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ABSTRACT

Introduction: Persistence to multiple sclerosis
(MS) disease-modifying therapy is fundamental
for maximal treatment outcomes. Diroximel
fumarate (DRF) is approved in the USA for
relapsing MS. Following oral administration,
DRF is metabolized to monomethyl fumarate,
the active metabolite of dimethyl fumarate
(DMF). DRF showed clinically significant
improvements in gastrointestinal (GI) tolera-
bility versus DMF in a head-to-head clinical
trial; however, real-world persistence/adherence
has not been assessed. We evaluated
persistence/adherence in DRF-treated patients
in a real-world clinical practice.
Methods: This retrospective analysis of the
AcariaHealth Specialty Pharmacy Program
included patients initiating DRF from
4 December 2019 through 3 April 2020 and
followed until data extraction (31 August 2020).
Exclusion criteria included undetermined
treatment status (e.g., DRF prescription transfer
to a different pharmacy). Endpoints included
persistence (overall proportion of patients
remaining on DRF), discontinuation rate due to

GI adverse events (AEs), and adherence (pro-
portion of days covered [PDC]). GI AEs included
GI-related AEs occurring at any time, or any
unknown AE without details about the nature
of the event if the unknown AE
occurred B 90 days after DRF initiation.
Results: Overall, 160 patients with MS were
included. Median (range) patient age was 51
(20-79) years, 80.6% (129/160) of patients were
female, and 16.3% (26/160) had prior DMF
treatment. Median (range) treatment duration
was 7.6 (0.1-10.4) months. Estimated propor-
tion of patients remaining persistent on DRF
treatment at 8 months was 88.6% (95% confi-
dence interval [CI] 82.5–2.7). Overall, 3.8% (6/
160) of patients discontinued due to GI AEs.
Mean PDC was 91.4% (95% CI 89.1-93.7). In a
DMF-to-DRF switch subgroup, 92.3% (24/26)
remained persistent on DRF, and 3.8% (1/26)
discontinued DRF due to GI AEs.
Conclusion: This real-world analysis of DRF-
treated patients showed high overall persis-
tence, low discontinuation rate due to GI AEs,
and high adherence to therapy, aligning with
expectations based on DRF clinical trials. Data
were consistent in the DMF-to-DRF subgroup.
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide and infographic, to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.14179409.

INTRODUCTION

Many disease-modifying therapies (DMTs) have
been introduced to the market over the last
20 years for the treatment of multiple sclerosis
(MS) [1], with nearly 20 oral, injectable, and
infused medications now available [2, 3]. Per-
sistence to DMT treatment enables patients to
achieve optimal results from their medication
in chronic diseases such as MS [4, 5]. With
numerous treatment options now available for
MS, it is important that the chosen DMT not
only has a benefit–risk profile appropriate for
the patient’s MS, but is also a treatment the
patient can tolerate [6, 7]. Factors in patient
treatment preferences may include anticipated
gains in efficacy, frequency and mode of
administration, and side effects [7].

Diroximel fumarate (DRF) is an oral fumarate
approved in the USA for the treatment of
relapsing forms of MS, administered as a main-
tenance dose of two 231-mg capsules twice daily
[8]. Following oral administration, DRF is
metabolized to monomethyl fumarate, the
same pharmacologically active metabolite as
dimethyl fumarate (DMF) and, therefore, the
overall safety and efficacy profiles of DRF and
DMF are expected to be similar [8, 9]. DMF has
demonstrated a favorable benefit–risk profile
in clinical studies of patients with
relapsing–remitting MS; however, some patients
taking DMF experience gastrointestinal (GI)
adverse events (AEs) early in treatment that may
lead to dose interruption or discontinuation
[10–12]. Compared with DMF, DRF has a

distinct chemical structure and a higher
molecular weight that is hypothesized to pro-
duce less GI irritation in the GI tract and
improve GI tolerability due to less reactivity
with off-target proteins [13].

Two phase 3 clinical trials of DRF have
demonstrated favorable GI tolerability and low
rates of GI-related treatment discontinuation in
patients with relapsing–remitting MS. DRF
demonstrated clinically significant improve-
ments in GI tolerability compared with DMF in
the phase 3, randomized, head-to-head
EVOLVE-MS-2 study, with significantly fewer
days of patient-assessed GI symptoms and lower
rates of GI AEs (DRF 34.8% vs. DMF 49.0%) and
discontinuation due to GI AEs (DRF 0.8% vs.
DMF 4.8%) [14]. DRF demonstrated a similarly
low rate of treatment discontinuation due to GI
AEs (0.7%) in the ongoing, 2-year, single-arm,
open-label EVOLVE-MS-1 study [15]. Adherence
to DRF was also high in EVOLVE-MS-1, with a
mean treatment adherence of 93% [16] and,
importantly, 91% of patients were C 80%
adherent to treatment [16]. A post hoc analysis
of EVOLVE-MS-2 showed that the improved GI
profile of DRF compared with DMF translated
into clinically meaningful benefits to quality of
life and work productivity [17].

The rate of treatment discontinuation
observed in clinical trials may not be indicative
of the rate observed in real-world clinical prac-
tice. This is not unexpected given the stringent
inclusion criteria used in phase 3 clinical trials
compared with the more diverse patient popu-
lation receiving treatment in a real-world set-
ting, as well as the structured nature of the
phase 3 clinical trial setting. In studies with
DMF, the rate of treatment discontinuation due
to GI AEs was approximately 4% in random-
ized phase 3 clinical trials [9], whereas the rate
was significantly higher in real-world studies,
varying from 5 to 19% in studies ranging in
duration from 3 to 37 months [18–23].

Although the observed rate of treatment
discontinuation due to GI AEs was\1% with
DRF in clinical trials, there are no data charac-
terizing GI-related discontinuations or persis-
tence to treatment in patients treated with DRF
in the real-world setting. Based on DMF expe-
rience, we expect to see an increase in real-
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world DRF discontinuation rates relative to
clinical studies. We also expect that adherence
to DRF in the real-world setting might not be as
high as that observed in clinical trials, based on
data suggesting that average adherence to MS
DMTs may be approximately 60% [24], and
previous studies have shown DMF to have a
mean adherence rate of approximately 70%
[24, 25]. Therefore, the objective of this study
was to evaluate persistence to therapy, discon-
tinuation rates due to GI AEs, and adherence in
patients with MS treated with DRF in real-world
clinical practice using the AcariaHealth Spe-
cialty Pharmacy Program (SPP).

METHODS

Data Source

A retrospective analysis of the AcariaHealth SPP
included patients with MS who received their
first DRF prescription from the specialty phar-
macy provider AcariaHealth (Troy, MI, USA)
from 4 December 2019 through 3 April 2020.
Patients were followed until data extraction on
31 August 2020. Based on the dates of DRF ini-
tiation and data extraction, all patients in the
study had the potential to be treated with DRF
for nearly 5 months. Patients were excluded if
their treatment status was indeterminate, such
as in the case of transferral of the DRF pre-
scription to a different pharmacy. Information
on a patient’s prior DMT use was based on
pharmacy records.

This was a retrospective noninterventional
study. All patient information was anonymized,
and patient confidentiality was maintained
through compliance with Health Insurance
Portability and Accountability Act (HIPAA)
regulations. This analysis is based on previously
collected data and does not involve any new
studies of human or animal subjects performed
by any of the authors.

Study Endpoints

Endpoints included persistence (defined as the
overall proportion of patients remaining on

therapy), discontinuation rate due to GI AEs,
and adherence. GI AEs included events that
were directly GI related, in addition to any
unknown AE (i.e., an AE lacking details regard-
ing the nature of the event) that occurred
within 90 days of initiating DRF therapy. We
undertook this analytical approach to avoid
underestimation of the GI AE discontinuation
rate. Information on patient AEs and reasons for
treatment discontinuation were collected by
AcariaHealth pharmacy staff prior to each pre-
scription refill and recorded in the pharmacy
database. Adherence, as measured by the pro-
portion of days covered (PDC), was calculated as
the number of days that a patient is ‘‘covered’’
by having medication on hand in the treatment
period, divided by the total number of days in
the treatment period, multiplied by 100%.

Statistical Analysis

Descriptive statistics were used to summarize
demographic and clinical characteristics of the
study population. Continuous variables were
summarized using the mean (standard devia-
tion [SD]) or median (range) as appropriate, and
categorical variables were summarized using
frequency (percentage). Persistence was charac-
terized using the Kaplan–Meier method with
95% confidence intervals (CIs). Although some
patients were treated for up to 10 months, the
Kaplan–Meier estimate for DRF persistence was
reported for up to 8 months to ensure a mean-
ingful sample size. Discontinuation rate and
PDC were also characterized with 95% CIs.

To account for a situation in which a
healthcare provider (HCP) prescribed an exten-
ded titration period beyond the US prescribing
information-recommended 1-week titration for
DRF, potentially causing a gap or delay for
obtaining the first refill, we conducted a PDC
sensitivity analysis, in which we excluded
month 1 (the first DRF shipment) from the PDC
calculation. We also evaluated PDC in a sub-
group of patients who were treated with DRF for
C 6 months to determine whether the PDC
could be impacted by patients who have only
been on treatment for\6 months. Finally, we
assessed discontinuation rate and
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discontinuation due to GI AEs in a subgroup of
patients who had received DMF as their most
recent DMT before switching to DRF.

RESULTS

Overall Study Population

Overall, the analysis included 160 patients with
MS; the median (range) age was 51 (20–79)
years, and 80.6% (129/160) of patients were
women (Table 1). A total of 16.3% (26/160) of

patients had received prior DMF treatment.
Median (range) DRF treatment duration was 7.6
(0.1–10.4) months.

The estimated proportion of patients
remaining persistent on DRF treatment at
8 months was 88.6% (95% CI 82.5–92.7)
(Fig. 1). Overall, 3.8% (95% CI 1.4–8.2) of
patients discontinued due to GI AEs (Table 2).
Mean PDC was 91.4% (95% CI 89.1–93.7)
overall and remained high, both when exclud-
ing the first DRF fill to account for extended
titration (94.6%; 95% CI 93.4–95.9) and in a
subgroup of patients treated for C 6 months

Table 1 Patient demographics and baseline disease characteristics: overall study population

Patient demographics and baseline characteristics Overall (N = 160)

Age, years

Median (range) 51 (20–79)

Age\ 55 years 100 (62.5)

Age C 55 years 60 (37.5)

Female 129 (80.6)

MS diagnosis

Confirmed by ICD-10 code for MS 124 (77.5)

Inferred by drug therapy classification of MS 36 (22.5)

US regiona

Northeast 19 (11.9)

Midwest 42 (26.3)

South 63 (39.4)

West 36 (22.5)

No prior DMTb 131 (81.9)

Prior DMT

Interferon 5 (3.1)

Teriflunomide 1 (0.6)

Dimethyl fumarate 26 (16.3)

DRF treatment duration, months, median (range) 7.6 (0.1–10.4)

All values reported as n (%) unless otherwise indicated
DMT Disease-modifying therapy, DRF diroximel fumarate, 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
b Based on pharmacy record
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(92.3%; 95% CI 87.3–97.2) (Fig. 2a). The pro-
portion of patients with PDC C 80% was 88.1%
overall, 93.6% when excluding the first DRF fill,
and 87.5% in patients treated for C 6 months
(Fig. 2b).

DMF-to-DRF Subgroup

Demographics of the 26 patients within the
DMF-to-DRF subgroup are shown in Table 3.
Median (range) age (51 [35–79] years) and pro-
portion of female patients (84.6% [22/26]) were
similar to the overall study population. Fifteen
of the patients in this subgroup had a known
reason for discontinuing prior DMF therapy; the

Table 2 Treatment discontinuation rate and discontinuation due to gastrointestinal adverse events

Characteristic Overall (N = 160) DMF-to-DRF subgroup (n = 26)

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

Discontinued DRF 18 (11.3) 6.7–17.8 2 (7.7) 0.9–27.8

Discontinued DRF due to GI AE 6a (3.8) 1.4–8.2 1b,c (3.8) 0.1–21.4

AE adverse event, DMF dimethyl fumarate, GI gastrointestinal
a In the overall population, the other non-GI related reason for DRF treatment discontinuation included ‘‘other AE’’
(n = 11) and ‘‘physician decision—pursuing alternate therapy’’ (n = 1)
b The one patient in the DMF-to-DRF subgroup who discontinued DRF due to GI AEs had also discontinued prior DMF
therapy due to GI AE at 60 days after DMF initiation. After switching to DRF, the patient was treated for 30 days prior to
discontinuing treatment
c In the DMF-to-DRF subgroup, the other non-GI related reasons for DRF treatment discontinuation included ‘‘other AE’’
(n = 1)

Fig. 1 Persistence to DRF in the overall study population
(N = 160). Dashed lines represent 95% confidence inter-
vals. The Kaplan–Meier-estimated proportion of patients

remaining persistent on DRF therapy at 8 months was
88.6% (95% CI 82.5–92.7). DRF Diroximel fumarate
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remaining 11 discontinued DMF for unknown
reasons. Of the 15 patients with a known reason
for discontinuing prior DMF therapy, 86.7%
(13/15) had switched to DRF due to GI tolera-
bility issues while on DMF treatment, and
13.3% (2/15) discontinued prior DMF therapy
due to an AE unrelated to GI AE issues (acne
n = 1, flushing/flushing-related events n = 1).
Median (range) duration of prior DMF therapy
in the DMF-to-DRF subgroup was 7.2 (0.2–56.5)
months; however, median (range) duration of
prior DMF therapy in the 13 patients who dis-
continued DMF due to GI AEs was 2.0 (0.2–10.9)
months. Median (range) DRF treatment dura-
tion in the DMF-to-DRF switch subgroup was
6.8 (1.0–8.4) months.

In the DMF-to-DRF subgroup, 92.3% (24/26)
of patients remained persistent on DRF at the
time of the analysis. The rate of DRF treatment
discontinuation due to GI AEs was 3.8% (1/26).
The one patient who discontinued due to a GI
AE had also discontinued prior DMF therapy
due to a GI AE 60 days after DMF initiation.
After switching to DRF, the patient was treated
for 30 days before discontinuing therapy. Aside
from this one patient, none of the other DMF-
to-DRF switch patients discontinued DRF due to
GI AEs.

DISCUSSION

In this real-world analysis of 160 patients with
MS treated with DRF, overall persistence was
high, discontinuation rate due to GI AEs was
low, and patients were highly adherent to
therapy, consistent with expectations based on
the GI tolerability profile shown in clinical trials
[14–16]. When DMF moved from clinical trials
to real-world practice, there was a three- to
fourfold increase in GI-related discontinuation
rates. The DRF GI discontinuation rate in this
study (3.8%) is higher than the\ 1% rate seen
in clinical trials [14, 15], but it is still lower than
the observed rate of GI discontinuations with
DMF (5–19%) based on previous real-world
studies spanning 3 months to 3 years [18–23].

The DRF adherence rate in this analysis was
considerably higher than rates previously
observed with other DMTs, including DMF.
DRF-treated patients in this study had an overall
mean PDC of 91.4%, while data from a large
claims database found that treatment adher-
ence in the year after DMT initiation was 69%
with DMF, 63% with interferon beta or glati-
ramer acetate, 67% with teriflunomide, and
79% with fingolimod [25]. The high rate of
adherence with DRF indicated that gaps in
therapy fulfillment were infrequent. Some HCPs

Fig. 2 Adherence to DRF in the overall study population.
a Mean PDC, b proportion of patients with PDC C 80%.
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 treatment duration. DRF diroximel
fumarate, CI Confidence interval, PDC proportion of days
covered
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may prescribe an extended titration regimen
with fumarates at initiation to preemptively
address potential tolerability [26]; under these
circumstances, a patient may be delayed in
requesting their first refill. When accounting for
this in the sensitivity analysis by excluding the
first prescription from the PDC calculation, we
did observe an increase in mean PDC to 94.6%.
PDC was also high in patients with a DRF
treatment duration of C 6 months, suggesting
that the two-capsule, twice-daily dosing regi-
men did not impact a patient’s ability to

maintain dosing as prescribed. Irrespective of
analytical method, these data suggest a high
level of adherence in this DRF-treated patient
population. Previous studies have shown that
patients who were more adherent to MS therapy
were at a lower risk of relapse and MS-related
inpatient hospitalizations, had lower MS-related
costs, and had fewer ambulatory care visits or
physician visits [27–29].

In the DMF-to-DRF subgroup, one-half (13/
26) of patients had switched to DRF owing to GI
tolerability issues on DMF, although it is

Table 3 Patient demographics and baseline disease characteristics: DMF-to-DRF subgroup

Patient demographics and baseline characteristics DMF-to-DRF subgroup (N = 26)

Age, years

Median (range) 51 (35–79)

Age \ 55 years 14 (53.8)

Age C 55 years 12 (46.2)

Female 22 (84.6)

MS diagnosis

Confirmed by ICD-10 code for MS 22 (84.6)

Inferred by drug therapy classification of MS 4 (15.4)

US regiona

Northeast 1 (3.8)

Midwest 8 (30.8)

South 6 (23.1)

West 11 (42.3)

Reason for discontinuing prior DMF therapy

Known reason 15 (57.7)

GI AE 13 (86.7)

Other AEb 2 (13.3)

Unknown reason 11 (42.3)

Prior DMF treatment duration, months, median (range) 7.2 (0.2–56.5)

DRF treatment duration, months, median (range) 6.8 (1.0–8.4)

All values reported as n with the percentage in parenthesis, unless otherwise indicated
AE adverse event, DRF diroximel fumarate, GI gastrointestinal, 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
b One patient reported acne as the AE leading to discontinuation, and 1 patient reported flushing/flushing-related events
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possible that the number may be underesti-
mated, as an additional 11 (42.3%) patients had
an unknown reason for discontinuing treat-
ment with DMF before starting DRF. Similar to
the overall patient group, the GI AE discontin-
uation rate was low (3.8%) in the DMF-to-DRF
switch subgroup, but the sample size of patients
previously treated with DMF was small and
additional follow-up is therefore warranted.

Consensus on what is deemed an accept-
able level of adherence is yet to be reached [30],
although a PDC of C 80% is considered to be
adherent in many disease states, including MS
[31–34]. For MS, past research has shown that
patients on DMTs with a PDC of C 80% have
better treatment outcomes [35]. Further, the US
government’s Centers for Medicare and Medi-
caid Services Star Rating system for pharmacy
quality measures specifies that prescriptions for
statins, noninsulin diabetes (oral antiglycemic
agents), and renin angiotensin system antago-
nists should cover C 80% of days in a period in
order to be deemed adherent [36]. Adherence to
DRF in our study population was high. Here, we
report that the overall proportion of patients
with PDC C 80% was 88.1% in the overall
population, 87.5% in patients treated
for C 6 months, and 93.6% when excluding the
first DRF fill.

There were limitations to this study. While it
would be desirable to further our research with
comparative analyses versus other DMTs, the
AcariaHealth SPP lacks detailed baseline char-
acteristics available through other types of data
sources, such as a retrospective chart review,
limiting its use for comparative studies that
require extensive baseline data to ensure bal-
anced comparator groups. Nevertheless, the
AcariaHealth SPP is a valuable data source for
characterization of early real-world experience
with DRF. In addition, PDC measures timely
refilling and whether the patient has access to
the drug, but it cannot definitively determine if
a patient is taking each dose of medication as
directed. However, we feel confident that the
PDC data provide a reasonable estimate of
adherence because patients in this study had to
indicate when the next refill was required due
to AcariaHealth’s policy of not automatically
shipping DRF refills to patients. We elected to

use PDC to measure adherence in this study
rather than medication possession ratio, which
is an alternative measure that represents the
sum of days’ supply for all prescription fills rel-
ative to the number of days in the treatment
period. We chose PDC because the medication
possession ratio could be[ 100% if a patient
obtains medication earlier than required (i.e.,
early refills). The PDC ratio provides a more
accurate representation of medication adher-
ence by eliminating the possibility of being
unreasonably elevated. Despite some limita-
tions, PDC is widely accepted as a valid measure
of patient adherence and is the preferred
method for assessing adherence by the Phar-
macy Quality Alliance for use in the Medicare
plan Star Ratings [36]. A further limitation of
this study is the short follow-up period.
Although the median DRF treatment duration
in the current analysis was only 7.6 months, we
believe it is clinically relevant based on previous
studies of DMF and DRF showing that GI tol-
erability issues generally occur early in treat-
ment, typically within 3 months of DMF or DRF
initiation [12, 15]. Our data characterize the
initial, short-term, real-world experience with
DRF; additional follow-up is warranted to eval-
uate longer-term persistence and adherence to
DRF.

CONCLUSIONS

In conclusion, this real-world analysis of DRF-
treated patients showed that overall persistence
was high (estimated proportion remaining per-
sistent at 8 months 88.6%, (95% CI 82.5–92.7),
discontinuation rate due to GI AEs was low
(3.8%), and patients were highly adherent to
therapy (mean PDC 91.4%), consistent with
expectations based on clinical trials. Similar
results were observed in patients who switched
from DMF to DRF treatment. Future analyses of
the AcariaHealth SPP with larger patient num-
bers and longer follow-up will provide addi-
tional insights on persistence and adherence to
DRF in the real-world setting.
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