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ABSTRACT

BACKGROUND: Disease-modifying therapies (DMTs) are indicated to reduce 
relapse rates and slow disease progression for relapsing-remitting multiple 
sclerosis (MS) patients when taken as prescribed. Nonadherence or non-
persistence in the real-world setting can lead to greater risk for negative 
clinical outcomes. Although previous research has demonstrated greater 
adherence and persistence to oral DMTs compared with injectable DMTs, 
comparisons among oral DMTs are lacking.

OBJECTIVE: To compare adherence, persistence, and time to discontinu-
ation among MS patients newly prescribed the oral DMTs fingolimod, 
dimethyl fumarate, or teriflunomide.

METHODS: This retrospective study used MarketScan Commercial and 
Medicare Supplemental claims databases. MS patients with ≥ 1 claim for 
specified DMTs from April 1, 2013, to June 30, 2013, were identified. The 
index drug was defined as the first oral DMT within this period. To capture 
patients newly initiating index DMTs, patients could not have a claim for 
their index drugs in the previous 12 months. Baseline characteristics were 
described for patients in each treatment cohort. Adherence, as measured 
by medication possession ratio (MPR) and proportion of days covered 
(PDC); persistence (30-day gap allowed); and time to discontinuation over 
a 12-month follow-up period were compared across treatment cohorts. 
Adjusted logistic regression models were used to examine adherence, and 
Cox regression models estimated risk of discontinuation.

RESULTS: 1,498 patients newly initiated oral DMTs and met study inclusion 
criteria: fingolimod (n = 185), dimethyl fumarate (n = 1,160), and terifluno-
mide (n = 143). Patients were similar across most baseline characteristics, 
including region, relapse history, and health care resource utilization. 
Statistically significant differences were observed across the treatment 
cohorts for age, gender, previous injectable/infused DMT use, and comor-
bidities. Adherence and time to discontinuation were adjusted for age, 
gender, region, previous oral and injectable/infused DMT use, relapse his-
tory, and Charlson Comorbidity Index score. Relative to fingolimod patients, 
dimethyl fumarate and teriflunomide patients were significantly less likely to 
have an MPR ≥ 80% (OR = 0.18; 95% CI = 0.09-0.36; P < 0.001 and OR = 0.19; 
95% CI = 0.08-0.42; P < 0.001, respectively). Similarly, relative to fingolimod 
patients, dimethyl fumarate and teriflunomide patients were significantly 
less likely to have PDC ≥ 80% (OR = 0.47; 95% CI = 0.33-0.67; P < 0.001 
and OR = 0.37; 95% CI = 0.23-0.59; P < 0.001, respectively). Additionally, 
the HR for discontinuation was about 2 times greater for dimethyl fuma-
rate (HR = 1.93; 95% CI = 1.44-2.59; P < 0.001) and teriflunomide patients 
(HR = 2.27; 95% CI = 1.57-3.28; P < 0.001) compared with fingolimod.

CONCLUSIONS: In a real-world setting, patients taking fingolimod had  
better adherence and persistence compared with patients taking other oral 
DMTs over 12 months. Coupled with clinical factors, medication adherence 
and persistence should be important considerations when determining  
coverage decisions for MS patients.
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RESEARCH

Multiple sclerosis (MS) is a heterogeneous, unpredict-
able, and often disabling disease caused by damage 
to the central nervous system, including the brain, 

spinal cord, or optic nerves.1 As a generally progressive dis-
ease, it is associated with significant humanistic and economic 
burden.2 Approximately 85% of individuals with MS have an 
initial disease course that is relapsing and remitting in nature 
(i.e., relapsing-remitting multiple sclerosis [RRMS]), character-
ized by neurological attacks followed by periods of complete 
or partial recovery and absence of clinical disease progres-
sion. Over time, most individuals with RRMS transition to a 
more progressive form of the disease, characterized by steady  

• Disease-modifying therapies (DMTs) are the cornerstone of 
treatment for relapsing forms of multiple sclerosis (MS), with 
therapeutic goals being to reduce the frequency and severity of 
relapses, reduce central nervous system lesions, and slow the 
accumulation of disability.

• Poor adherence and persistence to medications are common 
across many conditions, including MS, and real-world studies 
have shown that not taking DMTs as prescribed can lead to 
greater risk for negative clinical outcomes.

• Previous research has demonstrated greater adherence and per-
sistence to oral DMTs compared with injectable DMTs; however, 
more real-world comparisons are needed among newer DMTs.

What is already known about this subject

• This study is the first to compare adherence and persistence 
among patients initiating the oral DMTs fingolimod, dimethyl 
fumarate, and teriflunomide over 1 year in a real-world setting. 

• When adjusted for baseline characteristics, relative to fingolimod 
patients, dimethyl fumarate and teriflunomide patients were sig-
nificantly less likely to have a medication possession ratio ≥ 80%, 
and a similar result was observed when using proportion of days 
covered to measure adherence.

• When adjusted for baseline characteristics, the risk of treatment 
discontinuation was almost 2 times greater for dimethyl fumarate 
patients compared with fingolimod patients, and teriflunomide 
patients had more than 2 times increased risk for discontinuation 
compared with fingolimod patients. 

What this study adds
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Real-world studies have shown that not taking DMTs as 
prescribed (i.e., nonadherence or nonpersistence) can lead to 
greater risk for negative clinical and economic outcomes.18,19 

In a retrospective claims database study, Ivanova et al. (2012) 
compared rates of severe MS relapse and total direct and indi-
rect costs between U.S. patients with MS who were adherent 
and nonadherent to injectable or intravenous DMTs.18 Over 
the 24-month study period, 69.1% of patients were classi-
fied as adherent using the commonly accepted threshold of 
medication possession ratio (MPR) ≥ 80%. After controlling for 
baseline differences, the risk-adjusted rate of severe relapse 
during the study period was significantly lower for adherent 
patients than nonadherent patients (12.4% vs. 19.9%). In addi-
tion, the total risk-adjusted costs (excluding DMT costs) were 
significantly lower among adherent patients than nonadherent 
patients ($14,095 vs. $16,638).18

In another retrospective database study, Tan et al. (2011) 
assessed the impact of adherence to injectable DMTs on 
MS-related health care resource utilization, MS relapses, and 
medical costs among commercially insured MS patients in the 
United States.19 Among 2,446 MS patients, 59.6% were adher-
ent to their DMTs during the 12-month study follow-up period 
(defined as MPR ≥ 80%). Adjusted results showed that adherent 
patients were significantly less likely to have an MS-related 
hospitalization and to have an MS relapse than nonadherent 
patients. Regarding MS-related medical costs, adjusted results 
showed that the adherent group on average had 22% lower 
MS-related medical costs than the nonadherent group during 
the study period.19

Previous research has demonstrated greater adherence and 
persistence to oral DMTs compared with injectable DMTs20,21; 
however, real-world comparisons among all approved oral 
DMTs are lacking. The objective of this study was to compare 
adherence, persistence, and time to discontinuation among MS 
patients in U.S. commercial and Medicare supplemental health 
plans who newly initiated the oral DMTs fingolimod, dimethyl 
fumarate, or teriflunomide.

■■  Methods
Study Design and Data Sources
This retrospective claims database study used the MarketScan 
Commercial and Medicare Supplemental administrative claims 
databases. MarketScan offers the largest convenience sample 
(over 230 million de-identified patients) available in propri-
etary databases, which is sourced from large employers, man-
aged care organizations, hospitals, and Medicare and Medicaid 
programs. The databases reflect the full continuum of care 
across all health care providers and settings. De-identified 
claims information includes inpatient admission records, 
outpatient services, prescription drugs, eligibility status, and 
costs of services. The medical and pharmacy claims are linked 
to person-level enrollment information. All MarketScan data 

disease progression without remission.1 It is estimated that MS 
affects approximately 2.5 million people globally, with 400,000 
people in the United States.3 MS typically becomes clinically 
apparent between the ages of 15 and 45 years and is 2 to 3 
times more common in women than in men.4 

Disease-modifying therapies (DMTs) are the cornerstone of 
treatment for RRMS, with therapeutic goals being to reduce the 
frequency and severity of relapses, reduce central nervous sys-
tem lesions, and slow the accumulation of disability.5 There are 
multiple DMTs available for the treatment of relapsing forms 
of MS. Before 2010, only DMTs administered by injection or 
intravenous infusion were available. In September 2010, fingo-
limod was the first oral DMT approved by the U.S. Food and 
Drug Administration for relapsing forms of MS.6 Since then, 
2 oral DMTs with different mechanisms of action have been 
approved in the United States: teriflunomide in September 
2012 and dimethyl fumarate in March 2013.7,8 The Multiple 
Sclerosis Coalition consensus paper on the use of DMTs in MS 
does not make specific comparisons or recommendations on 
which DMTs should be used.9 Rather, because available treat-
ments have demonstrated efficacy in relapsing MS and factors 
that influence choice of medication are complex, the use of a 
specific DMT should be made collaboratively by patients and 
their treating clinicians.

For medications to be most effective, patients must take 
them as prescribed by their health care providers (i.e., be 
adherent) and for the prescribed duration of treatment (i.e., 
be persistent).10,11 However, poor adherence and nonpersis-
tence are common across many conditions, including MS. For 
example, a review of 24 adherence studies of injectable DMTs 
found that adherence ranged from 41% to 88%.12 A retrospec-
tive claims database study of MS patients initiating therapy 
with 1 of 4 injectable DMTs found that after 18 months, 11.2% 
of patients switched their medication, and 33.9% discontinued 
their index therapy, although switch and discontinuation rates 
differed by index DMT used.13 

Poor adherence and nonpersistence occur for a variety of 
reasons, which can be attributable to patients, physicians, 
treatment regimens, and health care systems.10 Previous 
research has found that nonadherence and nonpersistence 
among MS patients using DMTs can be due to disease factors 
(e.g., continued relapses and disease progression), cognitive 
impairment and depression, lack of treatment efficacy, drug 
safety or tolerability concerns, treatment inconvenience, injec-
tion burden of intravenous and injectable DMTs, and costs to 
patients for DMT treatment.14-16 A recent survey of MS patients 
who were treatment naive to oral DMTs examined potential 
reasons for nonadherence to a hypothetical oral DMT and 
found that the most important determinants of potential 
nonadherence were the frequency of daily administration, the 
safety of DMTs during pregnancy, and side effects, including 
hair thinning.17 These findings suggest that determinants of 
nonadherence or nonpersistence may differ among injectable 
and oral DMTs. 
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are fully compliant with the Health Insurance Portability and 
Accountability Act.

Patient Population
MS patients (International Classification of Diseases, Ninth 
Revision, Clinical Modification [ICD-9-CM] code 340) with at 
least 1 pharmacy claim for fingolimod, dimethyl fumarate, 
or teriflunomide between April 1, 2013, and June 30, 2013, 
(identification period) were identified in the databases using 
National Drug Code (NDC) numbers. The date of the first 
claim for fingolimod, dimethyl fumarate, or teriflunomide 
within the identification period was defined as the index date. 
The index drug was defined as the first oral DMT within the 
identification period. Patients were assigned to a treatment 
cohort based on their index drugs. 

Study inclusion and exclusion criteria and associated patient 
flow are described in Table 1. Patients were included in the 
study sample if they were aged 18 years or older; had at least 
1 claim for fingolimod, dimethyl fumarate, or teriflunomide 
in the identification period; and were continuously enrolled 
in medical and pharmacy benefits for 12 months before the 
index date and for the entire 12-month follow-up period. 
Patients who had claims for their index drugs in the 12-month 
pre-index period were excluded to ensure that all patients had 
newly initiated each of the index oral DMTs. Patients in each 
group were allowed to have previously used 1 of the other 
oral DMTs before the index date. Patients were also excluded 
if they had ≥ 20 claims for any single NDC number in the 
12-month follow-up period or had claims for multiple index 
drugs during the follow-up period. For the dimethyl fumarate 

cohort, patients were included if they initiated on the dimethyl 
fumarate starter pack (comprising 120 mg for the first 7 days 
followed by 240 mg) within the identification period. 

Patients were followed for up to 12 months after their index 
dates to evaluate adherence and persistence of index drugs 
at recommended doses: fingolimod 0.5 mg daily; dimethyl 
fumarate 120 mg daily for 7 days followed by 240 mg daily for  
21 days (i.e., starter pack regimen); and teriflunomide 7 mg or 
14 mg daily.

Study Measures
Baseline Characteristics. The study cohorts were described 
using baseline demographic and clinical characteristics and 
health care resource utilization. Demographic characteristics 
included age, gender, insurance plan type, and geographic 
region. Baseline clinical characteristics included previous DMT 
use, the number of MS relapses, all-cause and MS-related 
health care resource utilization, and comorbidity indices during  
the 12 months before the index date. An MS relapse was 
defined as a claim with an MS diagnosis code (ICD-9-CM code 
340) in the primary position at any time during an inpatient 
hospitalization or a claim with an MS diagnosis code in the pri-
mary or secondary position in an outpatient setting (emergency 
room [ER] and physician office visit) in addition to a pharmacy 
or medical claim for a qualifying corticosteroid on the day of or 
within 7 days after a visit. A “clean period” was defined where 
relapses had to be at least 30 days apart to be counted as more 
than 1 relapse (i.e., if more than 1 relapse occurred within a 
30-day period, it was only counted as a single relapse event).22 

Inclusion and Exclusion Criteria Sample Size

Patients with multiple sclerosisa and with at least 1 claim for fingolimod, dimethyl  
fumarate, or teriflunomide from April 1, 2013, to June 30, 2013

6,243

Fingolimod Dimethyl Fumarate Teriflunomide

Patients at index treatmentb 2,968 2,602 673
Aged 18 years or older at index datec 2,968 2,600 673
Patients continuously enrolled in medical and pharmacy benefits from index date to  
12-month follow-up

2,380 1,931 505

Patients continuously enrolled in medical and pharmacy benefits in 365 days before index date 1,914 1,514 401
Excluded patients with ≥20 claims for 1 NDC number in 12-month follow-up period 1,913 1,510 399
Excluded patients with any claims for index treatment in 12 months before index date 196 1,510 144
Excluded patients in multiple cohorts 195 1,509 143
For dimethyl fumarate cohort only: excluded patients with only 1-day starter pack in the  
entire study period

1,508

For dimethyl fumarate cohort only: included patients who initiated dimethyl fumarate  
starter pack only 1,160

aAt least 1 claim with an ICD-9-CM diagnosis code of multiple sclerosis (340).
bThe date of first medication claim is the index date. 
cThe index drug was defined as the first newly initiated oral DMT (new starts) within the identification period.
DMT = disease-modifying therapy; ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; NDC=National Drug Code.

TABLE 1 Patient Selection
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Health care resource utilization included all-cause hospi-
talizations, all-cause ER visits (inpatient and outpatient), and 
all-cause office visits. MS-related hospitalizations (MS diagnosis 
code in the primary position); MS-related ER visits (MS diagno-
sis code in the primary position for ER in the inpatient setting 
and MS diagnosis code in the primary or secondary position for 
ER in the outpatient setting); and MS-related office visits (MS as 
the primary or secondary diagnosis) were also analyzed.

Comorbidity indices included the Charlson Comorbidity 
Index (CCI) score and the Elixhauser Comorbidity Index score 
for use with administrative claims data.23-25 The CCI is an 
aggregate measure of comorbidity created using select diag-
noses associated with chronic diseases, and the Elixhauser 
Comorbidity Index measures 31 comorbid conditions using 
ICD-9-CM codes and is meant to be used with large adminis-
trative datasets.25 

Outcome Measures. All outcomes were assessed for the  
12 months following the index date. Outcome measures 
included treatment adherence, treatment persistence, and risk 
of treatment discontinuation. Adherence was measured by 
pharmacy claims using MPR and proportion of days covered 
(PDC), which are commonly used measures for assessing treat-
ment adherence in administrative claims studies.26 For each 
treatment cohort, adherence measured with MPR was assessed 
in the subset of patients who had at least 2 claims for the index 
DMT during the 12-month follow-up period. MPR was esti-
mated as the total days with index medication supply within 
the refill interval divided by the number of days between the 
first prescription date and the last prescription date. PDC was 
estimated as the number of days with index medication supply 
divided by the number fixed days in the follow-up period (i.e., 
365 days). Using a commonly accepted threshold,26 patients 
with MPRs or PDCs ≥ 80% were considered adherent to their 

Fingolimod Dimethyl Fumarate Teriflunomide P Valueb

Patients, n (%) 195 13.0 1,160 77.4 143 9.5
Age, mean (SD) 44.4 10.6 48.1 10.6 53.2 9.9 < 0.001
Gender, n (%) 0.048

Male 32 16.4 284 24.5 33 23.1
Female 163 83.6 876 75.5 110 76.9

Plan type, n (%) 0.254
Fee-for-service 160 82.1 978 84.3 127 88.8
HMO and POS capitation 20 10.3 118 10.2 13 9.1
Unknown 15 7.7 64 5.5 3 2.1

Region, n (%) 0.477
Northeast 38 19.5 273 23.5 26 18.2
North Central 50 25.6 262 22.6 40 28.0
South 62 31.8 324 27.9 41 28.7
West 41 21.0 274 23.6 35 24.5
Unknown 4 2.1 27 2.3 1 0.7

Previous injectable/infused DMT use, n (%) 130 66.7 838 72.2 91 63.6 0.043
Previous other oral DMT use, n (%) 1 0.5 39 3.4 6 4.2 0.073
MS relapse, mean (SD) 0.33 0.61 0.37 0.72 0.50 0.86 0.198
≥1 MS relapse, n (%) 53 27.2 310 26.7 47 32.9 0.298
Resource utilization, n (%)

All-cause hospitalization 23 11.8 128 11.0 18 12.6 0.833
All-cause ER visit 57 29.2 307 26.5 34 23.8 0.523
All-cause office visit 194 99.5 1,155 99.6 142 99.3 1.000
MS-related hospitalization 10 5.1 43 3.7 9 6.3 0.259
MS-related ER visit 26 13.3 152 13.1 23 16.1 0.614
MS-related office visit 191 97.9 1,134 97.8 141 98.6 0.823

Charlson Comorbidity Index score, mean (SD) 0.33 0.86 0.44 0.90 0.68 1.28 0.003
Elixhauser Comorbidity Index score, mean (SD) 2.11 1.47 2.08 1.28 2.42 1.97 0.579
aThe demographic information was measured at index date. Disease history, including previous DMT use and resource utilization and comorbidity information, was  
measured 12 months before index date. 
bChi-square tests (Fisher exact test was employed when at least 20% of the cells have an expected value less than 5) for categorical/dummy variables and Kruskal-Wallis 
test for continuous variables were performed. 
DMT = disease-modifying therapy; ER = emergency room; HMO = health maintenance organization; MS = multiple sclerosis; POS = point of service; SD = standard deviation.

TABLE 2 Baseline Demographic and Clinical Characteristicsa
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index DMTs, whereas patients with MPRs or PDCs < 80% were 
considered nonadherent. Treatment persistence for the index 
DMT was defined as the proportion of patients who remained 
on their index DMTs with less than a 30-day gap during the 
12-month follow-up period.

Statistical Analyses
Descriptive analyses for demographics, baseline characteristics, 
and outcomes were conducted and reported for each treatment 
cohort. For categorical variables, counts and percentages are 
provided. Means and standard deviations (SDs) are presented 
for continuous variables. To compare outcomes of the cohorts, 
chi-square tests (Fisher exact test was used when ≥ 20% of the 
cells had an expected value less than 5) were performed for 
categorical variables, and Kruskal-Wallis tests were used for 
continuous variables. Multivariable logistic regression models 
adjusting for differences among the treatment cohorts were 
used to assess adherence. Time to discontinuation from the 
index drug was described using Kaplan-Meier analysis. A Cox 
proportional hazards model adjusting for differences among 
the treatment cohorts was used to assess the risk of discontinu-
ation. Covariates in the adjusted analyses included age, gender, 
region, previous oral and injectable/infused DMT use (yes/no), 
MS relapse during the baseline period (yes/no), and CCI score. 
To evaluate sensitivity of the 30-day grace period in the risk 
of discontinuation assessment, a sensitivity analysis was con-
ducted using a 60-day grace period.

■■  Results
Baseline Characteristics
Of the 1,498 patients who newly initiated oral DMTs and 
met study inclusion and exclusion criteria, 13.0% initiated 
fingolimod, 77.4% dimethyl fumarate, and 9.5% terifluno-
mide. Patient baseline demographic characteristics, clinical 
characteristics, and health care resource utilization are shown 
in Table 2. In general, patients were similar across baseline 
demographic characteristics, including region, relapse history, 
and health care resource utilization. Statistically significant 
differences were observed across the treatment cohorts for age, 
gender, previous injectable/infused DMT use, and comorbidi-
ties. The mean age for the treatment cohorts ranged from 44.4 
to 53.2 years, with patients in the teriflunomide group having 
the highest mean age. The majority of patients were female 
(75.5%-83.6%). About two thirds of the patients had previ-
ous injectable/infused DMT use during the baseline period, 
whereas fewer than 5% had previous oral DMT use. Patients in 
the teriflunomide group also had higher scores on the comor-
bidity indices.

Medication Adherence
Fingolimod patients had higher unadjusted MPR (mean = 93.2% 
[SD = 9.0]) than dimethyl fumarate patients (mean = 87.8% 

[SD = 16.8]) and teriflunomide patients (mean = 88.3% 
[SD = 16.1], P = 0.03). Similarly, fingolimod patients had higher 
unadjusted PDC (mean = 81.4% [SD = 27.3]) than dimethyl 
fumarate patients (mean = 71.0% [SD = 32.7]) and teriflunomide 
patients (mean = 68.2% [SD = 32.0], P < 0.001). In unadjusted 
analyses, significantly more fingolimod patients were adherent at  
12 months (88.7%) compared with dimethyl fumarate (70.6%) 
and teriflunomide (72.7%) patients as measured by MPR ≥ 80% 
(P < 0.001). Results were consistent when using the more con-
servative calculation of PDC ≥ 80% to measure adherence at  
12 months: fingolimod (75.4%), dimethyl fumarate (60.3%), and 
teriflunomide (53.1%; P < 0.001). The adjusted adherence analy-
ses are presented in Table 3. Relative to fingolimod patients, 
dimethyl fumarate and teriflunomide patients were significantly 
less likely to have an MPR ≥ 80% (odds ratio [OR] = 0.18 and 
OR = 0.19, respectively; both P < 0.001). Similarly, dimethyl 
fumarate and teriflunomide patients were significantly less 
likely to have a PDC ≥ 80% (OR = 0.47 and OR = 0.37, respec-
tively; both P < 0.001) compared with fingolimod.

Persistence and Time to Discontinuation
During the 12-month follow-up, a significantly higher percent-
age of fingolimod patients were persistent on therapy compared 
with dimethyl fumarate and teriflunomide patients (74.4%, 
55.9%, and 49.7%, respectively; P < 0.001). The mean time to 
discontinuation for fingolimod, dimethyl fumarate, and teri-
flunomide patients was 253, 211, and 202 days, respectively 
(P < 0.001). The unadjusted time to discontinuation by DMT 
cohort using Kaplan-Meier analysis is shown in Figure 1. The 
probability of patients being persistent on index DMTs over the 
study period (300 days of follow-up to allow discontinuation 
with a 60-day gap to be assessed within the 1-year period) 
was significantly higher for fingolimod patients compared with 
dimethyl fumarate and teriflunomide patients (P < 0.001).

Parameter OR (95% CI) P Value

MPR ≥ 80%
Fingolimod Reference
Dimethyl fumarate  0.18 (0.09-0.36) < 0.001
Teriflunomide  0.19 (0.08-0.42) < 0.001
PDC  ≥80%
Fingolimod Reference
Dimethyl fumarate  0.47 (0.33-0.67) < 0.001
Teriflunomide  0.37 (0.23-0.59) <0.001
aAdherence outcomes were adjusted for region, gender, age, previous injectable/
infused DMT use (yes/no), previous oral DMT use (yes/no), previous MS relapse 
(yes/no), and CCI score.
CCI = Charlson Comorbidity Index; CI = confidence interval; DMT = disease- 
modifying therapy; MPR = medication possession ratio; MS = multiple sclerosis; 
OR = odds ratio; PDC = proportion of days covered. 

TABLE 3 Adjusted Adherence Outcomes  
for Oral DMT Cohortsa
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and teriflunomide patients (HR = 2.06; CI = 1.37-3.09; P < 0.001) 
had approximately 2 times greater hazard of discontinuation 
compared with fingolimod patients. 

■■  Discussion
This U.S. retrospective database study is the first to compare 
treatment adherence and persistence among patients who ini-
tiated the oral DMTs fingolimod, dimethyl fumarate, and teri-
flunomide over 1 year in a real-world setting. Compared with 
dimethyl fumarate and teriflunomide, fingolimod was associ-
ated with significantly greater adherence over 12 months, with 
88.7% of patients considered adherent as measured by an MPR 
of ≥ 80% and 75.4% considered adherent as measured by PDC 
≥ 80%. Adjusted analyses showed that relative to fingolimod 
patients, dimethyl fumarate and teriflunomide patients were 
significantly less likely to have MPR and PDC ≥ 80%. Also, a 
higher percentage of fingolimod patients (74.4%) were per-
sistent on therapy compared with dimethyl fumarate and 
teriflunomide patients (55.9% and 49.7%, respectively), and 
the mean time to discontinuation was longest for fingolimod  

Risk of Discontinuation
When adjusted for baseline differences, the hazard of dis-
continuation with a 30-day grace period was almost 2 times 
greater for dimethyl fumarate patients (hazard ratio [HR] = 1.93; 
95% confidence interval [CI] = 1.44-2.59; P < 0.001) compared 
with fingolimod patients (Figure 2). Similarly, teriflunomide 
patients had more than 2 times greater risk for discontinuation 
compared with fingolimod patients (HR = 2.27; 95% CI = 1.57-
3.28; P < 0.001).

Sensitivity Analysis Using a 60-Day Grace Period 
When a 60-day grace period was assessed as a sensitivity analy-
sis, the results were similar to a 30-day grace period. The pro-
portion of patients remaining on fingolimod, dimethyl fumarate, 
and teriflunomide during the 12-month follow-up period was 
79.0%, 65.6%, and 58.7%, respectively (P < 0.001). The mean 
time to treatment discontinuation for the fingolimod, dimethyl 
fumarate, and teriflunomide cohorts was 262.6, 231.1, and 227.7 
days, respectively (P < 0.001). Adjusting for baseline characteris-
tics, dimethyl fumarate (HR = 1.76; 95% CI = 1.28-2.44; P < 0.001) 

FIGURE 1 Kaplan-Meier Plot of Probability of Patients Persistent on Medication with 30-Day Grace Period
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Another retrospective database study that examined adher-
ence and persistence of fingolimod compared with injectable 
DMTs found similar results.20 In this study, patients who 
initiated fingolimod had the highest average PDC and MPR 
in experienced (fingolimod: 73.7% with PDC ≥ 80%; 90.5% 
with MPR ≥ 80%) and naive DMT users (fingolimod: 66.7% 
with PDC ≥ 80%; 87.4% with MPR ≥ 80%). The proportion of 
patients who discontinued their index DMTs within 12 months 
was significantly lower for the fingolimod cohort (naive: 31.3%; 
experienced: 25.7%). Adjusted results found that patients who 
received self-injected DMTs discontinued significantly sooner 
than fingolimod users.20 

Oral DMTs offer advantages over injectable DMTs, such as 
convenience and ease of administration; however, it is less clear 
about factors that may affect adherence and persistence among 
oral DMTs. The efficacy of oral DMTs has not been compared 
in head-to-head trials, although all 3 of the oral DMTs in this 
study have demonstrated efficacy compared with placebo 
in clinical trials and are generally safe and well tolerated.27 

(252.9 days). Adjusted analyses found that the risk of dis-
continuation was about 2 times greater for teriflunomide and 
dimethyl fumarate compared with fingolimod.

Previous research has shown better treatment adherence 
and persistence among fingolimod patients compared with 
patients using injectable or intravenous DMTs. In a retrospec-
tive administrative claims database study,21 the proportion of 
patients who were persistent on their index therapy after 360 
days was significantly higher in the fingolimod cohort (72.1%) 
compared with the glatiramer acetate (60.5%), interferon 
(56.3%), and natalizumab (61%) cohorts (all, P < 0.001). Similar 
to the risk of discontinuation results seen in our study of oral 
DMTs, risk of discontinuation was 1.5- to 2-fold higher (all, 
P < 0.001) in patients taking injectable DMTs compared with 
patients taking fingolimod. In addition, fingolimod patients 
demonstrated high adherence and the lowest proportion of 
nonadherent patients compared with the other treatment 
cohorts as measured by MPR (6.2% nonadherent) and PDC 
(10.3% nonadherent).21 

aAdherence outcomes were adjusted for region, gender, age, previous injectable/infused DMT use (yes/no), previous oral DMT use (yes/no), previous MS relapse (yes/no), 
and CCI score.
CCI = Charlson Comorbidity Index; DMT = disease-modifying therapy; MS = multiple sclerosis. 

FIGURE 2 Survival Curves After Adjustment: Probability of Patients Persistent on Medicationa
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Because each oral DMT in this study has a different mechanism 
of action, it is possible that patients may experience different 
levels of efficacy or tolerability that may affect treatment adher-
ence or persistence. 

Although there have been no direct head-to-head stud-
ies, indirect comparisons of the oral DMTs have been con-
ducted. A recent Cochrane network meta-analytic review based 
on randomized controlled studies compared the benefit of  
15 pharmacological treatments for RRMS and provided a rank-
ing of these treatments.28 The network meta-analysis showed 
that fingolimod protected against the recurrence of relapse over 
12 and 24 months, compared with placebo, more effectively 
than either dimethyl fumarate or teriflunomide.

Another indirect treatment comparison study showed that 
fingolimod had better outcomes (measured by the proportion 
of patients free from relapses and 3-month confirmed dis-
ability progression [clinical composite], free from gadolinium-
enhancing T1 lesions and new or newly enlarged T2 lesions 
[magnetic resonance imaging composite], and free from all 
disease measures [overall composite]) compared with dimethyl 
fumarate or teriflunomide when tested against their respective 
trial populations.29 

The indirect comparison studies conducted to date suggest 
that there remains a need to understand treatment outcome dif-
ferences in direct comparison studies and to understand how 
those outcomes (e.g., clinical effectiveness and tolerability) may 
influence treatment adherence and persistence. Reasons for dis-
continuation or nonadherence were not assessed in our study; 
however, given the importance of high adherence and long-term 
use of DMTs in controlling relapses and reducing MS-related 
costs,18,19 this is an important area for future research. 

Limitations
Some study limitations should be noted. The use of administra-
tive claims in a retrospective study is associated with inherent 
limitations, including lack of data on patients’ clinical presen-
tations, the severity of disease, reasons for treatment discon-
tinuation, and comprehensive health information. Adherence 
measured by administrative claims data may be imprecise. 
Further, adherence rates may not reflect actual adherence, 
since there is no way to ensure that patients took their medica-
tions as prescribed. 

From administrative claims data, it is unknown which, if 
any, monitoring programs or manufacturer patient services 
(i.e., adherence-related programs) that dimethyl fumarate and 
teriflunomide patients may have participated in as they initi-
ated treatment with their index therapies. Patients who start 
treatment with fingolimod must participate in a first-dose 
observation (FDO) program to monitor heart rate and blood 
pressure for a minimum of 6 hours. Patients who are required 
to go through this onboarding may have increased motivation 
to take medications as prescribed; however, it is uncertain how 

participation in the FDO process may have influenced adher-
ence and persistence rates in this study.

The results of this study are generalizable to a U.S. com-
mercially insured population of MS patients who were newly 
starting on oral DMTs and met study inclusion and exclusion 
criteria and may not reflect outcomes outside of this studied 
population. Also, the results may only be generalizable to the 
period used in the analysis, which was selected to reflect that 
dimethyl fumarate was the third oral DMT to enter the U.S. 
market in 2013. 

In this study, we examined patients who were new initia-
tors to the index DMT, and the study’s identification period 
coincided with the market availability of dimethyl fumarate. 
Patients who were already using fingolimod and teriflunomide 
were not eligible for the study. We should note that the differ-
ent sample sizes in each of our treatment cohorts was likely 
influenced by the timing of each drug’s approval and avail-
ability in the U.S. market and the specific design of our study. 
As new DMTs enter the treatment landscape and more patients 
initiate treatment on these oral therapies, there may be a shift 
in treatment patterns seen in real-world settings.

■■  Conclusions
In a real-world setting, MS patients who were newly prescribed 
fingolimod had significantly better adherence and persistence 
compared with patients newly treated with either dimethyl 
fumarate or teriflunomide over 12 months of follow-up from 
DMT initiation. Increased medication adherence and persistence 
are important factors when determining coverage decisions for 
MS patients to account for clinical and economic benefits.19 
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