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Abstract

Background: Optimizing multiple sclerosis treatment warrants understanding of changes in physical,
mental, and social health.

Objective: To assess the impact of natalizumab on Quality of Life in Neurological Disorders (Neuro-
QoL) scores.

Methods: Annualized change in T-scores and likelihood of >5-point improvement over baseline were
calculated for each Neuro-QoL domain after natalizumab initiation. Comparisons with ocrelizumab-
treated patients were conducted after propensity score weighting and adjustment for relevant
co-medications, year, and drug-year interaction.

Results: Among 164 natalizumab patients analyzed, 8 of 12 Neuro-QoL domains improved significant-
ly, with greater improvement in patients with abnormal baseline Neuro-QoL. In the subgroup
comparison of natalizumab-treated (n=145) and ocrelizumab-treated (n =520) patients, significant
improvement occurred in 9 of 12 and 4 of 12 domains, respectively. The difference between groups
was statistically significant for positive affect and well-being (p =0.02), sleep (p =0.003), and satis-
faction with social roles and activities (SRA) (p = 0.03) in the overall population and for emotional and
behavioral dyscontrol (p=0.01), participation in SRA (p=0.0001), and satisfaction with SRA
(» =0.02) in patients with abnormal baseline Neuro-QoL.

Conclusions: Natalizumab can produce clinically meaningful improvements in mental and social health.
Such improvements are unlikely to be primarily driven by expectation bias, as their magnitude exceeded
improvements with another high-efficacy therapy, ocrelizumab.
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Introduction

Multiple sclerosis (MS) is a chronic demyelinating
and neurodegenerative disease typically character-
ized by progressive physical and cognitive worsen-
ing with a substantial impact on different aspects of
personal and social life. Health-related quality of life
(HRQoL) is lower in MS patients compared with the
general population and patients with other chronic
diseases.'

Natalizumab, a monoclonal antibody against very-
late-activation antigen 4, reduces central inflammatory

activity in MS and can lead to improvements in
HRQoL in both real-world and clinical-trial set-
tings.°'® Many natalizumab-treated patients anecdot-
ally report a “feel-good effect,” which has not
been well characterized clinically or physiologically.
Patient interview-based studies suggest that the “feel-
good effect” might reflect improved depression and
fatigue and an overall perception of well-being and

In the current study, we investigated the patient-reported
experience with natalizumab using Neuro-QoL (Quality
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of Life in Neurological Disorders), a comprehensive
self-reported battery of assessments across 12 neurolog-
ical domains related to physical, mental, and social
health'® previously validated in patients with MS."*

We conducted several sensitivity analyses to better
understand the clinical meaningfulness of our find-
ings. First, we assessed the magnitude of improve-
ment in individual Neuro-QoL domains by using a
predefined threshold of clinical meaningfulness.
Then, we investigated whether patients with baseline
impairment in each Neuro-QoL domain were more
likely to experience improvement than patients with-
out baseline impairment. Last, we sought to under-
stand whether expectation bias, which can occur
when patients switch to a new therapy, may be pri-
marily responsible for the observed improvements in
Neuro-QoL with natalizumab. To this end, we
compared the effect of natalizumab on Neuro-QoL
to that of another high-efficacy therapy for MS—
ocrelizumab—in a subgroup of patients with bal-
anced baseline characteristics.

Methods

Study population

Data were collected using the previously validated
Multiple Sclerosis Performance Test (MSPT)'>!¢ at
routine patient visits in the large real-world MS
cohort known as MS PATHS (Multiple Sclerosis
Partners Advancing Technology and Health
Solutions) as of August 2019."7 At each visit, patient
demographics and disease history, use of discase-
modifying therapy (DMT), PDDS (Patient
Determined Disease Steps),'® and neuroperformance
outcomes were collected along with a computer-
adaptive version of the Neuro-QoL. Patients con-
sented to the sharing of pseudoanonymized data
with the network investigators and sponsor, and it
was approved by all site institutional review boards.
We identified patients who initiated natalizumab
after enrollment in MS PATHS and had at least
one Neuro-QoL assessment in the prior year.
Baseline assessment was defined as the last Neuro-
QoL measurement recorded within one year prior to
the patient’s first reporting being on natalizumab.

Neuro-QoL assessments

Patients completed computer-adaptive Neuro-QoL
assessments for the following 12 domains: physical
function (upper and lower extremities), physical
symptoms (sleep disturbance and fatigue), emotional
health (anxiety, depression, positive affect and well-
being, emotional and behavioral dyscontrol, and

stigma), cognitive health, and social abilities (partic-
ipation in social roles and activities; satisfaction with
social roles and activities). As a result of MSPT
reconfiguration in April 2019, two of the Neuro-
QoL domains—(1) positive affect and well-being
and (2) emotional and behavioral dyscontrol—were
removed. All longitudinal time points were utilized
in this analysis.

In the Neuro-QoL, standardized T-scores for each
domain are derived from patient responses on a
five-point scale related to their feelings or function-
ing in the prior seven days. Specific questions can be
accessed at http://www.neuroqol.org. A Neuro-QoL
T-score of 50 for each domain represents the average
in a reference population. A clinical reference pop-
ulation was used for stigma, fatigue, emotional and
behavioral dyscontrol, and sleep-disturbance meas-
ures; a general reference population was used for the
remaining domains. For positively worded concepts
(lower- and upper-extremity function, positive affect
and well-being, cognition, participation in social
roles and activities, and satisfaction with social
roles and activities), a T-score >50 is better than
average; for negatively worded concepts (anxiety,
depression, emotional and behavioral dyscontrol,
fatigue, sleep disturbance, and stigma), a T-score
<50 is better than average.

Outline of analyses and outcome definitions

To better understand the clinical relevance of any
improvements in Neuro-QoL observed in the prima-
ry population of natalizumab-treated patients, we
conducted several subanalyses, including an assess-
ment of clinically meaningful change, an evaluation
of a clinically relevant patient subgroup, and an
assessment of potential expectation bias (Figure 1).
A clinically meaningful change for each domain was
defined as >5-point change (>0.5 standard devia-
tion (SD)) in T-score from baseline, previously iden-
tified as the threshold of discrimination of a
minimally important difference using different
quality-of-life tools in chronic diseases.'’

Patients with baseline Neuro-QoL impairment were
considered a clinically relevant subpopulation, as
Neuro-QoL improvements in such patients would
be more clinically meaningful than improvements
in patients with normal baseline scores. Thus, we
hypothesized that Neuro-QoL improvements would
be greater in patients with baseline Neuro-QoL
impairment than in the overall study population.
Baseline Neuro-QoL impairment was defined as a
T-score >55 for negatively worded domains or
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Natalizumab-initiating patients

(n=164)

Magnitude of Neuro-QoL improvement

* Annualized rate of change in T-score

—— e Proportion of patients with 5-point improvement in

T-score

Qualitative assessment of expectations bias

* Adjusted likelihood of 5-point improvement versus
worsening or stability in T-score

Improvement in clinically relevant subgroup

Figure 1. Outline of analyses and patient subgroups.
Neuro-QoL: quality of life in neurological disorders.

T-score <45 for positively worded domains, as sug-
gested by the general guidelines for interpretation of
Neuro-QoL T scores.?’

A subgroup comparison between natalizumab- and
ocrelizumab-initiating patients aimed to gain quali-
tative understanding of the impact of expectation
bias on Neuro-QoL improvements when patients
switch to high-efficacy therapies. While the specific
contribution of expectation bias versus effectiveness
cannot be parsed out in this study, we conceptualized
that should natalizumab-related improvements in
Neuro-QoL be driven primarily by expectation
bias, their magnitude should be the same as or less
than improvements observed with another high-
efficacy therapy. Therefore, we compared patients
who initiated either natalizumab or ocrelizumab in
MS PATHS. Patients reporting primary progressive
MS and those with prior exposure to ocrelizumab or
natalizumab were excluded.

Statistical analysis

The change in Neuro-QoL T-scores for each domain
was assessed with a multivariate-adjusted mixed-
effects regression model that included year and the
following baseline covariates: age, sex, race, education,
prior DMT by category (i.e. injectables [interferons or
glatiramer acetate], orals [teriflunomide, fingolimod, or
dimethyl fumarate], infusions [alemtuzumab], or no
DMT), PDDS score, MS duration, and the number of
patient-reported relapses in the prior 12 months.
Statistical significance was defined as p < 0.05.

The percentage of patients with >5-point improve-
ment or worsening in T-scores by the last available
Neuro-QoL was calculated.

Analyses in natalizumab- and ocrelizumab-treated
patients were conducted with multivariate mixed-
effects regression models after propensity score

* Improvement in patients with baseline Neuro-QoL

— impairment versus overall cohort

modeling and adjustment for year, drug-year inter-
action, and relevant co-medications (i.e. antidepres-
sants, sleep medicines, stimulants for fatigue, and
opioids for pain) as potential effect modifiers. The
propensity score of natalizumab treatment was esti-
mated based on eight baseline characteristics (age,
sex, race, education, prior DMT use, PDDS score,
MS duration, and the number of patient-reported
relapses in the prior 12 months) and was used to
generate stabilized inverse-probability weighting
(IPW) after trimming the outer 2% of the propensity
scores. Absolute standardized differences of <0.1
were achieved for baseline variables. Baseline char-
acteristics before and after IPW with trimming are
shown in Supplementary Tables 1-3.

The logistic-regression model comparing the likeli-
hood of >5-point improvement in T-scores between
natalizumab and ocrelizumab further adjusted for the
use of relevant co-medications (antidepressants,
sleep medicines, stimulants for fatigue, and/or
opioids) and follow-up duration on treatment.

Results
Overall cohort

Baseline characteristics. A total of 164 natalizumab-
treated patients met the selection criteria for this
analysis. Patient baseline characteristics prior to
natalizumab initiation are shown in Table 1. Mean
(SD) patient age was 39.2 (9.6) years. Most patients
(62%) reported either normal functioning or mild
disability on the PDDS, and approximately a quarter
(26%) had moderate disability or gait disability.
Median MS disease duration was five years. The
average number of relapses reported since the last
visit (or in the year prior to the patient’s enrollment
into MS PATHS) was 0.9 (SD 0.9), with 39% of
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Table 1. Baseline characteristics of natalizumab-treated patients in the overall study cohort.

patients reporting no relapses. Most patients in this
cohort initiated natalizumab either as a switch from
interferons, glatiramer acetate, or orals (44% com-
bined) or reported not taking a DMT prior to natali-
zumab (51%).

The mean time (SD) since first visit after natalizu-
mab initiation to the last available Neuro-QoL
assessment was 6 (6) months, and the mean (SD)
number of assessments was 2.3 (1.6). The baseline
assessment took place on average (SD) 4.8 (2.4)
months before the first assessment on natalizumab,
ranging from 0.2 to 10.8 months.

Adjusted annualized rate of change in T-scores for
each Neuro-QoL domain. Statistically significant
improvements were seen in 8 of 12 Neuro-QoL
domains in the overall natalizumab-treated popula-
tion; the trend toward improvement in three other
domains (emotional and behavioral dyscontrol,
participation in social roles and activities, and
upper extremity function) did not reach statistical
significance (Table 2).

Clinically meaningful change in Neuro-QoL T-scores.
The proportion of patients who exhibited a >5-point
change in T-scores for each Neuro-QoL domain

www.sagepub.com/msjetc



Table 2. Adjusted annualized rates of change in Neuro-QoL T-scores across all domains, overall population
and patients with baseline Neuro-QoL impairment.

following the initiation of natalizumab is shown in
Figure 2. In the overall population (Figure 2(a)),
over 50% of patients remained stable in each of
the assessed domains. A greater proportion of
patients reported clinically meaningful improvement
than worsening in all domains except lower extrem-
ity function and participation in social roles and
activities, in which an equal number of patients
reported improvement and worsening. The highest
percentage of patients with >5-point improvement
was seen in sleep disturbance (32%), anxiety (27%),
emotional and behavioral dyscontrol (26%), stigma
(24%), and positive affect and well-being (24%).

Subgroup of patients with baseline impairment in
Neuro-QoL domains

The number of patients with perceived impairment
in Neuro-QoL domains at baseline ranged from 20%
(33 of 164) for depression to 54% (89 of 164) for
cognitive function (Table 2). Statistically significant
improvements following natalizumab initiation were
observed in 10 of 12 Neuro-QoL domains;

annualized rates of improvement in each such
domain were greater than rates in the overall
cohort (Table 2).

Clinically meaningful improvement (>5 points) in
the subgroup of patients with baseline impairment
in Neuro-QoL domains is analyzed in Figure 2(b).
The percentage of patients with clinically meaningful
improvement was higher in most domains than in the
overall cohort. The percentage of patients with mean-
ingful improvement was highest in those with base-
line impairment in positive affect and well-being
(43%), emotional and behavioral dyscontrol (39%),
sleep disturbance (36%), and anxiety (33%).

Subgroup of natalizumab- and ocrelizumab-treated
patients

After propensity score trimming, 144 natalizumab
and 502 ocrelizumab patients were available for
analysis. The average (SD) time from the first visit
after natalizumab or ocrelizumab initiation to the last
available Neuro-QoL assessment was 6 (6) months
for both drugs. The average (SD) number of
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Sleep disturbance (n=164)
Anxiety (n=164)
Emotional and behavioral dyscontrol (n=150)
Positive affect and well-being (n=150)
Stigma (n=164)
Cognitive function (n=164)
Fatigue (n=164)

Depression (n=164)
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(b)
Sleep disturbance (n=75)
Anxiety (n=69)
Emotional and behavioral dyscontrol (n=56)
Positive affect and well-being (n=23)
Stigma (n=37)
Cognitive function (n=89)
Fatigue (n=70)

Depression (n=33)

Neuro-QoL domain

Participation in social roles and activities (n=82)
Satisfaction with social roles and activities (n=76)
Upper extremity function (n=81)

Lower extremity function (n=63)
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Figure 2. Clinically meaningful change in Neuro-QoL T-scores in (a) the overall population and (b) patients with Neuro-

QoL impairment at baseline.
Neuro-QoL: Quality of Life in Neurological Disorders.

assessments was 2.3 (1.6) for natalizumab and 2.0
(1.3) for ocrelizumab. The baseline assessment took
place on average (SD) 4.8 (2.4) months before the
first assessment on natalizumab and 6 (2.4) months
before the first assessment on ocrelizumab.

In natalizumab patients (Table 3), statistically signif-
icant improvement was observed in 9 of 12 Neuro-
QoL domains. The three domains with the greatest
improvement remained the same as in the overall
natalizumab cohort: positive affect and well-being,
sleep disturbance, and anxiety.

In ocrelizumab patients, statistically significant
improvement was observed in 4 of 12 Neuro-QoL
domains; the domains with the greatest improvement
were anxiety, depression, and positive affect and
well-being.

Overall, annualized improvement rates were greater
with natalizumab than with ocrelizumab, reaching
statistical significance for three domains: positive
affect and well-being (p =0.02), sleep disturbance
(»p=0.003), and satisfaction with social roles and
activities (p =0.03).
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In the subset of patients with baseline Neuro-QoL
impairment, both natalizumab and ocrelizumab per-
formed better than in the respective overall popula-
tions, leading to  statistically  significant
improvements in 10 and 8 Neuro-QoL domains,
respectively (Table 4). Rates of improvement were
higher overall with natalizumab, with the difference
between treatment groups reaching statistical signif-
icance in three domains: emotional and behavioral
dyscontrol (p=0.01), participation in social roles
and activities (p =0.0001), and satisfaction with
social roles and activities (p =0.02).

Among patients with baseline Neuro-QoL impair-
ment, the percentage with clinically meaningful
(>5-point) improvement was numerically higher
among natalizumab- than ocrelizumab-treated
patients in 7 of 12 Neuro-QoL domains and the
same for natalizumab and ocrelizumab in three of
the remaining five domains (Figure 3). The adjusted
likelihood of >5-point improvement was higher in
magnitude with natalizumab than with ocrelizumab
for 6 of 12 Neuro-QoL domains; however, these
differences did not reach statistical significance
(Figure 4).

Discussion

Patient-reported outcomes (PROs) are of growing
importance to clinicians, patients, payers, and regu-
lators, as they provide a broader overall assessment
of MS disease state and progression than clinical and
radiological measures alone.?! Further, PROs facili-
tate optimized patient management, as they relate
not only to the choice of DMT but also to symptom-
atic treatment or ancillary services for mental health
and depression.

We conducted a comprehensive assessment of nata-
lizumab’s effect on mental, emotional, cognitive,
and physical aspects of quality of life in a real-
world setting. To this end, we utilized systematically
collected standardized Neuro-QoL assessments,
defined a clinically meaningful threshold and patient
subpopulations, and analyzed outcomes against a
reference subgroup of patients receiving another
high-efficacy MS therapy.

Following treatment with natalizumab, we observed
statistically significant improvements in annualized
T-scores relative to baseline in 8 of 12 Neuro-QoL
domains. The only domain in which the rate of
change did not indicate improvement was lower
extremity function, a finding that may reflect the rel-
atively short mean follow-up period (six months). In

this context, the subjective perception of improvement
in mobility may require longer treatment than
improvements in emotional or mental health.

Sensitivity analyses supported the clinical meaning-
fulness of the Neuro-QoL findings. The subset of
patients with baseline Neuro-QoL impairment exhib-
ited higher rates of improvement than the overall
cohort, with statistically significant improvement
observed in 10 of 12 domains. Furthermore, the
proportion of patients in this subgroup exhibiting
>5-point improvement (0.5 SD) in T-score was
higher relative to the overall cohort for most
domains.

The demonstrated improvements in Neuro-QoL in
the overall study population and in patients with
baseline Neuro-QoL impairment support the strong
positive impact of natalizumab on various aspects of
HRQoL. However, the magnitude of observed
effects may be impacted by expectation bias when
a patient starts a high-efficacy therapy like natalizu-
mab. While the precise contribution of expectation
bias to our findings cannot be quantified, we
explored whether a similar impact on Neuro-QoL
was observed with another high efficacy therapy
that is likely to involve a similar level of expectation
related to instituting a more effective therapy. To
this end, we used as a reference comparator a pop-
ulation of patients initiating ocrelizumab in the same
cohort. Ocrelizumab is a monoclonal antibody tar-
geting CD20 on B cells and has demonstrated strong
efficacy in relapsing-remitting MS, as well as lower
rates of clinical and MRI progression than placebo in
primary progressive MS.**?* In the subgroup of
ocrelizumab- and natalizumab-treated patients with
balanced baseline characteristics, statistically signif-
icant improvement was observed in 9 of 12 Neuro-
QoL domains with natalizumab and in 4 of 12
Neuro-QoL domains with ocrelizumab. Annualized
rates of improvement tended to be greater with
natalizumab than with ocrelizumab in both the over-
all subgroup of patients and those with baseline
Neuro-QoL impairment. Analysis of the likelihood
of >5-point improvement in T-scores (versus stabil-
ity or worsening) among those with baseline Neuro-
QoL impairment favored natalizumab over ocrelizu-
mab for six domains despite not reaching statistical
significance. These overall results suggest that the
strong positive patient experience with natalizumab
described in this study was not driven entirely by
expectation bias based on initiation of a high-
efficacy DMT.
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Figure 3. Clinically meaningful change in Neuro-QoL T-scores for natalizumab- and ocrelizumab-treated patients with

Neuro-QoL impairment at baseline.

NAT: natalizumab; Neuro-QoL: Quality of Life in Neurological Disorders; OCR: ocrelizumab.

Domain OR (95% Cl)

Likelihood of >5-point improvement on natalizumab vs ocrelizumab

Positive affect and well-being 2.13(0.49, 9.35)

Participation in social roles and activities 1.41 (0.67, 2.97)
Anxiety 1.34 (0.70, 2.58)
Cognitive function 1.14 (0.60, 2.18)
Sleep disturbance 1.12 (0.61, 2.06)
Satisfaction with social roles and activities 1.04 (0.45, 2.41)
Emotional and behavioral dyscontrol 0.87 (0.43, 1.76)
Depression 0.82(0.27,2.51)
Upper extremity function 0.72 (0.30, 1.72)
Lower extremity function 0.61(0.19, 1.95)
Stigma 0.61(0.19, 1.92)

Fatigue 0.50 (0.24, 1.05)

r T T T T T T T T T T TTTTTTTTTTITTITTTrTimT
0.2 0.4 0.6 10 14 20 28 38 50 66 84110
Ocrelizumab better «——— —— Natalizumab better

Figure 4. Adjusted likelihood of >5-point improvement versus worsening and stability in natalizumab- and ocrelizumab-
treated patients with baseline impairment in Neuro-QoL domains.
CI: confidence interval; Neuro-QoL: Quality of Life in Neurological Disorders; OR: odds ratio.

Prior studies have consistently demonstrated
improvements or stability relative to baseline
across physical and psychosocial functioning in
natalizumab-treated patients; however, the emphasis
has been primarily on PRO instruments measuring
fatigue and depression.®***2” In one study,
natalizumab was reported to exert positive effects
on daytime sleepiness via its effect on fatigue.”> In
the current study, the overall impact of natalizumab
on sleep disturbance, positive affect and well-being,
emotional and behavioral dyscontrol, and

participation/satisfaction with social roles and activ-
ities appeared to extend beyond what could be
driven by its effect on depression and fatigue. To
this effect, our findings may better reflect a percep-
tion of overall well-being and energy. This could
be related to a natalizumab-induced decrease in
inflammatory  markers implicated in sleep
disturbance, depression, and fatigue in both CSF
and in plasma.”®>* However, direct evidence linking
the biological effects of natalizumab with its effect
on these symptoms is lacking, and the contribution
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of these findings in defining the anecdotal “feel-
good effect” of natalizumab needs to be further
studied.

There are limitations to this study. The data were
collected as part of routine clinical care rather than
following a predefined schedule for baseline and
follow-up visits and were therefore observational
and potentially subject to residual confounding. We
did not account for the potential impact of relapses on
Neuro-QoL worsening (observed in a minority of
patients), the use of extended interval dosing versus
standard interval dosing of natalizumab, or the possi-
ble “wearing-off” effect of natalizumab during the
infusion cycle.** Our choice of a >5-point threshold
for clinical meaningfulness was based on results from
a literature review of studies computing the minimal-
ly important difference for HRQoL instruments for
chronic diseases and suggesting that this difference
approximates half an SD.'> We applied this threshold
to each of the Neuro-QoL domains; however, there is
currently no consensus regarding what constitutes a
clinically relevant change in these patient-reported
outcomes. Finally, while propensity score—based
modeling was used to balance baseline characteristics
between natalizumab- and ocrelizumab-treated
patients, we could not account for unmeasured
covariates.

The follow-up time for natalizumab- and ocrelizumab-
treated patients was comparable between the two
groups, averaging six months, and was included as a
covariate in the statistical models. While one cannot
exclude the possibility that additional cumulative ben-
efits or loss of benefits could be observed with a
longer treatment duration, prior studies have demon-
strated a quick onset of action for both natalizumab
and ocrelizumab, as well as sustained effects of nata-
lizumab on PROs starting at three months and con-
tinuing through three years of follow-up.®'%**333¢ In
addition, given that the average (SD) time of follow-
up for both natalizumab and ocrelizumab was 6 (6)
months, we do not anticipate that relapses or the use of
extended interval dosing would have had a major
impact on the study findings.

This analysis has several strengths in design, nota-
bly, the use of standardized data from a real-world
patient cohort, the ability to adjust for use of co-
medications acting as potential effect modifiers,
and the incorporation of several sensitivity analyses
aimed at understanding the clinical meaningfulness
of the findings. The results support a strong positive
impact of natalizumab on various aspects of

physical, mental, cognitive, and emotional quality
of life in addition to its known effect on clinical
and radiological outcomes. They also highlight the
value of quantitative standardized real-world data in
complementing clinical profiles of therapies beyond
randomized clinical trials.
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