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Abstract
Background: Evidence suggests that early highly efficacious therapy in relapsing multiple sclerosis is
superior to escalation strategies.
Objective:A cost-consequence analysis simulated different treatment scenarios with ofatumumab (OMB),
dimethyl fumarate (DMF) and glatiramer acetate (GA): immediate OMB initiation as first treatment, early
switch to OMB after 1 year on DMF/GA, late switch after 5 years or no switch.
Methods: An EDSS-based Markov model with a 10-year time horizon was applied. Cycle transitions
included EDSS progression, improvement or stabilization, treatment discontinuation, relapse or death.
Input data were extracted from OMB trials, a network meta-analysis, published literature, and publicly
available sources.
Results: The late switch compared to the immediate OMB scenario resulted in a lower proportion of
patients with EDSS 0–3 (Δ− 7.5% DMF; Δ− 10.3% GA), more relapses (Δ+ 0.72 DMF; Δ+ 1.23
GA) and lower employment rates (Δ− 4.0% DMF; Δ− 5.6% GA). The same applies to late versus
early switches. No switch scenarios resulted in worse outcomes. Higher drug acquisition costs in the imme-
diate OMB and early switch scenarios were almost compensated by lower costs for patient care and prod-
uctivity loss.
Conclusion: Immediate OMB treatment and an early switch improves clinical and productivity outcomes
while remaining almost cost neutral compared to late or no switches.
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Introduction
Multiple sclerosis (MS) is a chronic, inflammatory,
autoimmune disease of the central nervous system
manifesting typically between 20 and 40 years of
age and leading to accumulation of disability.1 The
disease represents an enormous health and societal
burden.2,3

Current strategies in relapsing MS (RMS), i.e., clinic-
ally isolated syndrome, relapsing-remitting MS

(RRMS) and active secondary progressive MS
(SPMS), initially suggest mildly to moderately effect-
ive therapies (e.g. beta interferons, glatiramer acetate
[GA], dimethyl fumarate [DMF], and teriflunomide)
followed by a switch to highly effective therapies
(e.g. fingolimod, natalizumab, ocrelizumab, alemtu-
zumab, cladribine) in case of insufficient response.4–6

The use of highly effective, disease-modifying therap-
ies (DMT) in the early phase of MS is evolving,7–10 as
an early window of opportunity is assumed, when
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treatment is most effective and critical to maintain
neurological function11 and reduce disability progres-
sion.8–10 In line with this, the early intervention with
fingolimod, natalizumab and alemtuzumab in patients
with RRMS was associated with a reduced risk of tran-
sition to SPMS.7

The anti-CD20 monoclonal antibodies ocrelizumab
and ofatumumab (OMB) are highly effective DMTs,
which selectively deplete B-cells.12,13 Ocrelizumab
is a humanized antibody and is applied through intra-
venous infusion,13 while OMB is fully human and can
be applied subcutaneously.12 Treatment with ocreli-
zumab or OMB significantly reduced the relapse
rates compared to standard treatment in the pivotal
RMS studies.14,15 The early application of OMB
revealed a positive benefit-risk ratio in the pivotal
ASCLEPIOS trials, which was even more pro-
nounced in treatment-naïve RMS patients.14,16 OMB
was approved for RMS in August 2020 by the
United States Food and Drug Administration17 and
in March 2021 by the European Medicines Agency.18

Beyond clinical outcomes, cost consequences are
becoming a focal point of drug characterizations,19

but have not yet been evaluated for OMB. The object-
ive of the present analysis was to simulate the long-
term clinical and health economic effects of an imme-
diate initiation of OMB (at time of first treatment)
compared to an early (after one year), a late (after 5
years) and no switch to OMB after standard DMT
in RMS patients. For this purpose, a cost-consequence
analysis (CCA) was applied. A CCA approach
involves wide-ranging assessments of direct and
indirect costs as well as various outcomes (conse-
quences). In contrast to cost-effectiveness analyses
or cost-utility analyses, outcomes are listed separ-
ately, and no cost-outcome ratio is calculated. The
CCA provides decision-makers with a comprehensive
overview of the impact of interventions, enabling
them to form their opinions about the relative import-
ance of costs and outcomes in their particular
context.20

Materials and methods
This CCA is a mathematical simulation which com-
bines clinical and health economic data of RMS
patients from various sources in a discrete-time
Markov model. The model assumes that the patient
is always in one of a finite number of discrete health
states. Disease improvement or worsening is repre-
sented as the risk of transition to another Markov
(health) state within a certain time frame (cycle).
Clinical and health economic data are assigned to

these health states and accumulated over time per
patient. The Markov states are based on the
Expanded Disability Status Score (EDSS) using
integer EDSS values (intermediates were rounded
down). The cohort was exposed to the following
risks in each cycle: EDSS progression, EDSS
improvement, stable EDSS, DMT discontinuation at
an EDSS > 6.0 (in line with OMB trials), relapse or
death.

Details of the model structure and the input variables
are described in the supplement. In brief, the model
included patients with RMS and a baseline EDSS of
0–6. The treatment-naïve subpopulation of the com-
bined ASCLEPIOS I and II trials were used for base-
line data input. This subpopulation was typical of
early RMS with 98.7% RRMS and 1.3% SPMS
patients, a mean (± standard deviation, SD) EDSS
of 2.3± 1.2, a mean (±SD) age of 36.3± 9.23 years
and 33.0% male patients (Supplementary Table S1).
The transition probabilities between EDSS states of
the untreated model were based on published British
Columbia Natural History data. Annualized relapse
rates (ARR) in the natural history model ranged
from approximately 0.7 (EDSS≤ 4) to 0.5 (EDSS >
4) (Supplementary Table S2). The transition probabil-
ities and relapse rates for the treatment-adjusted
model were derived from 6-month confirmed disabil-
ity progression (6-CDP) and relapse rates of a
network meta-analysis (NMA), respectively. Details
on the resulting NMA including study comparability
have been published by Samjoo et al.21 The CDP
and ARR results included in the model are presented
in Supplementary Table S2. Mortality rates were
based on the general population mortality,22 stratified
for gender and age and adjusted using MS population
mortality hazard ratios.23 Productivity loss data, dis-
ability weights of health states, drug- and
disease-related costs were identified from published
literature and publicly available data sources
(Supplementary Tables S3–S6). Costs and effects
were discounted at 3% per year. The assignment to
an EDSS health state based on the untreated and
treated transition probabilities and relapse rates deter-
mined clinical and economic outcomes.

Scenarios
Four scenarios with a time horizon of 10 years were
simulated. The two base scenarios evaluated OMB
versus standard DMT (DMF or GA) without any
treatment switches. Two switch scenarios were
defined similar to an analysis of the MSBase registry
and the Swedish MS registry recently reported by He
et al.9 He et al.9 analyzed patients who started 0–2
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years (early) or 4–6 years (late) after clinical disease
onset. The mean time to first high-efficacy therapy
was 1.08 years (SD 0.52) in the early and 4.99
years (SD 0.60) in the late treatment group. To
allow for comparability with real-life data reported
by He et al.9 the present simulation accordingly
included a scenario with early switch to OMB after
one year of treatment with DMF (early DMF/OMB
group) or GA (early GA/OMB group) as well as a
late switch scenario after 5 years of DMF or GA treat-
ment (late DMF/OMB group and late GA/OMB
group).

Model outcomes
Clinical outcomes included EDSS distribution, time
spent in different health states, mean EDSS score
over time, progression to immobility (EDSS≥ 7),
and number of relapses. Further clinical outcomes
were disability-adjusted life years (DALY), including
year’s life-lost (YLL) and years lived with disability
(YLD). YLL corresponds to the number of deaths
multiplied by the remaining age- and sex-specific
life expectancy of the general population at the time
of death. To calculate the YLD, the number of
patients in a particular EDSS state was multiplied
by MS-specific weighting factors.

Economic analyses were conducted from the societal
perspective accounting for direct and indirect costs
regardless of who bears them. Direct costs comprised
healthcare costs (DMT acquisition, inpatient care, day
care admissions, consultations, tests and investiga-
tions, other medications than DMT) as well as costs
for services and informal care (community and
social services, investments, equipment and aids,
informal care). The calculations for informal care
costs included resource utilization in time in days.
Indirect costs comprised expenses associated with
MS-related productivity loss (short-term absenteeism,
long-term absenteeism, invalidity, and early retire-
ment). The calculations were based on the productiv-
ity outputs (proportion of patients being employed/
self-employed, working full-time or receiving invalid-
ity pension). Input data on direct and indirect costs
include relapse-related expenses (e.g. healthcare
costs, medications, absenteeism). As it remained
unclear, to which extent relapse-related costs have
already been covered, relapse costs were estimated
separately. For this purpose, the quarterly costs
reported by Ness and colleagues24 were upscaled to
annual relapse costs and estimated at 2662 €, taking
into account the consumer price indices
(Supplementary Table S6).

Sensitivity analyzes
Univariate sensitivity analyses were performed to
determine the impact of drug acquisition costs of
OMB at Year 1, 2 and from Year 2 onwards,
6-CDP hazard ratio; cohort size, age, gender; discount
rates and annual relapse costs on the model outputs.
The factors varied the parameter value by +10% or
−10% of the base case value.

Results

Clinical outcomes, informal care utilization and
productivity output
Patients immediately treated with OMB had a lower
degree of disability after 10 years compared to
patients who initially received a standard DMT. In
detail, the proportion of patients with no or mild
impairment (EDSS 0–3) was lower in the late
switch scenario compared to the immediate
OMB scenario (DMF/OMB Δ− 7.5%; GA/OMB
Δ − 10.3%) while early switch scenarios showed
minor differences (DMF/OMB Δ− 1.4%; GA/OMB
Δ− 2.0%). Vice versa, the proportion of immobile
patients (EDSS 7–9) in the immediate OMB cohort
and the early switch scenario were comparable
(DMF/OMB Δ+ 0.7%; GA/OMB Δ+ 0.9%) but
increased in the late switch scenario (DMF/OMB Δ
+ 3.5%; GA/OMB Δ+ 4.9%) (Table 1). Mean
EDSS after 10 years was lower in the immediate
OMB group (2.4) and the early switch groups (2.5
early DMF/OMB and 2.5 early GA/OMB) compared
to the late switch scenario (2.9 late DMF/OMB and
3.0 late GA/OMB) (Figure 1(a) and (b)). EDSS distri-
bution over time is presented in Supplementary
Figure 2S and 3S. Patients with immediate or early
OMB treatment remained in EDSS stages 0–3 for 8
years while those in the late switch scenario remained
there for 7 years (Figure 2(a) and (b)).

The number of DALYs increased with the duration of
standard treatment compared to immediate OMB
treatment (early switch: DMF/OMB Δ+ 0.07%; GA/
OMB Δ+ 0.10%; late switch: DMF/OMB Δ+ 0.28%;
GA/OMB Δ+ 0.40%) (Table 1). The increase of
DALYs depended solely on YLD (Table 1). The
analysis also revealed more relapses in the late switch
compared to the immediate OMB scenario (DMF/
OMB Δ+ 0.72; GA/OMB Δ+ 1.23), while the early
OMB scenario showed minor differences (DMF/OMB
Δ+ 0.15; GA/OMB Δ+ 0.26) (Table 1).

After 10 years, the proportion of patients still
employed or self-employed at working age was
lower in the late switch scenarios (DMF/OMB Δ
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− 4.0%; GA/OMB Δ− 5.6%) compared to immedi-
ate OMB treatment. More patients received invalid-
ity pension in the late switch compared to immediate
OMB scenario (DMF/OMB Δ+ 2.8%; GA/OMB Δ
+ 3.9%). Informal care was utilized to a consider-
ably higher extent in the late switch scenario com-
pared to the group with immediate OMB treatment
(DMF/OMB Δ+ 52.42 days; GA/OMB Δ+ 74.27
days) (Table 1). Differences between early switch
and immediate OMB scenarios regarding productiv-
ity and informal care use were marginal (Table 1).

The worst results with respect to clinical outcomes,
informal care utilization and productivity output

were estimated for patients receiving standard DMT
throughout 10 years (Table 1; Figures 1(a), (b), 2(a)
and (b)).

Economic outcomes from a societal perspective
For 10 years treatment with OMB, cumulative DMT
costs of 145,918 € per patient were estimated. The
costs slightly decreased in the early switch scenario
(DMF/OMB Δ− 6.3%; GA/OMB Δ− 4.9%) and to
a greater extent in the late switch scenario (DMF/
OMB Δ− 22.2%; GA/OMB Δ− 15.4%). These
decreases were contrasted by higher costs especially
in the late and no switch scenario for inpatient care,
informal care, community, and social services as

Figure 1. Development of the mean EDSS score over 10 years per scenario; OMB vs. DMF (A); OMB vs. GA (B); DMF,
Dimethyl fumarate; EDSS, Expanded Disability Status Scale; GA, Glatiramer acetate; OMB, Ofatumumab.
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well as long-term absence, invalidity and early retire-
ment (Table 2).

The different scenarios resulted in similar expendi-
tures when direct and indirect costs were summarized
(Table 2). Direct and indirect costs amounted to
294,470 € per patient for 10 years of OMB treatment
with small differences of Δ− 8.0% to Δ+ 3.3% com-
pared to the other scenarios. Taking into account the
costs of relapses (5028 €), the total costs for 10
years of OMB treatment amounted to 299.498 €
with small differences of Δ− 6.8% to Δ+ 4.0% com-
pared to the switch scenarios (Table 2).

The breakdown of cost types per scenario revealed
that DMT costs accounted for more than half of
direct costs, followed by costs for informal care,
inpatient care, and consultations. Indirect costs were
dominated by the expenses due to long-term
absence from work, invalidity, and early retirement.
Approximately two thirds of the total costs were
attributed to direct costs and one third to indirect
costs. A general cost shifting trend from direct to
indirect costs was observed starting from immediate

OMB treatment over early to late switch scenarios
(Table 3).

Sensitivity analyses
Sensitivity analyses showed that the incremental costs
were primarily influenced by DMT costs from the
second year onwards. In addition, the results are par-
ticularly sensitive to the hazard ratio of 6-CDP.
Variations in annual relapse costs as well as age and
gender distribution did not impact the results
(Figure 3; Figure 4S and 5S).

Discussion
Over 10 years, immediate OMB treatment or early
switch after standard therapy with DMF or GA was
estimated to delay EDSS progression, reduce relapse
rates, and result in fewer DALYs, less days with infor-
mal care as well as higher productivity compared to
prolonged standard DMTs. Higher DMT costs asso-
ciated with immediate or early OMB treatment were
compensated by lower additional direct and indirect
costs compared to prolonged standard DMTs. The
model produced stable and plausible estimates and

Figure 2. Patient time spent in health states (in years); OMB vs. DMF (A); OMB vs. GA (B); DMF, Dimethyl fumarate;
EDSS, Expanded Disability Status Scale; GA, Glatiramer acetate; OMB, Ofatumumab.
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was insensitive to variables known to have no impact
on total costs, e.g., gender.25

Our results are in line with clinical studies and real-
world evidence reporting a reduced risk of disability
progression with highly effective compared to stand-
ard DMTs.7,10,26–28 The timing of highly effective
treatment initiation impacts outcomes. Early initiation
delays EDSS progression compared to escalation
strategies.8 According to data from the international
MSBase and Swedish MS registry, 10 years after
treatment onset, patients with an early switch to
highly effective treatment had an almost stable
mean EDSS score, while late switchers showed
EDSS worsening of +1.4 and a three-fold increase
in the proportion of immobile patients (EDSS≥ 7).9

Likewise, the present model showed almost stable
EDSS scores and lower proportions of immobile
patients in the immediate and early OMB groups

after 10 years compared to late and no switch scen-
arios. Hence, the results of He et al.9 underline the
robustness of the model outcomes and indicate that
results on immediate or early OMB treatment are
similar to real-world settings. Furthermore, the
results of He et al.9 highlight that an early switch is
a relevant scenario in clinical practice. Although sup-
ported by the Multiple Sclerosis Therapy Consensus
Group,29 an immediate use of highly effective
DMTs is still linked to a highly active disease
course and poor prognosis in current treatment recom-
mendations.5,6 For example, the German S2k guide-
line, which had been revised in May 2021,
recommends a switch strategy to highly effective
DMTs including anti-CD20 antibodies after initial
standard treatment.6 Consequently, with early
switches being superior to late switches in the
present simulation and as long as immediate high
efficacious therapy has not yet been established,

Figure 3. Sensitivity analysis base-scenario: 10 years OMB vs. 10 years DMF (A); 10 years OMB vs. 10 years GA (B);
6-CDP, 6-month confirmed disability progression; DMF, Dimethyl fumarate; EDSS, Expanded Disability Status Scale; GA,
Glatiramer acetate; HR, Hazards ratio; OMB, Ofatumumab.
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early switch scenarios will be relevant in clinical
practice.

In our model, the lowest number of DALYs were esti-
mated in the immediate OMB cohort. Differences in
DALYs between the scenarios were driven by
YLDs. No differences were found with regard to
YLL, which might be explained by a low mortality
ratio of 1.7 used in the model for all EDSS states.23

The lower number of DALYs in the immediate
OMB and the early switch cohorts were associated
with lower EDSS states. This is consistent with a
DALY-based estimate of disease burden in Swiss
MS patients, in which patients with an EDSS score
<4 (68.4% of the total MS population) contributed
only 39.8% to the total MS-specific YLD.30

The estimated number of relapses and the
relapse-related costs in the model were lower in the
immediate OMB and early switch cohorts than in
the late and no switch cohorts. As two thirds of
relapse costs can be attributed to indirect costs,31

relapse-related absenteeism, early retirement and
invalidity also need consideration. The model
revealed the potential of immediate or early OMB
treatment to reduce societal burden through better
productivity. Furthermore, the model clearly shows
that higher DMT costs can be offset when accounting
for direct and indirect costs.

The present simulation showed considerable effects
on clinical and productivity outcomes of immediate
or early treatment with OMB within 10 years.
Long-term economic analyses suggest that the benefi-
cial effects will increase over a time horizon of 20
years or more.32–34 With increasing disease duration,
informal care, inpatient care, and long-term absentee-
ism become more important due to accumulation of
disability. Consequently, the share of drug costs in
the total cost assumption will be reduced. It can be
expected that over several decades, an early OMB ini-
tiation strategy might become both clinically and eco-
nomically superior compared to prolonged standard
DMT.

The Markov model used was EDSS-based, which
bears some limitations. The EDSS focusses on func-
tional mobility and is insensitive to impairments
such as cognition.35 Nevertheless, no composite mea-
sures were used, as an EDSS-based definition delivers
reproducible results while being less complex.
Inherent limitations of Markov models are constant
transition probabilities for each cycle and constant
efficacy parameters regardless of individual disease

course. As this applies to all cohorts, a bias is not
expected. The model might underestimate small
changes as it used integer EDSS values for modeling
tractability and consistency with published literature.
As the CCA uses data from various sources, differ-
ences between underlying studies bear further limita-
tions. For example, input data on transition
probabilities are based on a longitudinal dataset
from 1980–1995 and may be outdated. Efficacy data
had to be derived from a NMA with adjusted out-
comes and short study periods due to a lack of
direct comparative data. However, the study popula-
tions in the NMA were sufficiently similar to allow
for indirect comparison and sufficiently represent
the cohort of interest to allow for application in the
model. Due to remaining uncertainties of the indirect
approach, it remains unclear, whether the observed
small differences between the immediate OMB
cohort and the early switch scenario will translate
into relevant differences in clinical practice.
Nevertheless, the considerable differences between
estimates for immediate or early OMB and late or
no switch cohorts allow the assumption of relevant
differences in practice. Probabilities for DMT discon-
tinuation and a possible decrease in effectiveness
were not imputed due to a lack of adequate long-term
data. This might explain discrepancies between the
outcomes reported by He et al.9 and our model esti-
mates. Furthermore, the magnitude of difference in
proportion of patients in different EDSS states is
influenced by the baseline EDSS distribution of
patients. The model included RMS patients only
while the cost inputs from Flachenecker et al.3

included data of primary progressive MS (PPMS)
patients. This bias is assumed to be negligible
because differences between RMS and PPMS are
mainly based on DMT costs, which are calculated
separately. In addition, cost input data were based
on patients mainly on mildly/moderately efficacious
DMTs and thus an overestimation of costs for patients
on highly efficacious drugs is possible.3

In conclusion, this simulation indicates that immedi-
ate OMB treatment or an early switch to OMB
results in an overall better health state and higher
productivity over 10 years than a late (after 5 years)
or no switch from standard DMTs. The clinical
benefit of immediate and early OMB treatment
together with the approximate cost neutrality from a
societal perspective was demonstrated. While
medical and patient-related reasons are the main
drivers for treatment decisions, from the payer per-
spective cost neutrality in the long-term becomes rele-
vant. It can be assumed that immediate or early
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treatment with highly effective DMTs improves the
disease course without causing additional costs and
should be considered in RMS patients.
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