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Abstract

Introduction: Limited comparative effectiveness data for rituximab (RTX) ver-

sus natalizumab (NTZ), fingolimod (FTY), and dimethyl fumarate (DMF) for

the treatment of multiple sclerosis (MS) exist. Methods: Clinician-reported data

on patients prescribed RTX, NTZ, FTY, or DMF for the treatment of MS at the

Rocky Mountain MS Center at the University of Colorado were retrospectively

collected. Outcomes included a composite effectiveness measure consisting of

clinical relapse, contrast-enhancing lesions, and/or new T2 lesions, individual

effectiveness outcomes, and discontinuation. Logistic regression was used on

patients matched by propensity scores and using average treatment effect on

treated doubly robust weighting estimator. Results: A total of 182, 451, 271,

and 342 patients initiated RTX, NTZ, FTY, and DMF and were followed for

2 years. Before and after adjustment, the odds of experiencing disease activity

was significantly higher for FTY [adjusted OR (aOR) = 3.17 (95% CI: 1.81–
5.55), P < 0.001].and DMF [aOR = 2.68 (95% CI:1.67–4.29), P < 0.001], and

similar for NTZ [aOR = 1.36 (95% CI:0.83–2.23), P = 0.216] versus RTX.

When examining months 6–24, NTZ demonstrated higher odds of disease

activity compared to RTX [aOR = 2.21 (95% CI: 1.20–4.06), P = 0.007]. Simi-

lar odds of discontinuation were seen between NTZ and RTX [aOR = 1.39

(95% CI: 0.88–2.20), P = 0.157]; however, FTY [aOR = 2.02 (95% CI: 1.24–
3.30), P = 0.005] and DMF [aOR = 3.27 (95% CI: 2.15–4.97), P < 0.001] had

greater odds of discontinuation than RTX. Interpretation: RTX demonstrated

superior effectiveness and discontinuation outcomes compared to FTY and

DMF. Although RTX demonstrated similar effectiveness and discontinuation

compared to NTZ, RTX had superior effectiveness during months 6–24 and

fewer discontinuations when excluding discontinuations due to insurance

issues. Results suggest superiority of RTX in reducing disease activity and main-

taining long-term treatment in a real-world MS cohort.

Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease

resulting in demyelination and axonal damage in the cen-

tral nervous system. Current evidence suggests B cells play

a role in the pathogenesis, leading to increasing use of

anti-CD20 B-cell depleting agents in the treatment of

MS.1 These anti-CD20 therapies differ in molecular com-

position and include rituximab and ublituximab (chi-

meric), ocrelizumab (humanized), and ofatumumab (fully

human). Ocrelizumab is the first anti-CD20 approved for

the treatment of both relapsing-remitting MS (RRMS)

and primary progressive MS (PPMS) after three phase

three clinical trials.2,3 However, prior to this, rituximab,

approved in 1997 for non-Hodgkin’s lymphoma, has been

used in the off-label treatment of MS and is still used

today.4

Phase 2, double-blind, clinical trials for rituximab

demonstrated a reduction in contrast-enhancing lesions

(CELs) and clinical relapses at 48 weeks in RRMS
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patients5 and has shown a benefit in PPMS for younger

patients and those with active inflammatory disease com-

pared to placebo.6 Real-world studies have also deemed

RTX to be effective in reducing relapse rates and disability

progression in MS patients.4,7-10 While no head-to-head

randomized clinical trials exist, real-world studies have

conducted comparisons to other highly effective therapies

in RRMS patients.11-14

While these studies have provided valuable data for the

comparative effectiveness of RTX in RRMS patients, sam-

ple size limitations have resulted in conflicting or non-

meaningful results. Furthermore, previous studies were

largely conducted in Swedish RRMS populations, limiting

generalizability. Our retrospective study aims to address

these gaps through achieving a large sample size for inves-

tigation of the comparative effectiveness and discontinua-

tion patterns of RTX-treated patients compared to those

treated with NTZ, FTY, and DMF at a large academic

center in the United States.

Methods

Patient population

This retrospective observational study included all partici-

pants who (a) had an MS diagnosis; (b) initiated RTX,

NTZ, FTY, or DMF at the Rocky Mountain MS Center at

the University of Colorado (RMMSC at CU) between

January 2010 and October 2013; and (c) for NTZ patients

only, had a negative JCV serology test at baseline. Some

JCV positive patients were prescribed NTZ while they

transitioned to another DMT. As NTZ was not intended

for long-term care in these cases, we believed they would

obscure results and were, therefore, not included. To

avoid potential biases resulting from changing documen-

tation practices over time, we limited the data collection

for RTX patients to be identical to those of previously

collected NTZ, FTY, and DMF cohorts. During the time

frame of this study, standard dosing of RTX for the treat-

ment of MS at our center was an induction dose of

2000 mg (1000 mg at day 1 and day 14) and 500 mg

every 6 months thereafter in most (77.4%) patients. To

be representative of the real-world experience of MS

patients seen in clinical practice, progressive forms of MS

were included in this study. However, a subgroup analysis

of RRMS patients was completed.

Data collection

A chart review of electronic medical records was con-

ducted for patients who met inclusion criteria. BV

reviewed all RMMSC at CU encounters following each

study participant’s start date, defined as date of first

administration of RTX, NTZ, FTY, or DMF, for up to

24 months after or until study DMT discontinuation.

Baseline characteristics were collected from records at the

time of DMT start date. Baseline MRI data were collected

from the closest MRI prior to DMT initiation. To con-

firm accuracy of outliers and consistency of data collec-

tion, quality checks were conducted through a second

review of a subgroup of charts.

Outcome measures

The primary outcome was a composite effectiveness mea-

sure defined as the patient experiencing a clinical relapse,

CEL, or new T2 lesion on follow-up MRI. Clinical

relapses were, for the purpose of this study, defined as

clinician-reported per patient chart notes as new or wors-

ening neurological symptoms lasting greater than 24 h in

the absence of fever or infection. MRI data were obtained

from neuroradiology reports and clinical reports. At

RMMSC at CU, electronic medical records did not con-

sistently capture disability during the time range of this

study; therefore, disability was not included in this study.

Secondary outcome measures included (1) individual

effectiveness outcomes, including clinical relapse, CELs,

and new T2 lesions; (2) discontinuation of therapy, defined

as no longer on drug at 24 months after start date, or ini-

tiation of any other MS DMT during the 24-month fol-

low-up period; (3) primary reason for discontinuation,

categorized as disease activity, JCV positivity, AE/tolerabil-

ity, insurance issues, loss to follow-up, or any other reason.

Some patients withheld therapy for a period of time, for

example to alleviate tolerability issues or for travel. How-

ever, it was not considered a discontinuation if the patient

reinitiated the medication without interruption by any

other DMT for the treatment of MS. Patients who devel-

oped neutralizing antibodies or had extended dosing inter-

vals were not excluded from analyses as we believe these

are characteristics of treatment that affect real-world effec-

tiveness and ability to achieve long-term care.

Statistical analysis

Statistical analyses used SAS Version 9.4 and STATA Ver-

sion 13.1. R Version 3.1.0 generated Cohen’s D effect size

plots.15 All two-tailed P-values < 0.05 were considered

statistically significant. Differences in baseline characteris-

tics and secondary outcomes were assessed using t-tests

or Wilcoxon ranks sum tests for continuous variables,

and chi-squared or Fischer’s exact tests for categorical

data. For the primary outcome and select secondary out-

comes, odds ratios (ORs) were calculated using logistic

regression. Multiple methods were used to account for

imbalances between groups, including simple logistic
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regression, adjusted logistic regression, logistic regression

on sample group 1:2 nearest neighbor matched by

propensity scores (PS) with replacement, and average

treatment effect on treated (ATT) doubly robust weight-

ing estimator.

Propensity scores generated through logistic regression

modeled the probability of receiving RTX treatment using

the preselected covariates of age, sex, disease duration,

diagnosis, and CEL on baseline MRI. Adjusted logistic

regression applied identical covariates as were used in

propensity score creation. Kaplan–Meier failure curves

assessed cumulative probability of experiencing disease

activity, and discontinuation over time. All ORs presented

are RTX-treated patients compared to those treated with

NTZ, FTY, or DMF, individually. Comparisons between

NTZ, FTY, and DMF have been previously published.16,17

Additional analyses investigated outcomes for the RRMS,

disease activity during months 6-24, and discontinuations

overall excluding insurance issues. We were unable to

adequately match RRMS using propensity matching 1:2

nearest neighbor with replacement; therefore, this method

was excluded from the RRMS analysis. All other methods

of adjustment for RRMS are presented, including ATT

doubly robust weighting using propensity scores.

Results

Baseline characteristics

A total of 1,246 participants met inclusion criteria for this

study: 182 RTX, 451 NTZ, 271 FTY, and 342 DMF. Figure 1

shows the overall study flow. Table 1 exhibits baseline char-

acteristics for each study cohort compared to RTX.

Propensity model

Cohen’s D values for effect sizes comparing baseline

covariates between RTX and NTZ/FTY/DMF (Figure S1)

demonstrate treatment groups are poorly balanced prior

to adjustment with a majority of covariates having abso-

lute standardized differences greater than 10% (absolute

standardized difference of the linear PS, comparing NTZ

vs. RTX = 76%, FTY vs. RTX = 80%, DMF vs.

RTX = 67%). However, we achieve well-balanced groups

through application of ATT doubly robust weighting,

with no covariates having an absolute standardized differ-

ence greater than 10% for RTX versus NTZ and RTX ver-

sus DMF and a linear PS distribution standardized

difference of 4.2% and 3.4%, respectively. While RTX ver-

sus FTY have one covariate greater than 10% after ATT

doubly robust weighting, the linear PS distribution has a

standardized difference of 0.1%, well within the 50%

standard proposed by Rubin.18

Effectiveness outcomes

Figure 2A demonstrates unadjusted comparisons. After

adjustment, there is no difference in odds of patients

experiencing a clinical relapse, CEL, and/or new T2 lesion

for NTZ versus RTX (Table 2). Of the 26 NTZ patients

tested for NTZ-neutralizing antibodies, 17 tested positive,

7 of which experienced disease activity. Additionally, 26

NTZ patients have at least one interval between doses

greater than 1.5 months, 11 of which experienced disease

activity. For FTY versus RTX after adjustment, there is

greater odds of FTY patients experiencing a clinical

relapse, CEL, and/or new T2 lesion [OR = 3.17 [95% CI

(1.81–5.55), P < 0.001]. After adjustment, results for

DMF versus RTX demonstrate greater odds of DMF

patients experiencing a clinical relapse, CEL, and/or new

T2 lesion [OR = 2.68 [95% CI (2.68-4.29), P < 0.001].

Figure 3A exhibit the Kaplan–Meier failure curve

demonstrating cumulative probability of experiencing a

clinical relapse, CEL, and/or new T2 lesion. RRMS-only

patients demonstrate results consistent with the overall

cohort as seen in Tables S1 and S2. When investigating

disease activity between months 6 and 24, adjusted results

for the composite effectiveness measure are consistently

significant (Table S4) for DMF versus RTX and FTY ver-

sus RTX. However, while results for the composite effec-

tiveness measure are insignificant for the overall NTZ

versus RTX cohort in months 0-24, there is significantly

greater odds of NTZ patients experiencing a clinical

relapse, CEL, and/or new T2 lesion between months 6

and 24. Time to event analyses demonstrate consistent

results for the composite effectiveness measure after

adjustment as the overall cohort (Table S5).

Discontinuation outcomes

Figure 2B presents the unadjusted discontinuation out-

comes overall and by reason. The most common reasons

for discontinuation that are categorized as “other” include

preference for no DMT and pregnancy for RTX patients,

pregnancy, and preference for a more convenient DMT

for NTZ patients and nonadherence and attempting preg-

nancy for both FTY and DMF patients.

Table 3 presents odds ratios for discontinuation due to

any reason ≤ 24 months. All methods of adjustment

demonstrate consistent results. No significant difference is

observed for NTZ versus RTX, while FTY and DMF

patients have greater odds of discontinuation [FTY:

OR = 2.02, 95% CI (1.24–3.30), P = 0.005; DMF:

OR = 3.27, 95% CI (2.15–4.97), P < 0.001 using ATT

doubly robust weighting]. RRMS-only patients demon-

strate results consistent with the overall cohort as seen in

Table S3. Figure 3B, and Figures S2 and S3 exhibit
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Figure 1. Sample identification. *Limited data refers to patients who transferred to our center after already initiating study drug with no medical

records documenting the first two years of treatment and patients who participated in research studies resulting in limited access to data for this

study. RTX: rituximab; NTZ: natalizumab; FTY: fingolimod; DMF: dimethyl fumarate.
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Kaplan–Meier failure curves demonstrating cumulative

probability of discontinuation overall, discontinuation

overall excluding reasons for insurance, and discontinua-

tion due to adverse events. Table S6 and S7 show odds

ratios for discontinuation overall, excluding reasons for

insurance, and adverse events. Of those who tested posi-

tive to NTZ-neutralizing antibodies, the mean time to

discontinuation was 7.5 months.

Adverse Events/Tolerability

Tables S7 and S8 displays the odds ratios for discontinua-

tions due to AEs for NTZ/FTY/DMF versus RTX and the

type of AE resulting in discontinuation by therapy. Infec-

tions are the most common AE leading to discontinua-

tion of RTX, accounting for 2.7% of all RTX patients.

For NTZ patients, the most common AE cited as a reason

for discontinuation is flushing, rashes, or hot flashes

(3.1%), and for both FTY and DMF patients, is GI-re-

lated issues (FTY: 4.1%; DMF: 19.3%).

Discussion

In this retrospective, real-world study, we investigated the

comparative effectiveness and discontinuation patterns for

MS patients treated with RTX in comparison with those

treated with NTZ, FTY, and DMF, individually. We

achieved large sample sizes, and additionally, were able to

create well-balanced groups for comparisons through the

utilization of PS adjustment. Results demonstrated

improved effectiveness outcomes and decreased odds of

discontinuation for RTX compared with FTY and DMF.

While similar effectiveness and odds of discontinuation

were observed for RTX compared with NTZ in the overall

cohort for months 0-24, we saw increased effectiveness of

RTX when examining months 6-24.

Table 1. Baseline characteristics for rituximab (RTX), natalizumab (NTZ), fingolimod (FTY), and dimethyl fumarate (DMF) study cohorts.

Rituximab

(N = 182)

Natalizumab

(N = 451)

Fingolimod

(N = 271)

Dimethyl Fumarate

(N = 342)

N or Mean

(SD or %)

N or Mean

(SD or %) P-value1
N or Mean

(SD or %) P-value1
N or Mean

(SD or %) P-value1

Disease duration (Years, SD) 12.7 (8.4) 11.4 (7.5) 0.064 11.5 (7.5) 0.128 11.1 (7.4) 0.028

Age (Years, SD)2 43.9 (11.8) 39.8 (12.1) <0.001 42.5 (11.4) 0.214 45.8 (12.2) 0.078

Sex – Female 120 (65.9%) 346 (76.7%) 0.005 195 (72.0%) 0.172 238 (69.6%) 0.392

Type of multiple sclerosis <0.001 <0.001 <0.001

Relapsing-remitting 113 (62.1%) 382 (84.7%) 244 (90.0%) 265 (77.5%)

Secondary progressive 41 (22.5%) 58 (12.9%) 23 (8.5%) 54 (15.8%)

Primary progressive 28 (15.4%) 11 (2.4%) 4 (1.5%) 23 (6.7%)

Previous DMT3 <0.001 <0.001 <0.001

Interferons 5 (2.8%) 106 (23.5%) 36 (13.3%) 49 (14.3%)

Glatiramer acetate 13 (7.1%) 152 (33.7%) 49 (18.1%) 106 (31.0%)

Natalizumab 85 (46.7%) 0 (0.0%) 115 (42.4%) 65 (19.0%)

Rituximab 0 (0.0%) 1 (0.2%) 1 (0.4%) 9 (2.6%)

Fingolimod 25 (13.7%) 8 (1.8%) 0 (0.0%) 24 (7.0%)

Dimethyl fumarate 0 (0.0%) 2 (0.4%) 1 (0.4%) 0 (0.0%)

None 51 (28.0%) 170 (37.7%) 66 (24.4%) 84 (24.6%)

Other 3 (1.7%) 12 (2.7%) 3 (1.1%) 5 (1.5%)

Contrast Enhancement on Baseline MRI4 48 (28.4%) 123 (33.1%) 0.280 57 (24.6%) 0.389 44 (14.6%) <0.001

Disease Burden on Baseline MRI5 <0.001 0.001 <0.001

Mild 53 (29.1%) 195 (43.2%) 100 (36.9%) 170 (49.7%)

Moderate 68 (37.4%) 132 (29.3%) 76 (28.0%) 94 (27.5%)

Severe 45 (24.7%) 34 (7.5%) 45 (16.6%) 29 (8.5%)

Missing 16 (8.8%) 90 (20.9%) 50 (18.5%) 49 (14.3%)

Bold P-values indicate P> 0.05 and are considered statistically significant.
1In comparison to RTX.
2Median (interquartile range): RTX = 44 years (36-51) NTZ = 40 years (31–48) FTY = 43 years (35–51) DMF = 47 years (38–55)
3Within 6 months prior to starting study drug.
4Percentage calculated using denominator as those who had baseline MRI with contrast data (RTX N = 169; NTZ N = 372; FTY N = 232; DMF

N = 302) .
5Disease burden at baseline is defined as mild < 10 T2/Flair Lesions, moderate 10-20 T2/FLAIR lesions, severe> 20 T2/FLAIR lesions
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Figure 2. (A) Unadjusted Effectiveness Outcomes (B) Unadjusted Discontinuation Outcomes. RTX: rituximab; NTZ: natalizumab; FTY: fingolimod;

DMF: dimethyl fumarate; NAb: neutralizing antibody Composite Disease Activity Measure is comprised of clinical relapse, contrast enhancement

and/or a new T2 lesion.
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Our results suggest improved effectiveness of RTX over

NTZ when accounting for time to therapeutic effect.

Potential explanations for this may be missed or delayed

NTZ doses and/or neutralizing antibodies may result in

increased disease activity after 6 months for those treated

with NTZ. While previous studies took time to therapeu-

tic effect into account, including effectiveness outcomes

occurring at least 3 months after the first DMT dose, they

have struggled with investigating comparative effectiveness

of NTZ compared with RTX in a meaningful way due to

smaller sample sizes.11,12 Granqvist et al. found a signifi-

cant difference in clinical relapses between NTZ versus

RTX prior to adjustment using sample sizes of 50 NTZ

and 150 RTX.11 However, after adjustment, the difference

became insignificant. Additionally, Boremalm et al. found

no difference between clinical relapses for NTZ and RTX

before and after adjustment with sample sizes of 105 NTZ

and 48 RTX and a mean follow-up time of 2.8 years.12

When comparing FTY to RTX, our results were consis-

tent with previous studies showing improved effectiveness

of RTX. Alping et al and Boremalm et al demonstrated

superiority of RTX over FTY in RRMS for clinical relapse

and CEL outcomes after adjustment.12,13 Similarly, our

study revealed a significant difference for individual out-

comes of clinical relapse, CELs, and new T2 lesions, in

addition to our composite effectiveness measure. While

Granqvist et al did not see significant differences for their

comparisons to FTY after adjustment, this is likely due to

their small FTY sample size of n = 17.11

Currently, to our knowledge, Granqvist et al has con-

ducted the only other comparison of DMF versus RTX

using real-world data and found those treated with RTX

had fewer new CELs, but clinical relapses were similar

between the two therapies.11 These results conflict with

our study as we saw a difference among all our individual

effectiveness measures, as well as our composite effective-

ness measure. However, this may result from differences

in sample sizes.11

Additionally, while these studies conducted by Gran-

qvist et al, Boremalm et al, and Alping et al include both

clinical relapses and MRI outcomes, a composite mea-

sures may be required when investigating efficacy among

highly effective DMTs, allowing for increased power

needed to detect smaller differences through observation

of more events.11-13 This is further supported by the

increased utilization of no evidence of disease activity

(NEDA) in MS studies, defined as no relapses, no disabil-

ity progression, and no MRI activity (new or enlarging

T2 lesions or CELs).19-21

When investigating discontinuation outcomes, we

found lower odds of discontinuation of RTX compared

to FTY and DMF, consistent with previous studies.11-13

Although odds of discontinuation of RTX were similar to

NTZ, RTX discontinuations were driven by insurance

issues, as off-label use poses a challenge for achieving cov-

erage in the United States. Importantly, when examining

discontinuations excluding issues with insurance/cost,

RTX has significantly lower odds of discontinuation. In

this way, superiority of RTX over NTZ in DMT persis-

tence are consistent with Granqvist et al and Boremalm

et al, two studies conducted in Swedish populations.11,12

Unlike in the United States, national health insurance in

Sweden covers all DMTs, including off-label therapies,

therefore, insurance was not a contributing factor to dis-

continuations. In cases where barriers due to insurance

coverage can be overcome, RTX treatment with twice a

Table 2. Unadjusted and adjusted odds ratios for disease activity regardless of discontinuation in a composite effectiveness measure (new T2

lesion, CEL, and/or new clinical relapse) at ≤ 24 months.

NTZ vs. RTX FTY vs RTX DMF vs RTX

N

Odds Ratio

(95 % CI) P-value N

Odds Ratio

(95 % CI) P-value N

Odds Ratio

(95 % CI) P-value

Simple logistic regression 633 1.54

(0.98, 2.43)

0.062 453 2.85

(1.78, 4.55)

<0.001 524 2.71

(1.72, 4.27)

<0.001

Adjusted logistic regression1 633 1.44

(0.89, 2.31)

0.136 453 3.16

(1.88, 5.30)

<0.001 524 3.04

(1.85, 5.00)

<0.001

PM 1:2 NN with

replacement1
546

(388 Unique)

1.71

(0.98, 2.96)

0.057 546

(347 unique)

2.56

(1.40, 4.68)

0.002 546

(371 unique)

3.30

(1.90, 5.71)

<0.001

ATT doubly robust

weighting estimator1
633 1.36

(0.83, 2.23)

0.216 453 3.17

(1.81, 5.55)

<0.001 524 2.68

(1.67, 4.29)

<0.001

RTX, rituximab; NTZ, natalizumab; FTY, fingolimod; DMF, dimethyl fumarate; CEL, contrast enhancing lesion; CI, confidence interval; PM, propen-

sity matching; NN, nearest neighbor.

Bold P-values indicate P> 0.05 and are considered statistically significant.
1Controlling for age, sex (female/male), disease duration, diagnosis (relapsing-remitting MS/secondary progressive MS/primary progressive MS) and

CEL on baseline MRI (yes/no/no MRI available).
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year infusions shows promise in achieving long-term effi-

cacy and improved adherence, which will also likely con-

tributed to better disease outcomes.22-24

Meanwhile, FTY and, particularly, DMF are known to

have issues with tolerability and AEs. This, in combina-

tion with the daily administration required of these oral

therapies has a probable effect on adherence.25,26 Further-

more, FTY and DMF discontinuations appear to be dri-

ven by AEs, limiting the achievement of long-term

treatment. While few RTX patients discontinued for this

reason, the odds were similar to that of NTZ patients.

Additionally, the proportion of RTX patients to discon-

tinue due to AEs is higher in our study compared to pre-

viously conducted Swedish studies investigating

comparative effectiveness.11-13 This may be due to inclu-

sion of an older RTX population compared to that of

other studies (Median age: 44 vs. 37.8 and 39.1 years), as

age has been associated with increased risk of infections.27

In addition, due to the off-label use of RTX in the

treatment of MS, dosing strategies have varied, which

Figure 3. Kaplan–Meier failure curves demonstrating (A) Cumulative probability of experiencing disease activity over time, including clinical

relapse, contrast enhancing lesion and/or new T2 lesion, (B) cumulative probability of discontinuation for any reason over time.
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may affect likelihood of AEs and potential benefit. Previ-

ous Swedish comparative studies investigated cohorts who

similarly received 500-mg every 6 months, but with few

receiving an initial dose of 2000 mg (1000 mg at day 1

and day 14), as was common at our center during the

time frame of this study. However, another Swedish study

investigating exclusively RTX patients (n = 822), of which

32.6% received an induction dose of 2000mg, included

both relapsing and progressive patients with a mean age

of 42.6 and demonstrated discontinuations due to AEs to

be 5.2% (mean follow-up time 21.8 months), similar to

the 6.6% in our study.4 Reducing the induction dose to

1000 mg or 500 mg may reduce AEs, and maintain effective-

ness as previous studies have shown no significant difference

in B-cell reconstitution at 6 months after induction doses of

1000 mg and 2000 mg.28 While a 2000 mg induction dose

was representative of our clinic practices at the time of this

study, clinicians at RMMSC typically employ a single RTX

induction dose of 500 mg today.

Due to the nonrandomized, retrospective nature of this

study, there were inherent methodological limitations.

Disability outcomes were not available. Follow-up was for

two years, potentially enhancing short-term benefits or

obscuring discontinuations due to infections or other AEs

seen with longer term follow-up. Although adjustment

methods appeared to achieve well-balanced groups, our

results may be confounded by indication or unmeasured

covariates. However, covariates included in adjustment

methods, we believe, are largely representative of charac-

teristics used in clinical practice during DMT decision-

making. For our study, adherence was not thoroughly

examined or adjusted for in our analyses, which could

impact results for disease activity. As adherence may be

affected by frequency of administration and tolerability

issues, which vary by therapy, the impact of nonadher-

ence may not be systematic throughout our study. How-

ever, as we are investigating real-world effectiveness rather

than efficacy, we believe adherence is a characteristic of

each therapy affecting real-world patients. Therefore, it

was not adjusted for in analysis, but rather is a benefit of

therapies with reduced frequency of administration and

improved tolerability in achieving low disease activity.

Furthermore, this study was conducted at a single large

academic center, possibly limiting generalizability. Clini-

cians may differ in DMT prescribing practices and coun-

seling. Additionally, unlike most other studies, we

included progressive patients who were older and had

lower risk of new inflammatory disease activity such as

relapses or MRI scan lesions, which, although this is more

representative of patients seen in clinical practice, may

influence outcomes. To overcome this, we included an

RRMS subgroup analysis, confirming results for the over-

all cohort. Finally, as a retrospective study, all MRIs were

standard of care. As a result, MRIs were not obtained

consistently at routine intervals and differing magnetic

strength may have been used. This could potentially affect

the likelihood of detecting a new T2s or CELs. However,

we believe the inclusion of MRI outcomes provides criti-

cal information regarding the efficacy of highly effective

therapies, and sufficient scans were obtained to provide

meaningful information.

In conclusion, our study provided valuable class III

information for achieving effective, long-term care in the

treatment of MS. RTX was superior to FTY and DMF,

with regard to real-world effectiveness, tolerability, and

DMT persistence. FTY and DMF patients were more

likely to discontinue due to adverse events and disease

activity. While RTX had similar effectiveness overall

Table 3. Unadjusted and adjusted odds ratios for discontinuation for any reason at ≤ 24 months.

NTZ vs RTX FTY vs RTX DMF vs RTX

N

Odds Ratio

(95 % CI) P-value N

Odds Ratio

(95 % CI) P-value N

Odds Ratio

(95 % CI) P-value

Simple logistic regression 633 1.43

(0.97, 2.11)

0.071 453 1.54

(1.02, 2.35)

0.042 524 2.63

(1.77, 3.91)

<0.001

Adjusted logistic regression1 633 1.38

(0.90, 2.13)

0.146 453 1.96

(1.23, 3.13)

0.005 524 3.32

(2.15, 5.13)

<0.001

PM 1:2 NN with

replacement1
546

(372 Unique)

1.18

(0.70, 2.01)

0.535 546

(347 unique)

2.96

(1.64, 5.32)

<0.001 546

(371 unique)

3.34

(2.02, 5.50)

<0.001

ATT doubly robust

weighting estimator1
633 1.39

(0.88, 2.20)

0.157 453 2.02

(1.24, 3.30)

0.005 524 3.27

(2.15, 4.97)

<0.001

RTX, rituximab; NTZ, natalizumab; FTY, fingolimod; DMF, dimethyl fumarate; CEL, contrast enhancing lesion; CI, confidence interval; PM, propen-

sity matching; NN, nearest neighbor.

Bold P-values indicate P> 0.05 and are considered statistically significant.
1Controlling for age, sex (female/male), disease duration, diagnosis (relapsing-remitting MS/secondary progressive MS/primary progressive MS) and

CEL on baseline MRI (yes/no/no MRI available).
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compared to NTZ, NTZ was inferior when excluding

events during the first 6 months of treatment to allow for

time to therapeutic effect. This difference in real-world

effectiveness was likely driven by NTZ-neutralizing anti-

bodies and missed or delayed doses due to monthly infu-

sions required for NTZ treatment, while RTX was

administered twice a year, rather than differences in effi-

cacy between the two therapies. Additionally, although

similar to NTZ for overall discontinuations, insurance

issues drove RTX discontinuations, while JCV seroconver-

sion contributed largely to discontinuation of NTZ. Fur-

ther long-term studies are needed to investigate rare

serious adverse events and their risk factors for patients

treated with these highly effective therapies.
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in the Supporting Information section at the end of the
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Data S1. SupplementalRTXCOMP.pdf. Supplemental

tables and figures examining Cohen’s D values for effect

sizes comparing baseline covariates (Figure S1), outcomes

for the relapsing-remitting multiple sclerosis patients only

(Table S1-S3), disease activity during months 6-24

(Table S4), time to event analyses for effectiveness

(Table S5), discontinuations overall excluding insurance

issues (Table S6 and Figure S2), discontinuations due to

adverse events (Table S7 and Figure S3), and types of

adverse events (Table S8).
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