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Aim: Anti-CD20 monoclonal antibodies and fumarates are common multiple sclerosis (MS) disease-
modifying therapies (DMTs). Data on switching from anti-CD20s to other DMTs are limited. This
retrospective, observational study of the US Komodo Health Sentinel claims database aimed to evaluate
a de-escalation strategy in a real-world cohort, comparing clinical characteristics, relapses, healthcare
encounters (HCEs) and healthcare costs (HCCs) between patients aged >18 years with stable MS who
switched from anti-CD20s to fumarates (‘Switchers’) versus patients who stayed on anti-CD20s (‘Stayers’).
Materials & methods: Patients with MS (diagnosed 1 January 2015-31 August 2022) were propensity score
matched 5:1 (Stayers:Switchers) and followed from index to end of study; end of insurance eligibility; >45-
day gap in index DMT, or DMT switch. Primary outcomes were clinical characteristics and claims-based
annualized relapse rate (ARR). Rates of HCEs and HCCs were estimated. Results: Baseline characteristics
were well balanced between cohorts (Stayers, n = 540; Switchers, n = 108). Mean (SD) duration of post-
index follow-up was 341.4 (250.0) days for both cohorts. Mean (SD) ARR was 0.08 (0.41; Stayers) versus
0.14 (0.5; Switchers; p = 0.3). Twenty-one Stayers (3.9%) and 1 Switcher (0.9%) were hospitalized for
infections, with mean stays of 9.9 and 1 day, respectively. Mean annualized all-cause HCEs were similar
between cohorts; annualized inpatient infection-related HCEs were higher for Stayers versus Switchers
(mean difference: -0.05; p = 0.005). Annualized all-cause HCCs were similar between cohorts; Switchers
had lower annualized infection-related HCCs overall (mean difference: -$2412; p = 0.002) and in the
inpatient setting (mean difference: -$2325; p = 0.002). Conclusion: After 1 year, no significant differences
in ARR emerged between cohorts. Switchers experienced lower inpatient infection-related HCEs, shorter
inpatient infection-related hospital stays and lower overall infection-related HCCs.

Plain language summary - a study looking at people living with multiple sclerosis who switched from
treatment with anti-CD20s to fumarates
What is this article about?
e There are many medications available to treat multiple sclerosis (MS) but each differs in how they work,
how well they work and associated risks.
e Common medications to treat MS include anti-CD20 monoclonal antibodies and fumarates.
e The aim of this study was to understand the differences in relapses, healthcare visits and healthcare
costs in people with stable MS who switched from anti-CD20 to fumarates compared with a matched &
group of people who stayed on anti-CD20. e °Becaw!:.l.§
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What were the results?

e The people in both groups (those who stayed on treatment and those who switched treatment) had
similar age, race, insurance type, disease severity and length of time taking anti-CD20 medication. No
significant differences in relapse rate were observed between the two groups. Overall healthcare claims
and healthcare costs were similar between both groups.

e Patients who switched treatment had lower healthcare claims and healthcare costs related to infections.
Costs and healthcare claims related to infections were similar in the emergency room and outpatient
setting.

What do the results mean?

e After 1 year, people living with MS who switched treatments from anti-CD20 to fumarates had similar
treatment efficacy compared with people who stayed on anti-CD20, but they had fewer infections
requiring visits to a healthcare provider or hospital.

First draft submitted: 30 April 2024; Accepted for publication: 13 January 2025; Published online:
12 February 2025

Keywords: anti-CD20 monoclonal antibodies e de-escalation e fumarates e healthcare costs e healthcare encounters
e multiple sclerosis e switching

Although there are no curative therapies for multiple sclerosis (MS), the treatment options have expanded con-
siderably over the past three decades; including generics, there are currently over 20 disease-modifying therapies
(DMTs) available that can alter the course of the disease by reducing disease activity and accumulation of disabil-
ity [1-4]. These medications differ in their routes of administration, mechanisms of action and efficacy and safety
profiles [1,3,4. Given that MS is a chronic disease requiring long-term treatment, switching between the many
available DMTs, often for tolerability, safety or lack of efficacy, is a common clinical strategy to optimize individual
patient outcomes [2,5,6].

Optimizing treatment of MS is important not only because of the impact on the lives of patients and their
caregivers, but also because of the significant healthcare costs and subsequent economic impact. With the expanding
options available for treatment and the advent of multiple high-efficacy therapies, goals of treatment have shifted to
achieving no evidence of disease activity, monitoring for progression independent of relapses and mitigating risks
of DMTs in the long term [7-9).

There is heterogeneity in treatment strategies used in clinical practice [2,10,11]. Two approaches typically used in
the treatment of patients with newly diagnosed relapsing-remitting MS are an escalating approach and an early
intensive treatment approach [11]. An escalating approach to DMT use is a common method, with the initiation of
mildly efficacious agents (e.g., interferon-beta, glatiramer acetate or teriflunomide) or moderately efficacious agents
(e.g., dimethyl fumarate [DMF], diroximel fumarate [DRF] or sphingosine-1-phosphate receptor modulators), and
then escalating to highly efficacious agents (e.g., natalizumab, anti-CD20s or alemtuzumab) if there is breakthrough
disease activity. Alternatively, in an early intensive treatment approach, there is emerging evidence to support the
benefits of initiation of highly efficacious agents in some patients early in their disease course [10]. Currently in the
US, the most commonly used classes of DMT include anti-CD20 monoclonal antibodies (mAbs) and fumarates [12].

While earlier intervention with high-efficacy therapies may improve long-term clinical outcomes [10], safety
concerns such as the risk of infection may motivate switching. De-escalating treatment by switching to a moderate-
efficacy agent, after disease activity has stabilized, may mitigate safety or tolerability concerns. The importance of
minimizing the risk of infection in patients with MS is a particular concern during a pandemic such as that of
COVID-19 [13-16]. However, there are limited data on patients who have switched from anti-CD20 mAbs due to
efficacy or nonefficacy reasons.

The purpose of this study was to evaluate the effectiveness, safety and healthcare burden of fumarates after
switching from anti-CD20 mAbs for nonefficacy reasons in stable patients, and comparing those outcomes versus
a matched cohort of patients who stayed on anti-CD20 mAbs.

Materials & methods

Study design & patients

This was a retrospective, observational study of the Komodo Health Sentinel database to evaluate changes in
outcomes of patients with MS who switched from anti-CD20 mAbs to fumarates. The Komodo Health Sen-
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Figure 1. Study design.

2Required >12 months on treatment with anti-CD20 mAb, without relapse during the treatment period and washout.
bWashout period is the duration between the end of anti-CD20 mAb exposure days’ supply and the first claim for a
FUM.

¢For each Switcher, the best-matched five controls were selected: (1) from a pool of controls with anti-CD20 mAb
exposure within 0-90 days of Switcher anti-CD20 mAb + FUM exposure; and (2) on propensity score matching plus
baseline assessments evaluated at the time of switch/pseudo-index date. Pseudo-index date was derived for Stayers
based on the index date for their matched pair in the Switchers group.

FUM: Fumarate; mAb: Monoclonal antibody.

tinel database is a real-world dataset that integrates disparate sources of patient-level data to map longitudi-
nal patient journeys. Komodo pulls de-identified, patient-level claims data from clearing house, payer (=150
payers) and provider data sources to follow patients as they move through the healthcare system. Komodo’s
dataset allows researchers to conduct a robust claims-based analysis with a large sample size and long follow-up
periods.

The earliest date of the first fumarates claim following the switch from an anti-CD20 mAb was defined as the
index date for those patients who switched. Patients were eligible for inclusion in this analysis if they were aged
>18 years at index with at least one diagnosis of MS (based on the International Classification of Diseases, Ninth
and Tenth Revision [ICD-9, ICD-10] diagnosis codes) during the study period (1 January 2015 to 31 August
2022) and switched from anti-CD20 mAbs (ocrelizumab, ofatumumab or rituximab) to a fumarate (DMF or
DRF) between 1 January 2017 and 31 May 2022. A gap of <450 days between the administration date of the
last anti-CD20 claim and index fumarate was allowed (calculated as infusion date + 180 days supply + 270 days,
for a maximum gap of 450 days). Patients must have had no relapses in the last year on anti-CD20 mAb therapy
or during the period between anti-CD20 and fumarate initiation and must have had >3 months of exposure to
fumarate post-index (Figure 1).

Patients were propensity score matched at a ratio of 5:1 for those who stayed on anti-CD20 therapy (‘Stayers’)
versus those who switched to a fumarate (‘Switchers’). Stayers were defined as all patients who had >1 year of
exposure to anti-CD20 therapy and who did not have any relapse discernible via claims data during that first
year of anti-CD20 exposure, and >1 year of continuous medical and pharmacy enrollment prior to anti-CD20
exposure. Patients who qualified for the fumarate Switchers group were excluded from the Stayers group. The
index date for Stayers was derived based on the index date for their matched pair in the Switchers group (‘pseudo-
index’). Baseline confounders included in the propensity score model were measured during the 12 months prior to
index/pseudo-index date. Exact marginal distributions were specified for relapses, anti-CD20, sex and one or more
infection encounters in the matching process. Infections were evaluated based on ICD-10 diagnosis codes recorded
in the database. Age, MS Severity Score [17], Charlson Comorbidity Index, number of all-cause encounters, cost of
all-cause encounters, number of infection encounters, costs of infection encounters, pre-anti-CD20 relapses and
pre-anti-CD20 DMT type were included as variables in the propensity score model. Balance between baseline
confounders was determined based on a standardized mean difference of <0.1. Patients were followed from index
date to first occurrence of: end of study, end of insurance eligibility, gap in index DMT >45 days or switch from
index DMT to another DMT.
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Outcomes

The primary objectives were to describe clinical characteristics in the real-world setting and quantify annualized
relapse rate (ARR), in patients with stable MS who switched from anti-CD20 mAbs to fumarates and in the matched
cohort of patients who stayed on anti-CD20 mAb therapy. Relapse was defined as an MS-related inpatient claim
with a primary diagnosis of MS, or an outpatient MS-related diagnosis and prescription claim for an intravenous
steroid, adrenocorticotropic hormone, total plasma exchange or a high-dose oral corticosteroid <7 days after the
outpatient visit. Mild relapses that did not prompt a patient to interact with the healthcare system are not captured
in claims data. Subsequent relapses were counted, provided they occurred at least 30 days after the previous relapse
event.

Secondary objectives included comparisons between matched cohorts of Switchers and Stayers of all-cause and
infection-related post-index healthcare encounters (HCEs) and all-cause and infection-related post-index healthcare
costs (HCCs). Healthcare claims were stratified by inpatient, outpatient, emergency room (ER) or other locations.
Within each stratum, claims were windowed into 30-day intervals. The number of intervals where a patient
experienced a claim was counted to derive the number of HCEs. HCCs were calculated as the summation of
standardized costs associated with each claim (presented in 2022 USD) and did not include the costs of MS DMTs.
HCEs and HCCs were annualized by dividing by the number of days followed then multiplying by 365.

Statistical analyses

Summary statistics were provided for baseline patient characteristics and demographics. For relapses and HCEs,
the frequency and proportion of patients experiencing one or more event and mean annualized rate were presented.
The mean annualized HCCs were also presented. Comparisons between Switchers and Stayers were calculated via
generalized estimating equations accounting for matched-pair correlation. Odds ratios were estimated for binary
variables and mean differences reported for continuous variables. HCEs and HCCs were reported overall (any
location) and also by location. Statistical comparisons were made for the Switchers cohort (reference group) versus
the Stayers cohort. Odds ratios <1 and mean differences <0 favor the Switchers cohort.

Compliance with ethics guidelines
This retrospective analysis was based on data collected as part of the Komodo Health Sentinel database, and
therefore did not involve any new studies of human or animal subjects.

Results

Patients

This analysis included 108 patients who were stable on anti-CD20 mAb therapy and then switched to fumarates
(Switchers), matched to 540 patients who remained on anti-CD20 mAb therapy (Stayers) (Figure 2). Baseline
demographics, insurance plan type and disease characteristics were well balanced after matching. Mean (SD) MS
severity score was 5.53 (2.93) for Stayers and 5.46 (2.80) for Switchers (standardized mean difference: 0.022)
(Table 1). Mean (SD) Charlson Comorbidity Index was 0.53 (1.17) for the Stayer group and 0.46 (0.85) for the
Switcher group (standardized mean difference: 0.062). In the Stayers cohort, a higher proportion of patients were
DMT-naive prior to initiation of anti-CD20 mAb therapy, compared with the Switchers cohort; the proportion of
patients with a relapse in the 1 year prior to anti-CD20 mAb treatment was similar in both cohorts. Mean (SD)
age among this patient group was 48.5 (12.1) years for Switchers and 49.8 (15.1) years for Stayers.

The mean (SD; range) duration of anti-CD20 mAb exposure prior to switching to a fumarate was 730.1 (317.2;
361-1778) days, and the mean (SD; range) duration of anti-CD20 mAb exposure prior to pseudo-index in the
Stayer group was 730.1 (316.0; 361-1778) days (Table 1). In the Switchers group, the mean (SD; range) duration
from last dose of anti-CD20 mAb to fumarate initiation was 123.7 (104.6; 1-452) days (Table 1). The mean
(SD; range) duration of fumarate exposure was 341.4 (250.0; 87-1240) days. Total post-index follow-up time in
the Stayers group was matched exactly to the Switchers group. The mean duration of exposure for the anti-CD20
Stayer cohort was 1071.5 (365.1; 460-1929) days.

Relapses

There was no significant difference in ARR between the Switchers and Stayers cohorts during the follow-up period
(Figure 3); mean (SD) ARR was 0.14 (0.5) for Switchers and 0.08 (0.41) for Stayers (p = 0.3). Of patients who
switched from anti-CD20 mAb to a fumarate, 11/108 (10.2%) experienced a relapse during the follow-up period;
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>1 claim with diagnosis for MS? and =1 MS DMT
claim between 1 January 2015 and 31 August 2022
n = 429,625

>1 claim for anti-CD20 mAb
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\
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n = 1259

\
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el dl::'?% ;N;Shom Figure 2. Study sample for Switchers and Stayers cohorts.
= 2]CD-9-CM diagnosis code 340 or ICD-10 code G35.
\ DMT: Disease-modifying therapy; ICD-9-CM: International
>3 months on FUM CIass.if.icat.ion of Diseases, Ninth Revision, Clinical .
n=108 Modification; FUM: Fumarate; mAb: Monoclonal antibody;
MS: Multiple sclerosis.

36/540 (6.7%) patients who stayed on anti-CD20 mAb therapy experienced a relapse (odds ratio: 1.62; p = 0.19).
Mean (SD) time to first relapse post-index date was 189.7 (131.5) days for Switchers and 250.8 (187.8) days for
Stayers. The Kaplan—Meier estimated proportions of patients relapse free at 6 months were 94.9% (95% confidence
interval [CI]: 90.7%; 99.4%) in the Switcher group and 96.4% (95% CI: 94.7%; 98.1%) in the Stayer group
(p = 0.20); at 12 months, the estimated proportions relapse free were 89.0% (95% CI: 82.2%; 96.3%) in the
Switcher group and 91.9% (95% CI: 88.9%; 95.0%) in the Stayer group (p = 0.20). Of the 11 patients in the
Switchers group who experienced a relapse, two patients experienced a relapse event within the first 3 months after
switching and had 180 days and 412 days between their last dose of anti-CD20 and their first dose of fumarate.
These two patients remained on fumarate treatment after the relapse occurred.

HCEs & HCCs
The annualized rate of all-cause HCEs and annualized all-cause HCCs were similar between patient cohorts.
Mean (SD) annualized rate of all-cause HCEs was 8.08 (4.62) in the Switchers cohort and 7.67 (4.42) in the
Stayers cohort (p = 0.29). Mean (SD) annualized all-cause HCCs were $20,634 ($37,679) for the Switchers and
$20,147 ($70,199) for the Stayers (p = 0.89). Across ER, inpatient and outpatient settings, there were no significant
differences in all-cause HCEs or all-cause HCCs between the cohorts.

Opverall, the probability of experiencing >1 infection-related HCE was not significantly different between the
Switchers and Stayers cohorts (odds ratio: 0.77; p = 0.2) (Figure 4). Annualized rates of infection-related HCEs

10.57264/cer-2024-0071
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Table 1. Baseline demographics and characteristics.

Demographics/characteristics Anti-CD20 mAb Stayers (n = 540) Anti-CD20 mAb to FUM SMD
Switchers (n = 108)
Age,T years, mean (SD) 49.5 (14.0) 49.4 (11.7) 0.009
Female,* n (%) 380 (70.4) 76 (70.4) <0.001
Race/ethnicity, n (%) n =386 n=283 0.208
White 277 (71.8) 64 (77.1)
Black 59 (15.3) 13 (15.7)
Hispanic 24 (6.2) 3(3.6)
Asian or Pacific Islander 7(1.8) 1(1.2)
Other 19 (4.9) 2(2.4)
MS Severity Scoret:S, mean (SD) 5.53 (2.93) 5.46 (2.80) 0.022
Anti-CD20 mAb¥, n (%) <0.001
Rituximab 30 (5.6) 6 (5.6)
Ocrelizumab 505 (93.5) 101 (93.5)
Rituximab then ocrelizumab 5(1) 1(1)
Ofatumumab 0 (0) 0 (0)
Initial FUM used after anti-CD20, n (%) N/A
Dimethyl fumarate N/A 69 (63.9)
Diroximel fumarate N/A 39 (36.1)
Duration of anti-CD20 exposure prior to index date (switch date), days, mean N/A 730.1 (317.2) N/A
(SD)
Duration of anti-CD20 exposure prior to pseudo-index date, days, mean (SD) 730.1 (316.0) N/A N/A
Duration from last anti-CD20 exposure to index date (switch date), days, mean N/A 123.7 (104.6) N/A
(SD)
Baseline HCEs prior to index/pseudo-index date
All-cause HCEsT, mean (SD) 7.98 (4.10) 8.20 (3.88) 0.057
Cost of all-cause HCEst, USD, mean (SD) 11,516 (30,593) 12,278 (20,957) 0.029
Infection-related HCEs*, n (%) 275 (50.9) 55 (50.9) <0.001
Infection-related HCEs', mean (SD) 1.46 (2.39) 1.56 (2.48) 0.04
Cost of infection-related HCEsT, USD, mean (SD) 3037 (19,271) 2611 (8969) 0.028

Comorbidities (>3.0% in either cohort), n (%)

Chronic pulmonary disease 54 (10.0) 12 (11.1) 0.036
Paraplegia and hemiplegia 34 (6.3) 7 (6.5) 0.008
Diabetes without complications 33 (6.1) 6 (5.6) 0.024
Peripheral vascular disease 29 (5.4) 6 (5.6) 0.008
Cerebrovascular disease 22 (4.1) 3(2.8) 0.071
Diabetes with complications 17 (3.1) 4(3.7) 0.031
Mild liver disease 18 (3.3) 4(3.7) 0.02
Rheumatic disease 15(2.8) 5 (4.6) 0.098
Charlson Comorbidity Index’, mean (SD) 0.53(1.17) 0.46 (0.85) 0.062
Any relapse 1 year prior to anti-CD20 mAbT, n (%) n =533 n=99 0.004
80 (15.0) 15 (15.2)
Pre-anti-CD20 mAb DMT type™, n/N (%) n =533 n=99 0.276
Injectable 109 (20.5) 23(23.2)
\% 65 (12.2) 9(9.1)
Oral 205 (38.5) 48 (48.5)
None 154 (28.9) 19 (19.2)

TVariable included as a covariate in the PSM modeling process.

Variable exactly matched in the PSM modeling process.

SMS severity score is derived from a previously published algorithm. The algorithm uses the binary presences of MS symptoms, DMT utilization, durable medical equipment
utilization, MS-related hospitalizations and MS relapses as MS disease severity predictors. MS severity score ranges from 0 to 22; a score of 0-4 indicates low MS severity,
5-10 indicates moderate MS severity and >11 indicates high MS severity [18].

DMT: Disease-modifying therapy; FUM: Fumarate; HCE: Healthcare encounter; IQR: Interquartile range; IV: Intravenous; mAb: Monoclonal antibody; MS: Multiple sclerosis;
N/A: Not applicable; PSM: Propensity score matching; SMD: Standardized mean difference; USD: US dollar.
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Figure 3. Annualized relapse rate. Relapses were captured if they resulted in a patient having an outpatient visit
with their multiple sclerosis clinician, an inpatient hospital stay, an emergency room visit, or intravenous steroid use.
Mild relapses that did not prompt a patient to interact with the healthcare system were not captured in claims data.
ARR: Annualized relapse rate; Cl: Confidence interval; FUM: Fumarate; mAb: Monoclonal antibody; SD: Standard
deviation.
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Figure 4. Probability of infection-related healthcare encounters for Switchers versus Stayers.
ER: Emergency room.

overall (any location) were not significantly different between the two cohorts (mean [SD]: Switchers, 1.12 [2.25];
Stayers, 1.17 [2.15]; mean difference: -0.05; p = 0.79) (Figure 5). There were no significant differences in rates
of infection-related HCEs between cohorts in the ER or outpatient settings. However, in the inpatient setting,
Switchers demonstrated a lower annualized rate of infection-related HCEs (mean [SD]: Switchers, 0.01 [0.09];
Stayers, 0.06 [0.35]; mean difference: -0.05; p = 0.005).

Annualized infection-related HCCs overall were lower in the Switchers cohort than in the Stayers cohort (mean
[SD]: Switchers, $543 [$1932]; Stayers, $2954 [$18,063]; mean difference: -$2412; p = 0.002) (Figure 6). In the
inpatient setting, annualized infection-related HCCs were significantly lower in the Switchers cohort than in the
Stayers cohort (mean [SD]: Switchers, $70 [$729]; Stayers, $2396 [$17,628]; mean difference: -$2325; p = 0.002).
No significant differences in annualized infection-related HCCs were observed between the cohorts in the ER or
outpatient settings.

There was one (0.9%) patient hospitalized (inpatient) for infections in the Switchers cohort, and 21 (3.9%) in
the Stayers cohort (Table 2). For the Switcher patient with the infection-related inpatient hospitalization, infection
types (percentage of overall Switcher cohort) included urinary tract infection (0.9%), sepsis (0.9%) and Escherichia
coli (0.9%); washout period was 108 days between last dose of anti-CD20 mAb and first dose of fumarate. For
Stayers, the most common infection types (n; % of overall Stayer cohort) included COVID-19 (n = 13; 2.4%),
sepsis (n = 7; 1.3%) and pneumonia (n = 4; 0.7%). From date of switch to fumarate (index) or pseudo-index date,
mean (SD) time to inpatient hospitalization for infection was 50.0 (0.0) days for the Switcher patient (n = 1) and
268.6 (210.3) days for Stayers (n = 21). Mean (SD) duration of inpatient hospitalization stay for infection was 1.0
(0.0) day in the Switchers cohort and 9.9 (10.9) days in the Stayers cohort.
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Figure 5. Annualized rate of infection-related healthcare encounters.
ER: Emergency room; HCE: Healthcare encounter.
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Figure 6. Annualized cost of infection-related healthcare encounters. Costs of healthcare encounters did not include
the cost of multiple sclerosis disease-modifying therapies.
ER: Emergency room; USD: US Dollar.
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Table 2. Infection-related hospitalizations' in the Stayers and Switchers co
Infection-related hospitalization Anti-CD20 mAb Stayers Anti-CD20 mAb to FUM Switchers
Patients with infection-related hospitalization, n (%)* 21/540 (3.9) 1/108 (0.9)

Infection type, n (% of overall population)$

COVID-19 13 (2.4) 0
Sepsis 7(1.3) 1(0.9)
Pneumonia 4(0.7) 0
Intestinal infection 3(0.6) 0
Cellulitis of lower limb 2(0.4) 0
Urinary tract infection 1(0.2) 1(0.9)
Escherichia coli 1(0.2) 1(0.9)

TICD-10 codes from infection first-position diagnosis codes for emergency room/inpatient hospitalizations.

A hospitalization could have multiple infection claims for different infection types. For each infection type, individual patients were counted once; one patient was
hospitalized twice in the Stayer group.

S$No other infection-related inpatient hospitalizations for the Switchers. For the Stayers, additional infections resulting in hospitalization included: streptococcus 1 (0.2),
sequelae of other specified infectious and parasitic diseases 1 (0.2), chronic obstructive pulmonary disease with (acute) lower respiratory infection 1 (0.2) and peritonitis 1
(0.2).

FUM: Fumarate; ICD-10: International Classification of Diseases, Tenth Revision; mAb: Monoclonal antibody.

Discussion

This retrospective analysis of the Komodo Health Sentinel database assessed relapses and annualized HCEs (in-
cluding infections) and HCCs in 108 clinically stable patients with MS who switched from anti-CD20 mAbs to
a fumarate (Switchers) and a matched cohort of 540 patients who stayed on anti-CD20 mAbs (Stayers). After an
average of approximately 1 year of post-index follow-up, there was no significant difference in relapse rates between
Switcher and Stayer cohorts. This finding is consistent with previous studies of patients switching from anti-CD20
mAbs to fumarates [19,20]. In 25 patients with stable relapsing-remitting MS who switched from ocrelizumab to
DRE, no relapses occurred over 1 year of follow-up [191. A retrospective chart review of ten patients with MS who
switched from rituximab or ocrelizumab to DMF reported that eight patients remained free from relapses and
MRI activity with follow-up of <24 months; relapses occurred in one patient who discontinued DME and MRI
activity was reported in one patient [20]. In both of these studies, the median duration between discontinuation of
anti-CD20s to initiation of fumarate therapy was approximately 7 months [19,20].

In this study, two patients in the Switchers group experienced a relapse within 3 months following switch from
anti-CD20 mAbs to fumarates. Several possible explanations could be explored, including return of disease activity
with long duration from prior therapy dose, higher disease activity in patient selected for switch, or potential early
relapse prior to onset of efficacy for fumarate switch. The latter might only be applicable as a potential explanation
for very early relapse post switch, as onset of efficacy for DMF has been shown as early as 10 weeks and onset of
efficacy for DRF within 7 weeks [21,221. The two patients who experienced a relapse within 3 months following
switch had durations of 180 days and 412 days between their last dose of anti-CD20 mAb and their first dose of
fumarate. It is not possible to determine whether the duration between treatments had any effect on the occurrence
of relapses, given the small numbers involved and limitations inherent to claims data whereby patient-level details
are limited.

Annualized rates of infection-related HCEs were significantly lower in the Switchers cohort than in the Stayers
cohortin the inpatient setting. No significant differences were observed between cohorts in overall rates of infection-
related HCEs, or in rates of infection-related HCEs in the outpatient and ER settings. Annualized costs of HCEs
were lower among Switchers compared with Stayers; this was mostly driven by the much lower annual costs of
infection-related inpatient HCEs observed in the Switchers cohort. Duration of inpatient hospitalization stay for
infection was significantly different between the groups, with a mean of 1.0 day for Switchers and 9.9 days for
Stayers. Together, these data suggest that the reduced rate of infection-related inpatient HCEs in patients who
switched from anti-CD20 mAbs to fumarates has a significant downstream effect in terms of costs of infection-
related HCE:s overall. Notably, in the Stayers group there were 13 (2.4%) patients hospitalized due to COVID-19
and seven (1.3%) patients hospitalized due to sepsis, while in the Switchers group there were zero hospitalizations
due to COVID-19 and one (0.9%) due to sepsis. Infections requiring hospitalization are considered to be serious
adverse events [23]. These results are also consistent with a prior study comparing infection-related healthcare
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resource utilization and HCCs between DMF and ocrelizumab, where the largest differences were observed in the
inpatient-related infections [24].

Anti-CD20 mAbs are associated with an increased risk of infections, due to the depletion of B-cells fundamental
to their therapeutic mechanism of action, and in some cases, hypogammaglobulinemia. This includes greater risks
of severe COVID-19, and hospitalizations and intensive care unit admissions due to COVID-19, when compared
with other DMTs including DMF [10,25,26]. Therefore, the lower rate of infection-related HCEs observed for the
Switcher cohort in the inpatient setting may indicate reconstitution of B-cells following the switch from anti-
CD20 mAb to fumarate, and a subsequent restoration of the immune response to infection. This may account
for the shorter inpatient stays and lower HCCs observed in the Switcher cohort compared with the Stayer cohort.
Surveillance for infection should be implemented for patients switching from anti-CD20 mAbs to another DMT,
and B-cell repletion monitored, to ensure early intervention if infection is suspected during the early months on
the new DMT. Although this analysis did not allow for assessment of B-cells, a prior study demonstrated B-cell
reconstitution over a duration of 1 year after switching from anti-CD20 mAb to DRF [19].

An interesting real-world observation in the data presented here is that anti-CD20 mAb use was seen in naive
patients (28.9% of Stayers; 19.2% of Switchers); mean ages were comparable between these two groups (49.8 and
48.5 years, respectively). There is an assumption often made that anti-CD20 mAbs are reserved for moderate/severe
patients or later in disease course. This data shows evidence of early adoption. Early use of anti-CD20 mAbs may
indicate an approach of early initiation of high-efficacy therapy, with potential rationale for younger patients
or newly diagnosed patients with moderate/severe disease, in order to mitigate age-associated risks of infection
(immunosenescence), and impaired vaccine response in older patients [27]. In patients who cannot tolerate anti-
CD20 mAbs or are at high risk for infections with prolonged use, it may be beneficial to switch to a medication
with an improved long-term safety profile.

The DISCO-MS study, a multicenter, randomized, controlled, noninferiority trial examining discontinuation
of DMT in patients aged 55 years or older with stable MS, was unable to conclude whether DMT cessation was
noninferior to continuation of DMT [28]. The negative outcome of the DISCO-MS study highlights the need
for additional research on treatment strategies when a transition from a high-efficacy DMT is warranted. While
de-escalation might be especially useful in patients experiencing immunosenescence, it may also be useful for
stable patients of any age if there are safety concerns related to long-term immune suppression, such as the risk of
infections or reduced response to vaccination.

Limitations of the current study include those inherent to analyses of claims data — for example, the absence
of randomization, possible coding errors, the inability to verify reported diagnoses, and challenges associated with
evaluating MS disease severity and disability level. Even though MS Severity Score uses disability and disease
duration to rate disease severity [17], we acknowledge that clinical disability level in claims-based data is limited and
calls for caution in interpretation of results. Claims databases do not allow for analysis of MRI outcomes, so it is not
possible to determine whether differences could have been observed in MRI activity in this population. However,
a single-center retrospective study [29] evaluated patients with MS who had been stable on ocrelizumab and who
subsequently switched to diroximel fumarate due to concerns related to B-cell depletion during the COVID-19
pandemic; in that study, MRI outcomes remained stable 1-year after switching from ocrelizumab to diroximel
fumarate. Although propensity score methods can be used to balance groups for comparative analyses, there may
be biases that the available covariates do not address; in addition, while balance was achieved on most covariates
in this analysis, some differences were still present, with the Stayers cohort having a higher proportion of patients
who were naive to prior DMTs before initiating an anti-CD20 mAb DMT. While race/ethnicity was not a variable
in the propensity score match, the patient distribution was relatively similar for the two cohorts, although there
was a higher percentage of Hispanic patients in the Stayer group compared with the Switcher group (6.2 vs 3.6%,
respectively). Another challenge with claims data is that it cannot inform on reasons why a stable patient has
made a switch in DMT; therefore, although we are confident that we have captured patients who switched due
to nonefficacy reasons by ensuring that patients were stable with no relapses during anti-CD20 mAb treatment,
we do not know the specific nonefficacy reason for switching (e.g., tolerability, safety, insurance coverage, route of
administration challenges, concern for vaccine response, age, transportation issues, or another reason).

Due to B-cell depletion persisting after discontinuation of anti-CD20 mAbs, treatment with anti-CD20 mAbs
could potentially have a carry-over effect in patients who switch from anti-CD20 mAbs to another therapy [30-33].
Recent studies suggest that this carry-over effect may persist after B-cell repopulation in the peripheral blood, as
evidenced by low relapse rates in patients who discontinued anti-CD20 mAb DMTs [32,33). In our study, the average
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washout duration was approximately 4 months, with average duration on fumarates of approximately 11 months,
combining to an average overall follow-up post anti-CD20 mAb treatment of over 1 year. It is possible that the
low relapse rate observed in the Switchers cohort was less likely to be driven by a carryover effect of anti-CD20
mAbs on B-cells, however, the potential contribution of a carryover effect cannot be ruled out. Studies with longer
follow-up time would be useful to confirm these findings.

This analysis also did not include data for neurological examinations or radiological outcomes either pre- or post-
switch; however, small retrospective studies have indicated stability in radiological outcomes, cognitive assessments
and patient-reported outcomes in patients with MS who switched from anti-CD20 mAbs to fumarates [19,20].
Relapses were captured if they resulted in a patient having an outpatient visit, an inpatient hospital stay, or an ER
visit; however, relapses that did not prompt a patient to interact with the healthcare system would not be captured
in the claims data. A limitation regarding the relapse data could be misclassification bias whereby relapses during
treatment with a high-efficacy therapy may be classified differently than with a moderate-efficacy therapy (34]. It is
possible that a patient presenting with neurological symptoms may prompt a clinician to label those symptoms as
a relapse when a patient is not on a high-efficacy therapy, while those same symptoms may be more likely to be
considered as a pseudo-relapse when a patient is on a high-efficacy therapy.

Despite these limitations, analysis of claims data is a valuable tool that has been applied previously to assess DMT
treatment patterns, relapses, healthcare resource utilization and costs in the real-world clinical care of patients with
MS [35-371. Our analysis is the first claims-based study evaluating stable patients who transition from anti-CD20
mADb therapy to a fumarate and the first study conducted to date that compares outcomes between an anti-CD20
mAD to fumarate switch group versus a matched group that stayed on anti-CD20 mAb therapy. In the absence of
randomized trial data, this study provides evidence to support that switching from anti-CD20 mAbs to fumarates
in patients who have been clinically stable can provide benefits associated with fewer infection-related inpatient
HCEs and lower infection-related HCCs, while maintaining effectiveness in terms of relapse rate.

Summary points

e Anti-CD20 monoclonal antibodies (mAbs) and fumarates are commonly used disease-modifying therapies (DMTs)
for multiple sclerosis (MS). Switching between DMTs is a common clinical strategy for optimizing individual
patient outcomes.

e Earlier intervention with high-efficacy therapies may improve long-term clinical outcomes, but switching may be
considered due to safety concerns such as the risk of infection.

e A de-escalating treatment approach involves switching from a high-efficacy DMT, such as an anti-CD20 mAb, to a
moderate- or low-efficacy agent; however, data on switching from anti-CD20 mAbs to other DMTs are limited.

e This retrospective, observational study of the Komodo Health Sentinel database assessed relapses, healthcare
encounters (HCEs) and healthcare costs (HCCs) in a cohort of patients with stable MS who switched from
anti-CD20 mAbs to fumarates compared with a matched cohort of patients who stayed on anti-CD20 mAbs.

e The analysis included 108 ‘Switchers’ matched to 540 ‘Stayers’; baseline demographics and disease characteristics
were well balanced after matching.

e No significant difference was observed in annualized relapse rate between ‘Switchers’ and ‘Stayers’, and rates of
HCEs and HCCs were similar between cohorts.

e However, Switchers had lower rates of infection-related HCEs in the inpatient setting, and lower infection-related
HCCs both overall and in the inpatient setting.

e This study provides evidence that switching from anti-CD20 mAbs to fumarates, in patients who have been
clinically stable, can provide benefits associated with fewer infection-related inpatient HCEs and lower
infection-related HCCs, while maintaining effectiveness in terms of relapse rate.
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