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Background: Real-world outcomes from staying on an interferon beta (IFNP) vs switching
to another IFNf could help guide treatment decisions. This study’s objective was to compare
outcomes of stable multiple sclerosis (MS) patients on an IFN who stayed on therapy vs those
who switched to another IFN.

Methods: MS patients were identified from the Optum Insights Clinformatics Data Mart Multi-
Plan who were 18—64 years old and relapse-free (stable) over 1 year while continuously being
treated with an IFNP. Patients were propensity score matched 3:1 using age, gender, initial
IFNB, adherence, and month and year for patients who stayed on the initial IFNf (No Switch)
to patients who switched to another IFNJ (Switch). Patients had to be continuously enrolled for
1 year prior to and 1 year after the index date (date of the first claim of the switched-to IFN[ or
the match date when continuing on initial IFN treatment). Patients were enrolled with index
dates between January 1, 2005 and September 30, 2014. Relapses were recorded during the
1-year follow-up period after index date.

Results: After matching, there were 381 patients in the Switch group and 1,143 in the No
Switch group. Baseline characteristics were well matched between groups (average age 46
years, 72% female). The percentage of patients experiencing a relapse during the follow-up was
significantly higher in the Switch group than in the No Switch group (21% vs 12%, P<0.0001).
Annual relapse rate during the follow-up was significantly higher in the Switch group than in
the No Switch group (0.35 vs 0.20, P<0.0001).

Conclusion: MS patients stable on IFNf therapy who remain on initial therapy had signifi-
cantly better outcomes (lower annual relapse rate and percentage of patients with relapses) than
patients who switched to another IFNP. This supports the benefits of allowing patients to remain
on current IFNP therapy when stable.

Keywords: multiple sclerosis, interferon, disease-modifying therapy, switching therapies,
relapses

Introduction

Multiple sclerosis (MS) is a chronic immune-mediated demyelinating disease that
affects the central nervous system, causing a large range of disabling symptoms. As
0f 2013, ~2.3 million people worldwide suffer from MS, making it the largest cause
of disability in people under the age of 50 years.! Approximately 85% of MS patients
have relapsing-remitting MS (RRMS), characterized by acute relapses lasting from
days to months, followed by partial or complete recovery during periods of remission
where there is no disease activity. RRMS tends to progress to greater disability over
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time (secondary progressive MS)."? Although no cure exists,
RRMS can be treated with disease-modifying therapies
(DMTs) which limit the number of relapses a patient experi-
ences and slow the rate of disease progression.’

There are several DMTs that have been approved by both
the European Medicines Agency and the US Food and Drug
Administration (FDA), including interferon beta (IFNP) that is
recommended as first-line DMTs for RRMS in over 90 countries.
IFNP occurs naturally in the body in response to initiating factors
such as viruses. IFNBs block the activity of T cells and reduce
the passage of these cells into the central nervous system where
they would cause demyelination.**> Four IFNf formulations are
available as injections for the treatment of RRMS: subcutaneous
(SC) IFNB-1b (Betaferon®/Betaseron® [Bayer AG, Leverkusen,
Germany], Extavia® [Novartis, Basel Switzerland]) every other
day, intramuscular (IM) IFNB-1a (Avonex® [Biogen, Cambridge,
MA, USA)) delivered once weekly, SC IFNf-1a (Rebif® [EMD
Serono, Inc., Rockland, MA, USA]) delivered three times per
week, and SC peginterferon beta-1a (Plegridy® [Biogen]) deliv-
ered once every 2 weeks. All have comparable efficacy with
respect to relapse rates and favorable safety profiles and are well
tolerated, with few patients experiencing serious treatment-related
adverse events.® Both IFNB-1a products have also been shown
to slow disability progression.® A continuous use of IFNfs over
the course of years can benefit long-term patient outcomes by
reducing the number and frequency of relapses and possibly
delaying disease progression.” '

RRMS patients on IFN therapy are sometimes switched to
an alternative DMT or to a different IFNP. Reasons for switch-
ing may be due to suboptimal response to initial therapy, patient
preferences/poor adherence (eg, due to frequency or mode of
administration or adverse reactions), or disease progression.'' '3
Increasingly, formulary changes by the patient’s insurer also
may result in switching without a clinical or patient-related
basis for the switch. Formulary restrictions may include differ-
ing tiers/higher co-pays for some IFN[s or complete exclusion
of some drugs in favor of others.'*'> The outcomes of patients
who have been switched when stable on treatment have not
been extensively studied, and investigation using real-world
data of outcomes following a switch from one IFN[ therapy to
another IFNP therapy vs staying on current IFN[ therapy may
help guide treatment decisions and formulary decision-makers.
The objective of this study was to compare outcomes of stable
MS patients on an IFNP who stayed on their initial therapy vs
those who switched to another IFNJ therapy.

Methods

This is a retrospective claims-based analysis using propensity-
score matching in cohorts of MS patients on IFNJ therapy.

Patients treated with peginterferon beta-la were excluded
from the analysis due to limited data availability since its
launch in 2014. Study subjects were selected from the Clin-
formatics™ Data Mart Multi-Plan claims database from
Optum Insight (Eden Prairie, MN, USA). The data were
aggregated and de-identified to protect confidentiality. As a
result, no review by an institutional review board or ethics
committee was required for this study. The database includes
linked medical and pharmacy claims in addition to eligibility
information. The study period ran from January 1, 2004 to
September 30, 2015. Patients were selected who had a diag-
nosis of MS (ICD-9 code: 340), were 18—64 years old, and
had to be continuously enrolled and relapse-free (stable) while
being treated with an IFNP for 1 year prior to the index date,
which is defined as the date of the first claim after switching
to a new IFN or the propensity-scoring match date when con-
tinuing on initial IFN treatment. Patients were stratified into
two groups: those who stayed on the initial IFNJ (No Switch)
and those who switched to another IFN (Switch) and were
followed for 1 year after the index date, during which time
relapses (percent of patients relapsed and annual relapse rate)
were measured and patients had to be continuously enrolled.
Patients were selected with index dates between January 1,
2005 and September 30, 2014 (Figure 1).

Patient matching

Patients who switched may have had different clinical
characteristics compared to those who remained on a single
IFNP therapy. To remove potential confounding between
comparison cohorts, patients were propensity score matched
3:1 using the greedy method (also known as nearest neighbor
or nearest available matching) without replacement for those
who stayed on their baseline therapy (No Switch) vs those
who switched to another IFNJ therapy (Switch).'

A logistic regression model was estimated with the
dependent variable of switching vs no switching. Inde-
pendent variables were patient baseline characteristics
that may have influenced the decision to switch treatments
and/or which may affect disease outcomes, including age,
gender, insurance plan type, month and year of index date,
prior IFNP used and prior adherence category (medication
possession ratio, <0.6, 0.6-0.8, 20.8), number of doctors’
visits in 1 year prior to index date, total medical costs (log-
transformed), and presence of MS-related symptoms. For
each Switch patient, the three closest No Switch patients
were selected based on the propensity scores, which are the
estimated probability of treatment switching obtained from
the regression model. Propensity score matching improves
the comparability of overall probability of treatment switch-
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Baseline

1-year continous use of interferon 1
relapse-free

Follow-up

1-year continous enrollment and
at least 1 use of another interferon

Sep 30, 2015

Stay on interferon 1 for 1
additional year

Switch
Index date: Interferon 2 initiation
Jan 1, 2004
1-year continous use of interferon 1
relapse-free
No switch

Index date: Date of DMT administration at least 1 year
post-initiation and before 1 year prior to loss
follow-up/last day on treatment

Figure | Study design.
Abbreviation: DMT, disease-modifying therapy.

ing; however, an imbalance in individual measures may still
exist. To further minimize the selection bias, identification
of matching controls was further stratified by age category,
gender, month/year of index date, previous IFNJ used, and
prior year adherence category.

Outcome measurement and statistical
analysis

Outcomes were assessed for the Switch vs No Switch
groups. Relapses were recorded during the 1-year follow-up
period after index date. Relapses were operationally defined
from claims data as any inpatient hospital stay with primary
diagnosis of MS, or any outpatient visit (either emergency
room or office visit) with use of corticosteroids (high dose
of oral steroid [daily dose of 2500 mg prednisone] or
intravenous), adrenocorticotropic hormone, or total plasma
exchange within 30 days after the stay and/or visit.!” Annual
relapse rates were defined as the total number of relapses
divided by the total number of patient years (total number
of days in the study for the group, divided by 365). Descrip-
tive statistics were provided for cohorts before and after
propensity score matching. Mean and SD were presented
for continuous measures, and count and proportion were
presented for categorical measures. Statistical tests were
conducted to detect statistically significant differences (ie,
P<0.05) between Switch and No Switch cohorts before and
after matching. For age, Student’s #-test was used. For count
and cost variables, nonparametric Wilcoxon rank-sum test
was used. For categorical measures, chi-squared tests or
Fisher’s exact tests were used, as appropriate. Statistical
analysis was done using SAS version 9.3 (SAS Institute,
Cary, NC, USA).

Subgroup analysis

A subgroup analysis was performed comparing percent
of patients relapsed and annual relapse rates between the
Switch and No Switch groups for the subjects who were
using IFNf-1a IM in the baseline period. Subgroups were too
small in the other baseline IFNP treatment groups (IFNf-1a
SC and IFNB-1b SC) to include in subanalyses.

Results

After matching, there were 1,143 patients in the No Switch
group and 381 patients in the Switch group. Baseline char-
acteristics before and after matching are shown in Table 1,
and were well matched between the groups. After matching,
only one match characteristic (percent with fatigue/malaise
as an MS-related symptom) showed a difference between
the groups.

Both the proportion of patients experiencing a relapse
and the annual relapse rate during the follow-up year were
significantly higher (P<0.0001) in the Switch group than
in the No Switch group (Figure 2). Specifically, the per-
centage of patients relapsed was 82% higher in the Switch
group (21.3% vs 11.7%) and the annual relapse rate was
75% higher in the Switch group (0.35 vs 0.20 relapses per
patient year).

Subgroup analysis

For the subgroup analysis of patients treated with IFNB-1a
IM in the baseline period, results were similar to the find-
ings in the overall analysis. After matching, there were
801 patients in the No Switch group and 267 patients
in the Switch group. Baseline characteristics before and
after matching are shown in Table 2, and were again well
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Table | Baseline characteristics

Pre-matching

Post-matching

Characteristic

No switch (n=11,657)

Switch (n=385)

No switch (n=1,143)

Switch (n=381)

Female 8,690 (74.5%) 276 (71.7%) 825 (72.2%) 275 (72.2%)
Age at index year, mean (SD) 47.67 (9.37) 45.67 (9.55)* 45.98 (9.44) 45.69 (9.51)
Baseline IFNJ treatment

IFN B-la IM 6,075 (52.1%) 270 (70.1%)* 801 (70.1%) 267 (70.1%)
IFN B-la SC 3,246 (27.9%) 54 (14.0%)* 159 (13.9%) 53 (13.9%)
IFN B—1b SC 2,336 (20.0%) 61 (15.9%)* 183 (16.0%) 61 (16.0%)
Adherence to baseline treatment

MPR, mean (SD) 0.889 (0.134) 0.869 (0.141)* 0.880 (0.135) 0.872 (0.139)
MPR >0.80 9,438 (81.0%) 284 (73.8%)* 895 (78.3%) 284 (74.5%)
MS-related symptoms

Myelitis (other causes) 12 (0.1%) 1 (0.3%) 0 (0.0%) 0 (0.0%)
Demyelinating disease of CNS 517 (4.4%) 18 (4.7%) 47 (4.1%) 18 (4.7%)
MS-related eye disorders 846 (7.3%) 38 (9.9%) 90 (7.9%) 37 (9.7%)
Neurogenic bladder 635 (5.4%) 18 (4.7%) 60 (5.2%) 18 (4.7%)
Neuralgia/neuritis/radiculitis 175 (1.5%) 9 (2.3%) 16 (1.4%) 7 (1.8%)
Dizziness and giddiness 524 (4.5%) 22 (5.7%) 55 (4.8%) 22 (5.8%)
Fatigue/malaise 2,027 (17.4%) 93 (24.2%)* 211 (18.5%) 90 (23.6%)*

Charlson Comorbidity Index (CClI)

CCl=0 9,033 (77.5%) 288 (74.8%) 912 (79.8%) 286 (75.1%)
CCl =I 1,034 (8.9%) 41 (10.6%) 97 (8.5%) 41 (10.8%)
CCl=2 1,053 (9.0%) 42 (10.9%) 86 (7.5%) 41 (10.8%)
CCl =3 537 (4.6%) 14 (3.6%) 48 (4.2%) 13 (3.4%)
Baseline HRU, mean (SD)

Inpatient stays 0.070 (0.373) 0.101 (0.459)* 0.072 (0.316) 0.089 (0.413)
Emergency room visits 0.018 (0.151) 0.016 (0.143) 0.014 (0.138) 0.016 (0.144)

Total medical costs

$86,418 ($71,473)

Notes: Values are n (%) unless otherwise indicated. *P<0.05 vs No Switch.
Abbreviations: IFN, interferon; IM, intramuscular injection; CNS, central nervous system; SC, subcutaneous injection; MPR, medication possession ratio; MS, multiple
sclerosis; HRU, health resource utilization.

$84,888 ($75,370) $84,630 ($72,721) $83,411 ($72,183)

Percent relapsed Annual relapse rate

0.50
30
P<0.0001 P<0.0001
0.40
i2}
o 21.26 2 0.35
g 20 @
“6 (o}
% § 0.30
s 1172 5
8 c
& 1 < 0.20 020
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No switch (N=1,143) Switch (N=381) No switch (N=1,143) Switch (N=381)

Figure 2 Percentage of patients relapsed and annual relapse rate.
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matched between groups, with statistically significant dif-
ferences (P<0.05) again found only between the Switch and
No Switch groups after matching on percent with fatigue/
malaise as an MS-related symptom.

Study end point results were more striking in the patients
treated with IFNB-1a IM in the baseline period than in the
overall study results (Figure 3). In the subgroup of patients
who stayed on IFN[-1a IM, the percent relapsed was 113%
higher in patients who were switched from IFNB3-1a IM to
another IFNf (23.22% vs 10.99%). Similarly, the annual
relapse rate was twice as high in the Switch group (0.40
vs 0.20 relapses per patient year) in the subgroup analysis.

Table 3 presents data on what IFNJ patients were
switched to for switched patients in the post-matched cohort.
The majority of switched patients (70%) were initially treated
with IFNB-1a IM. Of these patients, 83% were switched to
IFNpB-1a SC, and 17% were switched to IFNB-1b SC. Patients
initially treated with IFNB-1a SC were mostly switched to
IFNB-1a IM (68%), while patients initially treated with
IFNB-1b were more often switched to IFNB-1a SC (62%)).

Discussion

In this propensity score-matched study in clinically stable
(relapse-free) MS patients on IFNJ therapy, patients who

Table 2 Baseline characteristics of IFN -1a IM users

remained on the same therapy had significantly better out-
comes than those who switched to another IFNP therapy.
Both the percentage of patients experiencing a relapse and
the annual relapse rates during the 1-year follow-up period
were significantly higher in the Switch group than in the No
Switch group. Patients who remained on their initial IFNf3
therapy had 45% lower odds of experiencing a relapse and
a 43% lower annual relapse rate than those patients who
switched to a different IFN[ therapy. The subset of patients
stable on IFNB-1a IM who remained on therapy had similar
results to the overall selected population, showing signifi-
cantly better outcomes than those who switched to another
IFN.

Although it is difficult to compare relapse rates in this
study to those of previous research, due to differences in
how relapses are defined and/or differences in important
MS-related characteristics such as MS subtype, disability
progression, and even IFNP therapy type,® it is reasonable
to conservatively suggest that relapse rates in the switch
group in this study may approach rates observed in patients
discontinuing IFNP therapy altogether,'® and the differences
between relapse rates in the Switch vs No Switch groups
approximate the differences observed in clinical trials of
IFNP therapy vs placebo.!*?

Pre-matching

Post-matching

Characteristic

No switch (n=6,075)

Switch (n=270)

No switch (n=801)

Switch (n=267)

MPR >0.80

5,050 (83.1%)

206 (76.3%)*

Female 4,648 (76.5%) 188 (69.6%)* 576 (71.9%) 187 (70.0%)
Age at index year, mean (SD) 48.46 (9.03) 44.99 (9.60)* 45.53 (9.48) 45.01 (9.54)
Adherence to baseline treatment

MPR, mean (SD) 0.896 (0.126) 0.881 (0.134) 0.883 (0.132) 0.884 (0.131)

637 (79.5%)

206 (77.2%)

MS-related symptoms

Myelitis (other causes)
Demyelinating disease of CNS
MS-related eye disorders
Neurogenic bladder
Neuralgia/neuritis/radiculitis
Dizziness and giddiness
Fatigue/malaise

5 (0.1%)
265 (4.4%)
453 (7.5%)
279 (4.6%)
92 (1.5%)
266 (4.4%)
980 (16.1%)

| (0.4%)
12 (4.4%)
29 (10.7%)
14 (5.2%)

5 (1.9%)

18 (6.7%)
66 (24.4%)*

0 (0.0%)
34 (4.2%)
76 (9.5%)
27 (3.4%)
10 (1.3%)
39 (4.9%)
137 (17.1%)

0 (0.0%)
12 (4.5%)
28 (10.5%)
14 (5.2%)
4(1.5%)

18 (6.7%)
64 (24.0%)*

Charlson Comorbidity Index (CCI)

CCI=0

CCl=I
CCl=2
CCl =3

4716 (77.6%)
551 (9.1%)
532 (8.8%)
276 (4.6%)

211 (78.2%)
24 (8.9%)
28 (10.4%)
7 (2.6%)

650 (81.2%)
64 (8.0%)
55 (6.9%)
32 (4.0%)

209 (78.3%)
24 (9.0%)
28 (10.5%)
6 (2.3%)

Baseline HRU, mean (SD)

Inpatient stays
Emergency room visits
Total medical costs

0.066 (0.348)
0.015 (0.139)
$107,548 ($88,225)

0.085 (0.409)*
0.019 (0.160)
$94,715 ($86,324)

0.064 (0.282)
0.011 (0.105)
$93,697 (381,879)

0.067 (0.329)
0.019 (0.161)
$92,730 ($82,571)

Notes: Values are n (%) unless otherwise indicated. ¥P<0.05 vs No Switch.

Abbreviations: |M, intramuscular injection; CNS, central nervous system; MPR, medication possession ratio; MS, multiple sclerosis; HRU, health resource utilization.
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Table 3 The switching pattern among patients who switched IFNf} treatments

Initial treatment

IFN B-laSC
(N=53) (N=61)

IFN B-1bSC

Secondary treatment IFN B-laIM
(N=267)

IFN B-1a IM -

IFN B-1a SC 221 (82.8%)

IFN B-1b SC 46 (17.2%)

36 (67.9%) 23 (37.7%)
- 38 (62.3%)
17 (32.1%) -

Abbreviations: IFN, interferon; IM, intramuscular injection; SC, subcutaneous injection.

Percent relapsed

30 P<0.0001

23.22

20

10.99
10

Percentage of patients

No switch (N=801) Switch (N=267)

Annual relapse rate
0.50
P<0.0001

0.40 0.40

0.30

Annual relapse rate

0.20 0.20

0.10

No switch (N=801) Switch (N=267)

Figure 3 Percentage of patients relapsed and annual relapse rate — IFN B-1a IM subgroup.

Abbreviations: IFN, interferon; IM, intramuscular injection.

Legitimate clinical reasons for switching patients from
one IFN therapy to another do exist. For example, switching
between IFNPs may have beneficial effects when first-line
IFNP therapy had suboptimal response (patients did not
stabilize), but disease activity is not suitable for escalation
to a second-line DMT.!'!2 Further, subjects with intoler-
able side effects from their current medication should be
switched to another DMT within the same line of treatment.
Although these clinical reasons for switching between IFN[
therapies in stable patients are valid, switching patients for
economic reasons may be both clinically harmful as well as
cost-ineffective. The costs of moderate to severe relapses
(such as those reported in this study) are high. Goldberg et al
reported an average cost of relapses in the US of $2,381 for
moderately severe and $16,589 for severe relapses (weighted
average $6,834 in 2008 dollars).??? Given these costs, and
the higher risks of relapse in patients who are switched,
formulary decision-makers need to evaluate the trade-offs
of any potential cost savings of switching stable patients.

Disruption of care from the patient’s perspective should
also be of concern. Rood et al found that insurance-driven

medication changes had negative effects on patients and
physician practices, including adverse medical outcomes,
decreased satisfaction with the health care system, and
problems that burdened the physician practice. Formulary
changes involving neurologic medications were among those
that caused the most problems.!* Other study has shown that
stable MS patients with long-term experience on the same
DMTs tend to be more adherent to their prescribed medi-
cations, regardless of mode or timing of administration.?
Finally, Ganther-Urmie et al reported that most patients did
not believe that formulary drugs were safer or more effective
than nonformulary drugs — a finding with implications for
adherence when patients are switched to a new therapy due
to formulary decisions.*

Of the three IFNJ formulations included in this study,
slightly over half of the pre-matching study cohort and 70%
of switched patients were on IFNB-1a IM (Table 1). Conse-
quently, the other baseline IFNJ treatment groups (IFNB-1a
SC and IFNB-1b SC) were too small to include in subanalyses.
Given the study criterion that patients had to be relapse-free
for 1 full year prior to the index date, twice as many IFN(-1a
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IM patients met this criteria as [FNB-1a SC or IFNf-1b
patients. Patients also had to be adherent to therapy for at least
1 year. This could also be why there were more IM patients
meeting the selection criteria, since IM patients experience
fewer side effects and almost no injection site reactions.®?

This research used administrative claims data, which
have inherent limitations. While the study data included
MS symptoms, they did not include MS subtype, baseline
disease severity, or disability status, any of which may have
been unobserved confounders of the reported relapse rate
differences and were not available to use as a matching cri-
terion in the propensity scoring. Other aspects of the clinical
characteristics of these patients, such as MRI scans and/or
disability measurement, were also unavailable from claims
data. Relapse rates as measured from claims data also do not
capture milder episodes, so true differences in relapse rates in
this study population are not known, and are reported only for
more severe (but also more costly) cases. Claims data also do
not provide reasons for switching IFN therapies and there
were no patient or physician-reported effectiveness measures
to confirm relapse occurrence. Finally, data derived from a
commercial managed care health insurance population may
not be generalizable to other patient populations.

Conclusion

MS patients stable on IFNJ therapy who remained on initial
therapy had significantly better outcomes than those who
switched to another IFNP. The subset of patients stable on
IFNB-1a IM who remained on therapy was less than half as
likely to suffer relapses as those who switched to another
IFN. These findings support the benefits of allowing patients
to remain on current IFNJ therapy when stable. Further stud-
ies are needed to better understand when to switch therapies
vs staying on initial therapy for MS patients.
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