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Patients with ≥5-point 

improvement, n (%)

Neuro-QoL domain

Matched 

patients, 

n

Event time ratio

(95% CI)

P

value

Natalizumab Ocrelizumab

Cognitive Function 136 0.45 (0.28-0.75) 0.002 54 (39.7) 38 (27.9)

Satisfaction with Social Roles and Activities 122 0.47 (0.23-0.97) 0.040 29 (32.0) 32 (26.2)

Participation in Social Roles and Activities 123 0.46 (0.19-1.08) 0.075 45 (36.6) 31 (25.2)

Positive Affect and Well-being 106 0.51 (0.24-1.09) 0.083 31 (29.2) 26 (24.5)
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INTRODUCTION
• An understanding of patient-reported changes in physical, mental, and 

social health after initiation of multiple sclerosis (MS) disease-modifying 

therapies (DMTs) is important for optimising treatment.

• Natalizumab and ocrelizumab are highly efficacious DMTs approved to 

treat relapsing-remitting and relapsing forms of MS, respectively.1,2

• In a previous assessment of natalizumab and ocrelizumab patients’ self-

assessed Quality of Life in Neurological Disorders (Neuro-QoL) 

neuroperformance outcomes, statistically significant improvement was 

observed in 9 of 12 Neuro-QoL domains with natalizumab and in 4 of 12 

domains with ocrelizumab.3

• Little is known about the time to onset of patient-reported 

neuroperformance improvement upon the initiation of MS DMTs.

AIM
• To assess time to improvement in each Neuro-QoL domain for patients 

treated with natalizumab compared with that for those treated with 

ocrelizumab.

aCo-medication use was defined as the use of any of the following medications 

that started before baseline assessment and ended after baseline assessment: 

stimulants, dopamine agonists, opioids, opioid partial agonists, partial mu-opioid 

agonists, opioid antagonists, centrally acting analgesics, serotonin/norepinephrine 

reuptake inhibitors, sleep medicines (zolpidem, eszopiclone, zaleplon, doxepine, 

suvorexant, ramelteon, emazepam).

SD=standard deviation; SMD=standardised mean difference (absolute).
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METHODS
Patient cohorts

• Eligible patients were enrolled in the MS Partners Advancing Technology 

and Health Solutions (MS PATHS)4 network as of July 2020, initiated 

treatment with either natalizumab or ocrelizumab while enrolled in the MS 

PATHS network, and had at least one Neuro-QoL assessment in the year 

prior to initiation.

• Patients with primary progressive MS, prior treatment with natalizumab or 

ocrelizumab, missing baseline covariates, no follow-up Neuro-QoL 

assessments after baseline, and/or a baseline Neuro-QoL score <5 

points below the maximum (for positively worded domains) or <5 points 

above the minimum (for negatively worded domains) were excluded.

– Exclusion based on baseline Neuro-QoL scores eliminated patients 

without an opportunity to improve ≥5 points due to floor and ceiling 

effects.

• Patients who initiated natalizumab prior to the availability of ocrelizumab 

were also excluded.

• For each Neuro-QoL domain, natalizumab patients were PS matched 1:1 

to ocrelizumab patients using the following baseline covariates: age, sex, 

race, years of education, MS duration, Patient Determined Disease Steps 

(PDDS) score, number of relapses in the prior year, Processing Speed 

Test (PST) score, average Manual Dexterity Test (MDT) score, use of 

prior DMTs, use of co-medications, and the corresponding baseline 

Neuro-QoL assessment.

• In addition, for each Neuro-QoL domain, a sensitivity analysis was 

carried out using 1:2 PS matching of natalizumab and ocrelizumab 

patients.

Outcomes and analyses

• T-scores for 12 Neuro-QoL domains were obtained at routine visits 

through the MS PATHS network.

• Baseline was defined as the last Neuro-QoL measurement ≤1 year prior 

to initiating treatment with natalizumab or ocrelizumab.

• Events were defined as a clinically meaningful improvement in T-score. 

– Clinically meaningful improvement in T-score was defined as a change 

of ≥5 points from baseline, previously identified as the threshold of 

minimally important differences in patient-reported quality of life in 

chronic diseases.5

– Event time was further defined as the interval between the last visit 

before the improvement and the visit when the ≥5-point improvement 

was measured.

• For patients without clinically meaningful improvement in T-score, the 

censoring time was defined as the last visit during the follow-up.

• Times to first clinically meaningful Neuro-QoL improvement in propensity 

score (PS)–matched natalizumab and ocrelizumab patients were further 

analysed using a semiparametric accelerated failure time model for 

interval-censored data.

Time to improvement in Neuro-QoL domains in PS-

matched natalizumab and ocrelizumab patients
• Time to clinically meaningful improvement was significantly shorter with 

natalizumab than with ocrelizumab for the Cognitive Function (event time 

ratio: 0.45; P=0.002) and Satisfaction with Social Roles and Activities 

(event time ratio: 0.47; P=0.040) Neuro-QoL domains (Figure 1A). 

– There were trends favouring natalizumab over ocrelizumab for 

Participation in Social Roles and Activities (event time ratio: 0.46; 

P=0.075) and Positive Affect and Well-being (event time ratio: 0.51; 

P=0.083), though these did not reach statistical significance 

(Figure 1B).

• There was no meaningful difference between groups in the remaining 

Neuro-QoL domains (Figure 2).

Sensitivity analyses in 1:2 PS-matched 

natalizumab and ocrelizumab patients
• The results of sensitivity analyses were generally consistent with the 

primary analysis for all Neuro-QoL domains, except for Sleep Disturbance. 

– After 1:2 PS matching, baseline characteristics of natalizumab (n=130) 

and ocrelizumab (n=260) were well-balanced for Sleep Disturbance 

(Table 4).

• Time to clinically meaningful improvement in Sleep Disturbance was 

significantly shorter with natalizumab than with ocrelizumab in 1:2 PS-

matched patients (event time ratio: 0.59; P=0.026).

Figure 1. (A) Event time ratios and (B) probability of 

clinically meaningful improvement from accelerated 

failure time analyses for Cognitive Function, Satisfaction 

with Social Roles and Activities, Participation in Social 

Roles and Activities, and Positive Affect and Well-being 

in PS-matched natalizumab and ocrelizumab patients

Figure 2. Event time ratios for Neuro-QoL domains in PS-

matched natalizumab and ocrelizumab patients

Table 1. Baseline characteristics of MS PATHS patients 

treated with natalizumab or ocrelizumab

Characteristic

Natalizumab 

(n=146)

Ocrelizumab

(n=632)

Overall

(n=778) SMD

Age, mean (SD), years 38.68 (8.92) 43.33 (10.83) 42.46 (10.65) 0.468

Male, n (%) 24 (16.4) 169 (26.7) 193 (24.8) 0.252

Race, White, n (%) 128 (87.7) 534 (84.5) 662 (85.1) 0.092

Education, mean (SD), years 14.61 (2.65) 14.48 (2.88) 14.50 (2.84) 0.047

MS duration, mean (SD), years 7.27 (6.10) 10.44 (7.80) 9.85 (7.61) 0.454

PDDS score, mean (SD) 1.17 (1.49) 1.96 (1.95) 1.81 (1.89) 0.454

Number of relapses (%)

0

1

2

3

65 (44.5)

49 (33.6)

23 (15.8)

9 (6.2)

324 (51.3)

181 (28.6)

78 (12.3)

49 (7.8)

389 (50.0)

230 (29.6)

101 (13.0)

58 (7.5)

0.172

PST score 55.03 (10.71) 51.33 (11.98) 52.02 (11.83) 0.326

MDT score 25.10 (4.99) 26.79 (6.52) 26.47 (6.29) 0.291

Prior DMT use, n (%) 68 (46.6) 365 (57.8) 433 (55.7) 0.225

Co-medication use, n (%)a 28 (19.2) 157 (24.8) 185 (23.8) 0.137

Table 2. On-study follow-up and assessments in MS 

PATHS patients treated with natalizumab or 

ocrelizumab

Parameter

Natalizumab 

(n=146)

Ocrelizumab

(n=632)

Overall

(n=778)

Follow-up time, days

Mean (SD)

Median (IQR)

392.77 (239.27)

355.5 (202.25, 538.75)

432.97 (251.10)

391 (221, 627)

425.43 (249.26)

384 (217, 615)

Interval between baseline assessment 

and index date, mean (SD), daysa

151.27 (76.03) 169.45 (83.59) 166.04 (82.49)

Table 3. Baseline covariates of PS-matched natalizumab 

and ocrelizumab patients for the Cognitive Function and 

Satisfaction with Social Roles and Activities Neuro-QoL 

domains

Characteristic

Cognitive Function
Satisfaction with Social Roles and 

Activities

Natalizumab

(n=136)

Ocrelizumab

(n=136)

Overall

(n=272) SMD

Natalizumab

(n=122)

Ocrelizumab

(n=122)

Overall

(n=244) SMD

Age, mean (SD), 

years

38.87 

(9.05)

38.99 

(9.45)

38.93 

(9.23)

0.013 38.99 (8.67) 37.74 

(8.63)

38.36 

(8.65)

0.145

Male, n (%) 21 (15.4) 14 (10.3) 35 (12.9) 0.154 19 (15.6) 18 (14.8) 37 (15.2) 0.023

Race, White, 

n (%)

118 (86.8) 123 (90.4) 241 

(88.6)

0.116 106 (86.9) 104 (85.2) 210 

(86.1)

0.047

Education, mean 

(SD), years

14.57 

(2.62)

14.43 

(3.01)

14.50 

(2.82)

0.052 14.56 (2.58) 13.92 

(3.14)

14.24 

(2.88)

0.223

MS duration, 

mean (SD), years

7.26 

(6.20)

7.53 

(6.10)

7.40 

(6.14)

0.043 7.09 (6.23) 7.12 

(5.37)

7.11 

(5.80)

0.006

PDDS score, 

mean (SD)

1.24 

(1.51)

1.24 

(1.38)

1.24 

(1.44)

0.005 1.38 (1.54) 1.42 

(1.43)

1.40 

(1.48)

0.028

Relapses, n (%)

0

1

2

3

58 (42.6)

46 (33.8)

23 (16.9)

9 (6.6)

62 (45.6)

46 (33.8)

21 (15.4)

7(5.1)

120 (44.1)

92 (33.8)

44 (16.2)

16 (5.9)

0.084 47 (38.5)

44 (36.1)

22 (18.0)

9 (7.4)

51 (41.8)

40 (32.8)

21 (17.2)

10 (8.2)

98 (40.2)

84 (34.4)

43 (17.6)

19 (7.8)

0.084

PST score 54.68 

(10.84)

56.64 

(10.06)

55.66 

(10.48)

0.187 54.72 

(10.88)

55.44 

(11.05)

55.08 

(10.95)

0.066

MDT score 25.23 

(5.09)

24.63 

(5.33)

24.93 

(5.21)

0.115 25.70 

(5.07)

25.77 

(5.81)

25.74 

(5.44)

0.014

Prior DMT use, 

n (%)

62 (45.6) 72 (52.9) 134 

(49.3)

0.147 58 (47.5) 61 

(50.0)

119 

(48.8)

0.049

Co-medication 

use, n (%)a

28 

(20.6)

25 (18.4) 53 

(19.5)

0.056 26 (21.3) 30 

(24.6)

56 

(23.0)

0.078

Table 4. Baseline covariates of 1:2 PS-matched 

natalizumab and ocrelizumab patients for the Sleep 

Disturbance Neuro-QoL domain

Characteristic

Natalizumab 

(n=130)

Ocrelizumab

(n=260)

Overall

(n=390) SMD

Age, mean (SD), years 38.86 (8.77) 39.59 (9.49) 39.35 (9.25) 0.080

Male, n (%) 22 (16.9) 38 (14.6) 60 (15.4) 0.063

Race, White, n (%) 113 (86.9) 228 (87.7) 341 (87.4) 0.023

Education, mean (SD), years 14.63 (2.59) 14.45 (2.96) 14.51 (2.84) 0.064

MS duration, mean (SD), years 7.00 (6.05) 7.24 (5.84) 7.16 (5.90) 0.040

PDDS score, mean (SD) 1.25 (1.47) 1.16 (1.43) 1.19 (1.44) 0.066

Relapses, n (%)

0

1

2

3

54 (41.5)

45 (34.6)

22 (16.9)

9 (6.9)

113 (43.5)

87 (33.5)

40 (15.4)

20 (7.7)

167 (42.8)

132 (33.8)

62 (15.9)

29 (7.4)

0.059

PST score 54.89 (10.88) 55.19 (11.62) 55.09 (11.37) 0.027

MDT score 25.24 (5.02) 24.64 (5.04) 24.84 (5.03) 0.121

Prior DMT use, n (%) 63 (48.5) 127 (48.8) 190 (48.7) 0.008

Co-medication use, n (%)a 27 (20.8) 54 (20.8) 81 (20.8) <0.001
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CONCLUSIONS
• This head-to-head comparison of MS PATHS patients demonstrated that 

natalizumab treatment can shorten the time to clinically meaningful 

improvement in the Neuro-QoL domains of Cognition and Satisfaction 

with Social Roles and Activities compared with ocrelizumab treatment.

• While these PS-matching analyses controlled for potential confounding 

from differences in baseline covariates, they have limitations that should 

be considered.

– While the PS-matching analyses controlled for potential confounding 

from differences in baseline covariates, the removal of a large 

proportion of ocrelizumab patients from the 1:1 PS matching limits the 

generalisability of these observations to the overall population of 

ocrelizumab patients, though the results of the sensitivity analysis 

generally supported the main conclusions.

• These results may be informative for health care providers making 

decisions about high-efficacy treatments for their patients with MS.

RESULTS
Patients
• There were 146 natalizumab and 632 ocrelizumab MS PATHS patients 

eligible for this analysis (Table 1).

• Before PS matching, eligible patients exhibited differences in baseline 

covariates (Table 1). 

– Notably, ocrelizumab patients were older, had a longer duration of MS, 

had higher PDDS scores, had lower PST scores, and were more likely 

to have received prior DMTs than natalizumab patients.

• Mean follow-up times were similar for both natalizumab- and ocrelizumab-

treated patients before matching (392.77 and 432.97 days, respectively; 

Table 2).

• After PS matching, there were 88-139 pairs of matched natalizumab and 

ocrelizumab patients, depending on domain.

– All Neuro-QoL domains had similar baseline characteristics before and 

after PS matching.

– The Cognitive Function and Social Role Satisfactions Neuro-QoL 

domains are presented in Table 3 as an example of generally well-

balanced baseline characteristics after PS matching (other domains    

not shown).
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Satisfaction with Social 

Roles and Activities

(n=122)

Participation in Social 

Poles and Activities

(n=123)

Positive Affect and 

Well-being

(n=106)

Natalizumab Ocrelizumab

B

0.1 0.5 1 2.5 10

Event time ratio (95% CI)

Favours natalizumab Favours ocrelizumab

A

Patients with ≥5-point 

improvement, n (%)

Neuro-QoL domain

Matched 

patients, n

Event time ratio

(95% CI)

P value Natalizumab Ocrelizumab

Upper Extremity Function 88 0.52 (0.18-1.52) 0.230 29 (33.0) 23 (26.1)

Sleep Disturbance 133 0.79 (0.41-1.54) 0.489 59 (44.4) 52 (39.1)

Emotional and Behavioral Dyscontrol 97 0.83 (0.48-1.42) 0.494 37 (38.1) 38 (39.2)

Depression 109 0.88 (0.41-1.89) 0.750 40 (36.7) 34 (31.2)

Lower Extremity Function 104 1.00 (0.25-4.05) 0.996 22 (21.2) 22 (21.2)

Fatigue 139 1.04 (0.64-1.69) 0.873 52 (37.4) 59 (42.4)

Anxiety 124 1.17 (0.62-2.21) 0.618 54 (43.5) 59 (47.6)

Stigma 104 1.32 (0.70-2.50) 0.394 42 (40.4) 45 (43.3)

0.1 0.5 1 2.5 10
Event time ratio (95% CI)

Favours natalizumab Favours ocrelizumab

In (A), Neurol-QoL domains with significant differences (P<0.05) for natalizumab vs 

ocrelizumab indicated in bold font.

CI=confidence interval.

aIndex date defined as date of initiation of natalizumab or ocrelizumab treatment.

IQR=interquartile range.

aCo-medication use defined as in Table 1.

aCo-medication use defined as in Table 1.
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