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Background: Few studies have characterized the full spectrum of prescription drug use for 
individuals with multiple sclerosis (MS). The objective of this study was to describe patterns 
and expenditures for disease-modifying therapies (DMTs) and other prescription drugs among 
Medicare beneficiaries with MS.
Methods: Using Medicare claims data in 2014, we identified a cohort of Medicare beneficiaries with 
12 months of continuous eligibility and 3 or more MS-related inpatient, outpatient, or prescription 
claims. We quantified the number, type, and costs of prescribed DMTs and other medications for 
MS-related symptoms. Medication costs were calculated according to whether beneficiaries received 
additional subsidies, which eliminate most out-of-pocket costs. 
Results: Of 43,283 Medicare beneficiaries identified with MS, 70% were DMT users. Most used self-
administered DMTs (67%), and 3% used natalizumab; 93% received a supportive care medication. 
Among the 82% of individuals without subsidies, the annual median total and out-of-pocket DMT costs 
were $56,794 (interquartile range [IQR], $44,837-$62,038) and $4566 (IQR, $849-$5270), respectively. 
The most commonly used supportive care drugs were antidepressants (62%), opioid analgesics (50%), 
antispasticity drugs (47%), and anticonvulsants (46%). Annual median total and out-of-pocket costs for 
these drugs were $15,134 (IQR, $6571-$19,620) and $255 (IQR, $56-$877), respectively. 
Conclusions: Most Medicare beneficiaries with MS using DMTs face considerable out-of-pocket 
costs. Beneficiaries also used a significant number of medications potentially used for MS-related 
symptoms, although total and out-of-pocket costs were modest. Int J MS Care. 2022;24(2):90-97. 
doi:10.7224/1537-2073.2021-062

Multiple sclerosis (MS) is a chronic neuroinflam-
matory demyelinating condition that affects 
more than 2.3 million individuals around the 

world.1 As a leading cause of nontraumatic disability, 
MS is associated with considerable morbidity and eco-
nomic cost to patients and society. For patients with MS, 
total direct and indirect costs incurred over a lifetime can 
exceed $4 million.2 Because MS primarily affects young-
er individuals in their prime working years, indirect costs 
due to lost productivity are also substantial. Although 
estimates vary, recent data suggest that direct medical 
costs can exceed $68,000 (2020 US dollars) per year.3,4 
Pharmaceuticals, and specifically MS-directed disease-
modifying therapies (DMTs), account for more than 
two-thirds of the total direct cost of managing MS.2,4

Disease-modifying therapies have been shown to 
reduce relapses and slow progression to disability,5,6 and 

they are the foundation of treatment for individuals with 
most forms of MS.6,7 Although DMTs have been avail-
able to patients for more than 25 years, DMT-related 
costs and expenditures have increased rapidly during the 
past decade.8,9 Currently, list prices for many DMTs are 
near $100,000 per year, and, even for patients with insur-
ance, out-of-pocket (OOP) costs for these therapies can 
be considerable.10,11 Individuals with MS are affected by 
a variety of neurologic symptoms, such as fatigue, depres-
sion, pain, spasticity, incoordination, and bladder and 
bowel dysfunction. Consequently, pharmaceuticals are 
frequently prescribed to both slow the progression and 
manage the symptoms associated with MS.

Despite this, there are few studies that characterize 
the totality of medication use in individuals with MS. A 
recent study by Kim et al4 noted that 7.4% of MS-related 
spending was for non-DMT prescriptions, but no other 
drug-specific information was reported. Using data from 
the US Medicare program, we sought to describe patterns 
of medication use, both those specifically for MS and 
those likely used to treat related symptoms.

Methods
Data Source and Study Sample

We used administrative claims data from the US 
Medicare program in 2014 to identify a cohort of indi-
viduals with MS. We included individuals if they had a 
minimum of 1 full year of enrollment in Medicare Part A 
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opioid and nonopioid analgesics, stimulants, antidepressants, 
benzodiazepines, and anticonvulsants. We also summarized 
the use and costs for dalfampridine, which is indicated to 
improve walking in patients with MS. Specific drugs includ-
ed in these classes can be found in Table S1, which is pub-
lished in the online version of this article at IJMSC.org.

During the study period, the only FDA-approved infus-
ible DMT was natalizumab (Tysabri). Infused drugs are typi-
cally covered under Medicare Part B. We used Healthcare 
Common Procedure Coding System code J2323 to identify 
Part B carrier claims for natalizumab and estimate spending 
by Medicare. Under Part B, beneficiaries pay 20% coinsur-
ance for facility-administered drugs. However, most benefi-
ciaries (77%) have secondary insurance (eg, Medicare sup-
plements) to cover some or all cost-sharing incurred through 
Part B.13 These data are not provided in the Medicare Part 
B file, and we summarize OOP costs without supplemental 
coverage but recognize that most will pay zero OOP because 
of supplemental insurance.

All analyses were performed using SAS Enterprise Guide 
7.1 software (SAS Institute Inc). This study was approved 
by the Oregon Health & Science University institutional 
reviewed board and CMS. 

Results
In 2014, we identified 43,283 Medicare benefi-

ciaries with MS who met the study inclusion criteria. 
Demographics and comorbidities for these individuals 
are summarized in Table S2. Most individuals were 
female (76%) and White (87%). Approximately 54% 
of beneficiaries were eligible through Medicare’s dis-
ability benefit. Approximately 16% of beneficiaries 
with MS qualified for LIS benefits.

Of these individuals, 30,163 (70%) had 1 or 
more prescriptions for an MS DMT during the year. 
Patients using a DMT were younger (60 years vs 64 
years; P < .001), more likely to be enrolled through 
disability (59% vs 43%; P < .001), and more likely 
to have LIS benefits (18% vs 10%; P < .001). The 
most common comorbid chronic conditions included 
hypertension (36%), hyperlipidemia (31%), depres-
sive disorders (27%), arthritis (24%), anemia (19%), 
and fibromyalgia, chronic pain, and fatigue (18%; 
collapsed as 1 condition by Chronic Conditions Data 
Warehouse). Chronic conditions were uniformly less 
prevalent in DMT users compared with nonusers. 

Aggregated pharmaceutical expenditures are sum-
marized in Table S3. Among the 67% of beneficia-
ries using self-administered MS DMTs, the median 
total and OOP costs were $56,602 (IQR, $44,010-
$61,981) and $3666 (IQR, $234-$5163), respec-
tively. The annual cost for the 3% of individuals using 
natalizumab was $43,637 (IQR, $20,975-$52,029). 

(hospital services), Part B (outpatient medical insurance), 
and Part D (outpatient pharmacy insurance). Claims data 
were linked through the beneficiary summary files to char-
acterize demographic and enrollment details. We excluded 
individuals with dual Medicaid eligibility.

We identified individuals as having MS if they had any 
combination of 3 of the following: MS-related encounter 
claims as either an inpatient or an outpatient or a DMT 
prescription during the year.12 Inpatient or outpatient claims 
were considered MS-related if they had an International 
Classification of Diseases, Ninth Revision code of 340.xx. 
Disease-modifying therapies included interferon beta (IFNβ) 
-1a intramuscular (Avonex; Biogen), IFNβ-1b subcutaneous 
injection (Betaseron, Bayer HealthCare Pharmaceuticals; 
Extavia, Novartis Pharmaceuticals Corp), glatiramer acetate 
(Copaxone; Teva Pharmaceutical Industries Ltd), peginter-
feron β-1a (Plegridy; Biogen), fingolimod (Gilenya; Novartis 
Pharmaceuticals Corp), teriflunomide (Aubagio; Sanofi 
Genzyme), dimethyl fumarate (Tecfidera; Biogen), and 
natalizumab (Tysabri; Biogen). Natalizumab was identified 
using Part B claims because it is administered in a physician’s 
office or an infusion center.

Variables
First, we characterized demographic and enrollment 

details, including age, sex, race, geographic region, nature 
of eligibility (eg, old age, disability), and eligibility for a 
low-income subsidy (LIS). Certain Medicare beneficiaries 
with limited income or assets qualify for a Part D LIS, which 
effectively eliminates OOP costs for premiums, deductibles, 
and drug-specific cost-sharing or co-pays. We used the 
Centers for Medicare and Medicaid Services (CMS) Chronic 
Conditions Data Warehouse categories to identify other 
comorbid conditions. The CMS Chronic Conditions Data 
Warehouse categories include common or disabling chronic 
conditions using validated algorithms of diagnostic codes, 
Medicare Severity–Diagnosis-Related Group codes, and pro-
cedure codes.

We calculated both total drug and OOP expenditures for 
self-administered DMTs and drugs used for supportive care 
of symptoms and relapses separately and in aggregate using 
Part D pharmacy event data. We computed annual expendi-
tures for each individual by summing the total amount paid, 
either by Medicare or the beneficiary (OOP) during the 
entire year. For each drug class component, we calculated the 
median and interquartile range (IQR) annual expenditures 
overall and by LIS status. Because DMT costs can be a func-
tion of both medication costs and duration of use, we sum-
marized annual costs for a subset of individuals who were 
dispensed DMT prescriptions sufficient to cover 80% of the 
days in the year. 

We also examined the prevalence and spending for other 
medications that are commonly used to treat symptoms of 
MS. We characterized the use of corticosteroids and cor-
ticotropin, drugs for bladder dysfunction and spasticity, 
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for stimulants. Among individuals without LIS ben-
efits, annual median OOP costs ranged from $475 
for dalfampridine to less than $10 for corticosteroids 
and opioids. Except for drugs for bladder dysfunction, 
beneficiaries with LIS benefits were generally more 
likely to use medications for supportive care.

Discussion
In this cross-sectional study, nearly 70% of 

Medicare beneficiaries with MS were using a DMT. 
Among those using a DMT, more than 80% did not 
receive LIS benefits and, therefore, likely paid consid-
erable amounts OOP for their DMT. Among those 
not receiving LIS assistance, median OOP costs for 
the year were $4566. However, for patients who used 
DMTs consistently throughout the year, OOP costs 
exceeded $5000 for most DMTs. In addition, most 
individuals with MS also had prescriptions potentially 
used for symptomatic management of their condi-
tion. The median number of medications used for 
MS-related symptoms was 4, but one-quarter used 
6 or more medications during the year. Nearly two-
thirds of patients with MS were using antidepressants, 
and more than half had an opioid analgesic prescrip-
tion filled during the year. Except for dalfampridine, 
annual median OOP costs for these medications 
were modest, ranging from $5 for corticosteroids 
to $78 for stimulants. At an annual median cost of 
$15,134, dalfampridine was the most expensive sup-
portive medication, although fewer than 1 in 10 
patients used medication. The annual median OOP 
cost for dalfampridine among those without LIS ben-
efits was $475.

Few descriptive studies exist that document the 
scope of medications prescribed for symptomatic 
management of MS. In 1 prospective cohort study, 
248 patients with MS recruited from specialty clinics 
in the United States and Australia were found to use 
a median of 3 medications (range, 0-19), including 
immunomodulating DMTs. The most commonly 
used drug classes were for the nervous (50%), muscu-
loskeletal (40%), and genitourinary (25%) systems.14 
In the present cohort, who were older and likely had 
a higher degree of disability, patients used a median 
of 4 drugs for symptomatic management of their MS, 
with 1 in 4 taking 6 or more medications. Medication 
polypharmacy has been shown to be a significant pre-
dictor of falls for patients with MS.14,15 The frequent 
use of opioid analgesics, which were prescribed to 
more than half the of beneficiaries overall and nearly 

Although reported OOP costs for natalizumab totaled 
$8727 per year, the actual cost to patients was likely 
lower because most individuals have supplemental 
insurance that would cover the 20% coinsurance for 
Part B. The median annual total and OOP costs for 
drugs used for MS-related symptoms were $947 (IQR, 
$238-$3128) and $112 (IQR, $30-$322), respec-
tively. As expected, OOP costs for LIS beneficiaries 
were markedly lower than those for individuals with-
out LIS benefits. Patients used a median of 4 (IQR, 
2-6) distinct medications for MS-related symptoms 
throughout the year.

Table 1 summarizes total and OOP costs for each 
self-administered DMT reimbursed through the 
Part D program. The most commonly used DMT 
was glatiramer 20 mg (33%), followed by glat-
iramer 40 mg (22%), IFNβ-1a (21%), and dimethyl 
fumarate (20%). 

Of the 29,141 DMT users, 15,683 (54%) had 
DMT prescriptions filled sufficient to cover 80% 
of days in the year. The DMTs with the highest 
annual median cost were IFNβ-1a subcutaneous 
($62,262), followed by fingolimod ($62,163), and 
glatiramer 20 mg ($61,642). The DMT with the 
lowest annual median cost was Novartis’ IFNβ-1b 
(Extavia; $49,191). Among the 13,027 beneficia-
ries without LIS benefits (83%), median OOP costs 
were near $5000 a year for 6 of 9 DMTs. The lowest 
annual median OOP costs were for both IFNβ-1b 
products ($410 and $2733 for Novartis and Bayer, 
respectively) and the 40-mg version of glatiramer 
($2618). In contrast, among the 2656 individuals with 
LIS benefits, median OOP costs for the year ranged 
from $4 to $13. 

Use of DMTs also varied by LIS status. More than 
double the number of individuals with LIS were using 
fingolimod compared with non-LIS beneficiaries 
(14% vs 7%; P < .0001). However, use of IFNβ-1a 
intramuscular (29% vs 21%; P < .0001) and both glat-
iramer products (40 mg: 6.7% vs 4.8%; 20 mg: 21% 
vs 16%; P < .001 for both) were considerably higher 
among non-LIS beneficiaries.

Table 2 describes medications used for symptom-
atic management of MS. The most commonly used 
classes of medication included antidepressants (62%), 
opioid analgesics (50%), antispasticity drugs (47%), 
and anticonvulsants (46%). The annual median 
cost for dalfampridine was $15,134 (IQR, $6571-
$19,620). Annual median costs for other supportive 
medication classes ranged from $25 (IQR, $8-$88) 
for nonopioid analgesics to $916 (IQR, $379-$2892) 
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Table 1. Annual Self-administered Disease-Modifying Therapy Expenditures

Drug
Total use,  
No. (%)  
(N = 29,141)

≥80% days’ 
supply 
during year, 
No. (%)  
(N = 15,683)

Total cost, 
median 
(IQR), $

OOP cost, 
median 
(IQR), $

Non-LIS LIS

Patients,  
No. (%)  
(n = 13,027)

Total cost, 
median 
(IQR), $

OOP cost, 
median 
(IQR), $

Patients, 
No. (%)  
(n = 2656)

Total cost, 
median 
(IQR), $

OOP cost, 
median 
(IQR), $

Interferon 
beta-1b 
(Betaseron)

1451 (5.0) 694 (4.4) 59,949 
(57,319-
64,194)

707 
(195-
5127)

555 (4.3) 60,202 
(57,977-
64,194)

2733 
(360-
5253)

139 (5.2) 59,380 
(55,225-
63,981)

13 (13-
13)

Interferon 
beta-1b 
(Extavia)

176 (0.6) 82 (0.5) 49,191 
(32,059-
53,562)

147 (50-
4257)

65 (0.5) 44,841 
(29,960-
52,837)

410 (78-
4473)

17 (0.6) 53,327 
(48,820-
54,631)

13 (6-13)

Interferon 
beta-1a SC 
(Rebif)

2922 (10.0) 1780 
(11.3)

62,292 
(59,171-
65,874)

5058 
(432-
5464)

1444 (11.1) 62,292 
(59,201-
65,874)

5234 
(4077-
5562)

336 (12.7) 62,292 
(59,171-
65,821)

13 (13-
13)

Interferon 
beta-1a IM 
(Avonex)

6045 (20.7) 4305 
(27.5)

58,493 
(55,908-
61,887)

4922 
(400-
5291)

3746 (28.8) 58,493 
(55,905-
61,924)

5020 
(1688-
5351)

559 (21) 58,645 
(56,143-
61,544)

13 (13-
13)

Peginterferon 
beta-1a 
(Plegridy)

147 (0.5) 0 NA NA NA NA NA NA NA NA

Glatiramer 
acetate 
20 mg 
(Copaxone)

9527 (32.7) 3096 
(19.7)

61,642 
(57,461-
64,749)

5051 
(492-
5486)

2668 (20.5) 61,994 
(57,778-
64,842)

5304 
(4348-
5539)

428 (16.1) 60,137 
(55,532-
64,289)

13 (13-
13)

Glatiramer 
acetate 
40 mg 
(Copaxone)

6365 (21.8) 997 (6.4) 52,707 
(51,933-
56,478)

2612 
(300-
2948)

869 (6.7) 52,826 
(51,992-
56,577)

2618 
(1937-
3088)

128 (4.8) 52,525 
(51,385-
55,899)

4 (0-43)

Fingolimod 
(Gilenya)

2021 (6.9) 1238 (7.9) 62,163 
(59,783-
65,504)

1167 
(13-
5320)

860 (6.6) 61,751 
(59,711-
65,419)

5112 
(634-
5450)

378 (14.2) 63,455 
(59,864-
65,670)

12 (613)

Dimethyl 
fumarate 
(Tecfidera)

5835 (20) 2763 (17.6) 59,964 
(55,768-
62,451)

4570 
(275-
5192)

2236 (17.2) 59,810 
(55,643-
62,430)

4901 
(1640-
5284)

527 (19.8) 60,738 
(55,993-
62,788)

13 (613)

Teriflunomide 
(Aubagio)

1875 (6.4) 732 (4.7) 59,735 
(56,658-
62,490)

4719 
(375-
5232)

588 (4.5) 59,230 
(56,762-
62,490)

4962 
(2568-
5349)

144 (5.4) 61,154 
(56,210-
62,617)

12 (6176)

DMT, disease-modifying therapy; IM, intramuscular; IQR, interquartile range; LIS, low-income subsidy; NA, not available; OOP, out of pocket;  
SC, subcutaneous.
Note: Patient counts are not mutually exclusive.

of all Part D beneficiaries received LIS to assist with 
cost-sharing for prescription drugs.19 However, in 
the present sample of patients with MS, only 18% 
received this benefit, and consequently most were 
required to pay these high OOP costs. The OOP costs 
in the Medicare program are considerably higher than 
those in other commercial insurance programs.4,11 
Kim et al4 reported that the mean annual OOP 
costs for DMTs was $1121 among patients with 

two-thirds of those with LIS benefits, is of particular 
concern and deserves further study.

The high costs of MS DMTs have been well docu-
mented.2,9,10,16,17 In the Medicare program, outpatient 
prescription drugs are paid for through the Part D 
program, which imposes considerable cost-sharing 
without a cap on OOP costs. Patients often face 
very high OOP costs for expensive specialty medica-
tions, such as DMTs used for MS.18 In 2014, 30% 
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abandonment at the pharmacy, and disruption of 
adherence.21-24 Among individuals with MS enrolled 
in commercial insurance plans, Shao et al22 found 
that every $100 increase in OOP costs above $890 
for the year was associated with 2 fewer days of treat-
ment during the year. It has also been consistently 
shown that poor DMT adherence is a risk factor 
for MS relapse, hospitalizations, and higher medi-
cal costs.25-30

The present study has limitations. This was a 
cross-sectional analysis that does not capture longi-
tudinal changes in the economic burden of MS over 
a prolonged period. This is particularly important 
in an older population of patients who may opt to 
discontinue their DMT because of futility, adverse 
effects, or costs.31 The present analysis was restricted 

MS enrolled in employer-sponsored health plans in 
2014. In a similar commercially insured population, 
Callaghan et al11 found cumulative OOP costs for 
patients in the first 2 years after diagnosis to be an 
average of $2238.

Several studies have documented how OOP costs 
can negatively affect DMT use for patients with MS. 
Among a similar cohort of Medicare beneficiaries 
with MS, Li et al20 found that transitioning from a 
lower cost-sharing phase (5% in catastrophic phase) 
of the Part D benefit to a higher cost-sharing phase 
(≥25% during deductible, coverage, or coverage 
gap phase) led to a 10% increase in month-long 
gaps in DMT use. Studies in other non-Medicare 
populations have found that high OOP costs are 
associated with reduced DMT initiation, medication 

Hartung et al 

Table 2. Annual Costs of Drugs for Symptomatic Management of Multiple Sclerosis

Drug

Patients,  
No. (%)  
(N = 
40,041)

Total cost, 
median 
(IQR), $

OOP cost, 
median 
(IQR), $

Non-LIS LIS

Patients,  
No. (%)  
(n = 33,650)

Total cost, 
median 
(IQR), $

OOP cost, 
median 
(IQR), $

Patients, 
No. (%)  
(n = 6391)

Total cost, 
median 
(IQR), $

OOP cost, 
median 
(IQR), $

Corticosteroids 10,320 
(25.8)

20 (8-45) 3 (1-10) 8317 (24.7) 20 (7-43) 5 (2-13) 2003 
(31.3)

22 (8-52) 0.36 (0-3)

Bladder 
dysfunction

13,021 
(32.5)

444 (157-
1616)

50 (15-
141)

11,347 
(33.7)

441 (156-
1603)

64 (23-
163)

1674 (26.2) 452 (162-
1651)

5 (0-13)

Antispasticity 18,722 
(46.8)

130 (50-
272)

20 (5-43) 15,491 (46) 129 (50-
271)

25 (10-
50)

3231 
(50.6)

135 (51-
278)

3 (0-9)

Opioid analgesics 20,101 
(50.2)

57 (13-
279)

3 (2-47) 16,308 
(48.5)

50 (12-
242)

13 (2-60) 3793 
(59.3)

109 (19-
466)

3 (0-11)

Nonopioid 
analgesics

9557 (23.9) 25 (8-88) 6 (2-20) 7517 (22.3) 24 (8-91) 9 (3-26) 2040 
(31.9)

26 (8-77) 1 (0-5)

Stimulants 9182 (22.9) 916 (379-
2892)

57 (15-
168)

7526 (22.4) 902 (372-
2800)

78 (30-
209)

1656 
(25.9)

981 (400-
3212)

5 (1-13)

Antidepressants 24,631 
(61.5)

125 (53-
415)

29 (10-
68)

20,387 
(60.6)

121 (53-
396)

36 (16-
80)

4244 
(66.4)

156 (57-
556)

5 (3-13)

Anticonvulsants 18,353 
(45.8)

188 (70-
565)

30 (9-76) 15,015 
(44.6)

183 (69-
537)

39 (15-
92)

3338 
(52.2)

215 (75-
712)

5 (1-13)

Dalfampridine 3391 (8.5) 15,134 
(6571-
19,620)

255 (56-
877)

2679 (8) 15,113 
(6158-
19,602)

475 (165-
1024)

712 (11.1) 15,243 
(8353-
19,681)

6 (0-13)

Benzodiazepine 14,382 
(35.9)

32 (9-66) 12 (3-29) 11,827 
(35.1)

30 (9-64) 15 (4-33) 2555 
(40.0)

38 (12-74) 3 (0.08-9)

IQR, interquartile range; LIS, low-income subsidy; OOP, out of pocket.
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discrete symptoms. Finally, the present data reflect 
DMT and other prescription drug use from 2014. 
There have been numerous DMT approvals since 
2014, including the approval of generic versions of 
glatiramer acetate and dimethyl fumarate. Although 
the initial release of generic glatiramer had mod-
est effects on program spending and patient OOP 
costs, more recent price reductions have likely greatly 
reduced the financial burden for patients.35-37

In summary, we find that most individuals with 
MS in the Medicare program likely face a consider-
able economic barrier when prescribed a DMT. Most 
of these beneficiaries also take a multitude of other 
drugs to manage symptoms associated with MS. 
Although the incremental costs for these medications 
is modest, the extent of their use should be examined 
more closely, especially for drugs with safety con-
cerns. Given the ongoing and evolving opioid crisis, 
future research should examine the scope and inten-
sity of prescription opioid use in this population.

A major contributing factor to the high OOP cost 
burden felt by Medicare beneficiaries is attributable 
to Part D’s design and specifically Part D’s coverage 
gap (“donut hole”), where patients were historically 
required to pay 100% of their drug costs. Reforms 
enacted through the Affordable Care Act sought to 
reduce the OOP cost burden for patients by gradu-
ally closing the Part D coverage gap between 2010 
and 2020.38 However, the net effect of closure of 
coverage gap seems to have been negated because of 
simultaneous rapid increases in DMT prices over the 
same period.37 Prices of DMTs continue to rise, and 
several DMTs now approach or exceed $100,000 
annually.39 In the absence of additional federal legis-
lation aimed at capping OOP costs,40 most Medicare 
beneficiaries with MS will continue to pay thou-
sands of dollars OOP a year for DMTs to manage 
their condition. o
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