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ABSTRACT

BACKGROUND: Clinical trials comparing the efficacy of ocrelizumab (OCR) with other disease-modifying therapies (DMTs) other than interferon
(IFN) β-1a in relapsing multiple sclerosis (RMS) are lacking.

OBJECTIVES: To compare the treatment effect of OCR vs six DMTs’ (IFN β-1a, glatiramer acetate, fingolimod, dimethyl fumarate, teriflunomide,
natalizumab) treatment pathways used in clinical practice by combining clinical trial and real-world data.

METHODS: Patient-level data from OPERA trials and open-label extension phase, and from the German NeuroTransData (NTD) MS registry, were
used to build 1:1 propensity score-matched (PSM) cohorts controlling for seven baseline covariates, including brain imaging activity. Efficacy
outcomeswere time to first relapse and time to 24-week confirmed disability progression over 5.5 years of follow-up. Intention-to-treat analysis using
all outcome data irrespective of treatment switch was applied.

RESULTS: The analyses included 611 OPERA patients and 7141 NTD patients. We built 12 paired-matched cohorts (six for each
outcome, two for each DMT) to compare efficacy of OCR in OPERA with each DMT treatment pathway in NTD. Post-matching, baseline
covariates and PS were well balanced (standardized mean difference <.2 for all cohorts). Over 5.5 years, patients treated with OCR
showed a statistically significant reduction in the risk of relapse (hazard ratios [HRs] .30 to .54) and disability progression (HRs .51 to
.67) compared with all index therapies and their treatment switching pathways in NTD. Treatment switch and/or discontinuation occurred
frequently in NTD cohorts.

CONCLUSION: OCR demonstrates superiority in controlling relapses and disability progression in RMS compared with real-world treatment
pathways over a 5.5-year period. These analyses suggest that high-efficacy DMTs and high treatment persistence are critical to achieve greatest
clinical benefit in RMS.
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Introduction
Ocrelizumab (OCR) is a humanized anti-CD20+ monoclonal

antibody approved for the treatment of relapsing forms of

multiple sclerosis (MS) and primary progressive MS

(PPMS).1,2 In patients with relapsing MS (RMS), the clinical

benefit of OCR on disease activity and disability progression

was demonstrated vs interferon (IFN) β-1a at a dose of 44 μg
(Rebif, EMD Serono) in a 2-year phase 3 randomized con-

trolled trial (RCT).3 While comparison between different

disease-modifying therapies (DMTs), including OCR, have

been performed using meta-analytical approaches,4-8 no head-

to-head RCTs have directly compared the efficacy of OCR with

other DMTs.

High-quality real-world observational studies are in-

creasingly used for comparisons of effectiveness and safety

among the growing number of DMTs, providing valuable

insights that can inform treatment choices for patients with

MS.9-12 Despite the many potential benefits of such

studies, they are subject to important biases, in particular

selection bias and confounding by indication, which can

result in an unbalanced between-groups distribution of

variables that may influence the outcome.13 These limi-

tations can be mitigated by using statistical techniques such

as propensity score (PS) methods, which allow for ad-

justment of baseline characteristics of important measured

confounders.14-16

Several studies comparing DMT effectiveness in real-

world MS datasets using PS techniques have been

published,9-12,17-19 including a recent MSBase study com-

paring switch to OCR, cladribine, or natalizumab after

fingolimod treatment cessation in patients with relapsing-

remitting MS.20 However, at present, datasets capturing

OCR use in real-world settings remain limited in terms of

size and duration of follow-up. Merging randomized trials

with real-world data is an alternative approach, which offers

the advantage of allowing comparisons between newly ap-

proved and multiple established DMTs, and to rapidly

expand to comparisons of long-term data from open-label

extensions (OLE) and real-world datasets. To our knowl-

edge, this approach was previously followed in only one study

that used data from the pivotal trial assessing cladribine

tablets vs placebo (CLARITY), and PS-matched (PSM)

data from the Italian multicenter database, i-MuST.21

However in this study, patients were censored at their

treatment switch, an approach that does not mimic the high

diversity of treatment pathways observed in clinical practice

characterized by the typical sequencing of DMTs.20,22

In the present study, we applied PSM methods to

compare time to onset of disability progression and time to

first clinical relapse between patients with RMS treated with

OCR in two large clinical trials,3,23 and those on multiple

treatment pathways with six different index DMTs in the

real-world German NeuroTransData (NTD) MS registry,

over a period of up to 5.5 years.

Methods

Data sources

OPERA I and II randomized clinical trials. Pooled data from the

double-blind, phase 3 OPERA I and II RCTs were selected for

this analysis. Study design and key eligibility criteria in OPERA

I/II have been described previously3 and, briefly, included: age

18-55 years; MS diagnosis according to the 2010 revised

McDonald criteria;24 Expanded Disability Status Scale (EDSS)

score ≤5.5 at screening; at least two documented clinical relapses

within the previous 2 years or one clinical relapse within the year

before screening; and no neurologic worsening for at least

30 days before screening.3

German NeuroTransData (NTD) registry. TheNTD network is

a Germany-wide physicians network, which includes currently

about 25,000 patients with MS and captures demographics,

clinical history, patient-related outcomes, and clinical variables

in real time during clinical visits (average of 3.5 visits per patient

each year [2010-2018]) using the DESTINY platform and

ensuring confidentiality, integrity, and high data quality.9,25,26

Study population

OPERA trials. All patients randomized to the OCR arms (n =

611) were included in the study population, with the exception

of patients from the US. Previous subgroup analyses showed a

difference on 12-week confirmed disability progression (CDP)

outcomes between patients enrolled from the US and from the

other countries, with a significant treatment-by-subgroup in-

teraction observed for body mass index (BMI).27 Given that

information on BMI is not systematically collected in the NTD

registry, adjustment for this interaction was not possible, thus

justifying the exclusion of US patients. Finally, the non-US

population in OPERA is 64% European and is therefore a more

comparable cohort to the German NTD population.

Patients randomized to the IFN β-1a arms (excluding US

patients) were also included in the analysis as a feasibility step for

the use of clinical trial data for group matching.

German NeuroTransData (NTD) registry. From the NTD MS

registry database, patients satisfying the following inclusion/

exclusion criteria were extracted: aged ≥18 years with RMS

diagnosis, initiated treatment (index therapy) after January 1,

2009 with either IFN β-1a, natalizumab (NTZ), glatiramer

acetate (GA), fingolimod (FTY), dimethyl fumarate (DMF), or

teriflunomide (TERI). We did not include IFN β-1b therapy

assuming identical pharmacodynamic effects and similar clinical

efficacy with IFN β-1a in RRMS and rather decided to examine
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real-world lines of treatments including DMTs with different

mechanisms of action.28,29 To ensure neurologic stability at

index therapy, patients must have experienced no relapse nor

undergone treatment with steroids 8 weeks prior to index

therapy. Other exclusion criteria included diagnosis of pro-

gressive MS (either secondary progressive MS or PPMS), and

prior treatment with anti-CD20 therapies such as OCR or

rituximab (RTX; NB: ofatumumab was not available in the

NTD at time of these analyses). The NTD registry data ex-

traction date was July 1, 2020.

Additionally, at a minimum, data on sex, age, date of first

MS symptom, dates of clinical relapses, and EDSS score at

index therapy, recorded within 3 months before the start of

therapy had to be available for each patient.

Cohort matching

Methods are described following recommendations for the use

of PS methods in MS research from Simoneau et al.16 A PSM

algorithm was used to derive a matched sample of comparable

patients with RMS between the OCR cohort in the OPERA

OLE study and from the NTD registry.16

Selection of matching covariates. The baseline covariates de-

scribed in Table 1 were included in the PS as they were con-

sidered to be confounders for disability and relapse outcomes

based on empirical clinical knowledge and published evidence.11

Different covariates were used for each outcome in line with

Laplaud et al and previous subgroup analyses from the OPERA

trials.11,27 Missing values were not replaced, with the exception

of partial dates for date of birth. A sensitivity analysis that

excluded “existence of gadolinium-enhancing (Gd+) lesions” as

a matching factor for the relapse outcome was conducted with

the MRI measured ±3 months within the therapy start.

Propensity score method. A 1:1 ratio pair-matching was applied

to each OCR comparison cohort (eg, OCR–NTZ, OCR–GA)

using a 5-to-1-digit-greedy-nearest-neighbor-matching al-

gorithm, in which a NTD participant was selected at random

and then matched to the OPERA participant whose PS was

closest to that of the NTD participant.15 The PS was esti-

mated using logistic regression with the treatment cohort as

dependent variable and covariates at index-therapy initiation

as independent variables; the covariates selected were con-

sidered important potential confounders.14 No caliper re-

striction was applied.

The same method was followed to match an OPERA IFN

β-1a cohort to an NTD IFN β-1a cohort. This pair-matching

was performed as part of a feasibility assessment, under the

assumption that no significant differences in outcomes should

be observed between patients treated with similar IFN β-1a
formulations in the two cohorts (null hypothesis). Full com-

parative analyses were performed only on the condition that this

feasibility assessment was positive.

Balance assessment. Quality assessment for PSM included

comparison of summary statistics for the baseline covariates

between the OPERA and NTD registry pre- and post-

matching for each DMT and each outcome, and assessment

of standardized mean difference (SMD) of the confounder

distributions. Additionally, density functions of PS distribution

were created for each DMT and each outcome to show the

distribution balance of covariates for each comparison cohort

before and after PSM.

Outcomes

The primary outcomes were time to first relapse and time to

onset of 24-week (24W-) CDP in post-matching cohorts. For

every NTD-matched cohort, frequencies of DMT switches,

reasons for index-therapy discontinuation, and time to index-

therapy discontinuation were also reported (ie, secondary

outcomes).

The baseline for each NTD-matched cohort was defined as

the index-therapy initiation date. While there was no specific

and predefined clinical visit schedule in the NTD registry, most

patients however had clinical visits approximately every

3 months, a frequency that was similar to the OPERA trial.

Baseline EDSS for the NTD cohorts was defined as the closest

EDSS value to the index-therapy start within a window of

±3 months.

In OPERA, clinical relapses were reported in monthly

patient phone calls, and confirmed as protocol-defined relapses

confirmed via systematic neurologic examinations. In the NTD

registry, only medically confirmed relapses were considered for

the analysis. In NTD, a relapse can be reported by the patient

during a scheduled visit, or at any time, to the NTD neurologist,

which triggers a visit to assess and document the relapse.

Thereafter, it will be recorded if medically confirmed in the

NTDMS registry database. Additionally, relapses documented

in letters from hospital inpatient treatments are captured by the

NTD treating physicians. Overall, this aligns with the OPERA

clinically confirmed definition of relapses and limits the risk of

introducing a differential bias in the outcome ascertainment

between the two studies, which could arise from a systematic

difference in soliciting and recording information on relapses

(eg, patient-reported relapses only).

Statistical analysis

Feasibility analyses comparing IFN β-1a cohorts were con-

ducted over a period of 96 weeks (2 years) as this was limited to

the double-blind period of OPERA. The main analyses were

conducted using the data of patients randomized to OCR

during the phase 3 trial and their 3-year follow-up in the OLE

phase,23 leading to 288 weeks (5.5 years) of total follow-up.

Primary outcomes. CDP events were defined as ≥24 weeks

confirmed EDSS increases of ≥.5 points for patients with a
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baseline EDSS score >5.5, and ≥1.0 points for those with a

baseline EDSS score between .0 and 5.5, inclusive. Progression

could be confirmed at any EDSS assessment, including during

the 30 days from a protocol-defined relapse. Patients who

discontinued from the OPERA study with reasons “lack of

efficacy” or “death” during the double-blind period or the OLE

period were imputed to have a CDP or a relapse event at the

time of treatment discontinuation. All follow-up data were used

for every NTD cohort irrespective of treatment. NTD patients

that discontinued from the registry were censored at time of

discontinuation. They were also censored when switching to

OCR/RTX. Patients without a relapse or CDP event were

administratively censored at 288 weeks, or at the end of follow-

up, whichever came first. For patients in NTD and OPERA

with an initial CDP event recorded close to the end of study, the

next EDSS assessment outside of the 288-week window was

considered for confirmation of the progression event (CDP).

This study compared patients receiving OCR treatment in a

clinical trial setting with patients following real-world treatment

paths defined by an index therapy (eg, IFN β-1a, GA, etc.) from

the NTD registry. For OCR cohorts, data until treatment

discontinuation were used, with outcome imputation based on

the reason for discontinuation, approximating the hypothetical

outcome if all patients would have completed the 288-week

OCR treatment period. For NTD cohorts, an intention-to-

treat (ITT) approach was applied, considering all available

information collected following the start of index therapy, in-

cluding data related to the outcomes of interest following

treatment switch. Thus, NTD cohorts were created for each

index therapy allowing that the subsequent evolution of DMT

treatment pathway, including any DMT switch, was unique to

each patient.

Time to first relapse and time to onset of 24W-CDP be-

tween treatment cohorts were evaluated using a Cox propor-

tional hazard model with cohort status as the only covariate, and

taking the clusters induced by matching of one OCR patient to

one NTD patient into consideration via the application of the

robust sandwich variance estimator when drawing inferences.

The assumption of proportional hazards was verified using tests

for Schoenfeld residuals and using graphical methods. Treat-

ment effects were reported as hazard ratios (HRs) derived from

Cox models, along with 95% confidence intervals (CIs) for two-

sided tests. Kaplan–Meier plots were provided for each end-

point. Analyses were exploratory with no adjustment for

multiple comparisons applied.

Secondary outcomes. The number/proportion of therapy

switches and reasons for treatment discontinuation/switches in

the NTD registry were reported in a descriptive manner. Sankey

diagrams were used to visualize treatment pathways starting

from the NTD index therapy, and all subsequent switches to

different treatment lines are shown. Four different states are

captured in the diagram: (1) “Therapy is ongoing” if the patient

remained on the index therapy at the time of the cut-off date

(July 1, 2020); (2) “Switched to another DMT” if the patients

had documented switches to a subsequent DMT, with multiple

switches being allowed; (3) “No further treatment line” if patient

treatment data could not be further described because patients

were lost to follow-up, were known to have moved to a clinic

outside of the NTD network, or had no recorded clinical visit

for ≥12 months at the time of the cut-off date (ie, patients with

documented ongoing therapies without any recent NTD in-

teractions who likely left the NTD network but this was not

properly documented); (4) “Supportive care” if the patient had a

period of ≥6 months of known absence of DMT treatment.

Supportive care treatments shorter than 6months may represent

a wash-out period between therapies and therefore are not

shown in the Sankey diagrams.

The time to index-therapy discontinuation was also reported

for every NTD cohort (post-matching, for all outcomes). A

survival analysis for therapy discontinuations was used with

censoring at the cut-off date (July 1, 2020) if patients remained

on the index therapy.

Data availability

Roche trials. For eligible studies qualified researchers may re-

quest access to individual patient-level clinical data through a

data request platform. At the time of writing, this request

platform is Vivli. https://vivli.org/ourmember/roche/. For up-

to-date details on Roche’s Global Policy on the Sharing of

Clinical Information and how to request access to related

clinical study documents, see here: https://go.roche.com/data_

sharing. Anonymized records for individual patients across

more than one data source external to Roche cannot, and should

not, be linked due to a potential increase in risk of patient re-

identification.

NTD registry. The data used in this study are owned by the

NeuroTransData registry and sharing of the data is subject to

their policies. Any reasonable requests for data access can be

directed to the NeuroTransData registry by email to info@

neurotransdata.com.

Patient consent. All patients in the OPERA trials provided

written informed consent. Patients from NTD included in this

analysis provided their informed consent (via paper forms,

tablets in NTD practices, electronic questionnaires, or via a

patient portal) to the NTD registry.

Results
Unadjusted (before PSM) patient characteristics of the study

cohorts are shown in Supplemental Table S1. A total of 611

OCR patients from OPERA (mean age: 36.7 years; 64.6%

female) and 7141 patients from NTD were included in the

analysis. In the NTD registry, DMF represented the largest

cohort (n = 1735; mean age: 40.7 years; 74.4% female), followed
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by FTY (n = 1577; mean age: 40.6 years; 72.7% female), GA

(n = 1265; mean age: 39.3 years; 77.4% female), TERI (n =

1197; mean age: 45.3 years; 70.2% female), IFN β-1a (n = 792;

mean age: 37.8 years; 75.5% female), and NTZ (n = 575; mean

age: 36.9 years; 74.3% female). Time since symptom onset, the

proportions of patients with previous treatment with DMTs,

relapses in year prior to index therapy, and EDSS scores at

baseline differed significantly between the OCR OPERA and

NTD unmatched cohorts.

After PSM, different comparative cohorts were built for each

DMT pair and each outcome respectively (a total of 12

matching groups). The matching procedure resulted in cohorts

that were overall well balanced as indicated by the small SMDs

between the matching factors after PSM (all SMDs <.2). Love

plot for covariate balance measure by SMD after PSM are

shown in Figure 1. The density functions of PS before and after

matching are shown in Supplemental Figures S1 and S2. Pa-

tient demographic and clinical characteristics at baseline for

each post-matching comparative cohort are shown in Table 2.

Baseline demographics and clinical characteristics of
matched cohorts

Relapse outcome analysis. The number of patients included in

the OCR OPERA and DMT NTD pair-matched cohort

ranged from 111:111 (OCR OPERA vs TERI NTD) to 185:

185 (OCR OPERA vs FTY NTD). Patients included in the

OCR OPERA vs IFN β-1a, GA, and NTZ NTD-matched

cohorts were younger (mean age: ≤38 years) and ≥70% were

female. Patients in the OCROPERA vs TERI NTD-matched

cohort were slightly older (mean age:∼41 years) than patients in
other matched cohorts. Patients included in the OCR OPERA

vs IFN β-1a and GANTD cohorts were mostly treatment naive

(≥65%) and had the shortest disease duration. Patients included

in the OCROPERA vs NTZ and FTYNTD-matched cohorts

were mostly previously treated (≥70%) and exhibited higher

EDSS scores compared with all other cohorts. The OCR

OPERA vs DMF and TERI NTD-matched cohorts had a

more balanced distribution of treatment-naive and previously

treated patients. Patients included in the NTZ NTD-matched

cohort had higher proportions of Gd+ lesions than patients in

other matched cohorts.

Disability progression outcome analysis. The number of patients

included in the OCR OPERA and DMT NTD pair-matched

cohort ranged from 200:200 (OCROPERA vs NTZ NTD) to

331:331 (OCROPERA vs GANTD). Patients included in the

OCR OPERA vs GA and NTZ NTD-matched cohorts were

younger (mean age: ≤38 years) and ≥70% were female while

patients in the OCR OPERA vs TERI NTD-matched cohort

were slightly older (mean age: ∼40 years). Patients included in

the OCR OPERA vs IFN β-1a NTD cohorts were mostly

treatment naive while those in the OCR OPERA vs NTZ

NTD-matched cohort were mostly previously treated. The

other OCR OPERA vs NTD-matched cohorts had a more

balanced distribution of treatment-naive and previously treated

patients. Patients included in the OCR OPERA vs GA NTD

cohort had the shortest disease duration. Finally, patients in the

OCR OPERA vs NTZ and FTY NTD-matched cohorts had

higher EDSS scores compared with all other cohorts.

Validation of PSM approach and exchangeability of clinical
trial and real-world datasets

As described, to assess the validity of the PSM approach used in

this study and the exchangeability of the two datasets, primary

outcomes were compared between the matched IFN β-1a
cohorts from OPERA and NTD. For both outcome com-

parisons, cohorts were well balanced after matching

(Supplemental Figure S3). Over a 96-week period, no signif-

icant difference was observed for time to first relapse (HR = .76

[95% CI .52-1.13], P = .174) or time to 24W-CDP (HR = .80

Figure 1. Love plots for absolute standardized differences after PSM for matching factors defined for relapse and 24W-CDP outcomes. 24W-CDP, 24-week

confirmed disability progression; DMF, dimethyl fumarate; EDSS, Expanded Disability Status Scale; FTY, fingolimod; GA, glatiramer acetate; Gd+, gadolinium-

enhancing; IFN β-1a, interferon β-1a; NTD, NeuroTransData registry; NTZ, natalizumab; OCR, ocrelizumab; PSM, propensity score-matched; TERI, teriflunomide.
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[95% CI .53-1.20], P = .279), suggesting an acceptable ex-

changeability of the two datasets (Supplemental Figure S4).

However, a numerical trend of fewer relapses and 24W-CDP

events was observed for patients treated with IFN β-1a in the

OPERA cohort.

Time to first relapse

Treatment with OCR was associated with a statistically

significant reduction in time to first relapse vs any of the

treatment pathways regardless of the index therapy (Table 3,

Figure 2). Relative to patients where injectable DMTs (IFN

β-1a and GA) were the index therapy, treatment with OCR

resulted in a significant reduction of 66-70% in the risk of

relapses. By the end of the follow-up period (5.5 years), only

32-34% of patients were still on treatment with the index

therapies IFN β-1a and GA, respectively (Figure 3).

Compared with patients treated with oral index therapies

(TERI, DMF, FTY), treatment with OCR led to a sig-

nificant reduction of 49-55% in relapse activity (Table 3);

higher persistence was observed relative to injectable DMTs

with 41%, 40%, and 58% of patients remaining on the oral

index therapy after 5.5 years (Figure 3). While patients

starting on NTZ showed better relapse outcomes compared

with other DMTs, treatment with OCR was still associated

with a significant 46% reduction in risk to first relapse

(Table 3). After 5.5 years only 49% of patients remained on

NTZ (Figure 3), with most patients de-escalating to lower-

efficacy DMTs (Supplemental Figure S5, panel D).

Treatment with OCR was still associated with a statistically

significant reduction in time to first relapse vs any of the

treatment pathways, in a sensitivity analysis where presence/

absence of Gd+ lesions was not used as a matching factor

(Supplemental Table S2, panel B).

Time to 24-week confirmed disability progression

Treatment with OCR was associated with a reduction in

time to 24W-CDP vs any of the treatment pathways re-

gardless of the index therapy (Table 3). The survival curves

for probability of disability progression of each treatment

pathway vs OCR are shown in Figure 4. Relative to patients

where injectable DMTs (IFN β-1a and GA) were the index

therapy, treatment with OCR resulted in a significant re-

duction of 33-49% in disability progression (Table 3).

Similar to the analyses for the relapse outcome, by the end of

the follow-up period (5.5 years), only 28% of patients were

still on treatment with the index therapies IFN β-1a and GA,

respectively (Figure 5). Compared with patients treated with

oral index therapies, treatment with OCR led to a significant

reduction of 34% (vs FTY), 36% (vs DMF), and 39% (vs

TERI) in disability progression (Table 3); however, after 5.5

years, only 44% and 45% were still treated with the index

therapies DMF and TERI, respectively, with most

escalating to higher-efficacy therapies (Supplemental Figure

S6, panels A and F). Higher persistence was observed with

57% of patients remaining on the FTY index therapy after

5.5 years. A marginally significant difference in favor of

OCR on time to disability progression (34% risk reduction,

P = .048) was also observed compared with patients on a

NTZ treatment pathway (Table 3). After 5.5 years only 35%

of patients remained on NTZ (Figure 5), with most patients

de-escalating to lower-efficacy DMTs (Supplemental Figure

S6, panel D).

Treatment pathway discontinuations and treatment
switching for index-matched cohorts

After an observation period of 5.5 years (288 weeks), over 50%

of patients in the NTD registry had discontinued their initial

index therapy for each outcome analysis except for the FTY

cohort (Figures 4 and 5). Overall, across different comparison

cohorts, IFN β-1a and GA showed the lowest persistence (28-

34%) whereas FTY showed the highest persistence, with ap-

proximately 58% and 57% of patients remaining on index

therapy after 5.5 years for the relapse and disability cohorts,

respectively (Figures 4 and 5). Moreover, the median time to

treatment discontinuation (ie, time by which 50% of patients

discontinued the treatment) of injectable index therapies and

DMF occurred relatively early after initiation (IFN β-1a, 2.4
and 2.9 years for relapse and disability outcomes analyses, re-

spectively; GA, 3.3 and 2.4 years, respectively; DMF, 2.5 and

3.5 years, respectively; Figures 4 and 5). Relative to injectable

index therapies or DMF, the median time to treatment dis-

continuation was delayed in cohorts where NTZ and TERI

were the index therapies, in particular in the relapse cohorts (5.2

and 3.9 years, respectively).

Injectable DMTs were more likely to be discontinued due to

lack of efficacy (IFN β-1a, 30.1% and 35.2%; GA, 39.2% and

32.4% in the relapse and disability cohorts, respectively;

Table 4), DMF and TERI were more likely to be discontinued

due to side effects in both relapse and disability cohorts (DMF,

39.8% and 31.8%; TERI, 42.1% and 38.1%, respectively). For

NTZ and FTY, lack of efficacy was less likely to lead to dis-

continuation, in particular in the disability cohort (NTZ, 8.2%;

FTY, 19.2%). A positive JCV index (reason for discontinuation

recorded as “Antibodies”) was one of the main reasons for NTZ

discontinuation. However, reasons for discontinuation should

be interpreted with caution as discontinuation for other reasons

ranged from 8.9% (TERI) to 37.4% (DMF) and 13.2% (TERI)

to 39.2% (DMF) for the relapse and disability outcome analyses,

respectively. For additional details refer to Table 4.

In general, in the pathways starting with a lower-efficacy

DMT (IFN β-1a, GA, TERI, DMF) a switching pattern

towards an escalating strategy to higher-efficacy DMTs was

observed, whereas for higher-efficacy index therapies (NTZ and

FTY) a de-escalating pattern was observed (Supplemental

Figures S4 and S5).
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Discussion
In this study we used PS methods to compare the effectiveness

of OCR administered in a phase 3 clinical trial and its OLE

phase with matched real-world treatment pathways starting

with IFN β-1a, GA, DMF, TERI, FTY, or NTZ. Over a

period of up to 5.5 years, treatment with OCR was associated

with a significant reduction in time to first relapse and time to

24W-CDP compared with any of these treatment pathways.

We also confirm that treatment patterns in the real world are

heterogeneous and dynamic, with many DMT switches that

may lead to suboptimal clinical outcomes.

PS-based analyses are increasingly being applied in obser-

vational MS studies to compare the effectiveness and safety of

DMTs.15,16 However, merging clinical trial and real-world data

remains largely unexplored in MS, with only one previous study

reporting results that used data from the pivotal trial assessing

cladribine tablets vs placebo (CLARITY), and PS-weighted

data from the Italian multicenter database, i-MuST.21 Similar

to Signori et al21 we demonstrated the feasibility of merging

interventional and observational datasets, in our case by com-

paring matched IFN β-1a cohorts from the OPERA trial and

the NTD registry and showing no significant difference be-

tween the two cohorts for the study outcomes. Some notable

differences can be identified between the two studies. We used

PSM whereas Signori et al opted for using the PS to calculate

inverse probability of treatment weighting (IPTW). Whilst

IPTW with stabilized trimmed weights seems to be more

popular in the MS literature,11,21,30 a recent study has shown

that there are no important differences between conclusions

obtained with PSM or PS weighting as long as a study is

sufficiently powered, models are correctly specified, and posi-

tivity assumption is fulfilled.31 Perhaps a more important dif-

ference is that patients in i-MuST were censored at treatment

switch, whereas in our study all matched patients were retained

in the groups as initial DMT allocation regardless of subsequent

switches to other DMTs (ITT analysis). An ITT framework has

greater advantages as it mitigates the risk of informed

censoring,31 and it allows to fully characterize long-term

treatment pathways observed in clinical practice.20

A high diversity of treatment pathways could in fact be

observed in the NTD registry, characterized by frequent

switching/sequencing and discontinuation over a period of

5.5 years. By the end of the study, less than half of patients in the

different NTD-matched cohorts were still being treated with

the index therapy, with a higher proportion of switchers re-

ported on platform injectable DMTs (IFN β-1a, GA), and FTY

and NTZ associated with higher persistence. This is consistent

with a recent study looking at real-world DMT pathways using

claims administrative data, which observed that 51.3% and

26.5% of patients had evidence of a second and a third DMT

over a follow-up period of 2.0-10.5 years, respectively.20

Overall, in our study lack of efficacy was the most common

reason for stopping a DMT followed by side effects and lack of

tolerability, which is consistent with the results from a recent

Big MS Data Network study.32 Individual patterns reported for

each DMT are also in line with previous literature (eg, [gas-

trointestinal] intolerability is a primary reason for DMF dis-

continuation, whereas a positive JCV index is the most common

reason for NTZ discontinuation).33-35

The most important finding of our study is that patients

treated with OCR achieved better clinical outcomes than

matched patients in the different treatment pathways. Over a

5.5-year period, a significant risk reduction of relapse activity

and disability progression was observed for OCR patients

compared with all other DMTs (although the 34% risk re-

duction of 24W-CDP associated with OCR compared with

NTZ treatment pathway was marginally significant, P = .048).

Interestingly, the risk reduction of 24W-CDP relative to the

matched cohort with NTZ as index therapy (34% risk reduc-

tion) was similar to that observed for GA (33% risk reduction).

While this result may appear paradoxical, it is likely explained by

the observed treatment pathways. Over a period of 5.5 years,

more than 50% of patients had discontinued NTZ and GA;

however, while patients discontinued NTZ mostly due to safety

Table 3. Effectiveness of OCR in OPERA studies compared with index therapies in NTD-matched cohorts over 288 weeks.

OCR VS INDEX-THERAPY LINE IN NTD REGISTRY TIME TO FIRST RELAPSE TIME TO 24W-CDP

N HR 95% CI P-VALUE N HR 95% CI P-VALUE

DMF 167:167 .45 .31-.64 <.001 328:328 .64 .44-.92 .015

FTY 185:185 .47 .34-.66 <.001 252:252 .66 .44-.98 .039

GA 169:169 .34 .22-.51 <.001 331:331 .67 .47-.95 .026

NTZ 130:130 .54 .38-.76 <.001 200:200 .66 .43-1.00a .048

IFN β-1a 118:118 .30 .19-.47 <.001 264:264 .51 .36-.72 <.001

TERI 111:111 .51 .31-.83 .007 222:222 .61 .39-.95 .029

24W-CDP, 24-week confirmed disability progression; CI, confidence interval; DMF, dimethyl fumarate; FTY, fingolimod; GA, glatiramer acetate; HR, hazard ratio; IFN β-1a,
interferon β-1a; NTD, NeuroTransData registry; NTZ, natalizumab; OCR, ocrelizumab; TERI, teriflunomide.
aThe 3-digit 95% CI was (.431-.996) and the upper limit was rounded to 1.00; however, 95% did not include the 1.0 value.
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OCR vs DMF OCR vs FTY
HR = .45 (95% CI .31-.64), P < .001

OCR vs FTY
HR = .47 (95% CI .34-.66), P < .001

OCR vs GA
HR = .34 (95% CI .22-.51), P < .001

OCR vs NTZ
HR = .54 (95% CI .38-.76), P < .001

OCR vs IFN ��-1a
HR = .30 (95% CI .19-.47), P < .001

OCR vs TERI
HR = .51 (95% CI .31-.83), P < .007

IFN �-1a

Figure 2. Time to first relapse in patients receiving OCR in OPERA vs patients receiving each index therapy in the NTD-matched cohorts over 288 weeks. CI,

confidence interval; DMF, dimethyl fumarate; FTY, fingolimod; GA, glatiramer acetate; HR, hazard ratio; IFN β-1a, interferon β-1a; NTD, NeuroTransData registry;

NTZ, natalizumab; OCR, ocrelizumab; TERI, teriflunomide.

10 Journal of Central Nervous System Disease
n n



Figure 3. Time to discontinuation of each index therapy in the NTD-matched cohorts for time to first relapse outcome over 288 weeks. DMF, dimethyl fumarate;

FTY, fingolimod; GA, glatiramer acetate; IFN β-1a, interferon β-1a; NTD, NeuroTransData registry; NTZ, natalizumab; TERI, teriflunomide.
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OCR vs DMF
HR = .64 (95% CI .44-.92), P < .015

OCR vs FTYOCR vs FTY
HR = .66 (95% CI .44-.98), P < .039

OCR vs GA
HR = .67 (95% CI .47-.95), P < .026

OCR vs NTZ
HR = .66 (95% CI .43-.1.00), P < .048

OCR vs IFN ��-1a
HR = .51 (95% CI .36-.72), P < .001

OCR vs TERI
HR = .61 (95% CI .39-.95), P < .029

Figure 4. Time to 24W-CDP relapse in patients receiving OCR in OPERA vs patients receiving each index therapy in the NTD-matched cohorts over 288 weeks.

24W-CDP, 24-week confirmed disability progression; CI, confidence interval; DMF, dimethyl fumarate; FTY, fingolimod; GA, glatiramer acetate; HR, hazard ratio;

IFN β-1a, interferon β-1a; NTD, NeuroTransData registry; NTZ, natalizumab; OCR, ocrelizumab; TERI, teriflunomide.
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Figure 5. Time to discontinuation of each index therapy in the NTD-matched cohorts for time to 24W-CDP outcome over 288 weeks. 24W-CDP, 24-week

confirmed disability progression; DMF, dimethyl fumarate; FTY, fingolimod; GA, glatiramer acetate; IFN β-1a, interferon β-1a; NTD, NeuroTransData registry; NTZ,

natalizumab; TERI, teriflunomide.

13Muros-Le Rouzic et al
n n



concerns and were thus more likely to de-escalate to a less

efficacious DMT (NTZ > FTY > DMF), patients dis-

continuing GA did so for lack of efficacy and were therefore

more likely to escalate to a more efficacious DMT (FTY >

DMF > NTZ). These results support the concept that the best

clinical outcomes can be achieved through a combination of

high efficacy36-39 and good treatment persistence (associated

with adequate tolerability).

In our study, most patients in the OCR OPERA cohort re-

mained on continuous treatment for substantially longer than

matched patients in NTD cohorts on initial comparator DMTs.

While this reflects partially the interventional study design that

enforces permanence in the trial in particular during the double-

blind period, treatmentwithOCR in a real-world setting is typically

characterized by high persistence rates, as seen in a number of recent

large studies.40,41 Reports from CONFIDENCE, an ongoing

multicenter, non-interventional post-authorization safety study

showed a 92% persistence over 2 years in patients with RMS and

PPMS.42,43 In a recent MSBase study comparing switch to OCR,

cladribine, or NTZ after FTY treatment cessation in patients with

relapsing-remitting MS, OCR users had an 89% lower discon-

tinuation rate than NTZ.30 In this study, OCR treatment was

associated with a significant 33% risk reduction on time to first

relapse relative to NTZ, which is consistent with our results. There

was no significant difference in the cumulative hazard of disability

accumulation between the OCR and NTZ users (IPTWHR, .81;

95%CI, .49 to 1.35,P-value, .42), while our study foundmarginally

significant risk reduction (PSM HR, .66; 95% CI, .43 to 1.00, P-

value, .048). This result as well as the lower risk reduction estimate

on relapses (33% inMSBase vs 46% in our study) may be explained

by the methodologic approach (per protocol in MSBase vs ITT in

our study) and by the shorter follow-up duration in the MSBase

(2.0 years in MSBase vs 5.5 years in our study).

Strengths and limitations

This study uses PSM methods that allow to control for im-

portant covariates but inevitably result in the selection of a

narrower RMS population thus compromising the generaliz-

ability of results.15,16 Overall, a relatively high number of

Table 4. Discontinuation patterns and reasons of each index therapy in NTD-matched cohorts for time to first relapse outcome (panel A) and time to
24W-CDP (panel B).

PANEL A – RELAPSE OUTCOME

DISCONTINUATION PATTERNS DMF FTY GA NTZ IFN β-1A TERI

No. patients with index therapy discontinued (%) 100 (60.1) 78 (42.4) 115 (68.0) 67 (51.3) 77 (65.6) 66 (59.4)

Therapy discontinuation due toa

Lack of efficacy 27.8 20.5 39.2 20.0 30.2 35.5

Lack of compliance 20.5 4.7 10.7 8.1 23.8 2.2

Side effects 39.8 23.8 15.5 8.1 20.6 42.1

Pregnancy 0.0 15.8 3.6 9.9 3.2 0.0

Antibodies 1.2 0.0 0.0 16.1 0.0 0.0

Non-specified reasons 37.4 22.3 17.9 28.1 20.6 8.9

Fear of needle na. na. 3.6 na. 1.5 na.

Patient wish 19.3 22.3 13.1 9.9 14.2 13.3

Panel B – Disability progression outcome

Discontinuation Patterns DMF FTY GA NTZ IFN β-1a TERI

No. patients with index therapy discontinued (%) 182 (55.6) 110 (43.5) 239 (72.2) 131 (65.3) 189 (71.5) 122 (55.1)

Therapy discontinuation due toa

Lack of efficacy 28.3 19.2 32.4 8.2 35.2 28.6

Lack of compliance 21.6 10.3 7.8 8.2 18.9 4.8

Side effects 31.8 20.3 17.3 3.1 10.6 38.1

Pregnancy 2.9 11.5 5.7 13.3 7.0 4.8

Antibodies 0.0 0.0 0.0 18.4 0.0 0.0

Non-specified reasons 39.2 30.7 22.0 32.7 25.8 13.2

Fear of needle na. na. 1.0 0.0 1.8 0.0

Patient wish 17.3 16.1 15.3 16.3 13.8 13.2

24W-CDP, 24-week confirmed disability progression; DMF, dimethyl fumarate; DMT, disease-modifying therapy; FTY, fingolimod; GA, glatiramer acetate; IFN β-1a, interferon
β-1a; na., not applicable; NTD, NeuroTransData registry; NTZ, natalizumab; OCR, ocrelizumab; TERI, teriflunomide.
aReasons for DMT discontinuation are not mutually exclusive and more than one discontinuation reason can be recorded for a single patient.
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patients were included in each matched cohort. However,

patients not included in the PSM analyses had specific but

notable differences compared with those included. For example,

our results may not be generalizable to patients with lower

relapse activity in the year before study start, as these patients

were overall not included in the matched cohorts. Results may

also not be generalizable to PSM-excluded patients on in-

jectable therapies who had in general slightly lower disability

levels at baseline than the PSM-included patients. The same

applies to PSM-excluded NTD patients with index therapies

DMF and TERI who were in general 2-4 years older, with

slightly lower disability levels at baseline, and more frequently

previously treated with a DMT whereas the included patients

had a more balanced combination of previously treated and

treatment naive. Our study can therefore be expected to estimate

the comparative effectiveness in a real-world population with

characteristics similar to those of a selected interventional

clinical trial, rather than overall real-world effectiveness.

However, there is still a significant overlap between the OP-

ERA trial and the overall NTD registry, and the treatment

effect size observed across multiple comparative cohorts is

expected to comfortably exceed the effect of any potential biases.

Another limitation of our PSM approach is that it only

controls for balance in the measured confounders at baseline.

Bias due to unobserved clinical factors (eg, BMI) or on-

therapy confounders at baseline or any other residual con-

founding may still be present after matching.44 However, we

were able to adjust for the most important factors at baseline

as shown by other groups,10,11,17,21 including for MRI ac-

tivity, although complete MRI information was only

available for about 30% of patients. Indeed, as it was included

as a matching factor in the primary analyses for effectiveness

in relapse activity, the size of the comparative cohorts was

considerably reduced. Nevertheless, we observed similar

results in a sensitivity analysis with larger cohorts not

matched for presence/absence of Gd+ lesions, which indi-

cates limited indication bias.

A major challenge in our study was to estimate treatment

effect in a clinical trial setting while accounting for expected

changes in treatment pathways post-index therapy in NTD

registry arising from the real-world setting. Due to the relevance

for clinical decision-making, we report treatment effects of

OCR vs other DMTs reflecting the treatment policy

principles.45,46 Analytically, we applied an ITT approach using

all collected information, including outcome data, and essen-

tially ignoring intercurrent events (ie, treatment switch or

discontinuation) related to the complexity and diversity of

patient journeys across real-world treatment pathways after

initiation of the index treatment. Attrition bias may be present

in our study due to patients loss to follow-up in the NTD

registry, impeding adequate documentation regarding treat-

ment discontinuation or switch. Lost-to-follow-up rates were

higher in the NTD registry vs the OPERA trials, resulting in

different censoring rates in time-to-event analyses, which may

explain part of the treatment effects. However, our ITT ana-

lytical approach controls for some of this bias as well as informed

censoring.31

Finally, in the NTD registry clear and unique relapse def-

initions are used and all information on EDSS is entered by

certified raters leading to overall higher data quality and better

comparability with data acquired in the context of clinical trials.

The approximate 3-monthly visit schedule (including relapse

and EDSS assessment) across all cohorts allows for mitigation

of the risk of performance bias and led to minimal data

imputation.

Conclusions
We demonstrated that, by using PSM in the context of an

ITT analysis, comparison of RCT and high-quality real-

world datasets was feasible. Following this approach, we

showed the superiority (Class III evidence) of OCR in

controlling disease activity and progression compared with

complex and dynamic DMT real-world treatment pathways

over a 5.5-year period. This strategy using clinical trial data

with a high-quality observational cohort can therefore be

used to address the knowledge gap arising from the absence

of head-to-head clinical trials comparing the clinical efficacy

of multiple DMTs for MS. This could prove particularly

useful at the time of approval of a new DMT. Future research

could explore other methods such as marginal structural

model accounting for the time-dependent confounders,

including treatment status and allocation at any time point,

in order to further assess the effect of DMTs conditional on

treatment persistence.44,47 While the long-term benefits of

early use of high-efficacy DMTs have been shown by a

number of real-world studies,36-39 our study provides novel

evidence that high treatment persistence, as observed with

OCR,40-43 is also critical for realizing those benefits.

However, these observations require confirmation using

real-world OCR data acquired in the NTD registry. Data

collection is ongoing and comparative effectiveness analyses

will be conducted when longer term data become available.
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