and reported PPY, to account for the variable
length of follow-up periods. Rate ratios were
computed for each of the reported HCRU and
cost variables, and significance was assessed
based on two-sided p-values. All statistical
analyses were performed in STATA (StataCorp.
2019. Stata Statistical Software: Release 16.
College Station, TX, USA: StataCorp LLC),
Microsoft SQL Server 2019, or Microsoft Excel
2019 (Microsoft Corporation, Redmond, WA,
USA). This study involved the use of two
anonymized health insurance claims datasets
provided by AOK PLUS and GWQ ServicePLUS
under formal agreement and legal basis of §75,
Tenth Book of the Social Code (SGB X). No
ethical approval from an institutional review
board was required to implement this study, as
a result of the anonymization of all patient data
provided by the sickness funds.

RESULTS

Patient Characteristics and Treatment
of NMOSD

Table 1 provides an overview of the baseline
characteristics of NMOSD patients, as well as
those included in the sensitivity cohort. A total
of 130 patients were identified as having
NMOSD, while 98 patients satisfied the more
rigorous eligibility criteria for the sensitivity
cohort. Among the base cohort, the mean age
was 46.84 years, with a range of 3–89 years.
Approximately 58% of the NMOSD patients
were female, and five adolescent patients were
included in the analysis. The average age of
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Table 1 Baseline characteristics

Patient characteristics Base cohort Sensitivity cohort

Total patients

N = X 130 98

Sex (measured at index)

Male—N (%) 55 (42%) 35 (36%)

Female—N (%) 75 (58%) 63 (64%)

Age (measured at index)

Mean (SD) 46.84 (17.83) 46.63 (17.30)

Median (range) 46.5 (3–89) 46.5 (3–82)

Charlson Comorbidity Index score (measured during the baseline period)

Median (range) 46.5 (3–89) 46.5 (3–82)

Mean (SD) 1.55 (2.44) 1.61 (2.48)

Magnetic resonance imaging (measured during the baseline period)

Either or both MRIs—N (%) 54 (42%) 49 (50%)

Spinal cord MRI only—N (%) 6 (5%) 6 (6%)

Brain MRI only—N (%) 35 (27%) 29 (30%)

Spinal cord ? brain MRI—N (%) 13 (10%) 14 (14%)

Top-10 co-diagnoses (measured during the baseline period)

Dorsalgia (M54)—N (%) 50 (38%) 44 (45%)

Essential (primary) hypertension (I10)—N (%) 38 (29%) 31 (32%)

Disorders of lipoprotein metabolism and other lipidemias (E78)—N (%) 34 (26%) 30 (31%)

Other acute disseminated demyelination (G36)—N (%) 30 (23%) 26 (27%)

Disorders of refraction and accommodation (H52)—N (%) 30 (23%) 25 (26%)

Visual disturbances (H53)—N (%) 24 (18%) 24 (24%)

Disturbances of skin sensation (R20)—N (%) 23 (18%) 23 (23%)

Depressive episode (F32)—N (%) 22 (17%) 21 (21%)

Somatoform disorders (F45)—N (%) 21 (16%) 20 (20%)

Other dorsopathies, not elsewhere classified (M53)—N (%) 21 (16%) 17 (17%)

Length of follow-up period (in years)

Mean (SD) 3.99 (1.76) 3.72 (1.72)

Death (measured during the follow-up period)

N (%) 10 (8%) 6 (6%)

Death rate (per year) 0.019 0.016

MRI magnetic resonance imaging, SD standard deviation
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patients included in the sensitivity analysis
(46.64 years) was comparable to the base
cohort; however, the percentage of females was
noticeably higher, at 64%. During the baseline
period, 42% of patients (50% in the sensitivity
cohort) received a code for diagnostic imaging
in the form of brain magnetic resonance imag-
ing (MRI) or spinal cord MRI. The average
length of the follow-up period was 3.99 years,
with a range of 0.12–6.00 years. Overall, 10
patients died during the follow-up period,
yielding a death rate of 0.019 per year. The most
common co-diagnoses (measured via three-digit
ICD-10 codes during the baseline period) are
also included in Table 1.

During one year of observation, 23% of
patients received some form of acute treatment
with intravenous corticosteroids (11%), plasma
exchange (13%), or intravenous immunoglob-
ulin (3%), and 42% of patients received main-
tenance therapies including oral corticosteroids
(21%), immunosuppressive therapies (12%),
and B-cell-targeting therapies (18%). The top
maintenance therapy agents were rituximab
(18%), prednisolone (17%), and azathioprine
(10%). In addition to acute and maintenance
therapies, a majority of NMOSD patients (63%)
received medicines used for pain relief (as
defined in the Supplementary Material),
including antiepileptic drugs (32%), anti-in-
flammatory and antirheumatic drugs (32%),
analgesics (25%), and psychoanaleptics (25%).

Characteristics of NMOSD Relapses

Approximately 53% in the base cohort of
NMOSD patients suffered from at least one
documented relapse during the follow-up per-
iod, though the percentage of patients with a
relapse event was much higher in the sensitivity
cohort (66%). Based on these events, NMOSD
patients recorded 16.52 active disease days PPY,
as compared to 348.48 inactive days PPY, with a
corresponding ratio of 0.05 active/inactive days.
Ultimately, the number of active days was
higher in the sensitivity cohort (21.92 days
PPY). An annualized relapse rate (ARR) was cal-
culated by dividing the total number of active
periods across all patients by the total

observational time. This yielded respective ARRs
of 0.52 and 0.66 for the base and sensitivity
cohorts.

HCRU and Cost During Active
and Inactive Periods

Table 2 below compares differences in HCRU
between NMOSD patients during active and
inactive periods. Across all domains, HCRU was
higher during active periods than during inac-
tive periods. For each active year of observation,
NMOSD patients in the base cohort recorded
13.17 all-cause outpatient visits to any doctor,
as compared to 11.90 visits per each inactive
year of observation. Similar trends were
observed for all-cause visits to relevant special-
ists (2.77 PPY/2.24 PPY), visits to any doctor
with a corresponding diagnosis of NMO, TM, or
ON (6.18 PPY/4.66 PPY), and visits to a relevant
specialist with a corresponding diagnosis of
NMO, TM or ON (1.83 PPY/0.91 PPY).

Patients recorded 9.29 all-cause hospitaliza-
tions and 88.95 hospitalization days during
each active year of observation, as compared to
0.52 all-cause hospitalizations and 6.11 hospi-
talization days during inactive years. This result
is mainly driven by NMOSD-related stays;
however, the difference across active and inac-
tive periods is also present for non-NMOSD-re-
lated stays (e.g., those not resulting in a
diagnosis of NMO, TM or ON), with 0.47 active
and 0.40 inactive hospitalizations PPY, and 8.06
active and 5.04 inactive hospitalization days
PPY. Patients with active NMOSD recorded 3.81
times as many sick leave days as they did during
inactive periods, and 9.96 times as many sick
leave days in which the corresponding diagno-
sis was related to NMOSD.

The total healthcare costs incurred per
patient month (PPM) of active observation was
€7159.08, as opposed to €714.17 PPM of inac-
tive observation. This corresponds to a tenfold
difference in cost across active and inactive
periods, with the largest share of the cost dif-
ference driven by inpatient hospitalizations
(€6424.09/€259.10 per active/inactive month)
and outpatient prescriptions (€412.83/€271.58).
Table 3 provides an overview of direct costs
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Table 2 Comparison of HCRU during active and inactive disease phases

Healthcare resource utilization

(measured during the follow-up period)

Active Inactive

Base cohort Sensitivity cohort Base cohort Sensitivity cohort

Outpatient care

All-cause visits (PPY) 13.17 13.38 11.90 11.78

All-cause visits to a relevant specialist (PPY) 2.77 2.74 2.24 2.41

Visits for NMO, ON, or TM (PPY) 6.18 6.44 4.66 3.49

Visits to a relevant specialist for NMO,

ON, or TM (PPY)

1.83 1.96 0.91 1.27

Hospitalizations

All-cause hospitalizations

Stays (PPY) 9.29 9.91 0.52 0.54

Days (PPY) 88.95 94.93 6.11 4.78

Hospitalizations with a primary or secondary diagnosis of NMO, TM, or ON

Stays (PPY) 8.82 9.45 0.12 0.18

Days (PPY) 80.89 86.66 1.07 1.54

All non-NMOSD-related hospitalizations

Stays (PPY) 0.47 0.46 0.40 0.36

Days (PPY) 8.06 8.26 5.04 3.24

Rehabilitation

All-cause rehabilitation

Stays (PPY) 0.21 0.23 0.06 0.06

Days (PPY) 6.65 7.15 2.36 2.72

Rehabilitation with a diagnosis

of NMO, TM, or ON

Stays (PPY) 0.21 0.23 0.01 0.01

Days (PPY) 6.65 7.15 0.69 1.05

Sick leave

All-cause sick leave

Sick leave periods (PPY) 1.29 1.38 0.57 0.70

Sick leave days (PPY) 49.11 52.84 12.89 18.57

NMO-related sick leave

Sick leave periods (PPY) 1.29 1.38 0.01 0.02

Sick leave days (PPY) 49.11 52.84 4.93 7.53

Analyses of sick leave and rehabilitation stays were based on AOK PLUS data only. Relevant specialists include neurologists, neuroradiologists, rheuma-

tologists and ophthalmologists

NMO neuromyelitis optica, ON optic neuritis, PPY per patient year, TM transverse myelitis

Neurol Ther (2022) 11:247–263 255



during active and inactive periods PPM for both
the base cohort of NMOSD patients, as well as
the sensitivity cohort.

HCRU and Cost Comparison Between
Patients with and without NMOSD

In our PSM analysis of HCRU and cost in
patients with and without NMOSD, matching
strategies of 1:16 (AOK PLUS dataset) and 1:13
(GWQ dataset) were found to lead to the best
possible result (i.e., minimization of the average
percentage bias between groups). All identified
patients with NMOSD (N = 130) were included
and matched with those from the base cohort of

patients without NMOSD (N = 5,402,103),
resulting in a total matched population of 130
patients with NMOSD, and 1822 patients with-
out NMOSD.

Supplementary Table 2 provides an overview
of the baseline characteristics of patients inclu-
ded in both cohorts before and after matching,
for both AOK PLUS and GWQ datasets. During
the matching process, all statistically significant
differences (P\0.001) between the two com-
parison groups in terms of sex, comorbidities,
and baseline HCRU were eliminated. This
means that non-NMOSD patients included in
our comparison were approximately as comor-
bid and used approximately as many healthcare

Table 3 Comparison of healthcare costs during active and inactive disease phases

Healthcare costs [reported per patient month
(PPM) during the follow-up period]

Active Inactive

Base cohort Sensitivity cohort Base cohort Sensitivity cohort

Total costs €7159.08 €7632.38 €714.17 €834.91

Hospitalization-related costs

All-cause hospitalizations (PPM) €6424.09 €6881.87 €259.10 €267.11

Hospitalizations with a main or primary diagnosis

of NMO, TM, or ON (PPM)

€5895.04 €6315.38 €46.78 €67.55

All non-NMOSD-related hospitalizations (PPM) €529.05 €566.49 €212.32 €199.56

Outpatient prescription costs

All treatment (PPM) €412.83 €403.92 €271.58 €342.59

Acute treatment (PPM) €162.42 €162.52 €0.52 €0.75

Maintenance treatment (PPM) €46.43 €49.18 €22.11 €31.65

Other drugs (PPM) €0.00 €0.00 €5.27 €0.00

Pain medications (PPM) €63.17 €63.43 €38.13 €36.71

Cost of aids and remedies

All aids and remedies (PPM) €224.37 €241.39 €141.08 €173.73

Cost of rehabilitation

All-cause rehabilitation €97.78 €105.20 €42.40 €51.48

Rehabilitation with a primary diagnosis of NMO,

TM, or ON

€97.78 €105.20 €11.69 €17.86

Analyses of costs related to aids and remedies, as well as rehabilitation stays, were based on AOK PLUS data only. Relevant
specialists include neurologists, neuroradiologists, rheumatologists, and ophthalmologists
NMO neuromyelitis optica, NMOSD neuromyelitis optica spectrum disorder, ON optic neuritis, PPM per patient month,
TM transverse myelitis
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resources during the baseline period, as those
with NMOSD.

All HCRU outcomes and associated costs
were higher for NMOSD patients than their
non-NMOSD counterparts. Patients with
NMOSD recorded 12.05 outpatient visits PPY
compared to 10.00 PPY in the non-NMOSD
cohort. The number of hospitalization days was
twice as high among NMOSD patients (9.83/
4.17 PPY), and similar trends were observed for
sick leave days (13.72/8.23 days PPY). The
results of the full HCRU and cost comparison
are outlined in Tables 4 and 5.

The difference in total healthcare costs PPY
was €8245.62, with almost triple the cost in
NMOSD patients (€12,913.28 PPY) as compared
to patients without NMOSD (€4667.66 PPY).
Hospitalizations (€6448.32/€1937.64 PPY) and
outpatient prescriptions (€3335.67/€1037.64
PPY) contributed most strongly to the differ-
ence; however, differences in spending on
rehabilitation (€527.39/€120.14), aids and
remedies (€1720.89/€740.63), and outpatient
care (€881.01/€831.60) were also observed.

Given the small sample size and the poten-
tial bias introduced by the inclusion of a few
patients with outlier healthcare costs (including
one patient with repeated prescriptions for an
orphan drug in the base NMOSD cohort), a
sensitivity cost analysis was conducted entailing
the exclusion of the top and bottom 2.5% of
patients in terms of total healthcare costs PPY
(based on outpatient prescriptions, outpatient
care and hospitalization costs only) from each
of the matched cohorts. This resulted in a
decrease in the associated costs of outpatient
prescriptions PPY across both groups (€1455.31/
€891.28). Table 5 shows the results of both
analyses.

DISCUSSION

Our study confirms findings from the USA that
patients with NMOSD incur substantially
higher healthcare costs than matched patients
without NMOSD, and that the economic and

Table 4 Comparing HCRU among patients with and without NMOSD

Healthcare resource utilization
(measured during the follow-up period)

NMOSD cohort Non-NMOSD cohort P-value

Outpatient care

All-cause visits (PPY) 12.05 10.00 \ 0.001

Outpatient specialist visits (PPY) 7.57 6.19 \ 0.001

Outpatient GP visits (PPY) 4.48 3.81 \ 0.001

Hospitalizations

All-cause hospitalizations (PPY) 0.92 0.49 \ 0.001

All-cause hospitalization days (PPY) 9.83 4.17 \ 0.001

Rehabilitation

All-cause rehabilitation stays (PPY) 0.06 0.04 = 0.135

All-cause rehabilitation days (PPY) 2.48 0.84 \ 0.001

Sick leave

All-cause sick leave periods (PPY) 0.59 0.75 = 0.012

All-cause sick leave days (PPY) 13.72 8.23 \ 0.001

Analyses of sick leave and rehabilitation stays were based on AOK PLUS data only
GP general practitioner, NMOSD neuromyelitis optica spectrum disorder; PPY per patient year
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health resource burden is the greatest during
periods of active disease [16, 17].

Among a population of 9 million statutory
insured patients in Germany, we identified 130
patients with NMOSD using our base algorithm
and 98 patients using a sensitivity approach.
This corresponds to a prevalence rate of around
1.44/100,000 patients, which is well aligned
with the overall prevalence figures from the
literature (0.5–4 cases/100,000 patients) [2, 3].
Our slightly more conservative detection tech-
nique used in the sensitivity analysis yielded a
lower prevalence of 1.09/100,000, with higher
comparability to prevalence figures found in
other northern European nations, including
Denmark (1.09/100,000) and Sweden (1.04/
100,000) [21, 22]. The average age of patients
included in our study (base cohort/sensitivity:
46.8/46.6 years) was comparable to those
observed in two US claims data studies, with
respective averages of 44.9 and 46 years [16, 17].
However, the percentage of females was

marginally lower (base cohort/sensitivity: 58%/
64%) than figures cited elsewhere in the litera-
ture (66–88%) [16, 17, 23].

According to NEMOS, an open access net-
work which operates a registry for NMOSD
patients in Germany, the most common first
line maintenance therapies for treating NMOSD
include off-label rituximab and azathioprine
[13]. Ultimately, 18% and 10% of patients in the
base cohort were prescribed rituximab and aza-
thioprine, respectively, within 1 year of their
index NMO/TM/ON diagnosis. In addition, use
of mycophenolate mofetil was recorded at lower
levels (2%) within the NMOSD patient popula-
tion. While utilization of other second-line and
third-line agents including mitoxantrone,
methotrexate and tocilizumab was not detec-
ted, this may be due to the follow-up period of
one year used to measure treatment.

With regard to disease activity, a higher
percentage of patients in our study (base
cohort/sensitivity: 53.1%/66.3%) experienced

Table 5 Comparing healthcare costs among patients with and without NMOSD

Healthcare Costs (reported PPY during the follow-up period) NMOSD cohort Non-NMOSD cohort P-value

Overall results

Total costs (PPY) €12,913.28 €4667.66 \ 0.001

Hospitalizations (PPY) €6448.32 €1937.64 \ 0.001

Outpatient care (PPY) €881.01 €831.60 \ 0.001

Outpatient prescriptions (PPY) €3335.67 €1037.64 \ 0.001

Rehabilitation (PPY) €527.39 €120.14 \ 0.001

Aids and remedies (PPY) €1720.89 €740.63 \ 0.001

Sensitivity cost analysis

Total costs (PPY) €10,520.94 €4135.14 \ 0.001

Hospitalizations (PPY) €6089.78 €1608.22 \ 0.001

Outpatient care (PPY) €903.68 €821.17 \ 0.001

Outpatient prescriptions (PPY) €1455.31 €891.28 \ 0.001

Rehabilitation (PPY) €533.56 €111.48 \ 0.001

Aids and remedies (PPY) €1538.61 €702.99 \ 0.001

Analyses of costs related to aids and remedies, as well as rehabilitation stays, were based on AOK PLUS data only
NMOSD neuromyelitis optica spectrum disorder; PPY per patient year
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at least one relapse, when compared to findings
from two US claims data studies, which reported
respective rates of 41.2% and 47.7% [16, 17].
Annualized rates of NMOSD relapses derived in
this study ranged from 0.52 to 0.66. This is
slightly less than figures from the USA (ARR =
0.8) and one retrospective case control study

from Australia and New Zealand (ARR = 0.77)
[10, 17]. Nevertheless, rates achieved in this
study are reasonable, given that patients with
NMOSD have been found to experience both
clustered and non-clustered relapses, and uti-
lization of different maintenance therapy
options may play a role in the frequency of
relapses [24]. Lastly, one multi-center study
from the USA found that consistent use of aza-
thioprine, mycophenolate mofetil, and ritux-
imab may lower the ARR to 0.14–0.63 [25].

In terms of cost, a recent study from Japan
concluded that physical impairment and per-
manent disability in NMOSD is largely linked to
periods of acute relapses [15], or active disease
periods, as we have referred to them in this
research. Our study reinforces these findings
since healthcare resources and costs were found
to be disproportionately consumed and incur-
red during periods of active disease phases, with
a resultant cost ratio of €7159.08/active month
versus €714.17/inactive month of observation.
This notion was further supported by another
claims data study from the USA which reported
that annualized overall costs were four times as
high in patients who relapsed than in patients
who did not experience a clinical relapse. The
authors concluded that hospitalizations served
as the primary driver of differential health
spending, corresponding with an average cost
of $44,137 in patients with at least one relapse
versus $1121 in patients without a relapse.

Within our matched comparison, we find a
threefold difference in annualized direct
healthcare spending, corresponding with
€12,913.28 PPY in patients with NMOSD vs.
€4667.66 PPY in patients without NMOSD. This
finding is similar to the results achieved in
another annualized cost comparison between
patients with and without MS in Germany from
2013, which produced similar estimates of
€14,240 PPY vs. €4214 PPY in MS vs. non-MS
patients [26]. Moreover, a recent claims data

study from the USA measured differences in
annualized spending among patients with
NMOSD and a comparison group, using a sim-
ilar strategy for identifying NMOSD patients
and clinical relapses (based on primary inpa-
tient diagnoses and codes for acute treatments
including methylprednisolone, IVIG and PLEX)
[17]. The magnitude of the difference in total
healthcare costs between patients with and
without NMOSD was about twice as large in this
study ($60,599 versus $8912, around 7:1) as in
our own (€12,913.28 versus €4667.66, around
3:1). This likely reflects general differences in
the annualized per-patient healthcare costs in
Germany and the USA [27]. Most importantly,
the authors also concluded that differences in
total healthcare costs between patients with and
without NMOSD were foremost attributable to
more hospital admissions and longer hospital
stays, as well as higher spending on outpatient
prescriptions.

Limitations

This analysis has several limitations common to
claims data studies. In Germany, insurance
claims are developed for billing purposes, thus
data on certain diagnostic screening measures
(including serology testing for AQP4-IgG anti-
bodies) and results from brain and spinal cord
MRIs were not available. However, in line with
findings from studies on algorithm validation,
the inclusion of AQP4-IgG serology testing in
the patient finding algorithm may have helped
to increase the specificity of the patient detec-
tion algorithm [20]. Nevertheless, a lack of
access to relevant clinical data on biomarker test
results and some screening measures represents
one key limitation of our claims-driven
approach, also because some myelin oligoden-
drocyte glycoprotein (MOG)-IgG-seropositive
patients might fulfill the 2015 NMOSD diag-
nostic criteria and might be accidentally inclu-
ded in this claims analysis, although myelin
oligodendrocyte glycoprotein antibody disease
(MOGAD) is now perceived as a distinct disease
entity from AQP4 ? NMOSD. Since informa-
tion on key biomarkers and clinical data was
not accessible, identification of patients with
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NMOSD was performed exclusively based on
ICD-10 codes. ICD-10 codes have not yet been
fully validated for use in identifying NMOSD
patients in claims data, and authors from a
linked data study recently concluded that the
application of the neuromyelitis optica ICD-9
code alone is generally inaccurate for the iden-
tification of NMOSD in claims research [20]. To
increase the positive predictive value of our
ICD-10 based case-identifying algorithm, two
identification strategies were developed and
tested, incorporating multiple NMO and symp-
tom codes, as well as MS and sarcoidosis exclu-
sion criteria. While the patient detection
algorithm used to identify patients with
NMOSD was developed based on a rigorous
review of claims data analyses and algorithm
validation studies, our chosen algorithm has
not undergone a formal validation process. As a
result, the exact specificity and sensitivity of the
algorithm cannot be directly observed.

In our study, no differentiation is made
between HCRU during periods of relapse and
pseudo-relapse. This is largely due to the
implausibility of differentiating between relapse
and pseudo-relapse within a study using only
claims data—since no data on MRI outcomes or
inpatient treatment with intravenous corticos-
teroids was available. Ultimately, we opted to
consider all hospitalizations with a main diag-
nosis of NMO, TM, or ON as ‘‘active’’ periods, so
as not to underreport relapse figures given the
limited availability of some key data points.

Within the existing body of literature, more
emphasis has been placed upon characteriza-
tion of annualized relapses rates and periods
between attacks, than on the corresponding
duration of NMOSD relapses. Thus, another
limitation derives from the fact that there is
limited data on the length of relapses in
patients with NMOSD. In the German context,
this study is the first claims data analysis of
NMOSD. Our approach for detecting relapses
among NMOSD patients in German claims data
draws on the International Panel for NMO
Diagnosis’ (IPND) revised criteria for diagnosing
NMOSD, as well as findings from a retrospective
case control study which identified a median
relapse duration of 30 days in patients with
NMOSD [10]. While our use of a 30-day period

for tracking disease was further reinforced by
methods applied in similar studies [17], we
acknowledge that the use of a standard window
constitutes one weakness of the applied
methodology, given possible heterogeneity in
relapse duration which may lead to the mis-
classification of outcomes.

The decision to classify all inpatient hospi-
talizations with a main diagnosis of NMO/TM/
ON as periods of active disease was made to
account for the fact that NMOSD attacks are
often treated in an inpatient setting. This deci-
sion may have introduced some bias to the
HCRU and cost analysis since inpatient costs are
generally more substantial than other health-
care costs. To address this potential limitation,
we reported the difference in the number of
non-NMOSD-related hospitalizations, and their
associated costs to allow for more robust
conclusions.

HCRU and cost was analyzed during periods
of active and inactive disease. In our attribution
of costs to active and inactive periods, spending
on inpatient care was allocated equally across
all hospitalization and rehabilitation days.
However, while this strategy was used to attri-
bute aggregate costs to both periods of inactive
and active disease, we acknowledge that the
costs of important testing, imaging, and other
procedures are not incurred equitably across all
hospitalization/rehabilitation days, and thus
this assumption may not be well-aligned with a
real-world setting. Ultimately, averaging costs
over an entire inpatient period and propor-
tionately allocating them to active and inactive
phases proved to be the most logical strategy for
comparing costs across active and inactive dis-
ease periods, given the data limitations.

Lastly, this study only captures direct mea-
surable healthcare costs and likely underesti-
mates real health and social care costs as well as
the societal and emotional burden on patients
and their families.

CONCLUSION

The health economic burden posed by NMOSD
in Germany is substantial. Patients with
NMOSD consume substantially more healthcare
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resources and incur higher direct healthcare
costs during active disease phases than during
inactive periods. This primarily results from the
need for acute treatment which is often pro-
vided in inpatient settings. Therefore, the pre-
vention of relapses with highly efficacious
maintenance treatment options represents one
strategy to minimize direct high costs incurred
by patients with NMOSD as well as the overall
disease burden.
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