Impact of Switching to Fingolimod
Versus Injectable Disease-Modifying
Therapy Cycling on Risk of Multiple
Sclerosis–Related Relapses
A Retrospective Analysis

M

ultiple sclerosis (MS) is a chronic, progressive,
immune-mediated disease of the central nervous system.1 It is one of the most prevalent
disabling neurologic conditions, estimated to affect more
than 900,000 individuals in the United States.2 Currently, there is no cure for MS, and available treatments

aim to prevent relapses and/or delay disability accumulation. Injectable disease-modifying therapies (DMTs),
including interferon beta-1a (IFNβ-1a) (subcutaneous
and intramuscular administrations), pegylated IFNβ-1a,
IFNβ-1b, and glatiramer acetate, have commonly been
used as first-line therapy for MS. A recent summary of
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Background: Clinical and real-world studies have shown significant reductions in multiple sclerosis
(MS) relapses with fingolimod versus injectable disease-modifying therapies (DMTs). Multiple
sclerosis relapse rate and incidence were compared in patients switching from an injectable DMT to
fingolimod and those cycling from one injectable DMT to another or remaining on their original
injectable DMT.
Methods: Retrospective analysis was performed using Commercial and Medicare Supplemental
claims data (July 1, 2010, to June 30, 2016) of adults with MS receiving ≥1 injectable DMT.
Relapses were identified from MS-related hospitalization, outpatient emergency department or office
visit, and corticosteroid administration. Annualized relapse rate ratio was estimated.
Results: Of 16,352 patients, 1110 were switchers to fingolimod, 908 were injectable DMT cyclers,
and 14,334 were nonswitchers. At baseline, rate and incidence of MS relapses were higher in
switchers and injectable DMT cyclers versus nonswitchers (P < .001); mean ± SD relapse rates
declined from 0.4 ± 0.7, 0.4 ± 0.7, and 0.2 ± 0.5 at baseline to 0.2 ± 0.5, 0.3 ± 0.6, and 0.1 ± 0.4 after
follow-up in switchers, injectable DMT cyclers, and nonswitchers, respectively. Relapse incidence
declined in each cohort. The highest reductions in relapse rate and incidence were in switchers
to fingolimod, where relapse risk was significantly reduced versus injectable DMT cyclers (22%,
P = .0433) and nonswitchers (47%, P < .001).
Conclusions: This study provides evidence that patients switching from an injectable DMT to
fingolimod have the highest reductions in annualized rate and incidence of MS relapses and
significantly reduced risk of relapse versus injectable DMT cyclers and nonswitchers. Int J MS Care.
2021;23:73-78.
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Methods
Study Design and Data Sources

A retrospective longitudinal analysis was conducted using
the US pharmacy claims data from the MarketScan Commercial Claims and Encounters database (Truven Health
Analytics) and the Medicare Supplemental database from July
1, 2010, to June 30, 2016. These databases contain data from
managed-care organizations, large employers, hospitals, and
Medicare and Medicaid programs. Both databases consist of
adjudicated medical and pharmacy claims from 2001 onward
with longitudinal follow-up. Data were deidentified according
to the US Health Insurance Portability and Accountability Act
of 1996. The study did not involve collection, use, or transmission of individually identifiable data, and, thus, no institutional review board approval was required.

Patient Population

Patients aged 18 years and older at the index date (treatment
switch date or injectable DMT start date for nonswitchers)

with a confirmed diagnosis of MS (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD9-CM] diagnosis code 340; ICD-10-CM [revision] diagnosis
code G35) were included. The 12-month period before the
index date was considered as the baseline period, and the
12-month period after the index date was considered as the
follow-up period. Patients who were continuously enrolled
in the respective health plan for at least 1 year before and
1 year after the index date and had at least one claim for
the injectable DMT of interest (interferon or glatiramer
acetate) during the baseline and 1-year follow-up periods
were included in the analysis. Patients with claims for any
other DMTs besides those of interest during the baseline
and follow-up periods were excluded. Data were included for
each patient only for 12 months before (baseline period) and
12 months after (follow-up period) their single index date;
any additional switches by patients were not included.
Based on the pattern of therapy switch, patients with
MS included in the analysis were classified into three mutually exclusive cohorts: patients who switched from injectable
DMTs to fingolimod (switchers to fingolimod), patients
who switched from one injectable DMT to another (injectable DMT cyclers), and patients who were treated with an
injectable DMT and remained on the same injectable DMT
(injectable DMT nonswitchers).

Study Outcomes

Baseline demographic characteristics (age, sex, US geographic region, and health insurance plan type) were recorded
for all three cohorts. The Charlson Comorbidity Index for the
baseline period was calculated as the weighted sum of 17 clinical conditions (eg, cancer, diabetes, liver disease, peptic ulcer),
with higher total index scores indicative of a greater comorbidity burden in these patients.19 The rate and incidence of
MS relapses and MS-related symptoms were recorded for the
baseline and follow-up periods. Relapses of MS were assessed
based on a published claims-based algorithm shown to have
a 67% positive predictive value when originally tested in 300
patients with MS.20,21 According to this algorithm, patients
who had either an inpatient claim with a diagnosis of MS at
the primary position or an outpatient emergency department
or office visit with a diagnosis of MS at any position followed
by a claim for oral or intravenous corticosteroid administration within 7 days of the outpatient claim were considered.
Multiple relapses within a 30-day window were treated as a
single relapse event, and the first available service date was
considered the relapse date.

Statistical Analysis

Descriptive analysis was used for continuous and categorical variables. Mean ± SD values were computed for the continuous variables, and counts and proportions were calculated
for the categorical variables. Relapse rates, defined as the total
number of relapses among patients in each cohort, were computed for each treatment setting (hospital, emergency department, or physician’s office) and overall in the baseline and
follow-up periods. Similarly, relapse incidences, defined as the
number of patients that experienced relapse among all patients
in each group, were computed for each treatment setting (hospital, emergency department, or physician’s office) and overall
in the baseline and follow-up periods.
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meta-analyses evaluated the efficacy of a range of DMTs,
including injectable therapies, and found that injectable DMTs improve short-term disability progression;
however, there is little evidence of efficacy over longer
periods.3 Furthermore, treatment adherence remains
an issue. Adherence rate, which comprises acceptance,
persistence, and compliance according to the World
Health Organization,4 is lower and discontinuation rates
higher with injectable DMTs than with oral DMTs such
as fingolimod.5-8 The most common reasons for discontinuation of injectable DMTs include flulike symptoms,
injection-site reactions, difficulty in self-administering
injections, needle phobia, suboptimal efficacy and
tolerability, and patient perception of medication risk
and benefit, as well as additional financial, emotional,
and physical burdens associated with the treatment.9-11
Adherence to DMTs has been associated with a significant reduction in MS-related hospitalizations,12 resource
utilization,9 and relapse rates13 and improvement in
health-related quality of life,4 which collectively reduce
the total cost of MS therapy.14
Fingolimod was the first oral DMT approved by
the US Food and Drug Administration for relapsing forms of MS.15 In clinical trials, fingolimod has
shown significant reductions in the annualized relapse
rate (ARR) compared with placebo and intramuscular
IFNβ-1a.16,17 In addition, switching from IFNβ-1a to
fingolimod showed reduction in the 12-month relapse
rate in patients with relapsing-remitting MS.18 The present study aimed to evaluate and compare the annualized
rate and incidence of MS relapses in patients switching
from any injectable DMT to fingolimod with those in
patients switching between injectable DMTs (injectable
DMT cyclers) and those who remained on the same
injectable DMT (injectable DMT nonswitchers) in a
real-world setting.

Switch to Fingolimod vs Injectable DMT Cycling

Results
Of 73,021 patients treated with one of the injectable
DMTs of interest, 16,352 met the inclusion criteria. Of
the included patients, 1110 switched from an injectable DMT to fingolimod (switchers to fingolimod),
908 switched from one injectable DMT to another
(injectable DMT cyclers), and 14,334 continued to be
treated with the same injectable DMT (injectable DMT

nonswitchers) during follow-up (Table S1, published in
the online version of this article at ijmsc.org). The mean
± SD age of injectable DMT nonswitchers (50.3 ± 10.4
years) was significantly higher than that of injectable
DMT cyclers (45.9 ± 11.6 years, P < .001) and switchers
to fingolimod (45.1 ± 10.8 years, P < .001). The largest
group of patients included in the analysis were females
aged 45 to 54 years from the south region who had a
fee-for-service insurance plan (Table S2). During the
baseline period, the mean Charlson Comorbidity Index
was significantly lower in injectable DMT nonswitchers compared with injectable DMT cyclers (0.4 vs 0.5,
P < .001). Common comorbidities reported in all three
cohorts included chronic pulmonary disease, diabetes
without chronic complications, cerebrovascular disease,
and hemiplegia or paraplegia. The injectable DMT
cyclers reported a higher rate of MS-related symptoms,
followed by switchers to fingolimod and injectable
DMT nonswitchers (Table S2).
Relapse Rates
During the baseline period, the mean ± SD ARRs
were identical in switchers to fingolimod and injectable
DMT cyclers (0.4 ± 0.7). In contrast, the mean ± SD
relapse rate was significantly lower in injectable DMT
nonswitchers (0.2 ± 0.5, P < .001). The mean ± SD
relapse rates reduced in the follow-up period in all three
cohorts, with the highest rate of reduction in switchers
to fingolimod (0.2 ± 0.5) (Table S3). Relapses of MS
were more commonly identified from outpatient office
visits than from outpatient emergency department visits or hospitalizations in both periods (Table S3). In
switchers to fingolimod and injectable DMT cyclers,
the rate of MS relapses increased before the treatment
switch and subsequently reduced after the treatment
switch. In switchers to fingolimod, the MS relapse rate
increased from 0.06 (−3 quarter [Q]) to 0.13 (−1Q),
reduced sharply to 0.05 in 1Q, and remained stable
between 0.035 and 0.048 during the entire follow-up
period (Figure S1). In injectable DMT cyclers, the MS
relapse rate increased from 0.08 (−3Q) to 0.14 (−1Q),
dropped to 0.07 in 1Q, and remained between 0.08 and
0.06 during the entire follow-up period (Figure S1). The
MS relapse rate remained stable during baseline (0.0380.035) and follow-up (0.038-0.036) in nonswitchers.
Switchers to fingolimod experienced the highest reduction in MS relapse rate ratio compared with injectable
DMT cyclers (22%; relapse rate ratio = 0.78, P = .0433)
and injectable DMT nonswitchers (47%; relapse rate
ratio = 0.54, P < .0001) (Table 1). The injectable DMT
cyclers experienced a 32% reduction in MS relapse rate
ratio compared with injectable DMT nonswitchers
(relapse rate ratio = 0.68, P < .0001) (Table 1).
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Preliminary analyses revealed that the patient populations
varied to such an extent that propensity score matching or
other risk-adjustment methods would not appropriately control covariates to estimate the treatment effects. Therefore,
difference-in-difference analyses were performed to estimate
the treatment outcomes, comparing cohort differences in the
preindex and postindex periods.22 This method enables the
comparison of differences in outcomes between groups, both
before and after an intervention, while controlling for bias
from unobserved variables that remain fixed over time.23 First,
data on the incidence and rate of MS relapses were visualized
over the baseline and follow-up periods using the trend analysis for all three cohorts. This visual analysis was performed to
rule out the possibility that any differences observed were the
result of regression to the mean. Second, crude difference-indifference estimates were used to quantify the magnitude of
change in the rate of MS relapses from preindex to postindex
(formulas 1 and 2).23
Formula 1 applies to switchers to fingolimod or another
injectable DMT versus injectable DMT nonswitchers.
Difference-in-difference mean relapse rate = ([mean rate of
patients in switch cohort in postindex period – mean rate
of patients in switch cohort in preindex period] – [mean
rate of patients in injectable DMT nonswitch cohort in
postindex period – mean rate of patients in injectable DMT
nonswitch cohort in preindex period]).
Formula 2 applies to switchers to fingolimod versus
switchers to another injectable DMT (injectable DMT
cyclers). Difference-in-difference mean relapse rate = ([mean
rate of patients in switcher cohort in postindex period –
mean rate of patients in switcher cohort in preindex period]
– [mean rate of patients in injectable DMT cycler cohort in
postindex period – mean rate of patients in injectable DMT
cycler cohort in preindex period]).
Finally, a negative binomial generalized linear regression
model was fitted to the repeated measures data to estimate the
annualized relapse rate ratio over 1 year between the following
groups: switchers to fingolimod and injectable DMT cyclers,
switchers to fingolimod and injectable DMT nonswitchers,
and injectable DMT cyclers and injectable DMT
nonswitchers.23 For each comparison, the response variable
(dependent variable) was the number of relapses recorded
per patient while receiving therapy, and it was assumed
to follow a negative binomial distribution. The number of
relapses recorded while receiving therapy (count of number
of relapses for each patient) was the dependent variable.
The analysis was conducted using the factors of time period
(baseline vs follow-up) and treatment cohort to evaluate the
effects of these variables and any interactions between them on
the number of relapses. All analyses were performed using SAS
version 9.4 (SAS Institute Inc).

Vieira et al
Table 1. Risk of multiple sclerosis relapses: negative binomial with repeated measures
Parameter

Estimate

Exp (estimate)

P value

0.0581
0.0807
0.0829
0.1208

<.0001
.0667
<.0001
.0433

0.0234
0.0645
0.0310
0.0932

<.0001
<.0001
.0072
<.0001

0.0234
0.0670
0.0310
0.0885

<.0001
<.0001
.0072
<.0001

Abbreviations: Exp, expected value of number of multiple sclerosis relapses; iDMT, injectable disease-modifying therapy.

Relapse Incidence
During the baseline period, the incidence of MS
relapses was the highest in injectable DMT cyclers
(31.4%), followed by switchers to fingolimod (27.6%).
In contrast, the incidence was the lowest in injectable
DMT nonswitchers (12.4%) (Table S3). During the
follow-up period, the incidence of MS relapses reduced
to 20.5%, 14.3%, and 11.2% in injectable DMT
cyclers, switchers to fingolimod, and injectable DMT
nonswitchers, respectively, with the highest reduction
observed in switchers to fingolimod (Table S3). In
switchers to fingolimod and injectable DMT cyclers, the
incidence of MS relapses increased before the treatment
switch and subsequently reduced after the treatment
switch (Figure S2). During the baseline period, the incidence of MS relapses increased from 6% in −4Q to 12%
in −1Q in switchers to fingolimod. After the treatment
switch, the incidence of MS relapse dropped to 5% in
1Q and remained stable between 3.4% and 4.5% during
the entire follow-up period. A similar trend in the incidence of relapses was observed in the injectable DMT
cyclers. During the baseline period, the incidence of
relapses in injectable DMT cyclers was found to increase
from 7% in −4Q to 14% in −1Q, before the treatment
switch. After the treatment switch, the incidence of
relapses declined steeply to 7% in 1Q and remained
between 5% and 7% during the entire follow-up period
(Figure S2). The incidence of relapses remained stable
during the baseline (3%-4%) and follow-up (3%-3.7%)
periods in nonswitchers (Figure S2).

Discussion
This real-world study compared the annualized
rates and incidence of MS relapses among patients who
switched from an injectable DMT to fingolimod or to

another injectable DMT. The rates and incidence of
MS relapses increased before treatment switch in both
switchers to fingolimod and injectable DMT cyclers
but remained stable in injectable DMT nonswitchers
throughout the observation period. Although the lowest
relapse rate was achieved in the injectable DMT nonswitchers, which was the largest group of patients, both
the rates and incidence of MS relapses, as well as the
Charlson Comorbidity Index, were higher in injectable
DMT cyclers than in switchers to fingolimod. The association of comorbidities with the injectable DMT cyclers
may be due to these patients being more commonly
prescribed injectable DMTs, or may reflect a suboptimal
state of overall health. In addition, the increase in MS
relapse rates and incidence during the baseline period
in both switchers to fingolimod and injectable DMT
cyclers may reflect a lack of efficacy or the occurrence
of adverse events leading to the treatment switch, as has
been observed in clinical practice.24
Patients with MS who switched from an injectable
DMT to fingolimod demonstrated greater reduction in
MS relapse rates than those who switched to another
injectable DMT during follow-up. The incidence of
MS relapses followed a similar trend as the relapse rates.
The risk of MS relapse reduced significantly by 47%
in patients who switched to fingolimod compared with
nonswitchers and by 32% in injectable DMT cyclers
compared with nonswitchers. These results are consistent with previous findings from clinical trials and
real-world studies16,18,25-27; in the 12-month phase 3
TRANSFORMS (Trial Assessing Injectable Interferon
vs Fingolimod Oral in Relapsing-Remitting Multiple
Sclerosis), fingolimod showed better efficacy in terms
of ARR compared with intramuscular IFNβ-1a,16 and
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Switchers to fingolimod vs iDMT cyclers
Intercept
−0.9702
0.3790
Cohort: switchers to fingolimod vs iDMT cyclers
−0.1480
0.8624
Time: follow-up (reference: baseline)
−0.4642
0.6286
Cohort × time
−0.2444
0.7832
Switchers to fingolimod vs iDMT nonswitchers
Intercept
−2.0331
0.1309
Cohort: switchers to fingolimod vs iDMT nonswitchers
0.8420
2.3210
Time: follow-up (reference: baseline)
−0.0832
0.9201
Cohort × time
−0.6253
0.5351
iDMT cyclers vs iDMT nonswitchers
Intercept
−2.0324
0.1310
Cohort: iDMT cyclers vs iDMT nonswitchers
0.9877
2.6851
Time: follow-up (reference: baseline)
−0.0832
0.9201
Cohort × time
−0.3810
0.6832

Standard error

Switch to Fingolimod vs Injectable DMT Cycling

an algorithm based on a combination of different proxies, as previously published, was used instead.20 This
algorithm was shown to have a 67% positive predictive value when tested in 300 patients with MS, and
although it may be a less sensitive way to detect MS
relapses, the ARRs reported using this technique were
similar to those reported in clinical trials.18,26 In addition, due to the lack of MS relapse-specific codes,
patients with mild relapses who did not require, or could
not take, corticosteroids will not have been included
in the study.
The results of the present study should be interpreted with caution because the analysis was hypothesis
generating and no adjustments were made for multiple
comparisons. Clinical measures, such as MS severity and
MRI data, were not examined due to unavailability in
the claims database. Hence, we could not account for
the degree of MRI activity and/or the severity of the
relapse that may have influenced the clinical decision to
switch to fingolimod or to cycle injectable DMT. Furthermore, the precise nature of different types of treatment switch was not captured. It should be recognized
that transitioning from one type of IFNβ to another, or
between products with varying mechanisms of action,
such as from an interferon to glatiramer acetate, may
result in different outcomes. However, previous studies
have shown that these differences are likely to be minimal28 and analysis of these types of switches was beyond
the scope of this study. We also recognize that the retrospective identification of relapses is a potential weakness,
although use of the validated algorithm may have mitigated this factor to some extent. Indication bias was also
possible in that patients with more severe breakthrough
disease might have been transitioned to fingolimod due
to its perceived greater efficacy.

PRACTICE POINTS
• This study adds to the evidence that patients
with MS experiencing a lack of efficacy can
effectively switch disease-modifying therapy
(DMT).
• Patients who switched from an injectable DMT
to fingolimod had the highest reductions in the
annualized rate and incidence of MS relapses,
as well as a significant reduction in relapse
risk compared with patients switching to other
injectable DMTs and nonswitchers.
• This large real-world study supports the use of
fingolimod as an alternative treatment option for
patients receiving injectable DMTs.
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switching to fingolimod reduced the ARR by 50%
compared with IFNβ-1a.26 In the TRANSFORMS
extension study, switching to fingolimod showed a 30%
to 36% reduction in the ARR.18 Patients treated with
fingolimod for 2 years showed a sustained treatment
effect with improved clinical and magnetic resonance
imaging (MRI) outcomes compared with patients who
switched from IFNβ-1a to fingolimod.16,18 A US claims
database analysis reported a 61% lower ARR after 1-year
follow-up in patients who switched from interferon
to fingolimod compared with those who switched to
glatiramer acetate. The probability of relapse was 59%
lower in patients with MS who switched to fingolimod compared with those who switched to glatiramer
acetate.25 Furthermore, a matched retrospective analysis
of data collected prospectively from the MSBase cohort
showed that switching from injectable immunomodulators to fingolimod is associated with fewer relapses, more
favorable disability outcomes, and greater treatment persistence compared with switching to another injectable
preparation.27
This study analyzed the US pharmacy claims
data from the MarketScan Commercial Claims and
Encounters database and the Medicare Supplemental
database. The MarketScan Commercial Claims and
Encounters database is a large US administrative health
plan database containing inpatient, outpatient, and
pharmacy data from multiple payers, accounting for
approximately 40 million members across the Unites
States. Thus, it is considered to be representative of the
commercially insured US population. The Medicare
Supplemental database includes data from employersponsored Medicare supplemental plans, accounting
for approximately 3 million people in the United
States 65 years and older and those younger than 65
years who are eligible for Medicare coverage. Thus, it
is representative of the US Medicare population with
supplemental insurance.
As with most retrospective studies using pharmacy
claims data, the present study has several limitations.
Because the data include only commercially insured
patients or those with commercial insurance supplementing their Medicare insurance, results may not be
generalizable across different patient populations. It is
also possible that there may have been coding errors
within the diagnostic and procedure codes used for
reimbursement purposes with administrative claims
data, although such errors would likely have occurred
randomly and irrespective of treatment cohort. Notably,
this analysis was retrospective in nature and relied on
existing coding in the claims data, which did not collect
approximate MS relapses as a discrete event. Therefore
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Given that we examined data from only the
12-month period after the index date of each patient,
analysis of the longer-term effects of treatment switch on
rate and incidence of MS relapses was beyond the scope
of the present study. Future studies may benefit from an
extended postindex follow-up period that would enable
longitudinal analyses to be undertaken. In addition,
statistical comparisons between switchers to fingolimod
and injectable DMT cyclers would provide greater
insight into the impact of each specific treatment switch
on MS relapses.
In conclusion, this is a large real-world study comparing MS relapses in US patients who switched from an
injectable DMT to either fingolimod or another injectable DMT. The greatest reduction in relapse rates and
incidence was observed in those who switched from an
injectable DMT to fingolimod, compared with those
who switched to another injectable DMT or did not
switch. Patients who switched from an injectable DMT
to fingolimod also had a significantly reduced risk of
MS relapse compared with injectable DMT cyclers and
nonswitchers. This study provides real-world evidence
to support fingolimod as an alternative treatment for
patients receiving injectable DMTs when a change in
therapy is clinically indicated. Considering the limitations of retrospective analysis, these findings should be
generalized with caution. o

