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Abstract

Background: Cognitive dysfunction affects up to 65% of multiple sclerosis (MS) patients and pro-
gresses over time. Natalizumab has been shown to be superior to placebo in preserving cognition for the
first two years of therapy.

Objectives: The objectives of this study are to understand the impact of natalizumab on cognition beyond
two years of therapy and to investigate whether baseline characteristics are predictive of clinical response.
Methods: This is a single-center, 24-month, observational study. Sixty-three patients treated with
natalizumab were assessed prior to monthly infusions using a Cogstate battery and the Symbol Digit
Modalities Test (SDMT). Patient demographics were collected at baseline. A linear mixed model was
conducted with duration of natalizumab therapy as a between-subjects factor (<2 or >2 years),
assessment as a within-subjects factor, and Multiple Sclerosis Severity Score (MSSS) as a covariate.
Results: Aside from the MSSS (p = 0.0074), the two groups were identical. No patient showed evidence
of sustained cognitive deterioration over the 24-month period. Baseline parameters including impaired
cognition did not influence the trajectory of cognitive change over 24 months.

Conclusions: Our results suggest that natalizumab preserves cognition following four to seven years of
continuous therapy. This occurs irrespective of baseline characteristics, including impaired cognition.
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Introduction

Cognitive dysfunction affects up to 65% of patients
with multiple sclerosis (MS),' can occur at any
stage of the disease regardless of the MS subtype,
and can even precede physical disability. Cognitive
slowing is detectable in early MS (< 2 years from
diagnosis).” Once present, cognition tends to worsen
with time and is unlikely to improve.* Cognitive dys-
function is most commonly characterized by difficul-
ties with memory, information processing speed and
executive skills.*™® Its presence and severity, how-
ever, correlates poorly with physical disability as
measured by the Expanded Disability Status Scale
(EDSS) and MRI T2 lesion load.”” The cognitive
reserve hypothesis that posits that intellectual enrich-
ment may protect against neurocognitive decline sec-
ondary to disease helps to explain the incomplete
relationship between cognitive status and disease in
MS.'%! Predictors of future cognitive deterioration
include the presence of cognitive dysfunction and the

secondary progressive phase of MS.” In addition to
the underlying disease process, cognitive dysfunc-
tion can be caused, or exacerbated, by depression
and/or fatigue.'* Cognitive dysfunction can also sig-
nificantly affect quality of life, resulting in fewer
social interactions, higher unemployment,'® and
greater difficulties with activities of daily living.
Preserving or delaying cognitive decline in MS is
therefore an important therapeutic objective.

Many instruments have been proposed to estimate
cognition in MS."* The Symbol Digit Modalities
Test (SDMT) is an easy, quick, validated measure
of attention, processing speed and working memory.
It has shown to be a sensitive measure with robust
correlation with brain magnetic resonance imaging
(MRI)."> Cognition as measured by the SDMT is a
strong predictor of employment status in MS."? A
score of 55 as normal on the SDMT was shown to
have a sensitivity of 0.82 and specificity of 0.60."°
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The oral version of the SDMT avoids having physical
disability as a confounding factor.'” Several versions
of the SDMT of equivalent difficulty with test-retest
reliability greater than 0.80 have been validated and
can be used to decrease practice effect.'> The
Cogstate Battery is a computerized battery of simple
rapid tests that measures multiple cognitive domains.
It is composed of the Detection (DET) (processing
speed), Identification (IDN) (attention), One Back
(working memory), the Groton Maze Learning Test
(GMLT) (executive function), and the International
Shopping List Test (ISLT) (verbal learning). It
has been used in a number of neurologic and psychi-
atric diseases, including Alzheimer’s disease and
Parkinson’s disease.'®

While there have been several studies looking at how
disease-modifying drugs reduce the physical symp-
toms of MS, we are more limited with regards to data
on how these medications affect cognition. Of par-
ticular interest is whether the effects of certain dis-
ease-modifying agents have a beneficial effect on
delaying or preventing cognitive impairment in
patients with MS over the long term. Natalizumab,
in the A Randomized, Placebo-Controlled Trial of
Natalizumab for Relapsing Multiple Sclerosis
AFFIRM trial, was one of the first to show benefit
on cognition in the short term (two years)."”
Natalizumab is a recombinant humanized anti-o4
integrin antibody that blocks the interaction of
a4B1 integrin on leukocytes with its counter recep-
tor, vascular cell adhesion molecule-1 (VCAM-1)
and mucosal cell adhesion molecule-1 (MAdCAM-
1)." Disruption of these cell adhesion molecule
interactions prevents trafficking of mononuclear
leukocytes across the endothelium and into the par-
enchymal tissue. Additionally, a number of other
open-label studies have shown, over the short term
(<1 year), an immediate benefit in cognition with
initiation of natalizumab in MS patients.'? The bene-
fit on relapse rate and progression appears to be sus-
tained in longer-term open-label extension and post-
marketing studies such as Safety of TYSABRI Re-
dosing and Treatment (STRATA) and Therapy
Optimization in Multiple Sclerosis (TOP).** In clin-
ical practice, however, despite a stable EDSS,
patients often complain of cognitive deterioration.
Previous studies have shown a weak correlation
between physical disability and cognition, although
there are no long-term data beyond two years look-
ing specifically at natalizumab treatment and its
effect on cognition.

The aim of this study was to evaluate the impact
of natalizumab on cognition beyond two years of

continuous therapy and to investigate whether
baseline characteristics are predictive of clinical
response.

Methods
We initiated an open-label, prospective, single-
center, observational study.

Sixty-three natalizumab-treated MS patients were
recruited from our MS clinic. Informed consent
was obtained. The patients were divided into two
groups, those with two years or less of natalizumab
treatment, and those with more than two years of
continuous natalizumab treatment. It was assumed
that patients within the two years or less treatment
group would behave as previously shown in the
AFFIRM trial and thus would act as our reference
group. Patients were excluded if they were found to
be depressed based on the Beck Depression
Inventory (BDI)?' at screening or at any time
during the study. Patients were also excluded if
they were found to have cognitive decline due to
other causes aside from MS.

Patient demographics, MS treatment history,
EDSS, Multiple Sclerosis Severity Score (MSSS),
education and natalizumab treatment duration were
collected at baseline for both groups. The SDMT
and a Cogstate battery were performed every four
weeks just prior to natalizumab infusion for a
period of 24 months. The BDI was administered
at baseline and every four months thereafter.
Patient data were excluded if the BDI score was
greater than 19. The number of patients with no
evidence of decline in cognition was calculated at
12 months (interim analysis) and 24 months.
Clinically significant decline was defined as a
decline in performance of >1.96 SD on one or
more tests or >1 SD on two or more tests that
is sustained for at least three months.

In order to minimize practice effects, five different
versions of the SDMT were used in five-month
cycles. The baseline SDMT score was determined
by averaging test scores over the first four months.

A linear mixed model was conducted with duration
of natalizumab therapy as a between-subjects factor
(<2 or> 2 years), assessment as a within-subjects
factor and MSSS as a covariate.

Results

Sixty-three patients were screened and recruited, and
there were no screen failures. The sample was
divided into two groups, 34 patients in group 1
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(<2 years of natalizumab treatment) and 28 patients
in group 2 (>2 years of treatment).

At baseline, the average duration of natalizumab
treatment in group 1 was 0.35 years with a range
of 0—2 years. The average duration of natalizumab
for group 2 was 3.6 years with a range of 2.1-5.0
years. Except for the MSSS (p =0.007), there were
no statistically significant differences at baseline
between the two groups concerning the key demo-
graphic variables such as age, education, EDSS, BDI
scores, and MS disease duration. The mean BDI at
baseline was 7 for both groups. The baseline, mean
group SDMT scores were 53 and 60 for groups 1 and
2, respectively. Wide confidence intervals reflect the
wide range of individual scores within each group
indicative of a cognitively heterogeneous MS popu-
lation. There was significant overlap between the
two groups and thus no real cognitive difference
overall between them.

MS disease evolution was similar in both groups as
evidenced by a comparable decrease in the group
mean EDSS over the 24 months of the study (see
Table 1).

Sixty-two out of 63 patients completed the study.
One patient was excluded during the study because
of a concomitant depressive episode. Both groups in
terms of clinical evolution and cognitive testing
behaved exactly the same throughout the 24-month
study. No patient in either group showed evidence of
sustained cognitive deterioration as per definition
over the 24-month period. Irrespective of time on
natalizumab, in both groups, significant improve-
ments were observed in group mean scores of execu-
tive function (p <0.0001), verbal memory
(p=0.0012) and working memory (p <0.0001),
whereas processing speed and attention remained
unchanged (see Figures 1—3). Baseline characteris-
tics did not influence the trajectory of cognitive

Table 1. The baseline patient characteristics and change in EDSS between the two groups over the 24 months of the study.
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Figure 1. The mean score of patients having received less than two years of natalizumab compared to those with more than two
years of natalizumab treatment on the International Shopping List Task.
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Figure 2. Change in performance on the Groton Maze Learning Test in those patients having received less
than two years of natalizumab versus those with greater than two years of natalizumab treatment.
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Figure 3. Change in performance on the Symbol Digit Modalities Test (SDMT). Performance on the SDMT
between patients having received less than two years of natalizumab compared with those with more than two

years of natalizumab treatment.

change over 24 months. Patients with baseline
impaired cognition (SDMT<55) from both groups
were compared as a group to non-cognitively
impaired patients of both groups (see Figure 4).
The impaired group showed greater variability in
their scores but overtime behaved as the non-
impaired and showed a mild improvement in mean
score over the 24-month period.

Discussion

Our study is the first to demonstrate the long-term
(two to seven years) impact of natalizumab on cog-
nition in MS patients. Results from the Cogstate bat-
tery were consistent with results from the SDMT,
providing evidence of the validity of using the
SDMT in estimating overall cognition in MS
patients.

We believe the difference between the two groups in
baseline MSSS could be attributed to the longer dur-
ation of natalizumab treatment in group 2. We had
no screen failure and only one patient was excluded
because of depression throughout the 24-month
period.

Despite using five different versions of the SDMT,
our monthly testing resulted in significant practice
effect as demonstrated by the improvement in
group mean scores in executive function, verbal
learning and working memory.

Practice effects are typically observed in tests of
greater complexity, which would be consistent with
the findings in this study, in which improvements
were observed on the ISLT, SDMT and GMLT but
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Figure 4. Change in performance on the Symbol Digit Modalities Test (SDMT) for patients with and
without impaired cognition at baseline. Performance on the SDMT between patients with impaired cognition
at baseline (red line) and those who were not impaired (gray line).

not the simpler tests of processing speed (DET) and
attention (IDN). It is of note that for the latter two,
mean group and individual tests scores remained
stable, corroborating with the overall thesis of cog-
nitive preservation. It would also suggest that for
such tests of higher cognitive function, in a longitu-
dinal analysis over the medium to long term, the
persistence of a learning effect should be considered
as the normal minimum. It is the authors’ opinion
that a practice/learning effect when looked at longi-
tudinally is in itself over the long term an indirect
measure of cognitive health. The placebo group in
the AFFIRM trial, despite having performed four
practice sessions at baseline and only Q3monthly
testing during the study, showed a sustained, signifi-
cant improvement from baseline in Paced Auditory
Serial Addition Test (PASAT) scores. The improve-
ment or practice effect was not, however, as marked
as in the treated group and began to wear off by the
end of the two-year study while the treated group
continued to improve. The fact that the improve-
ment/learning effect in our study’s group 2 patients
persisted throughout what was for some patients
equivalent to seven years of therapy would testify,
albeit uncontrolled, to a natalizumab contribution in
preserving higher cognitive function, i.e. the ability
to learn, in our MS patients over the very long term.

The strongest predictor of future cognitive deterior-
ation is its presence.'® In this study the benefit on
cognition did not appear to be influenced by any
baseline patient characteristic including pre-existing
cognitive impairment. The observation that even
cognitively impaired patients at baseline did not

further decline in the course of the subsequent two
years of the study, we believe, further contributes to
the robustness of the results. These findings, how-
ever, should be viewed in light of this study being an
observational study with a small sample size.

Conclusion

To conclude, cognitive deficits have an integral
effect on the quality of life on MS patients. The
evolution of cognitive status should be taken into
consideration when making therapeutic decisions,
especially for patients who already have cognitive
deficits. Our study demonstrates that natalizumab
appears to preserve the ability to learn and maintain
cognition over the long term, even in patients with
pre-existing cognitive deficits. We are currently
extending this study to collect further data over at
least three more years.
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