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ABSTRACT

Introduction: Adherence to disease-modifying
therapies is key for achieving optimal outcomes
in multiple sclerosis (MS). Diroximel fumarate
(DRF) is an oral fumarate approved for treat-
ment of relapsing forms of MS. It has the same
pharmacologically active metabolite as dime-
thyl fumarate (DMF) and similar efficacy and
safety profiles, but with demonstrated fewer
gastrointestinal (GI) related adverse events
(AEs). There are limited data characterizing
persistence and adherence to DRF in the real
world.
Methods: This retrospective analysis of the
AcariaHealth Specialty Pharmacy Program
included patients with MS initiating DRF from
1 December 2019 to 30 January 2021. This
analysis evaluated persistence, measured as
proportion of patients remaining on therapy;
discontinuation rate due to GI AEs; and adher-
ence measured by proportion of days covered
(PDC).
Results: Overall, 1143 patients were included;
433 (37.9%) patients had been treated with
prior DMF and switched to DRF. Persistence was

high in both groups: the estimated proportion
of patients remaining on DRF at 16 months was
82.3% [95% confidence internal (CI)
77.2–86.3%], and 90.1% (95% CI 82.2–94.6%)
in the DMF to DRF group. Fifty-two (4.5%)
patients overall and 15 (3.5%) in the DMF
switch subgroup discontinued DRF due to GI
AEs. Mean PDC was 90.8% (95% CI
89.2–92.5%), and 85.4% (95% CI 83.3–87.4%)
of patients achieved PDC C 80% in the overall
population. In the DMF to DRF group, mean
PDC was 90.7% (95% CI 88.0–93.5%), and
84.8% (95% CI 81.4–88.1%) of patients
achieved PDC C 80%.
Conclusion: In this analysis of [1000 patients
treated with DRF in real-world clinical practice,
overall persistence at 16 months was high,
treatment discontinuation due to GI AEs was
low, and patients were highly adherent to
therapy. Of 433 patients who switched from
DMF to DRF, most ([90%) were able to tolerate
and persist on DRF after switching.
Graphical abstract available for this article.
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Adherence to disease-modifying 
therapies is key for achieving optimal 
outcomes in multiple sclerosis (MS)
• Diroximel fumarate (DRF) is an oral

fumarate approved for relapsing MS
• Similar efficacy and safety to dimethyl

fumarate (DMF) but with improved
gastrointestinal (GI) tolerability
based on clinical trials

• Limited data characterizing persistence/
adherence in a real-world setting

• Retrospective analysis of AcariaHealth
Specialty Pharmacy Program

• Patients with MS who initiated DRF
from December 1, 2019, through
January 30, 2021

• Overall population of > 1000 patients
• Subgroup of patients (n = 433)

who had switched from DMF to DRF
• Analyzed persistence and adherence

Adherence in a subset of patients (n = 18) with lingering GI AEsa on DMF 
increased significantly when they switched to DRF

Adherence to DRF was high in both the overall and DMF to DRF subgroups

Mean PDC
Overall Study Population

 (n = 1143)

Proportion of patients 
with PDC ≥ 80%

90.8% 85.4%
DMF to DRF Subgroup

(n = 433) 90.7% 84.8%

Mean PDC 
On DMF treatment

(n = 18)
After switch to DRF

(n = 18)

Proportion of patients 
with PDC ≥ 80%

71.1%

92.9%

44.4%

94.4%

DMF dimethyl fumarate, DRF diroximel fumarate
aPersistence was characterized using the Kaplan-Meier method with 95% CIs (95% CI indicated by shaded area).

DMF dimethyl fumarate, DRF diroximel fumarate, PDC proportion of days covered

AE adverse event, DMF dimethyl fumarate, DRF diroximel fumarate, GI gastrointestinal, PDC proportion of days covered
aLingering GI AEs were defined as those GI AEs resulting in discontinuation of DMF ≥ 1 year after initiating DMF.

Persistence to DRF was high
Estimated proportion of patients remaining persistent on DRF treatment at 16 months 
was 82.3% in the overall population and 90.1% in the DMF to DRF subgroup

Real-World Analysis Affirms the High Persistence 
and Adherence Observed With Diroximel 
Fumarate in Patients With Multiple Sclerosis

How was this study performed? Why carry out this study?

What was learned from the study? 
• In this analysis of > 1000 patients treated with with DRF, in the overall 

population, persistence to DRF at 16 months was high (82.3%), 
discontinuation due to GI AEs was low (4.5%), and patients were 
highly adherent to therapy (mean proportion of days covered: 90.8%)

• The findings were consistent in the subgroup of 433 patients who
switched from DMF to DRF

The graphical abstract represents the opinions of the authors. For a full 
list of declarations, including funding and author disclosure statements, 
and copyright information, please see the full text online.
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Key Summary Points

Why carry out this study?

Adherence to disease-modifying therapies
is key for achieving optimal outcomes in
multiple sclerosis (MS).

Diroximel fumarate (DRF) is an oral
fumarate approved for the treatment of
relapsing forms of MS with a low (\1%)
discontinuation rate due to
gastrointestinal adverse events (GI AEs) in
clinical trials; however, there are limited
data characterizing persistence/adherence
to DRF in real-world clinical settings.

This final readout from the retrospective
analysis of the AcariaHealth Specialty
Pharmacy Program looks at persistence
and adherence to DRF in the overall
population of[1000 patients and in a
subgroup of patients who have switched
from DMF to DRF (n = 433).

What was learned from the study?

Overall persistence on DRF at 16 months
was high, treatment discontinuation due
to GI AEs was low, and patients were
highly adherent to therapy.

Of 433 patients who switched from DMF
to DRF, most ([ 90%) were able to tolerate
and persist on DRF after switching.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.21318204.

INTRODUCTION

Treatment with disease-modifying therapies
(DMTs) can slow disease progression of multiple
sclerosis (MS) by reducing the number and
severity of relapses, reducing disease-related
disability [1, 2], and slowing or preventing per-
manent damage to the central nervous system
[2, 3]. There are more than 20 DMTs available to
treat MS in the USA, including infusions,
injectables, and oral DMTs [3]. Adherence to
DMT treatment is a key factor for achieving
optimal clinical outcomes in MS, owing to the
importance of consistent control of disease
activity [4, 5] and receiving an effective dose.
The most commonly used metric of adherence
is proportion of days covered (PDC), and high
adherence is defined as a PDC of C 80% in
many disease states, including MS [6–9]. DMT
discontinuation is a common challenge, with
patients discontinuing treatment for numerous
reasons including adverse events (AEs), disease
progression, patient perception of drug ineffec-
tiveness, and treatment burden [4, 10, 11]. With
an increasingly wide range of treatment
options, it is critical to select the optimal ther-
apy for a given patient, considering not only
efficacy but also factors that will increase
patient adherence and compliance [12, 13].

Diroximel fumarate (DRF) is a next-genera-
tion oral fumarate approved in the USA for the
treatment of relapsing forms of MS [14] and
Europe for the treatment of relapsing–remitting
MS [15]. As of 30 June 2022,[28,000 patients
globally have been treated with DRF, repre-
senting[ 24,000 patient-years of exposure. Of
these, 1477 patients (1718 patient-years) were
from clinical trials. Oral administration of DRF
leads to rapid conversion to monomethyl
fumarate (MMF), the same active metabolite as
dimethyl fumarate (DMF). At therapeutic doses,
DRF and DMF produce bioequivalent systemic
exposure of MMF, and therefore are expected to
have similar safety and efficacy profiles
[11, 16, 17]. MMF is thought to impact MS
pathophysiology through antiinflammatory
modulation, reducing central nervous system
infiltration, and shifting responses from proin-
flammatory to antiinflammatory [18–20].
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DMF has demonstrated a favorable benefit–risk
profile in both clinical and real-world studies of
patients with MS; however, some patients dis-
continue DMF due to gastrointestinal (GI) AEs,
which may develop early in DMF treatment
[21–26]. DRF has demonstrated reduced inci-
dence and severity of GI AEs as compared with
DMF [16, 27, 28], which is hypothesized to be
due to its distinct chemical structure; DRF is a
larger, more complex molecule and is therefore
thought to have less reactivity with off-target
proteins. It is also hypothesized to cause less
localized irritation in the GI tract, as initial
metabolism of DRF causes a significantly lower
exposure of methanol compared with DMF [27].

Two phase 3 clinical studies of DRF in
patients with MS have demonstrated favorable
GI tolerability and low (\1%) treatment dis-
continuation due to GI AEs [16, 28]. DRF
demonstrated clinically significant improve-
ment in GI tolerability compared with DMF in
the 5-week, randomized, head-to-head, phase 3
EVOLVE-MS-2 study, with significantly fewer
days of patient-assessed GI symptoms, lower
rates of GI AEs, and less treatment discontinu-
ation due to GI AEs (DRF 0.8% versus DMF
4.8%) [16]. In a post hoc analysis of EVOLVE-
MS-2, the improved GI profile for DRF com-
pared with DMF was associated with clinically
meaningful improvements in quality of life
[29]. DRF demonstrated a low rate (0.7%) of
discontinuation due to GI AEs in the interim
analysis of the 2-year EVOLVE-MS-1 study,
which included[ 600 patients [28]. A post hoc
analysis of EVOLVE-MS-1 showed that patients
switching to DRF from DMF or injectable DMTs
(glatiramer acetate or interferons) had efficacy
and safety data consistent with previous fuma-
rate studies, demonstrating that transition to
DRF may be a reasonable treatment strategy for
MS patients [11].

Owing to the strict inclusion criteria and
structured nature of phase 3 clinical trials, dis-
continuation rates may not be indicative of
rates observed in real-world clinical practice. In
previous studies with DMF, the rate of treat-
ment discontinuation due to GI AEs was
approximately 4% in randomized, phase 3
clinical trials [17], whereas the rate was higher
in real-world studies, varying from 5% to 19%

in studies ranging from 3 to 37 months in
duration [21, 22, 25, 26, 30–34]. An interim
analysis of the AcariaHealth Specialty Pharmacy
Program (SPP) including 160 patients with a
median (range) DRF treatment duration of 7.6
(0.1–10.4) months showed a discontinuation
rate of 3.8% (6/160) due to GI AEs [35].
Although higher than the\ 1% discontinua-
tion rate observed in phase 3 DRF clinical trials
[16, 28], this was still lower than the observed
rate of GI discontinuations in real-world studies
with DMF. The interim analysis also demon-
strated high adherence to DRF, measured as
PDC [35]. However, additional follow-up is
needed to evaluate longer-term persistence and
adherence to DRF in a larger patient population.

Although GI AEs in patients on DMF most
frequently occur in the first 10–12 weeks of
treatment, some patients may experience GI
AEs that persist longer [31]. These longer-term
GI AEs are usually mild-to-moderate in severity
and therefore may be less likely to result in
patient complaints leading to discontinuation;
however, they could impact other treatment
outcomes, such as adherence.

Here, we report the final analysis of the ret-
rospective AcariaHealth SPP study, which was
designed to evaluate persistence to therapy,
discontinuation rates due to GI AEs, and
adherence in patients with MS treated with DRF
in real-world clinical practice. In addition, this
study examined adherence in a subset of
patients with GI AEs resulting in discontinua-
tion of DMF C 1 year after initiating DMF.

METHODS

Data Source

This is an updated final readout from the ret-
rospective analysis of the AcariaHealth SPP. The
study design and study endpoints have been
previously described [35]. Permission was
obtained from AcariaHealth to access and use
the AcariaHealth pharmacy data. This nonin-
terventional study included patients with MS
who initiated DRF between 1 December 2019
and 30 January 2021, receiving their prescrip-
tion from the specialty pharmacy provider
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AcariaHealth (Troy, MI, USA). Patients were
followed until data extraction on 30 June 2021.
Patients were excluded if their treatment status
could not be determined, such as in the case of
patients whose DRF prescription was transferred
to a different pharmacy. Information on a
patient’s prior DMT use was based on pharmacy
records. All patient information was anon-
ymized, and patient confidentiality was main-
tained through compliance with Health
Insurance Portability and Accountability Act
regulations. This analysis is based on previously
collected data and does not involve any new
studies of human subjects performed by any of
the authors.

Study Endpoints

Endpoints included persistence, discontinua-
tion rate due to GI AEs, and adherence. Persis-
tence was defined as the overall proportion of
patients remaining on therapy. GI AEs included
events identified based on pharmacist classifi-
cation that were directly GI related, in addition
to any unknown AE (i.e., an AE lacking details
regarding the nature of the event) that occurred
within 90 days of initiating DRF therapy. This
analytical approach was used to avoid underes-
timation of the GI AE discontinuation rate. If
patients were classified as being discontinued
due to an AE, they were stratified as either GI AE
or ‘‘other AE.’’ Information on AEs and reasons
for treatment discontinuation were collected
prior to each prescription refill and recorded in
the pharmacy database by AcariaHealth phar-
macy staff. Adherence was measured by the
PDC; this was calculated by dividing the num-
ber of days in the treatment period that a
patient is ‘‘covered’’ by having medication on
hand by the total number of days in the treat-
ment period, and then multiplying by 100. The
number of days a patient is covered by having
medication on hand is based on pharmacy
records of each time a patient requested a refill
of their prescription.

Statistical Analysis

Outcomes were evaluated in the overall popu-
lation and in a subgroup of patients who
received DMF as the most recent DMT before
switching (DMF to DRF switch). Descriptive
statistics were used to summarize demographic
and disease characteristics of the study popula-
tion. Continuous variables were summarized
using the mean [standard deviation (SD)] or
median (range) as appropriate, and categorical
variables were summarized using frequency
(percentage). Persistence was characterized
using the Kaplan–Meier method with 95%
confidence intervals (CIs). Although some
patients were treated for up to 20 months, the
Kaplan–Meier estimate for DRF persistence was
reported for up to 16 months to ensure a
meaningful sample size. Discontinuation rate
and PDC were also characterized with 95% CIs.
As it was possible that healthcare providers
(HCPs) may prescribe an extended titration
period (beyond the USA prescribing informa-
tion defined 1-week titration for DRF), a PDC
sensitivity analysis was conducted that exclu-
ded the first month (the first DRF shipment)
from the PDC calculation (sensitivity analysis
1). To determine whether the PDC could be
impacted by patients who have been on treat-
ment for\ 6 months, we conducted a second
sensitivity analysis evaluating PDC in a sub-
group of patients who were treated with DRF
for C 6 months (sensitivity analysis 2).

Finally, adherence before and after switching
to DRF was evaluated in a subgroup of patients
who had lingering GI AEs; ‘‘lingering GI AEs’’
were defined as GI AEs resulting in discontinu-
ation of DMF C 1 year after initiating DMF.

The raw data set was prepared using SQL
Server Management Studio. A comprehensive
SQL script was created to supply all of the
identified demographic values for the study,
along with the measures necessary to calculate
the study endpoints. Using the SQL Script out-
put, data were loaded into Microsoft Excel for
analysis.
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RESULTS

Study Population

Overall, 1143 patients with MS were included in
the analysis. The median (range) age at enroll-
ment was 51 (19–83) years, and 75.2% (860/
1143) were women (Table 1). The median
(range) DRF treatment duration was 7.1
(0.1–20.0) months (Table 2). Of the overall
study population, 60.3% (689/1143) had no
prior DMT based on the pharmacy records,
while 37.9% (433/1143) had received prior DMF
treatment and were included in the DMF to DRF
subgroup. The mean (range) age at enrollment
in this subgroup was 55 (22–83) years, and
75.5% (327/433) were women. Patients had
been treated with prior DMF for a median
(range) of 13.7 (0.2–91.6) months before they
switched to DRF. After switching to DRF, the
median (range) DRF treatment duration was 6.9
(0.6–18.6) months. Of those with a known rea-
son for discontinuing DMF (89/433; 20.6%), 37
(41.6%) discontinued due to GI AEs.

Persistence and Adherence in Overall
Population and DMF to DRF Subgroup

The estimated proportion of patients remaining
persistent on DRF treatment at 16 months was
82.3% (95% CI 77.2–86.3%) in the overall
population and 90.1% (95% CI 82.2–94.6%;
Fig. 1) in the DMF to DRF subgroup. The rate of
DRF discontinuation due to GI AEs was low in
both groups: 4.5% (52/1143) in the overall
population and 3.5% (15/433) in the DMF to
DRF subgroup (Table 3). In the overall popula-
tion, mean PDC was 90.8% (95% CI
89.2–92.5%; Fig. 2a), and the proportion of
patients with PDC C 80% was 85.4% (95% CI
83.3–87.4%; Fig. 2b). Adherence was consis-
tently[ 90% regardless of which region of the
USA the patients resided: 90.2% PDC for
Northeast; 91.5% PDC for Midwest; 90.1% PDC
for South; 91.7% PDC for West. Mean PDC was
90.7% (95% CI 88.0–93.5%; Fig. 3a) in the DMF
to DRF subgroup, and the proportion of patients
with PDC C 80% was 84.8% (95% CI
81.4–88.1%; Fig. 3b). In both populations, PDC

remained high when excluding the first DRF
refill to account for extended titration (sensi-
tivity analysis 1), with mean PDC 94.9% (95%
CI 93.7–96.2%) in the overall population and
95.7% (95% CI 93.7–97.6%) in the DMF to DRF
subgroup. PDC also remained high in the sub-
group of patients treated for C 6 months (sen-
sitivity analysis 2) in both the overall and DMF
to DRF populations, with mean PDC 90.2%
(95% CI 88.2–92.3%) and 90.2% (95% CI
87.0–93.4%), respectively.

Persistence in Patients with Lingering GI
AEs on DMF

Lingering GI AEs were defined as GI AEs that
resulted in discontinuation of DMF[ 1 year
after DMF initiation. In the DMF to DRF sub-
group, a total of 18 patients met the criteria for
having lingering GI AEs leading to discontinu-
ation of DMF. Among these 18 patients, the
median duration of prior DMF was 28 months.
After switching to DRF, most of these patients
remained persistent on DRF [16/18 (89%)]; two
of these patients discontinued treatment
18 days after DRF initiation due to GI AEs on
DRF. Mean PDC increased following the switch
from DMF to DRF, from 71% (95% CI
59.1–83.0%) while on DMF to 92.9% (95% CI
88.6–97.2%; p = 0.002, n = 18) on DRF (Fig. 4).
Proportion of patients with PDC C 80% also
increased following the switch from DMF to
DRF, from 44.4% (95% CI 21.5–67.4%) to 94.4%
(95% CI 83.9–100.0%; p = 0.001, n = 18) on
DRF.

DISCUSSION

Persistence and adherence to DRF
was high in both the overall population
and the DMF to DRF switch subgroup

In this updated real-world analysis, [ 1000
patients with MS were treated with DRF. Over-
all, persistence was high, discontinuation rate
due to GI AEs was low, and patients were highly
adherent to therapy. This is consistent with the
interim AcariaHealth SPP analysis [35] and with
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Table 1 Baseline characteristics and disease characteristics

Overall
population
n = 1143

DMF to DRF
subgroup
n = 433

Age, years

Median (range) 51 (19–83) 55 (22–83)

Age category

18–29 years 64 (5.6) 15 (3.5)

30–39 years 174 (15.2) 47 (10.9)

40–49 years 270 (23.6) 91 (21.0)

50–59 years 320 (28.0) 122 (28.2)

60–69 years 231 (20.2) 115 (26.6)

C 70 years 84 (7.3) 43 (9.9)

Female 860 (75.2) 327 (75.5)

MS diagnosis

Confirmed by ICD-10

code for MS

1125 (98.4) 429 (99.1)

Inferred by drug therapy

classification of MS

18 (1.6) 4 (0.9)

US regiona

Northeast 138 (12.1) 50 (11.5)

Midwest 234 (20.5) 83 (19.2)

South 466 (40.8) 177 (40.9)

West 305 (26.7) 123 (28.4)

No prior DMT based on

pharmacy records

689 (60.3) 0

Previous DMT based on pharmacy records

Interferon 27 (2.4) 11 (2.5)

Glatiramer acetate 5 (0.4) 2 (0.5)

Teriflunomide 3 (0.3) 0

Siponimod 1 (0.1) 1 (0.2)

Natalizumab 1 (0.1) 1 (0.2)

DMF 433 (37.9) 433 (100)

Table 1 continued

Overall
population
n = 1143

DMF to
DRF
subgroup
n = 433

Reason for discontinuing

prior DMF

–

Unknown reason – 344 (79.4)

Known reason – 89 (20.6)

GI AE – 37/89 (41.6)

Other AE – 33/89 (37.1)

Lack of efficacy – 2/89 (2.2)

Financial reasons – 17/89 (19.1)

Median (range) of prior

DMF treatment duration,

months

– 13.7

(0.2–91.6)

All values reported as n (%) unless otherwise stated
AE adverse event, DMF dimethyl fumarate, DMT disease-
modifying therapy, DRF diroximel fumarate, GI gastroin-
testinal, ICD-10 International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision,
MS multiple sclerosis
a Regional breakdown based on 2020 US Census categories
for region

Table 2 DRF treatment exposure

DRF
treatment
duration

Overall
population
(n = 1143)

DMF to DRF
subgroup
(n = 433)

Median

(range),

months

7.1 (0.1–20.0) 6.9 (0.6–18.6)

Exposure categories

B 3 months 77 (6.7) 19 (4.4)

3–6 months 242 (21.2) 92 (21.2)

6–9 months 531 (46.5) 233 (53.8)

9–12 months 179 (15.7) 69 (15.9)

[ 12 months 114 (10.0) 20 (4.6)

All values reported as n (%) unless otherwise stated
DMF dimethyl fumarate, DRF diroximel fumarate
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the GI tolerability profile shown in clinical trials
[11, 16, 28]. Discontinuation of DRF due to GI
AEs in this study was 4.5% in the overall pop-
ulation and 3.5% in the DMF to DRF switch
subgroup. Although the phase 3 EVOLVE-MS-1
study reported a lower discontinuation rate due
to GI AEs in patients treated with DRF (\1%)
[11, 16, 28], a similar trend was observed with
DMF, where discontinuation rates increased
three- to fourfold in real-world studies com-
pared with clinical trials. In DMF studies, the
GI-related discontinuation rate was 5–19% in
real-world studies compared with approxi-
mately 4% in clinical trials [21, 22, 25, 30–32].

A previous retrospective study using US
claims databases, reported PDCs of 68.2% for
teriflunomide, 71.0% for DMF, and 81.4% for
fingolimod at 1 year of treatment [36]. The high
rate of adherence with DRF (mean PDC 90.8%)
in our study demonstrated that patients had
good therapeutic coverage with infrequent gaps

in therapy fulfillment. PDC was also high in the
DMF to DRF switch subgroup (90.7%), suggest-
ing that switching to DRF is a viable treatment
strategy for patients on DMF.

Some HCPs may prescribe an extended
titration period (beyond the US prescribing
information 1-week titration for DRF) when
initiating patients on DMF/DRF [37]. This was
accounted for in sensitivity analysis 1 by
excluding the first prescription from the PDC
calculation, and there was a slight increase in
mean PDC to 94.9% in the overall population
and 95.7% in the DMF to DRF switch popula-
tion. PDC was also high in patients with a DRF
treatment of C 6 months, suggesting that
patients can maintain the two-capsule, twice-
daily dosing regimen, and that this pill burden
does not negatively affect adherence and
persistence.

High adherence to DMTs is an important
factor in achieving optimal outcomes in MS

Fig. 1 Persistence to DRFa in the overall study population
and DMF to DRF subgroup. aPersistence was characterized
using the Kaplan–Meier method with 95% CIs (95% CI
indicated by shaded area). Although some patients were
treated for up to 20 months, the Kaplan–Meier estimate

for DRF persistence was reported to 16 months to ensure a
meaningful sample size. Patient numbers beyond
16 months are too small to yield a reliable estimate. CI
confidence interval, DMF dimethyl fumarate, DRF dirox-
imel fumarate
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treatment, and previous studies have demon-
strated that patients with MS who were more
adherent to DMTs were at a lower risk of relapse
and MS-related inpatient hospitalizations, had
fewer care or physician visits, and had lower
MS-related costs [38–40]. Although consensus
on what is deemed an acceptable level of
adherence has not been reached, a PDC C 80%
is generally considered to be adherent [6, 8, 41].
Using PDC C 80% as the standard, adherence to
DRF in this study remained high: 85.4% of
patients in the overall population, 94.3% of

patients in the analysis excluding the first pre-
scription, and 84.6% of patients who had
remained on DRF C 6 months had a PDC
C 80%. Similar values for percentage of patients
with PDC C 80% were recorded in the subgroup
of patients switching from DMF to DRF.

Table 3 Treatment discontinuation rate and discontinuations due to GI AEs

Characteristic Overall population (n = 1143) DMF to DRF subgroup (n = 433)

n (%) 95% CI n (%) 95% CI

Discontinued DRF 137 (12.0) 10.1–13.9 31 (7.2) 4.2–8.9

Discontinued DRF due to GI AEs 52 (4.5)a 3.3–5.8 15 (3.5)b 1.9–5.7

AE adverse event, CI confidence interval, DMF dimethyl fumarate, DRF diroximel fumarate, GI gastrointestinal
aIn the overall population, other non-GI related reasons for DRF treatment discontinuation included ‘‘other AE’’ (n = 69),
‘‘physician decision—pursuing alternate therapy’’ (n = 9), ‘‘lack of efficacy’’ (n = 6), and ‘‘patient decision—pursuing
alternate therapy’’ (n = 1)
bIn the DMF to DRF subgroup, other non-GI related reasons for DRF treatment discontinuation included ‘‘other AE’’
(n = 14) and ‘‘lack of efficacy’’ (n = 2)

Fig. 2 Adherence to DRF in the overall study population.
aSensitivity analysis 1: excluding first DRF fill to account
for healthcare provider–prescribed extended titration
regimens. bSensitivity analysis 2: subgroup of patients

with C 6 months of treatment duration. CI confidence
interval, DMF dimethyl fumarate, DRF diroximel fuma-
rate, PDC proportion of days covered
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Fig. 3 Adherence to DRF in the DMF to DRF subgroup.
aSensitivity analysis 1: excluding first DRF fill to account
for healthcare provider–prescribed extended titration
regimens. bSensitivity analysis 2: subgroup of patients

with C 6 months of treatment duration. CI confidence
interval, DMF dimethyl fumarate, DRF diroximel fuma-
rate, PDC proportion of days covered

Fig. 4 Adherence before and after switching to DRF in
patients with lingering GI AEs on DMF (n = 18)a.
aLingering GI AEs were defined as those GI AEs resulting
in discontinuation of DMF C 1 year after initiating DMF.

AE adverse event, CI confidence interval, DMF dimethyl
fumarate, DRF diroximel fumarate, GI gastrointestinal,
PDC proportion of days covered
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After switching to DRF, adherence
improved in DMF treated patients who
had lingering GI AEs

Adherence in a subset of patients (n = 18) with
lingering GI AEs on DMF increased significantly
when they switched to DRF. Mean PDC in this
group increased from 71.1% on DMF to 92.9%
on DRF, while the percentage of patients with
PDC C 80% increased from 44.4% on DMF to
94.4% on DRF. Thirty-seven (41.6%) of the 89
patients with a known reason for discontinuing
DMF discontinued due to GI AEs; however, this
may be underrepresented as 344 (79.4%)
patients had an unknown reason for discon-
tinuing treatment with DMF. These data suggest
that switching patients to DRF may be a viable
strategy for improving treatment adherence in
patients with lingering GI AEs on DMF; how-
ever, interpretation of this subset analysis is
limited due to the small sample size of patients
with lingering GI AEs on DMF. Additional fol-
low-up is warranted to further characterize this
specific subgroup.

Limitations

While furthering this research by including
comparative analyses with other DMTs would
be worthwhile, the AcariaHealth SPP lacks
detailed baseline characteristics available
through other types of data sources, such as a
retrospective chart review, limiting its use for
comparative studies that require baseline data
to adjust for differences between comparator
groups.

The scope of the study included systemic
evaluation of GI-related AEs, as those were AEs
of interest based on the clinical development of
DRF and the previous phase 3 study demon-
strating differentiated GI profile for DRF [16].
Therefore, this study was not designed to sys-
tematically evaluate other AEs, though this
could be done in future analyses of the Acar-
iaHealth Specialty Pharmacy. The study was
also limited to information captured by the
pharmacy database; for example, it is likely the
number of patients DMT-naı̈ve is lower than the
reported 60.3%, as some patients may have

been treated with a prior DMT that was not
captured in the pharmacy database. Neverthe-
less, this study provides valuable information
on DRF, as there is limited real-world data pre-
sently available for DRF. Furthermore, although
these data lack some of the granular informa-
tion that could be captured in a medical
chart review study, medical chart reviews would
likely have smaller patient numbers than those
included in this analysis.

It is possible that the discontinuations due to
GI AEs may have been overreported in this
study, as GI AEs included any unknown AE (i.e.,
an AE lacking details regarding the nature of the
event) that occurred within 90 days of initiating
DRF therapy. However, this approach was used
to avoid underestimation of the GI AE discon-
tinuation rate, and because GI AEs that occurred
in patients taking DMF typically occurred in the
first 10–12 weeks of treatment [31].

In addition, PDC as a measure of adherence
has limitations, as it measures timely refilling
and a patient’s access to a drug, but it cannot
definitively determine if a patient is taking each
dose of medication as directed; this limitation is
not unique to PDC, as it applies to most mea-
sures of adherence, including pill counting.
PDC was used to measure adherence in this
study rather than medication possession ratio
(MPR), as MPR represents the sum of days’
supply for all prescription fills relative to the
number of days in the treatment period. This
means that if the patient obtains medication
earlier than required, the MPR could be[
100%, providing a measurement that overesti-
mates adherence. Using PDC eliminates this
possibility. Furthermore, the AcariaHealth SPP
does not automatically ship DRF refills to
patients; instead, they require that patients
indicate when the next refill is needed, making
PDC a reasonable estimate of adherence for this
study. Despite its limitations, PDC is widely
accepted as a valid measure of patient adher-
ence and is the preferred method for assessing
adherence by the Pharmacy Quality Alliance for
use in the Medicare plan Star Ratings [42].

Finally, it is important to note that the
median age of patients in the overall population
of this study was 51 years old, and patients
ranged from 19 to 83 years of age. This is an
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older population than typically seen in clinical
trials, with previous DRF trials having a median
age of approximately 40 years old [11, 16, 28].
The difference in age is likely due to this being a
real-world study, whereas clinical trials typically
set an upper age limit. Although the effect of
age on adherence to treatment is not known,
these data reflect the use of DRF in real-world
clinical practice.

CONCLUSIONS

In this updated analysis of more than 1000
patients treated with DRF in real-world clinical
practice, overall persistence was high, treatment
discontinuation due to GI AEs was low, and
patients were highly adherent to therapy. In a
subgroup of patients who switched from DMF
to DRF, most patients ([90%) were able to
tolerate DRF after switching, and these patients
had a high rate of adherence consistent with the
overall population. In patients who experienced
lingering GI AEs on DMF and subsequently
switched to DRF, most (89%) remained persis-
tent to DRF after switching, and medication
adherence significantly increased after switch-
ing from DMF to DRF.
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