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Abstract

Multiple sclerosis (MS) is associated with a significant economic burden, not only in terms of direct costs (drugs, hospital admissions,
healthcare aids), but also indirect costs including loss of income, reduction of productivity, burden on caregivers and family members,
and a reduction in patient quality of life (QoL). The disease has a marked effect on employment, with less than 20 % of patients of working
age in employment at higher disability levels (Expanded Disability Status Scale [EDSS] 6.0-8.0). Disabilities, fatigue, cognitive impairments,
transportation difficulties, speech impairments and bladder and bowel problems all impact on the patient’s ability to work and their QoL.
The economic costs of MS do not just impact the patient. The stress and physical burden of caring for a friend or relative with MS may
also impact on the finances and health of caregivers and increase their own requirement for healthcare resources. The increasing
availability of disease-modifying drugs (DMDs) and earlier diagnosis of the condition has resulted in an increase in the direct costs of MS
related to expenditure on DMDs. However, due to the significant increase in costs that are associated with increasing disease severity,
interventions aimed at delaying disease progression may help to reduce the economic burden of MS. This article will review the direct,

indirect and intangible costs of MS and discuss the economic impact of drug development on these costs.
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Multiple sclerosis (MS) is the most prevalent neurological disease among
young adults, affecting 30 out of 100,000 people globally; prevalence is
particularly high in Europe, North America and parts of Australia, with
rates over 100 per 100,000." The incidence of the disease is considered
to rise with increasing distance from the equator though recent data
suggest this may be changing.? The incidence of MS is also generally
increasing, especially in females and has been attributed to various
factors including the increasing urbanisation of populations.®

MS is associated with both high direct and indirect medical costs, and
all costs increase with worsening disability. Patients with more severe
disability (Expanded Disability Status Scale [EDSS] >7) may have annual
costs four to five times higher than patients living with less disability
(EDSS <4).* MS displays a wide range of clinical symptoms that
negatively impact patients’ and caregivers’ health related quality of life
(HRQoL). Regardless of disability level, relapses significantly increase
the cost of the disease, mainly due to associated hospitalisations
and medications. Because the onset of MS usually occurs during
the years of an individual’s highest productivity and earning potential,
MS has a severe and long-term effect on income and employment and
ultimately quality of life (QoL). Direct medical costs of MS in the US
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are estimated to total in excess of US$10 billion per year** and a
recent European study showed that the total cost of MS in Europe was
approximately US$18.9 billion (€14.6 billion).”

Disease-modifying drugs (DMDs) have been available since the mid
1990s and are offered as subcutaneous injections (interferon beta-1a
[IFNB-1a], interferon beta-1b [IFNB-1b], glatiramer acetate [GA]),
intramuscular injections (IFNB-1a), intravenous infusions of monoclonal
antibodies (natalizumab) or more recently as oral agents (such as
fingolimod or teriflunomide). These medications modify the natural
course of the disease by decreasing relapses and the inflammatory
lesion load and to some extent also slowing disability progression.
However, as mainly biological preparations, they are expensive
compared with older symptomatic treatments (e.g. the antispastic
agent baclofen), most are intended for long term treatment and
some have significant side effects requiring more intensive patient
management. As a result the proportion of the cost of MS represented
by drug expenses has risen significantly in the last two decades.
A recent study noted that the direct cost per MS patient nearly
quadrupled in Italy during the period 1996-2004 and attributed this
change to the availability of DMDs and the cost of diagnostics.?
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Table 1: Summary of Studies of the Economic Impact of Multiple Sclerosis

Country Year Number of Patients ~ Summary of Findings Reference

Australia 2007 100 Average annual direct and indirect costs per patient US$19,532 and US$14,446 52
(AU$20,396 and AU$15,085), respectively. Greatest uses of resources were for
immunomodulating drugs, consultations and district nursing

Austria 2006 1,019 Mean total annual costs per patient US$31,132 (€40,300) 53

Belgium 2006 799 Mean total annual costs per patient ranged from US$9,270 (€12,000) per year (EDSS 0-1) 54
t0 US$39,784 (€51,500) per year (EDSS 8-9)

Germany 2006 2,793 Mean total annual cost per patient ranged from US$14,291 (€18,500) (EDSS 0-1) to 55
US$54,440 (€70,500) (EDSS 8-9)

Italy 2002 552 Mean direct cost over three months was US$1,408 (ITL 2,134,000) mean indirect cost 29
was US$5,132 (ITL 7,775,000)

[taly 2006 921 Mean total annual cost per patient ranged from US$9,270 (€12,000) (EDSS 0-1) to 19
US$54,848 (€71,000) (EDSS 8-9)

Netherlands 2006 1,549 Mean total annual cost per patient US$7,184 (€9,300) (EDSS 0-1), US$64,725 (€50,000) 56
(EDSS 7) and US$100,803 (€78,000) (EDSS 8-9)

Poland 2008 120 All EDSS <3.5. Total annual direct and indirect costs per patient US$13,495 (€10,425) 57
and US$9,162 (€7,078) respectively for those taking IFN; US$1,401 (€1,082) and
US$10,137 (€7,831), respectively for those taking steroids

Spain 2006 1,848 Mean total annual cost per patient US$13,495 (€10,425) (EDSS 0-1), US$58,594 (€45,264) 20
(EDSS 7) and US$85,039 (€65,693) (EDSS 8-9)

Spain 2006 200 Mean total annual cost per patient US$18,456 (€14,327) (EDSS 0), US$24,384 (€18,837) 58
(EDSS 1-3), US$36,077 (€27,870) (EDSS 3.5-5.5), US$53,330 (€41,198) (EDSS 6-7) and
US$68,402 (€52,841) (EDSS>7.5)

Sweden 2006 1,339 Mean total annual cost per patient ranged from US$20,712 (€16,000) (EDSS 0-1) to 18
US$150,161 (€116,000) (EDSS 8-9)

Switzerland 2006 1,101 Mean annual cost per patient in the sample US$54,369 (€42,000) corresponds to costs 59
for a patient at the median EDSS score of 5

UK 2006 2,048 Mean annual costs ranged from US$19,462 (£12,000) (EDSS <4) to almost US$97,312 (£60,000) 60
(EDSS >7). Employment rates reduced from 82 % in early disease to 2 % at EDSS of 8

UK 2008 1,942 Mean service cost per patient over 6 months was US$13,619 (£8,397), 71.6 % due to 61
informal care. Only 8.1 % due to the use of DMDs and drugs for spasticity.
Lost employment costs amounted to a mean of US$6,877 (£4,240)

us 2006 4,000 Mean annual cost per person US$47,215 (€36,474), 53 % for direct medical and 12
non-medical costs, 37 % for production losses and 10 % for informal care

France, 2012 1,261 Mean total annual cost per patient ranged from US$17,618-US$29,242 (€13,534-€22,461) 13

Germany, Italy, (EDSS <3), US$37,135-US$57,216 (€28,524—€43,948) (EDSS 4-6.5) and

Spain and US$51,545-US$85,137 (€39,592—€65,395) (EDSS >7)

the UK

AU = Australian; DMD = disease-modifying drugs, EDSS = Expanded Disability Status Scale, IFN = interferon, ITL = Italian lire.

Greater awareness of MS by physicians, revision of the McDonald
criteria for MS diagnosis,” the widespread availability of magnetic
resonance imaging (MRI) and a consensus by most neurologists
concerning the importance of early treatment of MS have resulted
in a willingness to investigate suspected neurological symptoms and
have led to earlier diagnosis of MS. This improves patient prognosis
but also increases the population of patients receiving treatment and
therefore potentially further increases costs of disease management.
However, early treatment of MS patients with DMDs results in increased
cost-effectiveness of these drugs.” Treatment for MS aims at limiting
temporary disability due to relapses and more importantly, in some
cases delays the progression to more permanent disability. Thus, the
major economic benefit of treatment lies in the future and can be
derived from the analysis of indirect costs. Such indirect costs
however, are difficult to assess accurately and are rarely taken into
account when considering treatment costs.

The guidelines in treating MS do not directly address the issue of
limiting the economic impact of MS and minimising treatment costs.
Consequently, the economic impact of multiple sclerosis is a subject
of intense current interest. This article will review the direct, indirect

18

and intangible costs of MS and discuss the economic impact of drug
development on these costs.

Total Costs of Multiple Sclerosis

Because of differences in the availability and costs of medical care, the
use of paid and unpaid home and community-based services and
the extent to which people withdraw from the work force (with resultant
loss of income), it is difficult to compare worldwide costs of MS directly,
particularly between the US and Europe, even when the same
methodology is used. A large European study by Kobelt et al. (n=13,186)
encompassing nine countries estimated the total mean annual cost
of hospitalisations, consultations and medications used in MS at
US$23,300 (€18,000) in patients with mild disease (EDSS <4), US$46,602
(€36,000) in patients with moderate disease (EDSS 4-6.5) and US$80,258
(€62,000) in patients with severe disease (EDSS >7)." The total costs
comprise direct, indirect and intangible costs associated with QoL.
Kobelt et al. also performed a US study (n=1,909) of MS patients taking
DMDs and estimated the mean total cost at US$47,215, (€36,474)
ranging from US$32,297 (€24,950) for mild disease to US$64,492
(€49,820) in severe disease.” The recent TRIBUNE study, which explored
the total costs of MS in five European Countries, found the mean total
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annual cost per patient ranged from US$17,618-$29,242
(€13,534-€22,461) for patients with mild disease (EDSS <3),
US$37,135-$57,216 (€28,524-€43,948) for patients with moderate
disease (EDSS 4-6.5) and US$51,545-85,137 (€39,592—€65,395) for
patients with severe disease (EDSS >7).® A summary of worldwide
studies on the costs of MS is given in Table 1.

Most recent studies on the economic impact of MS include direct and
indirect costs. Both the direct and indirect costs of MS increase with
disability severity.*™ Regardless of disability level, relapses significantly
increase the cost, mainly due to associated hospitalisations and
medications. While direct medical costs are highest at the early stages
of MS treatment, they are outweighed by indirect costs at the later
stages of the disease.™ The relative contributions of direct and indirect
costs in the US and Europe are illustrated in Figures 1, 2 and 3.

Direct Costs of Multiple Sclerosis

Direct costs refer to all resources consumed to diagnose, treat, or
manage patients with MS. The direct healthcare costs of MS are
high and include diagnostic tests, hospital costs, physician costs,
nursing home care, medication, rehabilitation, physician costs and
assessments. Prompt diagnosis has an impact on the cost as a delay
can result in unnecessary referrals to other specialists, as well as
additional diagnostic testing. Monitoring of disease progression is also
expensive, often involving an annual MRI. Disease management
involves consultation costs, the highest being associated with
physiotherapy, followed by neurologists, psychiatrists and psychologists.™
Hospitalisations due to relapse incur a large direct cost. However, the
greatest direct cost of MS is associated with DMDs, some of which
require frequent injections (> 3x weekly) and have long treatment
duration (over 20 years).

Previous studies on the costs of MS have estimated the cost of
drugs at up to 80 % of the total costs of MS."*"” However these have
only considered direct costs incurred in MS and have failed to take
into account the impact of DMDs on disease progression and
relapse rate, and consequent saving in indirect costs. When
interpreting studies of the cost-effectiveness of DMDs, it is also
important to be aware of the disparity of drug costs between the US
and Europe: for example, in 2011 the annual cost of IFNB-1a in the
UK was approximately US$12,920 (£8,000, €9,981) compared with
about US$34,000 (£20,963, €26,265) a year in the US," and the costs
have continued to rise significantly throughout the US since that
time. The cost of other prescription drugs/concomitant medications
is also significant. In the Kobelt US study estimate of total costs,
77.6 % of patients also used other prescription drugs including
antidepressants (52.7 %) and anti-spasticity drugs (48.5 %), followed
by anti-fatigue medication (38.4 %). Over-the-counter drugs were
used in addition by 58.1 % of the sample.”

In addition to medical expenses, direct nonmedical costs refer to
other resources required in the care for MS patients. These include
paid home care, informal care provided by family and friends, MS
adult day care, home or automobile modifications, disability aids,
transportation and other resources (e.g. childcare, housekeeping).
The level of informal care can vary significantly between countries
and is often hard to quantify. In Sweden, the government provides
in-home personal assistance resulting in high costs® whereas in
countries with a lower proportion of female participation in the
workforce such as Spain and lItaly the costs are much lower.” As
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Figure 1: Distributions of Costs Incurred in Multiple
Sclerosis in the US
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Figure 2: Proportion of Direct and Indirect Costs of
Multiple Sclerosis Per Patient in Europe
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Figure 3: costs of Multiple Sclerosis in Europe
According to Severity of Disease
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Table 2: Percentage of Workforce Participation, Sick Leave and Early Retirement in Multiple Sclerosis

Patients by Country

Characteristics Austria Belgium Netherlands
Currently employed 30.4 39.7 37.4
Working full time 20.4 10.6
Working reduced hours 33.9

Long-term illness leave 0.6 5.8 1.9
Short-term sick leave (3 months)  26.5 14.0
Changed working hours 6.7 15.7
Changed type of work 5.6 10.4

Retired early because of MS 44.5 32.9 42.2

* of those currently employed. MS = multiple sclerosis. Source: Trisolini et al., 2010."

Figure 4: Patient Costs as Compared to Expanded
Disability Severity Scale
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Figure 5: Proportion of Patients Employed or on
Long-term Sick Leave as a Percentage of Patients
Aged <65 years
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fewer females work in these countries, there are more people
available to provide a care-giving role. Direct costs of MS such as
medications and treatment costs, rise with increasing EDSS category
and the direct cost for those with the highest EDSS scores can be up
to seven times those for the lowest EDSS scores (see Figure 4).
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Spain UK Sweden Switzerland Germany Italy
30.0 28.2 40.8 34.7 40.9 421
17.9 5.5 12.4 0 171 14.1
21.7

3.8 0.9 6.7 1.2 2.3 0.6

5.5 11.5 24.9 4.5 11.0 22.4
3.9 10.9 52.0" 16.3 9.7 12.3
6.8 10.8 38.8" 7.6 6.6 11.8
34.1 44.3 35.7 33.9 33.9 33.9

Indirect costs of Multiple Sclerosis

Indirect costs associated with MS include lost productivity, the
economic impact of early mortality and the impact on the family.
People with MS often have difficulty continuing to work and lost
productivity due to loss of employment or early retirements is the
largest single factor contributing to the financial cost of MS.™ Indirect
costs represent a higher proportion of total costs at moderate levels
of disability, as more people at these levels are of working age."™"

The impact of MS on employment is marked. The Kobelt European
study demonstrated that among patients with EDSS scores of 0-1.0,
about 70-80 % of those aged 65 years or below were employed. The
employment rate for patients with EDSS 4.0 varied between
countries from 40-76 %, however for patients with EDSS 8.0-9.0 this
proportion was <10 %. Moreover, over half of the respondents had
to reduce the number of hours worked or change their type of work
(see Table 2, Figure 5)." Early retirement was noted in 35 % of
participants (see Table 2)."

In the Kobelt US study of MS patients taking DMDs, 41 % were working
(63 % full time). Around one fifth of patients had changed their work or
reduced their working hours, while 31.5 % had taken early retirement
because of MS. An additional 10.9 % reported that they had stopped
working because of MS, without indicating that they received an early
retirement pension.”

Income loss in MS patients is accompanied by a corresponding
increase in disability/incapacity claims to government welfare
programmes and insurance companies. A US study of MS patients
found that health insurance covered 51 % of costs for services,
excluding informal care, with compensation for earnings loss
representing only 27 %.” This imposes a high economic burden on
medical and social security budgets worldwide.

In a literature review, it was found that of those employed, MS patients
have a significantly increased occurrence of long and short-term sick
leave, particularly associated with relapses.” In a US study (n=989)
employees with MS had more than 6 times the number of sick leave
days per year than those without. Annual costs for disability were nine
times higher for employees with MS than employee controls. In addition,
indirect costs (such as loss of earnings due to unpaid leave), were >4
times higher for employees with MS than for employee controls.”

In a recent survey carried out by the Multiple Sclerosis International
Federation involving 8,681 participants from 125 countries, fatigue
(85 %) and mobility issues (72 %) were reported as the symptoms
most detrimental to their ability to remain working. When unemployed
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participants were asked what factors might have enabled them to carry
on working, the top responses given were flexible work hours (48 %),
the ability to take regular breaks to rest (42 %), a place to rest (34 %) and
better awareness of MS among work colleagues (34 %).* Furthermore,
people with MS are more likely than all other disabled employees
to complain of discrimination related to benefits, health insurance,
demotion, reasonable accommodations, and the terms of employment.*

Premature death from MS or complications associated with the disease
causes an economic burden due to the value of the lost years of life.
MS is usually considered a disease that does not have a dramatic
impact on life expectancy. However, recent studies across multiple
countries show that MS reduces life expectancy by 5-15 years due to
high levels of disability or co-morbidities.** Treatments that improve
MS symptoms and prevent and manage complications in more severely
disabled patients may result in improved survival.

The economic impact of MS is not restricted to the patient. People with
MS often require help performing daily tasks because of healthcare
problems as well as functional and cognitive impairments. Informal
caregivers, principally spouses and other relatives often provide
patient care. Several studies have found that the stress and physical
burden of caring for a friend or relative with MS may also impact on
the health of caregivers and increase their own requirement for
healthcare resources. In one study (n=62), 64.5 % of participants
reported work adjustments, for example having to take time off and
12 % of caregivers were receiving treatment for depression.® In Italy,
where the level of informal care is high, the cost of working days lost
by the caregiver is similar to the cost of working days lost by the
patient: 39.3 % of caregivers lost an average of 7.8 days working days
over three months? In a US study (n=1,461), 53 % of informal
caregivers had missed an average of 7.3 days work over the past year
due to care giving responsibilities.® A total of 7 % reported changing
their employment as a result of their role as a caregiver. Of the
participants, 28 % reported high blood pressure, 26 % reported high
cholesterol, 13 % reported chronic headache, 13 % reported persistent
trouble sleeping and 17 % reported depression or anxiety, however the
incidence was not compared to the general population.®

In summary, from early in the disease MS has profound implications on
employment and financial status for many people, including patients,
care partners and other family members.

Intangible Costs of Multiple Sclerosis

A significant component of the economic burden of MS, frequently
underestimated in cost-of-illness studies of MS, is the intangible
cost related the impact of MS on QoL. Numerous studies have
documented adverse effects of MS on QoL, including physical, social
and mental functioning.”*'* Other impacts of MS not included in
generic QoL measures include cognitive dysfunction.® Although it is
difficult to quantify intangible costs, a Spanish study calculated the
intangible costs per patient-year as US$1,424 (€1,100) (EDSS = 1-3),
US$10,680 (€8,250) (EDSS = 3.5-5.5), US$12,815 (€9,900) (EDSS = 6-7)
and US$14,239 (€11,000) (EDSS >7.5).*

Economic Impact of Advances in

Drug Development

An important question to address when assessing the economic
impact of advances in drug development is, to what extent do DMDs
provide cost saving in the treatment of patients with MS? In a study
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Figure 6: Model of Multiple Sclerosis Costs Categories
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comparing the direct and indirect costs of MS, initiation of DMD
therapy was associated with substantial medical and indirect savings
for employees with MS. Risk-adjusted total annual medical costs and
indirect costs were significantly lower for treated MS employees than
for untreated MS employees.® These findings are important, as the
majority of healthcare interventions across other disease states do not
result in cost savings.

Various models have been used to calculate the cost-effectiveness
of DMDs in MS and as a consequence there is a lack of consistent
comparative data between different DMDs. Several studies have
found that GA is associated with a reduction in cost of MS care
relative to IFNB-1a and IFNB-1b,"** although another study found
no significant difference between them.® A comparison of GA
and natalizumab found GA to be the more cost-effective drug, although
natalizumab was associated with a slower disease progression and
relapse rate over two years.” Multiple papers have suggested that
natalizumab is the most effective in relapse rate reduction of the
currently available DMDs.“** In a study of the cost-effectiveness of
natalizumab compared to other DMDs, the two-year costs of therapy
were highest for natalizumab (natalizumab, US$72,120 [€55,713];
intramuscular [IM] IFNB, US$56,790 (€43,871); IFNB-1b, US$56,773
(€43,857); subcutaneous [SC] IFNB, US$58,538 (€45,221); and GA $57,180
(€44,172). The cost per relapse avoided, however, was much lower for
natalizumab than other DMDs (natalizumab, US$56,594 (€43,719); IFNB,
US$87,791 (€67,819); IM IFNB-1a, US$93,306 (€72,079); SC IFNB-1a,
US$96,178 (€74,298), and GA, US$103,665 (€80,082).4“ It should be
noted that, these studies used relapse rate reduction rather than
sustained disability progression as a primary outcome measure, have
assumed full patient adherence and have not captured adverse events
in the models. It is difficult to compare the relative effects of DMDs
across clinical trials because of heterogeneity in inclusion criteria and
baseline disease severity.

Treatment adherence has a significant impact on patient outcome
in patients with MS. Patients who are more adherent with their
therapy have better outcomes. A recent study (n=2,446) found that
patients who adhered to their DMD treatment were significantly
less likely to have MS-related hospitalisations (odds ratio [OR]=0.63,
95 % confidence interval [CI]=0.47-0.83) and MS relapses
(OR=0.71, 95 % CI=0.59-0.85) than the non-adherent group.*
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The adherent group incurred lower overall medical costs than the
nonadherent group (US$3,380 (€2,611), 95 % CI, US$3,046-$3,750
versus. US$4348 (€3,359), 95 % Cl, US$3,828-$4,940, p=0.003).

In addition to their effect on disease progression, MS drugs may bring
about a reduction in the costs of MS by their functional effects. In one
study, natalizumab treatment resulted in improvements in cognitive
function that are maintained at two years.* Symptomatic treatments
that improve function, for example, fampridine, which improves
walking ability,* could have a significant impact in reducing indirect
costs by allowing patients to continue working for longer.

It has recently been suggested that the price of DMDs would have to
be cut by at least two-thirds in the US to make them cost effective
in terms of improving quality of life. The DMDs examined in the
study (IFNB-1a, IFNB-1b and GA), were estimated to cost more than
US$800,000 (€618,000) per quality adjusted life year (QALY). While
there is no formal definition of cost-effectiveness in the US, this is an
order of magnitude above what is generally considered acceptable.
However, the effectiveness varied significantly among individuals.
Prescribing DMDs at an earlier stage of the disease was associated
with improved cost-effectiveness. However, some people have
criticised the study, pointing out that data was taken over a 10-year
period, whereas the disease can span 25-30 years.” Since early
treatment delays the onset of progressive disease, the savings can
only be fully assessed over a longer interval.

Several new therapeutic options for MS have emerged in the last few
years, including new oral drugs either launched (fingolimod and
teriflunomide),® or are in development, including BG-12 and laguinimod.”
Other new drugs such as alemtuzumab® and ocrelizumab,® are effective

and require short and infrequent treatment courses, and may offer
cost-effective approaches.

concluding Remarks

MS imposes a substantial economic burden on MS patients, caregivers,
and on healthcare resources. These burdens include direct costs,
indirect costs, and other intangible costs (see Figure 6). The apparent
cost of healthcare is variable according to the perspective of the viewer.
For example, private healthcare insurers utilise only the direct costs of
care, while governments that provide for the cost of medical care utilise
their direct costs of care, loss of tax income due to unemployment and
long-term care costs. On the other hand, patients and families utilise
direct and indirect medical costs not paid by insurance, as well as l0ss
of income and costs related to quality of life. Each view is valid, but the
overall cost of care must include all viewpoints when making decisions
about healthcare funding.

Better information about disability rights and the availability of services
are necessary to help people with MS continue working longer and thus
reduce the economic impact of the disease. Campaigns are also needed
to raise awareness that MS is a treatable disease and that physical
accommodations and flexibility in workplace along with effective
therapy can extend an individual’s gainful employment.

In addition, further studies are required to compare currently available
DMDs and to evaluate the benefits of early treatment. The increased
choice to patients offered by newer, possibly less expensive drugs with
shorter treatment courses has the potential to affect both the direct and
indirect costs of MS. The continued development of drugs with increasing
efficacy and which reduce disability and disease progression will hopefully
change the course of this disease and its associated economic burden. |
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