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Abstract Natalizumab discontinuation is associated with a

disease reactivation in multiple sclerosis (MS) patients.

Whether this reactivation involves also cognitive functions is

not known to date. To assess the persistence of the effect of

natalizumab on cognitive functions 1 year after its discon-

tinuation, we compared the longitudinal changes of cogni-

tive performances in two groups of patients. The interrupters,

30 MS patients, have stopped natalizumab due to PML

concern, and the continuers, 28 MS patients, continued the

treatment. The cognitive impairment index (CII) was used as

main outcomemeasure. As expected, during the natalizumab

treatment, we observed a significant reduction of the relapse

rate and the number of gadolinium-enhancing lesions along

with a reduction of the CII. After 1 year of discontinuation,

the beneficial effect on cognitive functions was lost in the

interrupters group, as the mean CII increased in comparison

with the mean at the end of natalizumab treatment

(12.2 ± 7.9 vs 9.3 ± 8.1, p\ 0.0001). As opposite, in the

continuers group, the CII further decreased after an addi-

tional year of treatment (8.4 ± 5.1 vs 9.8 ± 4.6, p = 0.007).

A multivariate logistic regression model revealed as pre-

dictors of cognitive worsening male sex, disease duration,

and the treatment discontinuation. The worsening of cogni-

tive functions after natalizumab discontinuation goes in

parallel with the clinical/radiological disease reactivation.

Our data reinforce the hypothesis that, in the short-term,

natalizumab exerts its positive impact on cognitive functions

by means of its anti-inflammatory properties.
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Introduction

Cognitive impairment is a common feature of multiple

sclerosis (MS), affecting 40–65 % of patients [1]. The most

common affected cognitive domains in MS are information

processing speed, abstract reasoning, executive function-

ing, sustained attention, and long-term memory [1]. Cog-

nitive impairment adversely affects the ability to

participate fully in society and to maintain employment

with a consequent negative impact on the overall patient’

quality of life [2]. Once developed, cognitive impairment

worsens during the disease course [3]. To date, no effective

specific treatment for cognitive impairment has been

developed [4]. Available disease modifying drugs (DMDs)

have shown a little to moderate effect on some aspects of

cognitive deficits [5–9]. Unlike other DMDs, natalizumab

(NTZ) treatment has shown to be able to improve cognitive

impairment in relapsing MS (RRMS) patients, over a three-

year period [10–13]. In particular, it has been shown a

significant improvement of performances in cognitive tests

exploring the sustained attention and information process-

ing speed [11].

Several studies have demonstrated that NTZ discontin-

uation is associated with a high risk of clinical and radio-

logical disease reactivation [14–26]. The risk correlates

with the disease activity before and during NTZ treatment

[22, 25, 26], and it is higher in patients discontinuing NTZ

due to lack of efficacy, patient’s choice, and adverse events

and in those with a wash-out (WO) duration of more than

3 months [22, 24, 26].
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Switching to interferon beta (INFb) or to glatiramer

acetate (GA), was found to be ineffective to control this

phenomenon [21, 23, 27, 28], whereas a switch to fin-

golimod (FIN), preferably within 1–2 months after NTZ

suspension, was recently demonstrated to be more effective

than injectable drugs by an Italian study [26].

Whether the disease reactivation seen after NTZ discon-

tinuation involves also cognitive functions is not known to

date. Also, it should be considered that someMS relapses due

to the NTZ discontinuation may also involve cognitive

functions [29].Moreover, no studies have been carried out to

evaluate the persistence of the overall positive impact on

cognitive deficits exerted by the NTZ treatment when this

drug is withdrawn. Therefore, the main aim of our study was

to assess the persistence of the effect of NTZ treatment on

cognitive functions 1 year after NTZ discontinuation.

Methods

Patients

As routine clinical practice at our MS center, all the RRMS

patients scheduled for NTZ treatment, and underwent a neu-

ropsychological evaluation before the start of NTZ therapy

(time point 1—T1) and every 12 months during the treatment.

Thirty RRMS patients stopping NTZ (time point 2—T2) due

toPMLconcern [30]were evaluated during the first year (time

point 3—T3) after NTZ discontinuation (interrupters).

Twenty-eightRRMSpatientswith a low risk of PMLbased on

the negative anti-JCV status and who have continued the

treatment over the 24th infusion have been also evaluated at

the same time point (continuers). The two groups of patients

(interrupters and continuers) have been evaluated at the same

time points; therefore, they are matched at the time point 2.

Patientswith a visual function impairment interferingwith the

performances in the cognitive tests were not included in the

study. This study was approved by our institution’s research

ethics committee and was performed in accordance with the

ethical standards laid down in the 1964 Declaration of Hel-

sinki and its later amendments.

Neuropsychological evaluation

The neuropsychological evaluation consisted of the brief

repeatable battery (BRB), and the Stroop test (ST). BRB

included tests of verbal memory acquisition and delayed

recall (selective reminding test—SRT), visual memory

acquisition and delayed recall (10/36 spatial recall test—

SPART), attention, concentration, and speed of information

processing (PASAT 3; PASAT 2; symbol digit modalities

test—SDMT), and verbal fluency on semantic stimulus

(word list generation—WLG). Frontal lobe executive

functions were assessed by the Stroop color-word task (ST).

Versions A and B of the BRBwere used alternatively at each

examination. Cognitive impairment was defined as the fail-

ure in at least 3 tests on BRB and ST using a cutoff value of 2

standard deviation (SD) below the mean Italian normative

values for each test [31]. A global score, defined cognitive

impairment index (CII), allowing the evaluation of changes

in cognitive performances independently by the number of

cognitive tests failed at the BRB and the ST, was obtained

using the mean and SD from the normative sample of Rao’s

battery and the ST [9, 11, 32]. For each patient, a grading

systemwas applied to individual cognitive tests, based on the

number of SDs below the control mean (i.e., grade 0 was

given if the patient scored at or above the control mean, 1 if

he/she scored below the control mean, but at or above 1 SD

below the control mean, and so on, until all patient scores

were accommodated). Finally, all the patient’s scores were

summed to give one overall measure of cognitive function.

Moreover, an individual cognitive change index (CCI) was

calculated to provide more precise indication of change in

cognition over the follow-up period (T3–T2) [32, 33].

The Beck Depression Inventory (BDI-II) was used to

assess the presence of depressive symptoms at each time

point. If a relapse occurred at the time of scheduled neu-

ropsychological assessments, cognitive testing was delayed

until 30 days after the last steroid administration.

Clinical and MRI measures

The neurological disability status as evaluated by the

Expanded disability status scale (EDSS) score, the annu-

alized relapse rate (ARR), and the number of gadolinium

enhancing lesions (GD) was recorded for each patient,

before, during, and after the NTZ treatment.

Statistical analyses

In descriptive analyses, continuous variables were sum-

marized as mean, SD, and median and range, and cate-

gorical variables were expressed as percentages. Patients’

characteristics according to outcome were compared using

the Mann–Withney U test for continuous variables and the

v2 test for categorical variables.

The longitudinal changes of the CII, ARR, and number

of GD lesions were compared at three time points using the

Friedman two-way test for repeated measures, followed by

pairwise comparisons performed by applying the Wilcoxon

signed—rank test for paired samples in both groups. The

proportions of patients free from any measure of disease

activity (relapse, GD lesions, and cognitive worsening)

were compared using the v2 test.

A variation of at least 2 points on the CCI identified

patients with improving or worsening cognitive
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performances. Demographic and clinical predictors of

cognitive worsening at T3 were assessed through a multi-

variate stepwise logistic regression model, including as

covariates age, sex, education, disease duration, EDSS

score, BDI-II score, CII score at T2, number of relapses in

the year prior natalizumab, number of relapse during the

natalizumab treatment, number of GD enhancing lesions at

the last scan performed prior natalizumab, and number of

GD enhancing lesions during the natalizumab treatment

and treatment group (interrupters vs continuers). Risks

were reported as odds ratio (OR) with 95 % confidence

interval (CI). Data analyses were performed by SPSS 22.0.

The p values\0.05 were considered significant.

Results

Demographic and clinical characteristics at the time point

2, which correspond to the last NTZ infusion for the

interrupters, and the time of coeval evaluation for the

continuers, are shown in Table 1. All the interrupters

received a new DMDs treatment after a mean WO time of

4.7 ± 4.2 months (18 patients received different formula-

tions of INFb, 9 received GA, and 3 switched to FIN). The

neuropsychological evaluation was postponed 30 days

after last steroid pulse administration in 3 patients who

were experienced a relapse at the time of the scheduled

visit.

The mean ARR significantly increased during the first

year after NTZ discontinuation (T3 vs T2: 0.9 ± 0.8 vs

0.5 ± 0.6, p = 0.04), but it was also significantly lower

than the ARR in the year prior NTZ (T3 vs T1: 1.5 ± 0.8,

p = 0.003) in the interrupters group, whereas in the

patients still in NTZ treatment, the ARR did not change

between T2 and T3 (T2 vs T3: 0.3 ± 0.5 vs 0.1 ± 0.3,

p = 0.13) (Table 2).

During the NTZ treatment, the mean number of GD

lesions was close to zero (T2; interrupters: 0.1 ± 0.2;

continuers: 0.1 ± 0.2) in both groups. At T3 evaluation,

the mean number of GD lesions significantly increased

Table 1 Demographic and

clinical characteristics at the

time point 2

Variable Interrupters (n = 30) Continuers (n = 28) p value

Sex (F/M) 23/7 19/9 0.45

Age

Mean (SD) 38.5 (7.4) 34.7 (7.6) 0.07

Median (Min–Max) 39.1 (22.4–53.1) 33.3 (20.0–58.1)

Disease duration

Mean (SD) 12.8 (6.6) 11.7 (5.4) 0.50

Median (Min–Max) 11.2 (2.3–28.1) 12.3 (0.8–22.9)

Median Number of NTZ infusions (Min–Max) 24 (18–62) 36 (24–48) \0.0001

Median EDSS score (Min–Max) 3.5 (1.5–6.0) 3.0 (1.5–5.0) 0.29

Number of relapse 1 year prior NTZ

Mean (SD) 1.5 (0.8) 1.5 (0.8) 1.0

Median (Min–Max) 1 (1–4) 1 (1–4)

Number of relapse during NTZ

Mean (SD) 0.5 (0.6) 0.3 (0.2) 0.08

Median (Min–Max) 0 (0–2) 0 (0–2)

Number of GD lesions 1 year prior NTZ

Mean (SD) 1.1 (1.1) 1.1 (1.1) 0.9

Median (Min–Max) 1 (0–4) 1 (0–4)

Number of GD lesions during NTZ,

Mean (SD) 0.07 (0.2) 0.04 (0.2) 0.6

Median (Min–Max) 0 (0–1) 0 (0–1)

Cognitive Impairment Index

Mean (SD) 9.3 (8.1) 9.7 (4.6) 0.3

Median (Min–Max) 6 (0–29) 10 (0–20)

BDI-II score

Mean (SD) 10.3 (5.7) 10.0 (5.3) 0.9

Median (Min–Max) 8.5 (2–22) 9 (0–20)

EDSS expanded disability status scale, NTZ natalizumab, BDI beck depression inventory
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compared with the number recorded during the NTZ

treatment (T3 vs T2: 0.9 ± 1.9, p = 0.002) in the inter-

rupters patients, whereas it was unchanged in patients

continuing the NTZ treatment (p = 1.0) (Table 2).

During the NTZ treatment, the mean CII significantly

decreased in both groups (T1 vs T2; interrupters:

12.6 ± 7.9 vs 9.3 ± 8.1, p\ 0.0001; continuers:

15.6 ± 5.9 vs 9.7 ± 4.6, p\ 0.0001). After 1 year of NTZ

suspension, the beneficial effect on cognitive functions was

completely lost in the interrupters group, as the mean CII

increased in comparison with the mean at the end of NTZ

treatment (T3 vs T2; 12.2 ± 7.9 vs 9.3 ± 8.1, p\ 0.0001),

and returned at the same level registered before the NTZ

treatment. As opposite, in the continuers group, the CII

further decreased after an additional year of treatment (T3

vs T2; 8.4 ± 5.1, p = 0.007) (Table 2).

At T3, 19 patients (63.3 %) discontinuing NTZ pre-

sented a cognitive worsening as defined by the CCI,

whereas the proportion of patients with a cognitive

worsening in the continuers group was 7.1 % (2/28

patients).

During the year post NTZ withdrawal, 16 patients

reported no MRI activity, 9 patients reported no clinical

activity, and 7 patients were free from combined relapses

and MRI activity. In patients continuing NTZ, no MRI

activity was reported in 27 patients, no clinical activity was

reported in 26 patients, and 25 patients were free from

combined relapses and MRI activity. The proportion of

patients free from any measures of disease activity,

including cognitive worsening, was significantly higher in

the continuers group (82.1 vs 13.3 %, p\ 0.0001).

The multivariate stepwise logistic regression model

performed to estimate the predictors of cognitive worsen-

ing at T3 retained the following factors: sex, disease

duration, and treatment group. More in details, male sex

(OR 8.932, 95 % CI 1.241–64.270, p = 0.03) and a longer

disease duration (OR 1.161, 95 % CI 1.007–1.339,

p = 0.04) were predictors of cognitive worsening at the

last neuropsychological evaluation. Whereas continuing

the NTZ treatment was found to be a significant protective

factor against cognitive worsening (OR 0.027, 95 % CI

0.004–250.1870.7, p\ 0.0001) (Table 3).

Discussion

In our cohort of RRMS patients discontinuing NTZ due to

PML concern, we have observed, as expected, a clinical

and radiological disease reactivation, and this is in line

with most of previous reports on the same topic [13–27].

The main result of our observational study is the

demonstration that the beneficial effect of NTZ on cogni-

tive functions is completely lost after the discontinuation of

the drug. This is the first study in which patients have been

re-evaluated after the NTZ suspension; therefore, there are

no data to compare our results.

We have showed a significant reduction of the CII

during the NTZ treatment, and subsequently a significant

increase of this measure in patients discontinuing the drug

at 1 year. The CII [9, 11, 29], as opposed to the number of

tests failed, may be considered a more suitable tool to

evaluate changes in cognitive performances. This is

because the CII is independent by the number of cognitive

tests failed at the BRB, and the ST (i.e., if an individual

patient was impaired in six tests at baseline and failed four

tests at follow-up, that patient would be still considered

cognitively impaired, despite the fact that his or her per-

formances were objectively improved), and therefore, its

use strengthens the results of this study. Moreover, we used

alternate versions of cognitive tests [34], and adequate time

intervals between them to reduce the major methodological

issue when neuropsychological tests are repeated over time

that is the practice effect.

The reduction of the CII during the NTZ treatment is in

line with previous reports showing a positive impact of

NTZ on cognitive functioning [10–13]. Moreover, we have

also evaluated the longitudinal changes of the CII by means

Table 2 Changes in ARR, EDSS, number of GD lesions, and CII at different time points in patients interrupting and continuing NTZ

Interrupters (n = 30) Continuers (n = 28)

T1 T2 T3 T1 T2 T3

Mean (SD) ARR 1.5 (0.8) 0.5 (0.6) 0.9 (0.8) 1.5 (0.8) 0.3 (0.2) 0.1 (0.3)

Median (Min–Max) EDSS 3.5 (2.0–5.0) 3.5 (1.5–6.0) 3.0 (1.5–6.5) 3.5 (2.0–5.0) 3.0 (1.5–5.0) 3.0 (1.5–5.5)

Mean (SD) n. of GD lesions 1.1 (1.1) 0.1 (0.2) 0.9 (1.9) 1.1 (1.1) 0.1 (0.2) 0.1 (0.2)

Mean (SD) CII 12.6 (7.9) 9.3 (8.1) 12.2 (7.9) 15.6 (5.9) 9.7 (4.6) 8.4 (5.1)

ARR annualized relapse rate, EDSS expanded disability status scale, GD gadolinium, CII cognitive impairment index

Table 3 Predictors of cognitive worsening during the follow-up.

Multivariate stepwise logistic regression model

Variable OR 95 % CI p

Sex (male) 8.932 1.241–64.270 0.03

Disease duration (years) 1.161 1.007–1.339 0.04

Treatment group (continuers) 0.027 0.004–0.187 \0.0001
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of the CCI, and consequently, we have defined patients as

cognitively worsened or stable/ameliorated. The proportion

of cognitively worsened patients was higher in patients

discontinuing NTZ in comparison with those patients who

have continued the treatment. The multivariate logistic

regression model, which included also the BDI-II score as

covariates to account for the presence of depressive

symptoms, revealed that the major risk factors of cognitive

worsening were the disease duration and male sex, whereas

the only protective factors were the persistence on NTZ

treatment.

Disease duration was already found to be related to the

clinical and MRI reactivation after NTZ suspension in two

large cohorts of MS patients [23, 25].

In our cohort, the reintroduction of a first line

immunomodulatory treatment did not affect the recurrence

of the cognitive deficits after the NTZ suspension as well as

it did not affect the clinical and MRI disease reactivation.

This could be explained by a null effect, or at most a

modest effect of these therapies on cognitive deficits [5–9].

The degree and the time-trend of the improvement

induced by NTZ and the subsequent worsening of the

cognitive functions after its suspension could be explained

by the anti-inflammatory properties of the drug. Several

reports suggest that the presence and the degree of cogni-

tive deficits, at least in mild disabled RRMS patients, could

be more related to inflammation than to neurodegenerative

mechanisms. In the rodent model of MS, the experimental

autoimmune encephalomyelitis, it was demonstrated that

the inflammatory cytokines released from infiltrating lym-

phocytes, especially TNF-a, and the activation of micro-

glia, are able to alter synaptic transmission [35, 36],

leading to a synaptopathy which is related to cognitive

dysfunction in this animal model of MS [35, 36].

In humans, a significant reduction of cerebrospinal fluid

(CSF) and plasma levels of pro-inflammatory cytokines

and of CSF levels of the light-chain neurofilament, a

marker of axonal loss, during the NTZ treatment have been

reported [37–40]. In particular, our group recently reported

that the improvement of cognitive functions in NTZ treated

RRMS patients could be associated with a decrease in

plasma osteopontin levels [40].

The main limitation of this study is the small sample

size of our cohort, and of course, a larger sample size is

needed to confirm our preliminary results.

In conclusion, our data reinforce the hypothesis that, in

the short-term, NTZ exerts its positive impact on cognitive

functions likely by means of its anti-inflammatory prop-

erties. Our data also indicate that this effect disappear at the

withdrawal of the drug when an inflammatory reactivation

occurs in most of patients. These results emphasize the

importance to test cognitive functions of our RRMS

patients before, during, and after every DMDs treatment.
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