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ABSTRACT

Obijectives: Natalizumab is an injectable DMT (disease-modifying therapy) which used for RRMS (relapsing-
remitting multiple sclerosis) since 2006. The drug has been available in Iran since 2014. Introduction: This study was
aimed to evaluate the real-world effectiveness of Natalizumab in a referral center in Tehran, Iran. This study is the first
real world analysis of efficacy and safety of Natalizumab in our country. Methods: In this retrospective study, patients
with RRMS were investigated in a high-volume center in Tehran from 2019 to 2021. MS (Multiple Sclerosis) patients
under treatment with Natalizumab who have received at least 3 infusions of the drug and had completed follow-up data,
have been evaluated for safety and efficacy of Natalizumab. Results: 100 patients were included in the final analysis. The
mean follow-up time was 20 months (6-33 months). The median EDSS (Expanded Disability Status Scale) score of
patients reached to 2 from 2.5 after the treatment course (P < 0.0001). The annualized relapse rate (ARR) decreased from
0.81 (95% CI: 0.73-0.87) to 0.023 (95% CI 0.009-0.061). The median JCV (John Cunningham virus) index remained
unchanged before treatment 0.85 (IQR: 0.21-2.41) compare to after the treatment 0.85 (IQR: 0.21-2.31). The number of
patients with active brain and cervical MRI (Magnetic Resonance Imaging) lesions decreased significantly (P = 0.001).
NEDA-3 (No evidence of disease activity) was improved from 9% to 87% after the treatment with Natalizumab. No
serious adverse events except than one progressive multifocal encephalopathy (PML) case have been found. The main
reasons of switching from Natalizumab to the other DMDs (Disease Modifying Drugs) were positive JC index, starting
phase, noncompliance, pregnancy, MRI activity and seroconversion after starting the drug. Conclusion: Natalizumab is
a safe and effective choice in RRMS patients for reducing relapse rate, disability score, active MRI lesion, and improving
the NEDA (No evidence of disease activity).
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Treatment of RRMS is an important issue. By the approval of disease-modifying therapies (DMTS) since
1993 a revolution has been founded in alleviating the relapse rate and disability in MS patients*. Now, more
than twenty DMTs have been approved for treatment of MSP!,

Natalizumab (Tysabri®, Biogen) is a monoclonal antibody against a4 integrin that was approved in 2004
and usually used for patients with relapsing remitting MS (RRMS) who failed to response to the first-line
DMTs or for nawe patients with highly active RRMSI!. Because of high efficacy and favorable tolerability
profile of Tysabri®, it has been used broadly by MS physicians, as both first-and second-line treatments”. To
date, several countries expressed the real-world effectiveness of Natalizumab but the data for Natalizumab is
scarce in Asia and Iran. In Iran, because of limitation of MS centers and hesitancy in reimbursement of some
DMTs, we could only prescribe Natalizumab in the recent years. In the current study, we aimed to assess the
real-world effectiveness of Natalizumab in a referral center in Tehran, Iran.

2. Materials and methods

2.1. Study design

This retrospective study was conducted in a high-volume MS center in Iran to assess the real-world
effectiveness of Natalizumab in patients with relapsing remitting multiple sclerosis (RRMS). We have
reviewed all medical records from 2019 to 2021 related to patients who treated with Natalizumab for at least
three to six months and more than three infusions. All of the patients had complete clinical, brain and spinal
MRI and laboratory records including JCV index and COVID-19 data.

2.2. Data collection

We have collected data, including demographics, baseline clinical background of MS such as history of
DMT consumption, causes of starting Natalizumab, numbers of Natalizumab infusion, and follow-ups after
starting Natalizumab. In addition, clinical information such as EDSS score, relapse rate, JCV index, and brain
and cervical MRI activity at the baseline (last one before starting Natalizumab) and after treatment (at the last
follow-up) were also recorded. Considering pandemic issue related to corona virus disease 2019 (COVID-19),
we also recorded the COVID-19 history in our patients. Furthermore, we have assessed no evidence of disease
activity (NEDA-3: no relapse, no EDSS progression and no MRI activity) in our patients in order to find out
the final outcome of Natalizumab treatment.

2.3. Statistical analysis

The statistical analysis in this study was conducted by Statistical Package for Social Science (IBM®
SPSS® software) version 24. The Kolmogorov-Smirnoff test was used to evaluate the normality distribution
of data. Continuous data were reported as mean and standard deviation or medica and interquartile range (IQR)
based on the normal distribution or non-normal distribution. The categorical variables reported as numerical
and percentage data. The Chi-Square test was also used for categorical variables. In addition, in order to
determine the annualized relapse rate, Poisson model was used. P-value less than 0.05 considered as significant.

2.4. Ethical consideration

According to the enactment of our national ethics committee (https://ethics.research.ac.ir/) this kind of
studies do not need any ethical approval. Informed consent was filled by all patients before including the study.
In addition, all authors assured that the patients’ information will remain safe and protected. Furthermore, we
used specific code instead of patients name for the statistical analysis. No further intervention was performed
for the patients and only follow-ups of patients after the treatment were used for this study. Moreover, patients
were not deprived of receiving routine treatment.



3. Results

3.1. Demographics and general information

We evaluated 100 cases (78% were females) treated with Natalizumab. The median follow-up of patients
was 20 (6-33) months. The general baseline characteristics of the patients is presented in Table 1. The mean
age was 36.54 +9.19 (range: 19-60) years old and the median duration of the disease was 84 months (range:
4-360, IQR: 60-136.5). Twenty-seven patients (27%) were nawe DMTSs and in the others, Interferon-B1a was
the commonly used drug before switching to Natalizumab which was followed by Glatiramer acetate,
Fingolimod, and Interferon-beta-1b respectively.

Table 1. General characteristics of the patients* (n = 100).

Variable Value
Age (year) 36.54 £9.19
Female (%) 78 (78)
Duration of MS (months) 84 (60-136.5)
Disease modifying drug (DMD) history (%) Na'we patients 27 (27)
Interferon beta-1a 23 (23
Glatiramer acetate 16 (16)
Fingolimod 14 (14)
Interferon beta-1a 11 (11)
Teriflunomide 4(4)
Dimethyl fumarate 4(4)
Azathioprine 1(2)
Causes of starting Natalizumab (%) Highly active MS (Nawe patients) 27 (27)
MS breakthrough 53 (53)
Side effect of previous drug 14 (14)
Noncompliance of DMD 6 (6)
Median number of Natalizumab infusion 14.5 (6, 24)
Extended infusion therapy 73 (73)
Median follow-up duration (months) 20 (6, 33)
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Figure 1. Causes for starting Natalizumab.
The causes for starting Natalizumab was highly active MS in 27 patients (27%), followed by MS

breakthrough in 53 patients (53%), and side effects DMTs in 14 patients (14%) and finally, 6% noncompliance
of previous DMTSs. The causes for starting Natalizumab is presented in Figure 1. The median number of
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Natalizumab infusion was 14.5 (IQR: 6, 24) with a range of 3—47 months. Furthermore, from all cases, 73
cases (73%) had extended interval infusion therapy. The median time for follow-up was 20 months (IQR: 6—
33, range: 2-60 months).

3.2. Clinical information
3.2.1. EDSS score

The clinical characteristic of the patients is presented in Table 2. The median EDSS score of the patients
at the baseline was 2.5 (range: 0-6, IQR: 2-3) which reached to 2 (range: 0-6.5, IQR: 1-3) after treating with
Natalizumab (P < 0.0001). As shown in Figure 2, fifty-seven patients (57%) had EDSS < 3 and 43 patients
(43%) had EDSS > 3 at the baseline, while 69 patients (69%) had EDSS < 3 and 31 patients (31%) had EDSS
> 3 after the treatment with Natalizumab (P = 0.04). Based on EDSS, 14 patients deteriorated, 36 did not
change and 50 cases improved (Figure 3).

Table 2. Clinical characteristics of patients (n = 100).

Variable Baseline After follow-up P-value
EDSS score 25(2,3) 2(1,3) <0.0001%
EDSS >3 (%) 43 (43) 31(31) 0.04°
Relapse rate 11,1 0(0,0) <0.00012
Positive JC index (%) 36 (36) 39 (39) 0.84°
JC index 0.85(0.21-2.41) 0.85(0.21-2.31) 0.51°
Active MRI (%) 66 (66) 4(4) 0.001°
Having GAD lesion (%) 61 (61) 4(4) 0.001°
Having CUA lesion (%) 4 (4) 0(0) 0.001°
Median number of GAD lesion 3 (2-5) 2(1-2) <0.00012
NEDA (%) 9(9) 87 (87) 0.001°
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Figure 2. The prevalence of EDSS > 3 and EDSS < 3 before and after Natalizumab therapy.
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Figure 3. Clinical, MRI activity and JC index changes in patients after Natalizumab therapy.

3.2.2. Relapse rate

In the assessment of relapse rate before and after treating with Natalizumab, the median of annual relapse
number before starting the treatment with Natalizumab was 1 (IQR: 1-1, range: 0-2) which decreased to 0
(IQR: 0-0, range: 0-1). The median number of relapses after treating with Natalizumab (0) was significantly
lower than the baseline (1) (P < 0.0001) (Table 2). During the follow-up period, four relapses observed in 4
patients. All relapses happened between months 18 to 36 of follow-up period. Treatment was switched in 3 of
these cases, but the fourth case continued the treatment. The proportion of patients free from relapse increased
significantly from 22.5% (95% CI: 15.7%-32.3%) to 96% (95% CI, 92.4%-99.9%) after treating with
Natalizumab (P value: 0.0001). In addition, the mean baseline annualized relapse ratio was 0.81 (95% CI:
0.73-0.87) which reached to 0.023 (95% CI 0.009-0.061) after the treatment with Natalizumab (Figure 3).

3.2.3. JCV index

The median of human polyomavirus JCV virus index was 0.85 (IQR: 0.21-2.41; range: 0.01-4.3) before
starting the treatment with Natalizumab, and 36 patients (36%) were seropositive with high JCV index (> 1.5).
After the treatment with Natalizumab, the median JCV index was 0.85 (IQR: 0.21-2.31; range: 0.01-4.3).
There were not significant differences between the JCV index before and after the treatment with Natalizumab
(P = 0.51); although, two seroconversions were occurred in patients (JCV index seropositive after treatment:
38) (Figure 3).

3.2.4. MRI activity

At the baseline, 66 patients (66%) had active brain MRI (GAD enhancing lesions) which reached to four
patients (4%) after starting the Natalizumab (P = 0.001). the median number of these lesions was 3 (IQR: 2—
5) which reached to 2 (IQR: 1-2) in the follow-up period (P < 0.0001). Also, four patients had combined
unique active (CUA) lesion in the baseline brain MRI which reached to zero, after starting the Natalizumab (P
=0.001). No patients had new spinal cord MRI lesion after the treatment (Figure 3).

3.2.5. COVID-19 history

Ten patients (10%) had positive history of COVID-19 infection, which nine cases experienced mild
COVID-19 infection (only mild symptoms without hospitalization) and one case had moderate infection with
hospitalization. There were no cases of severe infection which need ICU admission or respiratory support. The
likelihood of COVID-19 infection was not associated with baseline JCV index (OR: 0.932, 95% CI: 0.2-4.15,
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P value: 0.92) > 15 infusion (OR: 0.3, 95% CI: 0.05-1.6, P value: 0.15), or extended interval therapy (OR:
0.000; P value: 0.998).

3.3. Final outcome

Overall, 86 patients (86%) had no increase in EDSS and 96 patients (96%) had no relapses. New brain or
cervical MRI T2 lesions did not observe in patients and the rate of no evidence of disease activity for three
years (NEDA-3) was improved from 9 (9%) to 87 (87%). Overall, 33 patients discontinued Natalizumab or
switched from it. The reasons of switching Natalizumab to the other DMTSs are shown in Figures 4 and 5.
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Figure 4. Cause of switch from Natalizumab.
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Figure 5. The prevalence of drug after switch from Natalizumab.

3.4. Adverse events

Only three patients had mild and moderate infusion reaction which resolved after one to two hours of
infusion (Table 3). One patient had scattered urticaria in her extremities which resolved after three to four
days. These adverse events revealed after the first infusion and did not repeat. One patient with JCV index:
1.85, after 12 infusions had aggravated limb and axial ataxia. Brain MRI showed bilateral brainstem and
cerebellar hemispheres T2 signals associated with low diffusion in DWI (Diffusion Weighted Imaging).
Localized posterior fossa PML (Progressive Multifocal Leukoencephalopathy) was highly suspected CSF
(Cerebrospinal Fluid) examination confirmed JCV PCR (Polymerase Chain Reaction). Unfortunately, the
patient has been missed to follow up. Also another patient with JCV index: 1.25, revealed new headache and
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unilateral visual field defect, suspected to be PML. Fortunately, JCV PCR of CSF was negative and the MRI
lesion in parietal occipital lobe decreased in size with corticosteroid pulse therapy and the patient has been
switched to Rituximab due to diagnosis of tumofactive lesion and the patient is doing in a good condition at
the time of this report.

Table 3. Adverse events after Natalizumab therapy.

Adverse Events Number of patients

Mild to moderate injection reactions N=3

Severe injection reaction

Any infection (UTI, ...)

Liver enzyme abnormalities (nonsignificant AST & ALT < 3)
Hematological abnormalities

PML confirmed)

suspected, no confirmed)

(
(

Tumefactive lesion

1
A P PP O N W O

Relapse

1
[EEN
o

EDSS progression

Wearing off symptom
Death

Zz2 Z2 Z2 Z2 Z2 Z2Z2 Z2 Z2 Z2 Z

o w

3.5. Extended interval

Overall, 73 patients had been infused as extended interval dosing. The median infusion number before
starting EID (Extended Interval Dosing) was 8. We started EID slightly earlier than usual infusion hnumbers
because of COVID-19 pandemic. Of 73 patients, 60 had 6 weeks EID and 13 patients had 8 weeks EID.

4. Discussion

In this study, we have assessed the real-world effectiveness of Natalizumab in RRMS patients. We
observed that Natalizumab is effective in reducing EDSS, relapse rate, MRI activity, and NEDA, with good
tolerance. In both na'we DMTSs patients and patients with highly active MS, Natalizumab can be an effective
choice for subsiding symptoms in patients. To the best of our knowledge, this is the first study in the Iranian
population which assessed the effectiveness of Natalizumab in a real-world setting.

We observed a significant reduction in disability score and relapse rate after starting treatment with
Natalizumab during a 20 months follow-up. Ninety-six (96%) patients experienced no relapse in their treatment
course with Natalizumab. In fact, treating with Natalizumab significantly reduced the annualized relapse rate
(ARR) in patients. Also, the disability score decreased significantly after treating with Natalizumab. In the
study of Krysko et al. on 146 RRMS and active SPMS (Secondary Progressive Multiple Sclerosis) treated with
Natalizumab in Canada, the ARR (Annualized Relapse Rate) decreased significantly in both SPMS and RRMS
patients. Also, in RRMS patients, the median of EDSS decreased significantly after the treatment but there
were no significant decreases in disability score in SPMS patientst®. In another study by Auer et al. in Austria
on 235 patients treated with Natalizumab, the EDSS remained stable or decreased™™. In a real word study in
India on 116 patients, the EDSS and relapse rate decreased significantly during a nine-year follow-up™. In
the study of Saida et al. in Japan on 106 patients with a two-year follow-up, the ARR significantly decrease by
72.9% in patients™™!. In the study of Lublin et al., it was observed that Natalizumab not only effective in
reducing relapse rate, but also can improve relapse recovery in MS patients™?. The results of mentioned studies
are associated with the current study. These results make us possible to choose Natalizumab as an effective
substitute in patients with highly active MS resistant to their previous treatment. Also, we started MS treatment
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in 27% of patients with Natalizumab (na'we patients). Thus, Natalizumab can be used as a suitable choice for
reducing disability and relapse rate not only for highly active patients, but also for na'we MS patients.

In this study, the MRI of treated patients significantly improved after treating with Natalizumab. The
number of patients with active T2 MRI (Magnetic Resonance Imaging) lesion, GAD (Gadolinium) lesions,
and overall CUA lesions reduced significantly in treated patients. In MS patients, MRI can be used for
exploring disease activity, prognosis, and reflects the therapeutic response!*®l. Therefore, decrease in MRI
active lesions may reflect the successes of treatment. In the study of Horakova et al. on 193 patients with
RRMS treated with Natalizumab, almost 80% of patients after one year and almost 98% of patients after 2-5
years had no disease activity in their MRI™!. In the study of Boziki et al. on 138 patients whom 84 of them
were under treatment with Natalizumab, the MRI activity was lower than patients who were under treatment
with Fingolimod!®®!. Also, it was observed that discontinuing or switching Natalizumab may increase the risk
of MRI lesions™®., Our results which are in line with previous results suggest the effectiveness of Natalizumab
in revealing MRI activity in MS patients. Also we have no obvious MRI activity or rebound activity after
switching of Natalizumab to the other DMTs during the follow up time.

Assessing the seropositivity of JCV index was another goal of this study. We observed no significant
changes in JCV index before and after the treatment with Natalizumab; however, seroconversion was observed
in two patients. Assessing the anti JCV index, indicative for risk stratification of Progressive multifocal
leukoencephalopathy (PML), can help us to make decision about starting, continuing, or stopping treatment in
MS patients™"81. Natalizumab treatment is a known risk factor for JCV seropositive especially related to
Natalizumab exposure to duration and time of administration™. Therefore, high JCV index is an indication
for Natalizumab cessation®”, In the context of JCV index, the results of this study were in association with
previous studies. In astudy in 2017, on 150 patients treated with Natalizumab and 145 controls, seroconversion
was significantly higher in Natalizumab group and patients on natalizumab had a larger increase in JCV index
during the treatment®?Y. In another multicentric study by Schwab et al. in Germany and French, 43 out of 339
German patients (12.7%) and 41 out of 243 French patients (16.9%) experienced the seroconversion(??. In
other studies, by Plavina et al.”®! and Warnke et al.”’ seroconversion observed in 13% and 10.3% of
Natalizumab treated patients. This issue can justify by peripheral accumulation of leucocytes, resulting in
increased peripheral immune activity and decrease of gastrointestinal (Gl) tract lymphocyte content, resulting
in less GI immunity and predispose patient to higher risk of infectiont.

Considering the pandemic situation due to COVID-19, we also evaluate the occurrence of COVID-19 in
the studied patients. It was known that Natalizumab can inhibit the central nervous system (CNS) viral
immunosurveillance and can cause PML?!. This risk can be decreased by extended infusion therapy, instead
of single infusion therapy’®.. In a study by Borriello et al. in 2020, a case of COVID-19 was observed in a
patient under treating with Natalizumab®”; however, there was no serious complications for the patient. In the
current study, prevalence of COVID-19 was 10% among the patients, which was similar to overall prevalence
of COVID-19 in Iran’?® In addition, the likelihood of COVID-19 was not associated with JCV index, number
of infusion and extended interval therapy. Moreover, just as the study of Borriello et al., the disease was mild
in majority of cases without any serious complication!?”. It seems that Natalizumab treatment in the COVID-
19 era is safe, without serious concerns.

In the assessment of final outcome, we did not observe any complication related to Natalizumab safety
except than one confirmed PML (0.01). Recent update in 2022 also confirm this issue®®!. The prevalence of
NEDA-3 was significantly improved in patients after starting the treatment with Natalizumab. Similar studies
in different parts of the world are also addressed this issue. In a study by Jaklin et al. in 2021 in Norway on 66
patients, more than 50% of MS patients reached to NEDA-3 after starting the treatment with Natalizumab®".
In another study by Horakova et al. on 193 patients in Czech Republic During more than 50% of patients
reached to NEDA-3 after one year treatment with Natalizumab and the prevalence of NEDA-3 increased to
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almost 70%, during a 2-5 year period™. In another multicenter study in Italy, Natalizumab had better
effectiveness for reaching NEDA-3, in comparison to Fingolimod®Y. In the study of Perumal et al. on 222
patients under treating with Natalizumab in USA, almost half of RRMS patients achieved NEDA during a two-
year follow-up®?. Furthermore, in 33 patients of this study, we have switched the Natalizumab treatment to
other DMTs. The major cause for switch from Natalizumab was attributable to high JCV index, associated
with the risk of PMLE®, In the context on switching from Natalizumab, Ocrelizumab®®¥, Rituximab and
Fingolimod®™® can be administered. Thus, we have to consider these drugs for switching from Natalizumab,
especially in patients with high risk of PML.

This study was the first real-world study for assessing the effectiveness of Natalizumab in the Iranian
population, which was in association with Tysabri observational program (TOP)P, We faced with some
limitations for this study, first, this study was a single centric study, which conducted in a major referral center
in the Capital of Iran. Although, we have considered the majority of patients, but selection bias can be possible.
Also we did not have any power calculation for estimating the sample size. The second limitation was lack of
a control population, which failed us to compare Natalizumab efficacy with other DMTs. It would be better
for future studies to address these limitations, in order to have higher levels of evidence in regards to the
Natalizumab treatment.

5. Conclusion

Natalizumab had significant effect on relapse rate, MRI activity and disability in our both highly active
and breakthrough RRMS patients. In our study, administration of Natalizumab was associated with a
significant achievement of NEDA-3 (87% in 20 months) with no major safety concerns. Developing PML
which is the main cause for hesitation of using Natalizumab, can be addressed by selection of the proper cases
and considering positive and high JCV index in patients.
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