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Abstract

Background: Early treatment with disease modifying therapies (DMTs) for multiple sclerosis (MS) has
been associated with lower disability progression; the aim was to explore its association with cost of
illness (COI) in MS.

Methods: All people with relapsing-remitting MS in the Swedish MS register, aged 20-57 years and
receiving their first MS DMT in 2006-2009, were followed in nationwide registers for 8 years.
Healthcare costs (in- and outpatient healthcare, DMTs and other prescribed drugs), and productivity
losses (sickness absence and disability pension) of individuals receiving therapy in <6 months after diag-
nosis (early treatment group) were compared to those receiving therapy >6 months (late treatment group).
Using Poisson regressions, the mean COI per patient per year, and per group, was estimated, adjusted for
disability progression.

Results: The early treatment group comprised 74% of the 1562 individuals included in the study. The early
treatment group had lower productivity losses over time. Both groups had similar healthcare costs, which
first increased and then decreased over time.

Conclusions: Early DMT in MS could result in lower productivity losses possibly through maintained
work capacity. COI serves as an objective measure showing the advantage of early vs. late treatment ini-
tiation in MS.
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Introduction
Multiple sclerosis (MS) is an often progressive, neuro-
logical condition,' classified into different forms;

costs in MS,>® due to elevated rates of sickness
absence (SA) and/or disability pension (DP).””’

relapsing-remitting MS, secondary-progressive MS,
or primary-progressive MS.> Sweden has the 2™
highest prevalence of MS in Europe at 189 cases per
100,000.>

Since MS is diagnosed in early adulthood, usually
when aged 2040 years,' it can affect people’s work
capacity.* About 43% of people with MS (PwMS)
who not were in paid work had quit their employment
within the first three years after diagnosis.* In fact,
productivity losses account for 65%-75% of all

Costs for disease modifying therapies (DMTs),
inpatient, and specialized outpatient care are also sub-
stantial among PwMS.” The annual cost of illness
(COI) of MS has been shown to increase with disabil-
ity progression.” DMTs aim to slow disease progres-
sion, and therefore, can potentially slow the
progression of the COL'°

However, the timing of DMT initiation is of essence;
early MS therapy can slow the accumulation of
disability early-on, leading to better clinical outcomes
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over time.'!" It also improves capacity to maintain
work'? and is associated with better socioeconomic
outcomes.'> Therefore, early therapy could also
have a positive impact on the overall COI in MS.
However, no such longitudinal studies have been
conducted.

The aim of this study was to explore the association
between the timing of DMT initiation in relation to
MS diagnosis, i.e., early vs. late therapy, with the
overall COI of MS in Sweden.

Material and methods

This was a register-based, longitudinal cohort study.
Microdata, linked using the unique personal identity
number that all residents in Sweden are assigned,
was obtained from the following Swedish nationwide
registers, kept by four authorities:

e Region Stockholm:

o Swedish MS register (SMSreg)'*: Was used to
identify the cohort members and for informa-
tion on MS diagnosis date, type of MS, infor-
mation on MS disability (Expanded Disability
Status Scale, EDSS), and type and date of
DMTs.

e National Board of Health and Welfare:

e National Patient Register (NPR)": Dates and
diagnoses for inpatient and specialized out-
patient healthcare.

o Swedish Prescribed Drug Register (SPDR)"’:
Dates, names, and costs for all prescribed
drugs dispensed at pharmacies.

e Cause of Death Register (CDR)'®: Year of
death.

e Statistics Sweden: Longitudinal Integration
Database for Health Insurance and Labor Market
Studies (LISA)'®: Sex, birth year, educational
level, country of birth, type of living area, and
family situation.

o Swedish Social Insurance Agency'>: Micro Data for
the Analysis of Social Insurance register (MiDAS):
dates, diagnoses, and grade of SA and DP.

PwMS who had the relapsing-remitting form of MS
(RRMY), initiated their first DMT treatment (interfer-
ons, glatiramer acetate, and natalizumab) in 2006-
2009 (index year) after MS diagnosis was established,
and when aged 20-57 years were identified from the
SMSreg. All included were followed for 8 years in
total; last year of follow-up was 2013-2016 (depend-
ing on their index year).

Never-users of DMTs, those without RRMS, indivi-
duals receiving DMT before being diagnosed with
MS, and those who did not live in Sweden during
the index year, were not included in the study.

Early (<6 months) and late (>6 months) DMT groups
were then defined in relation to the date of MS diag-
nosis. The cut-off value of 6 months was chosen arbi-
trarily based on information from previously
published studies.'""'?

The project was approved by the Regional Ethical
Review Board of Stockholm, Sweden.

Study outcomes

MS disability, sociodemographic characteristics, and
multi-morbidity. MS disability was defined using
EDSS scores.'® Scores range from 0 to 10, with 0.5
step intervals (0 indicating no impairment, while 10
indicating death from MS).!” A clinically meaningful
change in the EDSS score is a change of at least one
point in patients with EDSS <5.5 and 0.5 point for
those with EDSS of >5.5."®

EDSS information is recorded in the SMSreg during
visits to neurologists.'* According, when multiple
EDSS scores within a calendar year were available,
the highest EDSS value was retained. If there was
no EDSS information recorded in a calendar year,
the average EDSS score was used for that year, com-
puted from the scores of PWwMS in the same treatment
group and index year.

The following sociodemographic characteristics were
measured at the year when therapy started (index
year): Sex, age, educational level, country of birth,
type of living area, and family situation. Multi-morbid-
ity in the index year was derived utilizing the Rx-Risk
Comorbidity Index'® (cancer morbidity was not
included), based on the type of prescribed drugs the
PwMS bought, according to SPDR Using information
from the Rx-Risk Comorbidity Index'® the existence of
multi-morbidity (yes/no) was established as well as
whether PwWMS had been diagnosed with anxiety/
depression (based on prescribed drugs; yes/no).

Healthcare costs and productivity losses. The
average COI per patient per year was defined from a
societal perspective, quantifying the healthcare
resources consumed by PwMS, as well as their SA
and DP, and then multiplying them with unit costs
(Table 1). All healthcare resource consumption, SA,
and DP during a calendar year, were included,
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Table 1. Unit costs used in the calculation of healthcare costs and productivity losses.
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Table 1. Continued.

Value in
Value in 2018
Year 2018 SEK Euros® Source
regime (here we assumed the mean, i.e
750mg per treatment regime), and the
mean treatment interval for RRMS
PwMS was 7.2 months per year.* The
cost per month was then assumed to be
1.5 times the pharmacy’s retail price per
500mg of rituximab injection, which
was taken from FASS (9703.61 SEK),*
divided with the frequency of treatment
in months (frequency: every 7.2
months).>*

Monthly salary 2006 40,930 kr 4248 € The average age-adjusted monthly
including employer 2007 41,049 kr 4260 € wage (2018 values) for all employment
contributions 2008  40,042kr 4156 € types was retrieved.”® It was multiplied

2009 44,583 kr 4627 € with the annual employer contributions,
2010 44,080 kr 4575 € available from the Swedish Tax

2011 44,730 kr 4642 € Authority.?” The final salary was then
2012 44,748 kr 4644 € inflated to 2018 prices using annual
2013 45,051 kr 4676 € Harmonized Indices of Consumer
2014 46,120 kr 4787 € Prices [HICP] for healthcare available
2015 50300kr 5221 €  from Eurostat.”®

2016 48,146 kr 4997 €

“The annual exchange rate for 2018 from SEK to Euros that was used was 10.2583. Source: Eurostat, Annual Exchange

Rates Euro/ECU.

irrespective of whether MS was listed as the main
diagnosis.

Inpatient and outpatient costs were calculated by
multiplying the inpatient stays and outpatient visits
during a calendar year, available in the NPR, with
their observed nationwide weight for each diagnosis-
related group (DRG) and the national cost per 1.0
DRG point.> Co-payment costs were calculated
from the use of inpatient stays and outpatient visits
as the sum of patient fees for inpatient and outpatient
healthcare during each calendar year. The reimburse-
ment period for patient fees was assumed to start on 1
January, and co-payments were set to zero after the
accumulated fees had reached the co-payment
ceiling each year (see Table 1).

The cost of prescribed dispensed drugs was derived
from the SPDR, for each calendar year. These costs
included both the cost reimbursed by the county and
the co-payment paid by the patient. Then the annual

cost of drugs was calculated by summing all costs
for dispensed drugs per individual occurring during
each calendar year.

The cost of DMTs not available in the SPDR (natalizu-
mab and rituximab for the study period), was calculated
using information from the SMSreg (all PwWMS receiving
natalizumab in Sweden are followed in the SMSreg;*’
rituximab use was also based on information from the
SMSreg for patients included in the register). The
number of months on these treatments, calculated
taking the end minus the start date for treatment, was
multiplied with the cost per month of treatment (Table 1).

The total per patient per year healthcare costs were
calculated by adding the costs of inpatient and out-
patient healthcare, co-payments, and drugs (including
both DMTs and non-DMTs).

Productivity losses were measured based on SA and
DP information, using the human capital approach.**
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All people living in Sweden (>16 years old) with
income from work or unemployment benefits can be
granted SA if their work capacity is reduced due to
disease or injury. The first day of a SA spell is a
waiting day (100% loss of income). Income loss is
reimbursed by the employer during days 2 to 14 and
after that, by the Swedish Social Insurance Agency.
Therefore, the Swedish Social Insurance Agency has
no information on SA spells shorter than 15 days
for individuals with income from work. For indivi-
duals on unemployment benefits, the Swedish Social
Insurance Agency pays the benefits from day two.>!
In order to prevent bias in relation to employment
status in the calculation of SA days, only SA spells
>14 days were included.

Regarding DP, all people aged 19-65 years can be
granted DP if their work capacity is long-term or per-
manently reduced.>’ Both SA and DP can be granted
for full-time (100%) or part-time (75%, 50%, or 25%)
of ordinary work hours.®' Therefore, it is possible to
have both partial SA and DP simultaneously. In
order to handle this and not overestimate the product-
ivity losses, we calculated the net days of SA and DP
by using the percentage of the gross days, e.g., 2
absence days at 50% were combined to 1 net day.

To calculate productivity losses, the sum of SA and
DP net days per year were used, multiplied with the
age-adjusted mean salary, adding the social security
contributions made by employers (Table 1).

All costs were inflated to 2018 prices, and were con-
verted to Euros (EUR) (Table 1).

Analyses

Descriptive statistics were calculated regarding socio-
demographic characteristics, multi-morbidity, disabil-
ity progression, and average COI per patient and year
for each of the two treatment groups.

1month 3 months 6months 9 months 12 months 24 months

Number of months from diagnosis

Figure 1. Cumulative percentage of the study cohort
receiving their 1st DMT, by months since diagnosis.

Pearson’s chi-squared test>® and the likelihood ratio
test>? were used to explore whether the observed
sociodemographic and multi-morbidity differences
across the two groups were statistically significant
(p-value<0.05).

Two-tailed Student’s T-tests, with unequal variance®”
were used to assess the significance (p-value<0.05) of
the disability and cost differences across the two
groups.

The mean cost per patient per year, and per group,
with 95% confidence intervals (95% Cls), were calcu-
lated using a single-distribution generalized linear
model with a log link®* and with the assumption
that costs follow the Poisson distribution. The
choice of the distribution reflected the zero costs
several individuals had in different cost categories,
and that data used in this study (skewed, count or
cost data that will always be >0), and the need to
have conservative cost estimates, avoiding potential
overestimation.>>*® The annual cost trends were
adjusted for the progression of disability over time
using the average annual EDSS score per group as
the disability measure.

Results

In total, 1562 individuals with RRMS receiving their
first DMT in 2006-2009 were included. Of them,
74% (n=1150) received their first DMT within 6
months of the MS diagnosis (Figure 1), while the
remaining (n=412) initiated treatment after this
time point. Sex, country of birth, and family situation
differed significantly across the two groups (Table 2).
In the early treatment group more were women,
Swedish born (vs. other nationalities), married/coha-
bitating with children at home and single without chil-
dren (vs. married/cohabitating without children or
single with children, or young individuals below the
age of 21 years living at home). The baseline EDSS
score was similar for both groups; higher EDSS
score progression was observed for the late treatment
group (Figure 1 in the supplementary material).

In Table 3 and in Figures 2a-b in the supplementary
material, the unadjusted mean per patient per year
COI for MS is presented over the 8-year follow-up
period for both treatment groups. Figures 2a-b show
the disability adjusted healthcare costs and productivity
losses over time. Disability adjusted costs were also
computed for all the cost components (Figures 3a-f in
the supplementary material).
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Table 2. Sociodemographic and multi-morbidity characteristics at year of treatment start (index year), by early
vs. late treatment groups.
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For both groups, medications were the main cost
driver for healthcare costs while DP was the driver
for productivity losses. SA costs decreased over
time while DP costs increased, indicating a shift
from short-term to long-term productivity losses.
Both treatment groups had similar healthcare costs
(p-value>0.05), which increased the first year after
diagnosis, and then decreased for the rest of the
follow-up period. Those receiving treatment late had
statistically significant higher productivity losses
throughout the study period (p-value =0.001).

Discussion

In this register-based prospective cohort study, we
explored the development of the MS COI among
newly diagnosed PwMS in Sweden over time in rela-
tion to how long after diagnosis PWMS received their
first DMT, adjusting for MS disability progression.

Those receiving the first DMT within 6 months after
diagnosis had lower productivity losses over time,
possibly through maintained work capacity. Even
after adjusting for differences in MS disability
between the two groups, fewer PwWMS in the early
treatment group were on DP over time. While
having DP already during the time when receiving
the first DMT (at Year O in our study) could be
related to MS symptom onset prior to the actual diag-
nosis of the disease,>’~® the timing of DMT initiation
can still explain part of this difference. Some PwMS
in the late treatment group have received their first
DMT several years after diagnosis; while 85% of
our total study cohort have received therapy by 24
months after diagnosis (Figure 1); 15% of individuals
received it sometime afterwards. Therefore, the occur-
rence of DP during Year O for this group could poten-
tially be linked to the presence of important MS
symptoms and/or progression. In addition, interven-
ing with a DMT as early as possible can result in
fewer MS relapses, and/or postpone MS progression.
The presence of MS symptoms and the consequences
of MS progression, such as fatigue, weakness, and
cognitive and motor impairment, have been stated
as preventing remaining in paid work.*>°

Both groups had similar healthcare costs over time, indi-
cating that it is more likely that MS symptoms requiring
specialized medical attention and other comorbidities
occur independent of the time of treatment initiation.
The cost of drugs (referring to any drugs MS patients
have received, not only DMTs) was slightly higher
among those initiating treatment late (crude cost esti-
mates; p-value>0.05) during the first year of follow-up,
and similar in both groups thereafter.

The cost of drugs in this study was the main driver of
healthcare costs in both groups. As previous studies
have shown,®? new DMTs have changed the treatment
landscape of MS. Accordingly, in the last two decades
drugs have become main cost drivers in MS, while the
need for expensive inpatient healthcare has declined.

The overall trends of healthcare costs and productivity
losses observed here are in line with previous COI
studies in MS with similar longitudinal designs.>”’
In addition, in line with our findings, previous
studies suggest that initiating treatment as early as
possible is associated with better clinical outcomes
and ability to maintain employment*® for PwMS
over time.'""'? While these studies focused on treat-
ment early from MS onset and rather than soon after
diagnosis, i.e. having a different study design than
the present study, they nevertheless point to the
same conclusion, that early treatment is beneficial to
patients by slowing MS progression.'""!?

Moreover, our study aimed to present the benefit of early
treatment in the overall COI of MS, which is something
that has been studied sparsely so far, and not involving
longitudinal COI data with multiple years of follow-up.
We found no other longitudinal study which uses
observed data, measuring the COI progression in relation
to time of treatment initiation after MS diagnosis. One
US study has shown that receiving DMTs before MS
diagnosis vs. afterwards, can have a positive impact on
the COI of MS.*' However, they only followed the
patients for one year after treatment initiation,*' and
they did not take into consideration any differences in
the baseline MS disability of PWwMS in the groups, nor
its progression. In addition, one study used a health eco-
nomic model, to estimate costs and effects from MS, con-
cluding that early treatment with DMTs was
cost-effective.*?

Strengths and limitations

Main strengths of this study are the prospective cohort
design, with eight years of follow-up, and that data
from administrative registers could be used, instead of
self-reported information. All people with RRMS in
the SMSreg receiving their first DMT in 2006-2009
could be followed for eight years in nationwide registers,
eliminating both drop outs and recall biases that some
previous MS studies had due to using self-reported infor-
mation.” While this is an important strength, unlike those
previous studies, registers did not contain information
regarding primary healthcare, rehabilitation measures,
home help, and home investments to improve mobility,
to include in our COI calculations. Such information
could complement our results, showing how MS

www.sagepub.com/msjetc
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Figure 2. (a, b) COI progression (estimated mean from the regressions) from baseline (index year) to the end of follow-up,
by early vs. late treatment groups, adjusted for disability progression (mean annual EDSS score for each group) during the

follow-up A) Healthcare costs. B) Productivity losses.

symptoms and multi-morbidity can impact the overall
healthcare costs in MS, based on the treatment timing
as well. In addition, no information on multi-morbidity
reported by patients was available for our study; our
multi-morbidity definition was based on the Rx-Risk
Comorbidity Index,'® for which drug use data were
used to measure morbidity, which can provide limited
information for multi-morbidity.

While eight years of follow-up can give an indication of
whether early or late therapy can have an impact on the
COI in MS over time, it would be useful to have a
longer follow-up to identify any future COI differences.
Treatment switches and discontinuation can also play a
role alongside the timing of treatment initiation in the
overall COI progression in MS. However, such informa-
tion was not captured in the findings of this study.

High quality and robust information from the MiDAS
register in Sweden was available, capturing with accur-
acy the number of SA and DP net days per year. This
allowed for detailed calculations of the productivity
losses, which are considered the main long-term driver
of the COI in MS.” However, a limitation of this study
is that we did not have information on short-term

SA-spells (<14 days). Therefore, these shorter absences
which were not quantified into productivity losses, pos-
sibly leading to the underestimation of these costs. In
addition, these shorter SA spells are mainly not related
to MS, it could thus be assumed not to differ substantially
between the two studied groups.

Moreover, any reductions in productivity while being
present at work that could potentially be related to the
presence of MS were not quantified. Furthermore, prod-
uctivity losses incurred by partners of PwMS, i.e., infor-
mal care costs, were not included in the COI calculations.
While measuring such costs was beyond the aim of this
study, they are an important cost component when defin-
ing the overall COI of MS.’

Similar to what previous COI of MS studies have
done,” we used the EDSS score to explore disability
progression for PWMS in the two treatment groups
linking it to the COIL. However, EDSS captures only
limited domains of disability among PwMS, e.g.,
fatigue is missing, and only at the point in time of
the patient’s disability assessment. The use of add-
itional clinical measures could complement our ana-
lysis regarding the progression of MS disability,
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allowing a better correlation of disability with the
timing of treatment initiation, and eventually the COI.

To allow for the difference of the timing of treatment
initiation in line with our research objective, the
healthcare cost outcomes and productivity losses
were adjusted for by EDSS, for every year of
follow-up. This method has the limitation of minimiz-
ing the potential health-improving effects of the
DMTs in the resultant costs. Therefore, the
unadjusted healthcare costs and productivity losses
were also provided in the supplement, to demonstrate
the treatment effects over time in the cost progression.

While nationwide registers with robust data were used
in this study,'> the generalizability of our findings can
be limited. The study cohort was taken from SMSreg,
which at that time (2006-2009) had approximately
50%-60% coverage of all PwMS in Sweden.*> With
caution and assuming no distinct differences in the
sociodemographic characteristics, multi-morbidity,
and disability with the PwMS that our study did not
include, our findings could be generalizable to all
PwMS in Sweden. Generalization and applicability
of our findings to other countries may not be possible,
considering the differences in the organization of
healthcare and social security systems.

Conclusions

In this study, register data with nationwide coverage
were used to explore the association between the
timing of the first DMT initiation among PwMS
with the COI. Productivity losses for PwMS who
started their therapy early were significantly lower.
Therefore, suggesting that by intervening as early as
possible to stop MS progression, there is a lower
impact on the work capacity of PwMS in terms of
lower SA and DP days. COI serves as an objective
measure of the burden of MS, reflecting how morbid-
ity and disability linked to MS evolve throughout
patients’ days and over many years, as well as high-
lighting the advantage of early vs. late DMT initiation
in MS.
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