Multiple Sclerosis Treatment with Natalizumab:
Analysis of a Hospital-Based Cohort
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ABSTRACT
Introduction: Natalizumab is licensed as monotherapy for relapsing—remitting multiple sclerosis. Since pivotal studies showing natali-
zumab efficacy, several subsequent studies confirmed the reduction in annualized relapse rate and the slowing of disability progression.
Nevertheless, ‘real-world’ data, namely in Portugal, are still scarce. We intend to report demographic and clinical data of the cohort of
patients treated with natalizumab in the multiple sclerosis Clinic of Centro Hospitalar Sdo Jo&o, based on daily practice.
Material and Methods: We have conducted a retrospective study of multiple sclerosis patients who had been treated with natalizumab
(at least one dose) from January 2007 to May 2013 in our Center. We have gathered information about demography, baseline disease,
natalizumab treatment, and outcome.
Results: We have found 66 patients treated with natalizumab since 2007 in our center. The majority (65.2%) were female, with a
mean age of 35 years, and mean disease duration of 9.5 years. Almost all patients (93.9%) had received a prior multiple sclerosis im-
munomodulatory therapy. Patients have been treated with natalizumab on an average time of 24 months, with a statistically significant
reduction in Annualized Relapse Ratio (-1.9, p < 0.001) and Expanded Disability Status Scale score (-0.8, p < 0.001). One patient has
developed progressive multifocal leukoencephalopathy; other adverse effects have been uncommon.
Discussion: In general, our results fit those earlier reported in other post-marketing studies. Lack of MRI data and retrospective design
are the most important limitations of our study.
Conclusion: Our study confirms natalizumab efficacy and safety in the treatment of relapsing-remitting multiple sclerosis in a ‘real-
world’ practice.
Keywords: Multiple Sclerosis; Natalizumab; Treatment Outcome; Antibodies, Monoclonal, Humanized/ adverse effects; Leukoencepha-
lopathy, Progressive Multifocal/chemically induced.

RESUMO
Introdugéo: O O natalizumab esta aprovado no tratamento da Esclerose Mdltipla forma surto-remissdo em monoterapia. Desde os
ensaios pivot que demostraram a sua eficacia, varios estudos confirmaram a redugéo da Taxa Anualizada de Surtos e o atraso na
progressao da incapacidade. No entanto, dados do ‘mundo real’, nomeadamente em Portugal, sdo escassos. Com este trabalho
pretendemos descrever os dados demograficos e clinicos dos doentes tratados com natalizumab na Clinica de Esclerose Multipla do
Centro Hospitalar Sdo Joao, na pratica clinica diaria.
Material e Métodos: Realizamos um estudo retrospetivo incluindo todos os doentes com esclerose multipla tratados no nosso Centro
com natalizumab (expostos = 1 dose) desde janeiro de 2007 até maio de 2013. Apuramos dados demograficos, das carateristicas da
doenca e do tratamento com natalizumab.
Resultados: No nosso Centro, foram tratados 66 doentes com natalizumab desde 2007. A maioria (65,2%) era do sexo feminino, com
idade média de 35 anos e duragdo média da doenga de 9,5 anos. Quase todos (93,9%) haviam sido expostos a outro imunomodulador
para a esclerose multipla. O tratamento durou em média 24 meses, com redugéo estatisticamente significativa da Taxa Anualizada de
Surtos (-1,9, p < 0,001) e EDSS (-0,8, p < 0,001). Um doente desenvolveu leucoencefalopatia multifocal progressiva; outros efeitos
adversos foram raros.
Discussao: Em geral, os nossos resultados sdo sobreponiveis aos descritos noutros estudos pés-comercializagdo. As limitagdes mais
importantes sdo a auséncia de dados imagioldgicos e o desenho retrospetivo.
Conclusdo: O nosso estudo confirma a eficacia e seguranga do natalizumab no tratamento da esclerose multipla forma surto-re-
missao na pratica clinica.
Palavras-chave: Anticorpos Monoclonais Humanizados/efeitos adversos; Esclerose Multipla; Natalizumab; Leucoencefalopatia Multi-
focal Progressival/induzida quimicamente.

INTRODUCTION

Natalizumab (Tysabri®, Biogen Idec) is a humanized
monoclonal antibody, raised against human 4-integrin,
which has been licensed as monotherapy for relapsing—
remitting multiple sclerosis (RRMS) in 2006. In Europe,
natalizumab (NZ) has been approved as a second line
immunomodulator (IMD) treatment for patients who do not

respond to first line IMD, whereas in the USA it has been
approved as a first line therapy for patients with highly
active disease.

The approval was based on the results of two double-
blind placebo-controlled trials: the pivotal AFFIRM and
the SENTINEL studies. The AFFIRM study compared
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NZ with placebo in patients who, for the most part, had
not received prior MS therapy.! The SENTINEL study
compared two groups of patients: one group was treated
with NZ in monotherapy and the other group received NZ in
combination with interferon 1a IM.2

As a whole, these studies have shown that NZ reduces
the number of new or enlarging T2 hyperintense and
gadolinium-enhancing magnetic resonance (MRI) lesions
(80-90%), reduces the number of annualized relapses
(81%) and reduces the risk of progression of disability in
RRMS patients (64%) in two years.® Studies have also
confirmed higher efficacy of NZ over interferon or glatiramer
acetate in RRMS.

The SENTINEL study settled the first safety concerns
about progressive multifocal leukoencephalopathy (PML).
During this study, 3 cases were reported, leading to a
temporary suspension of drug commercialization. Several
post-marketing safety surveillance programs [the TOUCH
study (in the USA and Canada), TYGRIS and TOP studies
(in Europe)]* ensured the safety and, consequently, the re-
introduction of NZ in monotherapy.

Tysabri® RCM was updated after the identification
of risk factors for PML (serum anti-JC virus positive
antibodies, treatment longer than 2 years and previous
immunosuppressant therapy). Therefore, indications were
restricted to highly active RRMS patients.

Because patients enrolled in clinical trials are carefully
selected and frequently evaluated, real-world data may
not fit the results of clinical trials. Therefore, daily practice
clinical setting is crucial. This fact explains the significant
increasing of ‘real-world’ data in the last few years.

We intend to describe the patients’ cohort treated with
NZ, since 2007, in the MS Clinic of Centro Hospitalar Sao
Jodo, based on daily practice. Analyzed variables include
demographic data, disease features and safety and efficacy
of NZ.

MATERIAL AND METHODS

We have conducted a retrospective study concerning
patients with RRMS diagnosis, who have been treated with
NZ (at least one dose) from January 2007 to May 2013.

Information was gathered about: demographic data
(sex and date of birth), baseline disease data (year of MS
diagnosis, prior IMD treatments, prior Expanded Disability
Status Scale (EDSS) score and annualized relapse rate
(ARR), NZ treatment data (number of perfusions, adverse
effects and reasons for treatment withdrawal), efficacy
data (EDSS score at 12 and 24 months after treatment,
and ARR after 12 and 24 months of treatment), data after
treatment (number of relapses, time to develop relapses
and therapeutic option) and results of serology for JC virus
DNA (STRATIFY test; first generation).

For statistical analysis, continuous variables were
summarized using mean, standard deviation (SD) and
median for, whereas categorical variables were summarized
using absolute and relative frequencies.

In order to compare ARR and EDSS before and after NZ, we

used the T-student test, considering a significance level of
5%. According to Central Limit Theorem (which states that
the arithmetic mean of a sufficiently large number of iterates
of independent random variables, will be approximately
normally distributed), we assume that this population has a
statistically normal distribution.

RESULTS
Demographic characterization

We have found 66 patients treated with NZ since 2007 in
our center. The majority [43/66 (65.2%)] were female, with

a mean ag~—=%35 years at the beginning of the treatment
(range: 14 and a mean disease duration of 9.5 years

(range 1-38).
@ristory (Table 1): The most frequent clinical MS

presentation was a brainstem syndrome [18/66(27.3%)],
followed by optic neuritis [12/66 (18.2%)]. The median
baseline EDSS score was 4.0 (mean 3.8, range 0-7.5,
N = 59). Twelve patients had EDSS lower than 2.0; in thirty-
two patients, the EDSS ranged from 2.0 and 6.0, whereas
fifteen patients had baseline EDSS above or equal to 6.0.

In the year prior to treatment with NZ, median ARR was
2.0 (range 0-7.0, mean 2.0).

Almost all patients [60/66 (90.9%)] had received a prior
first line IMD therapy or an immunossupressant (IMS), up
to a maximum of three drugs; from these, more than half
[35/60 (58.3%)] had received only one previous drug, all
IMDs; 21/60 (35.0%) had taken two previous drugs (20 IMDs
and 1 IMS - mitoxantrone) and a minority [4/60 (6.7%)] had
received a third drug prior to treatment with NZ (2 IMDs e 2
IMS - cyclophosphamide). A few patients [4/66 (6.1%)] were
naive for MS therapy.

NZ history

The reasons for starting NZ were lack of efficacy of
first line IMD in the majority of cases (73.8%), intolerance
in 6.6% (side effects of first line IMD, leading to patients’
discontinuation) and both in 13.8% (Table 2). In the
remaining (6.6%), NZ was the first drug due to aggressive
disease (rapidly evolving severe RRMS defined by 2 or
more disabling relapses in one year, and with 1 or more
Gadolinium-enhancing lesions on brain MRI or a significant
increase in T2 lesion load as compared to a previous recent
MRI).

The mean time of exposure to NZ was 24 months (range
1-65); 31 patients (47.0%) had received NZ for a period
exceeding 24 months (Figure 1).

The number of new patients throughout the years was
variable, increasing from 2007 (7 patients) to 2009 (16
patients) and then decreasing until 2013 (5 patients).

Inclusion of new patients was higher among those
diagnosed between the years 2007 and 2009, accounting
for 22.6% of the total included patients.

Effective number of patients per year on NZ (influenced
not only by the ratio ‘new patients/patients who stopped
NZ’, but also by the treatment duration) increased from 7 in
2007 to 34 in 2010. After that, the number remained stable,
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Table 1 — Demographic and baseline disease characteristics
Variable n =66

-

s

Sex g
Female 43 (65.2%) x
Male 23 (34.8%) 8
Mean age, years 35 e
Mean time since diagnosis of MS, years 9.5 <

Prior MS treatments

No 4 (6.1%)
Unknown 2 (3.0%)
Yes 60 (90.9%)
One prior treatment 35/60 (58.3%)
Two prior treatments 21/60 (35.0%)
> 2 prior treatments 4/60 (6.7%)
Interferon 1b SC 29/60 (48.3%)
Interferon 1a SC 16/60 (26.7%)
Interferon 1a IM 21/60 (35.0%)
Glatiramer acetate 19/60 (31.7%)
Immunosuppressants 2/60 (33.3%)
Mitoxantrone 1/2
Cyclophosphamide 1/2
EDSS score at baseline, median / mean 40/3.8
ARR in year prior to NZ, mean 1.9 (0-7.0)

ARR Annualized relapse rate, EDSS Expanded Disability Status Scale, IM intramuscular, MS multiple sclerosis, NZ natalizumab, SC subcutaneous

Table 2 — Natalizumab history

Reasons to start NZ N = 66
Lack of efficacy 73.8%
Intolerance 6.6%
Both 13.8%
Aggressive disease 6.6%
Mean duration of treatment with NZ, months 24
Efficacy
ARR (12 months / 24 months) 0.09/0.18 (n = 51)
EDSS (12 months / 24 months, mean) 3.02/3.08 (n = 37)
NZ discontinuation 40 (60.6%)
Reasons for discontinuation
Lack of efficacy 8/40 (20.0%)
Risk 23/40 (57.5%)
Drug ‘holidays’ 3/40 (7.5%)
PML 1/40 (2.5%)
Adverse effects, other than PML 4/40 (10.0%)
Other 2/40 (5.0%)
Time for discontinuation, median 24 months
Adverse effects 4 (6.1%)
Severe allergic reaction 2
Toxic hepatitis 1
Incapacitating arthralgia 1
PML 1
NZ natalizumab; PML progressive multifocal leukoencephalopathy
with 31 patients being on NZ during 2013 (Fig.1). in association with treatment duration > 24 months], lack

Overall, the drug was discontinued in 40/66 patients of efficacy [8/40 (20.0%)], adverse effects [4/40 (10.0%)]
(60.6%). Reasons for discontinuation were mainly the risk  and drug ‘holidays’ [a temporary suspension determined by
of PML [23/40 (57.5%), based on positive JC virus serology  gynecological surgery in one and wish of pregnancy in two
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Figure 1 — Variation in number of patients on natalizumab thraua

women, 3/40 (7.5%)]. Other reasons were ancy ,
(2.5%)] and patients’ own decision [1/40, (2 Q].

Twenty-three patients were found to have a high PML
risk (positive JC virus serology and >2 years of continuous
NZ exposure). They had been treated as long as 54 months
(0 = 3), with no complications. Yet, the majority (18/23) had
stopped NZ before 36 months of exposure.

JC virus serology in plasma was determined in all but
6 patients, who had already suspended NZ before the
STRATIFY test availability, in 2011. This test was performed
in a baseline approach in 15 patients and after NZ start in
45 patients. It was positive in 31/60 (51.7%) and negative
in the remaining [29/60 (48.3%)]. From those 29 with a
negative test, 8 became positive in a next evaluation.

Efficacy outcomes

For the 53 patients who have completed 12 months of
treatment, the median ARR has decreased from 2.0 (in the
year prior to treatment) to 0.01 (mean 0.04; -1.9 variation,
p < 0.001). At 24 months of treatment, for the 38 patients
still exposed, the median ARR has remained 0.0 (mean
0.17). It is worth of note that 34/38 (91%) of patients have
been relapse-free 24 months after NZ.

The EDSS has decreased from a median baseline score
of 4.0 (mean 3.8, n=59) to 2.0 at 12 months (mean 3.0, n =
51) and 2.5 at 24 months (mean 3.1, n = 37). So, the mean
difference of EDSS was -0.8 (95% Cl, 0.43-1.14) 12 months
after NZ treatment (p < 0.001) and -0.7 (95% Cl, 0.45-1.70)
24 months after NZ treatment (p < 0.001) (Fig.2).

Twelve months after NZ, 24 of 57 patients (42.1%)
have improved EDSS score (defined as a decrease of at
least 1.0 point, in respect to the total EDSS score and not
to any specific functional system contained in the scale).

ut the years

Thirty-two of them (56.1%) have remained stable (definad
as a variation less than 1.0 point) and the remaining [1‘
(1.8%)] have got worse (defined as an increase of at least
1.0 point) (Table 3).

Adverse effects (Table 2)

We have observed one case of PML in a positive JC virus
patient, after twenty-one continuous monthly infusions, with
good outcome (clinical details presented in Discussion).

Other adverse effects imposing NZ suspension have
occurred in 4 patients: toxic hepatitis (1); disabling arthralgias
(1) and allergic reactions (2). No significant adverse effects
related to perfusion itself have been registered.

Evolution after NZ

Treatment after NZ suspension has been variable.
However, the patients have usually returned to a first line
IMD (11/30) or they have switched to fingolimod (8/30).
Monthly intravenous methylprednisolone (4/30) or human
immunoglobulin (5/30), have been other options. For one
patient, our choice was azathioprine, since he had a chronic
inflammatory bowel disease, and the remaining is not taking
any medication (Table 4).

Mean ARR 12 months after stopping NZ was 0.53
(N =17). In fact, 11/17 (64.7%) have had no relapses, 5/17
(29.4%) have had 1 relapse and the other patient hav
4 relapses. Mean time for relapses was 7.5 months (r
2-12 months).

DISCUSSION

Natalizumab is one of the most recent treatments
for RRMS, and its effectiveness has being consistently
proved. However, there are safety concerns (primarily
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Figure 2 — Mean Expanded Disability Status Scale at baseline, 12 and 24 months after treatment with natalizumab

Table 3 — Disease status 12 months after NZ

Table 4 — After natalizumab

Variable N =57 Variable N =30
Improvement 24 (42.1%) Drug of choice
(EDSS decrease 2 1 point) First line IMD 11 (36.7%)
Stability 32 (56.1%) Fingolimod 8 (26.7%)
(EDSS variation < 1 point) Monthly methylprednisolone 4 (13.3%)
Monthly IVIG 5 (16.7%)
Worsening 1(1.8%) IMS (Azathioprine) 1(3.3%)
(EDSS increase = 1 point) None 1(3.3%)
EDSS Expanded Disability Status Scale Mean ARR 12 months after stopping NZ 0.53 (N = 17)
regarding PML). In fact, regardless the safety tests before no relapses AT (64.7%)
commercialization, some adverse effects may be only 1relapse 517 (29.4%)
evident on post-marketing surveillance, when the drug is 4 relapses 117 (5.9%)

ubiquitous in a real-world setting.

In general, our results fit those earlier reported in other
post-marketing studies, regarding efficacy and safety.5"
Our data are also consistent with previous findings in
terms of baseline patients’ profile: age at NZ starting, ARR
in the year prior to NZ and clinical MS form.5>'" Exception
for consistency with other previous findings is made for
baseline EDSS and disease duration until NZ, both found to
be higher in our study than others ‘real-world’ studies.>"" It's
possible that patients were included too late in the disease
evolution; it may be explained by some initial reluctance in
NZ prescription, regarding safety concerns, namely PML.
On the other hand, this may reflect initial expectations
about a new treatment; in fact, when NZ was first licensed
in Portugal, it was seen as a last ‘hope’ for some patients,
who were later found to be in a progressive phase of
disease. Our patient with the highest EDSS score (7.5) was
a 42-year-old woman with a secondary progressive with
relapses MS. Treatment decision was based on the ongoing
relapses, regardless the treatment with two previous first
line IMD and an IMS (cyclophosphamide). However, an
effort has been made in our center to enroll patients on
NZ earlier in the disease evolution, when inflammatory
component is more active. This option seems reasonable,
based on mechanism of action of NZ (antagonism of the 4
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ARR Annualized relapse rate

subunit of integrin, expressed on the surface of activated
T-cells, reducing the inflammation).”? Indeed, this is the
current tendency, which may help to explain why we have
observed a higher percentage of patients with NZ-mediated
EDSS score improvement than those previously reported
in other cohort studies® and post hoc analyses from the
AFFIRM trial.™

Our youngest patient was a 14 years-old girl, making NZ
an off-label treatment (authorized by Ethics Committee of
Centro Hospitalar Sdo Joao). Our option was based on the
severity of the disease and on the inefficacy of other drugs.
Indeed, she had had a brainstem syndrome when she was
11; at that time, MRI revealed multiple lesions (probably
demyelinating in nature), and the cerebrospinal fluid (CSF)
showed a positive pattern of oligoclonal bands. She totally
recovered with methylprednisolone. However, in the next 12
months, she had 3 more relapses (2 long pathways and
1 brainstem syndrome). At that time she was sent to our
Clinic; she was diagnosed with RRMS and treatment with
interferon -1b was started. However, relapses continued
to occur every other month. Plasma exchange and add-on
IVIG were tried, but they were inefficacious, both clinically
and radiologically: the patient had more relapses, disability
was increasing and MRI revealed multiple new gadolinium-
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enhancing lesions in the brain and in the spinal cord. So,
after her parents’ consent, we decided to escalate therapy,
moving to NZ. In addition to stop having relapses, she
partially recovered from disability (current EDSS = 2),
without NZ-related side effects.

Overall, NZ was well tolerated among our patients and
most of the adverse effects were non-severe. The patient
who developed a toxic hepatitis had started another drug
(amantadine) some weeks before; therefore it remains the
doubt about which drug was responsible for this reaction.
However, there have been post-market reports of liver
lesion in patients taking NZ.1®

Our case of PML occurred in a 32 year-old male
patient, who had previously been treated with interferon
-1b (no history of IMSs). He had started NZ in 2010 due to
inefficacy of first line IMD. Serology for JC virus DNA was
known to be positive in 2011, when the STRATIFY test has
become available. After 21 consecutive monthly infusions,
he has developed a left hemiparesis without cognitive or
behavioral changes, raising the suspicion of a new relapse.
Nevertheless, the progressive motor worsening and lack
of improvement with methylprednisolone 1g/day for 8 days
have lead to PML suspicion and immediate NZ suspension.
An urgent brain MRI was highly suspicious for PML,
revealing one new diffuse cortico-subcortical right frontal
lesion with no gadolinium enhancement or mass effect. In
spite of a first negative CSF analysis for JC virus DNA (412
copies/ml of JC virus DNA has been confirmed in a second
CSF analysis), he was treated with plasma exchange for
five consecutive days, then with methylprednisolone 1 g
for 5 days followed by prednisolone 1 mg/Kg, oral tapering,
and mirtazapine (45 mg/day). Patients’ symptoms have
progressively worsened and, since the PML diagnosis,
four high-dose methylprednisolone pulses have been
performed. Serial MRIs have remained stable until
January 2013. At that time, a gadolinium-enhancement
lesion was observed due to a late immune reconstitution
infammatory syndrome. This patient also has presented
focal motor seizures, responsive to levetiracetam 2 g/day
and clonazepam 4 mg/day. The neurological deficits are
now stabilized (EDSS 5.5) nevertheless he is still being
treated with prednisolone 40mg/day. We stress the good
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