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ABSTRACT

Objective: The aim of this review was to evaluate the clinical efficacy, optimization of dosing regimens, safety profile, and
socioeconomic aspects of natalizumab (NTZ) use in the treatment of multiple sclerosis (MS), with a additional focus on
pregnant and pediatric populations.

Methodology: A systematic review of the PubMed database was conducted, identifying 220 records. Thirty-two publications
meeting the criteria regarding the mechanism of action, efficacy, adverse event profile, and comparison with other disease-
modifying therapies (DMTs) were included in the final analysis.

Results: The analysis demonstrated that the extended interval dosing (EID, every 6 weeks) regimen maintains clinical and
radiological efficacy comparable to the standard interval dosing (SID, every 4 weeks), while significantly reducing the risk
of progressive multifocal leukoencephalopathy (PML) by 88-94%. It was recognized that natalizumab is safer than other
DMTs, such as ocrelizumab, without compromising efficacy. In the pediatric population, NTZ showed the highest efficacy
in reducing relapse rates compared to fingolimod and injectable therapies. In pregnant women, continuing treatment until
the 34th week prevents postpartum rebound relapses and improves EDSS scores, showing no teratogenic effects.
Economically, the subcutaneous form of NTZ and the use of EID generate significant direct and societal cost savings.
Conclusions: Natalizumab remains a highly effective and cost-efficient therapeutic option for the treatment of relapsing-
remitting MS. Personalization of treatment through the EID regimen and the subcutaneous formulation allows for an
improved safety profile and patient quality of life, while simultaneously reducing the systemic burden on healthcare.
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1. Introduction

1.1Multiple Sclerosis (SM)

Multiple sclerosis (MS) is a chronic demyelinating inflammatory disease of the central nervous system.
It has an immunological basis and causes neuroaxonal damage. MS affects more than 2.8 million people
worldwide [2]. It typically manifests between the ages of 20 and 40 and leads to a gradual increase in disability
[5]. Multiple sclerosis usually begins as a relapsing-remitting form (RRMS), which is characterized by episodic
neurological symptoms followed by complete or partial recovery from disease symptoms. In approximately
10% of cases, MS manifests as a primary progressive form (PPMS) with steady progression of disability and
accumulation of neurological symptoms from the onset of the disease (Lublin et al. 2014) [3].Autoreactive
lymphocytes play a significant role in the cause-and-effect chain of this disease. Inflammation leads to gradual
neurodegeneration [3] at an early stage. Infection with the Epstein-Barr virus (EBV) or contact with myelin
antigens contributes to the development of MS through the primary activation of T lymphocytes. These migrate
to the CNS, where they undergo further activation and differentiation into subpopulations: pro-inflammatory
Thl lymphocytes (secreting IFN-y, TNF-a, IL-2, IL-12, IL-15), anti-inflammatory Th2 lymphocytes (IL-4, IL-
5, IL-13), and Th17 lymphocytes (secreting IL-17, IL-21, IL-22) [7]. Increased expression of IL-17 in the
cerebrospinal fluid (CSF) and blood of MS patients, particularly during relapses, suggests a key role for this
cytokine in disease progression [10].Chronic inflammation induces the activation of oxidative stress enzymes.
This leads to damage of proteins, lipids, carbohydrates, and nucleic acids, mitochondrial degeneration, ion
channel dysfunction, and the activation of apoptotic pathways, which initiates neurodegeneration. Chronic
overactivity of oxidative enzymes can sustain ongoing inflammation, contributing to the progression of MS
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[10]. Progression independent of relapse activity (PIRA) and relapse-associated worsening (RAW) events are
key factors determining the increase in disability. They play a role in both the short and long term [6]. It has
been shown that the occurrence of a PIRA event at an early stage of the disease is a predictor of unfavorable
long-term disability outcomes [6].Multiple sclerosis affects women three times more often than men, and the
average age of diagnosis usually coincides with reproductive age. Consequently, an increasing number of
women with MS make reproductive decisions during treatment and the use of disease-modifying therapies
(DMTs). Pregnancy has a modulating effect on MS activity, especially in the third trimester, with a significant
reduction in relapse frequency [6]. Rebound disease activity is particularly concerning in women who
discontinue high-efficacy therapies before or during pregnancy, as therapeutic options during pregnancy may
be limited due to fetal safety considerations [16].

1.2Natalizumab (NTZ)

Natalizumab (NTZ) is a humanized monoclonal IgG4 antibody that blocks the $\alpha 4$ subunit of
leukocyte integrins 04P1 i a4f7. Its mechanism of action involves inhibiting the interaction of leukocytes with
vascular cell adhesion molecule-1 (VCAM-1) and mucosal vascular addressin cell adhesion molecule-1
(MAdCAM-1) on endothelial cells [20]. This blocks the migration of lymphocytes across the blood-brain
barrier into the central nervous system [12, 20], which is crucial in the pathogenesis of relapsing-remitting
multiple sclerosis (RRMS) [8, 21, 22]. Natalizumab is one of the high-efficacy therapies (HET) alongside other
disease-modifying therapies (DMTs) such as ocrelizumab, ofatumumab, fingolimod, and cladribine [1]. It is
used as a first-line therapy in cases of aggressive disease onset, as escalation therapy after an insufficient
response to other DMTs [16, 23], or in rapidly evolving severe RRMS. The latter is defined as at least two
disabling relapses within a year and at least one gadolinium-enhancing lesion on brain MRI or a significant
increase in T2 lesion load compared to a previous MRI scans [12]. It was the first DMT approved by the
European Medicines Agency [2] in a regimen of 300 mg every 4 weeks (standard interval dosing, SID) [24].
Currently, an extended interval dosing (EID) regimen is also used, in which natalizumab is administered at a
dose of 300 mg but every 6 weeks [5]. The purpose of increasing the dosing interval is to reduce the risk of
progressive multifocal leukoencephalopathy (PML) without reducing the drug's efficacy [8]. EID aims to lower
the risk of PML while maintaining therapeutic effectiveness [26, 27]. This is based on the hypothesis that a
partial reduction in receptor exposure to the drug may allow for some degree of restoration of the antiviral
immune response, potentially decreasing the risk of PML [8, 28]. Reported adverse effects also include severe
anemia [4]. There is also a SID/EID regimen involving starting therapy with SID and later switching to EID
[15].In the context of natalizumab treatment, an important element to mention is the use of this drug during
pregnancy. There are two primary management options: administering the drug before conception or
continuing dosing in an extended interval dosing (EID) regimen of 6—8 weeks up to approximately the 34th
week of pregnancy [16, 25]. The timing in this context is not accidental. This period of several weeks covers
the time of maximal transplacental antibody transfer [16, 25], and natalizumab crosses the placenta mainly
during the third trimester of pregnancy [16]. Hence, one regimen involves using it until the 34th week of
pregnancy. Regarding the adverse effects of natalizumab on the fetus, mild and transient reversible
hematological abnormalities are mentioned. These usually resolve within the first few weeks of life without
leaving permanent effects [16].

1.3 Pediatric-onset Multiple Sclerosis (POMS)

Multiple sclerosis usually has its onset between the ages of 20 and 50; however, approximately 3%—5%
of cases begin in childhood. Patients with pediatric-onset multiple sclerosis (POMS) typically experience
higher levels of inflammation with more frequent relapses than patients with adult-onset multiple sclerosis
(AOMS) [18]. Treatment for this form of MS most commonly includes interferon-$\beta$ and glatiramer
acetate [18]. Observational studies of pediatric patients have demonstrated the efficacy of treatments including
natalizumab [18].

1.4 Progressive multifocal leukoencephalopathy (PML)

Diagnostic criteria for PML include progressive subacute neurological symptoms, characteristic PML
imaging results, and the detection of JC virus DNA in the cerebrospinal fluid, as well as the exclusion of other
diseases [13]. According to several studies, patients with antibodies against the JC virus or a history of
receiving immunosuppressive therapy, after more than 2 years of natalizumab therapy, are particularly at risk
of an increased risk of developing PML [8, 29, 30].
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2. Methodology

A systematic search of the PubMed database was performed to locate publications addressing use of
Natalizumab in multiple sclerosis, adverse effects of said drug,

Our team initially identified 220 records. Titles and abstracts were subsequently screened for relevance
according to predefined eligibility criteria:

(1) human study, (2) drug mode of action and efficacy, and (3) compatibility with other DMTs, (4) study
sample size, and (5) year of inception.

After full-text evaluation, 32 publications that met all inclusion criteria were selected for final analysis.
No restrictions were imposed on participant gender, age, or skill level. Eligible studies were then integrated to
assess natalizumab's efficacy by dosing regimen, compared to other DMTs, adverse events, and its impact on
pregnant and pediatric populations.

3. Results

3.1 Administration regimens

Analyzing the works on our chosen topic, we considered the efficacy of various natalizumab therapy
regimens and whether the regimen with extended intervals between doses is as beneficial as SID. In a study
conducted by Meral Seferoglu et al. 2025 involving 80 patients with RRMS, participants were divided into a
group of 52 individuals receiving NTZ in the SID regimen and a group of 28 individuals receiving NTZ in the
EID regimen. Patients in the EID group (35 months) had a longer median duration of NTZ treatment than those
in the SID group (12 months); this difference was statistically significant and consistent with the assumptions
of these two regimens. The most important finding of this study was the observation of no significant
differences in clinical and radiological worsening between the two dosing regimens [8]. It was also established
that EID maintains efficacy while potentially reducing the risk of PML [8].

Ichiro Nakashima et al. 2026 analyzed the annualized relapse rate (ARR) before and after starting
natalizumab treatment. In a study covering a population of 120 patients, the ARR decreased both in the group
treated exclusively with EID (97.9% reduction in ARR from 0.95 to 0.02, p = 0.0005) and in the SID/EID
group (91.7% reduction in ARR from 1.08 to 0.09, p < 0.0001). The observed decreases were statistically
significant [15]. Patients in the EID-only and SID/EID groups had a longer time to the first relapse than patients
in the SID-only group. The percentage of patients with new or enlarging T2 lesions on MRI was also
considered depending on the type of regimen they were treated with. In all groups, the percentages of such
patients decreased, most notably in the SID-only (89.1%) and SID/EID (95.7%) groups. The above information
reinforces the view that EID is a viable and effective alternative to SID for many patients and significantly
lowers the costs of drug acquisition and monitoring without compromising clinical benefits.

3.2Cerebrospinal fluid proteome profiling

Sahla El Mahdaoui et al. 2025 undertook the profiling of the cerebrospinal fluid proteome in progressive
forms of multiple sclerosis and its changes depending on natalizumab treatment. After a 60-week period of
NTZ treatment, a decrease in the concentration of 11 proteins relevant to the pathogenesis and progression of
MS was observed. These included proteins associated with B lymphocytes (BCMA, SLAMF7, and IgG), T
lymphocytes (granzyme A), myeloid cells (macrophage-derived chemokine (MDC) and chitinase 1 (CHIT1)),
leukocyte activation (CD48 and MMP-9), and those related to cell adhesion (desmoglein-2, VCAM-1, and
soluble E-selectin). All treatment effects were statistically significant [3].

3.3Adverse effects

Analysis of the safety profile of natalizumab (NTZ) compared to other disease-modifying therapies
(DMTs) indicates a specific set of risks, among which infections and rare but serious neurological and
hematological events predominate. Tobias Monschein et al. 2025 presented a general characterization of
adverse events (AEs), which were reported in approximately 16.9% of patients treated with natalizumab. The
most common included [2]: infections (6.1%)—mainly influenza, COVID-19, herpes virus infections, as well
as urinary tract, upper respiratory tract, and ear infections, and pneumonia; nervous system disorders (3.8%)—
primarily headaches and dizziness; and general reactions (3.4%)—fatigue (1.7%), injection site reactions (1%),
flu-like symptoms (0.2%), concentration disorders (0.2%), and edema (0.2%).

Serious adverse events (SAEs) were also distinguished. Although serious events affect only about 1.3%
of patients, they are of significant clinical importance. The most serious, associated with NTZ treatment, is
PML (Progressive Multifocal Leukoencephalopathy), which was recorded in 0.3% of patients in registration
trials. Importantly, this risk can be modified through the dosing regimen—extending the intervals between
doses (EID, e.g., every 6 weeks) allows for a reduction in PML risk by 88-94% [13, 15] compared to standard
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dosing every 4 weeks (SID), while maintaining similar therapeutic efficacy, as previously mentioned in our
work.

SAEs also include neoplasms, which occur rarely (0.5%), and among them, breast cancer, cervical
cancer, WHO grade I-1I glioma, pituitary adenoma, and gastrointestinal tumors have been diagnosed. It is
worth noting that higher rates of neoplasia (approx. 1.4—1.5%) are observed in the case of S1P receptor
modulators (e.g., fingolimod, siponimod) [2]. Attention was also drawn to hematological disorders, where
natalizumab can lead to severe anemia. This mechanism is associated with the blocking of
$\alphad\betal$ integrin on erythroblasts, which disrupts their communication with macrophages and inhibits
the maturation of red blood cells. Although anemia occurs in 1-10% of patients, its severe form is rare (0.1%)
[4]. Serious infections (0.5%) were also listed—osteomyelitis (0.1%), severe pneumonia requiring
hospitalization (0.1%), and urosepsis (0.1%) [2].

Compared with ocrelizumab (OCR), natalizumab presents a more favorable general safety profile—the
risk of any adverse events is as much as 4.5 times higher in the OCR group [12]. Ocrelizumab more frequently
causes infusion-related reactions (IRRs) and specific changes in blood parameters, such as
hypogammaglobulinemia. Conversely, S1P modulators (fingolimod, siponimod) are more frequently
associated with the risk of skin cancers [2] and pregnancy-related adverse events [2], which are not as clearly
emphasized in population data for NTZ.

3.4Natalizumab vs Ocrelizumab

Ocrelizumab is a humanized anti-CD20 monoclonal antibody. Analysis of research results comparing
natalizumab (NTZ) with ocrelizumab (OCR) indicates a very similar efficacy for both drugs across key
parameters of control in relapsing-remitting multiple sclerosis (RRMS). In real-world evidence studies, no
significant differences were found in the annualized relapse rate (ARR), which was 0.071 for both groups [9].
Both therapies demonstrate high efficacy in eliminating RAW (relapse-associated worsening) events and
inflammatory activity in MRI studies, where the time to the appearance of new lesions did not differ between
the groups. Similarly, the risk of disability progression, measured by the time to the first PIRA (progression
independent of relapse activity) event and the attainment of EDSS 4.0 (1.23, 0.57-2.66; p=0.60) and 6.0 (0.93,
0.32-2.68; p = 0.89) scores, remained comparable [6]. Although after 5 years of observation the percentage of
patients maintaining NEDA-3 status (no evidence of disease activity) was slightly higher in the ocrelizumab
group (65% vs. 50.5% for NTZ), this difference did not reach statistical significance [12]. Significant
differences were noted, however, in the safety profile: patients using ocrelizumab showed a 4.5 times higher
risk of adverse events, such as infusion reactions or infections, while simultaneously showing higher treatment
durability with this molecule [12]. The stable number of patients treated with natalizumab suggests, however,
a lower number of cases of treatment discontinuation compared to other highly effective drugs [1].

3.5Use of Natalizumab during pregnancy

As shown by the study of E. Le Page et al. 2025, the approach to using natalizumab (NTZ) in pregnant
women has undergone significant evolution in recent years—from cautious treatment discontinuation before
conception to a strategy of continuing treatment to protect maternal health. Data from the years 2019-2023
indicate a clear trend toward maintaining therapy: the percentage of women discontinuing treatment before
becoming pregnant dropped from 20% to just 7-8% [1]. Currently, clinical practice increasingly allows for the
continuation of drug administration during pregnancy, which is reflected in the statistics. In the first trimester
(T1), treatment maintenance increased from 75% to 90%; in the second trimester (T2), an increase from 44%
to nearly 78% was observed; and in the third trimester (T3), exposure affects 25-36% of pregnancies, with an
upward trend, usually in cases of a severe disease course [1]. In order to minimize fetal exposure while
maintaining control over the mother's disease, an extended interval dosing (EID) regimen is commonly used,
most often every 6 or 8 weeks. Therapy is typically discontinued around the 34th week of pregnancy and
resumed quickly after delivery (approximately 85% of women return to treatment in the first trimester of the
postpartum period) [25]. Continuing NTZ treatment into late pregnancy is associated with significant clinical
benefits for the mother in the postpartum period. Women continuing therapy have a significantly lower relapse
rate and a lower incidence of new lesions on MRI scans (only 9.4% of patients with active gadolinium-
enhancing (GdE+) lesions vs. 46,7% in the group that discontinued treatment). Additionally, in the group
continuing treatment, even an improvement in EDSS scores was noted after delivery, whereas in patients
discontinuing therapy, this index remained unchanged or worsened [16].

Regarding neonatal safety, studies confirm that natalizumab does not have teratogenic effects (it does
not cause birth defects), even though in preclinical studies it was classified as category C in the FDA pregnancy
drug classification. The birth weight, height, and head circumference of newborns exposed to the drug in utero
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are comparable to WHO standards and do not deviate from the results of children born to healthy mothers [16,
31]. Due to transplacental transfer, there is a hematological risk for newborns exposed to the drug in the third
trimester (after the 30th week). Mild anemia or thrombocytopenia may occur. However, these are transient
effects resulting from the mechanism of blocking VLA-4 receptors on fetal blood cells [32]. In summary, the
data suggest that continuing the use of natalizumab until the 34th week of pregnancy is a safe and effective
strategy for women with a highly active form of MS, protecting against a sharp rebound of the disease after
delivery without a negative impact on the child's overall development [16].

3.6 Pediatric population with MS

Tim Spelman et al. 2024, in a study evaluating the efficacy of natalizumab for the treatment of multiple
sclerosis in the pediatric population, demonstrated that this therapy was associated with a significant reduction
in disease activity compared to other disease-modifying therapies (DMTs) [18]. The primary endpoint of the
study was the time to the first relapse from the start of therapy, while secondary outcomes included, among
others, the annualized relapse rate (ARR), the proportion of relapse-free patients in subsequent years of
observation, time to treatment discontinuation, and changes in disability level on the EDSS scale. The
proportion of relapse-free patients after the 1st, 2nd, and 5th years was highest in the natalizumab-treated group
(94.8%, 93.4%, and 90.0%, respectively), lower in the fingolimod group (88.2%, 82.9%, 71.9%), and lowest
among patients receiving injectable DMTs (73.3%, 59.8%, 35.8%) [18]. The risk of relapse with natalizumab
use was significantly lower than with injectable therapy (HR 0.15; 95% CI 0.07-0.31; p < 0.001) and
fingolimod (HR 0.37; 95% CI 0.14-1.00; p = 0.049). ARR values in the natalizumab group (0.08 [0.05-0.11])
and the fingolimod group (0.12 [0.08—0.16]) were significantly lower than among patients receiving injectable
DMTs (0.35 [0.33-0.38]; p < 0.0001), although the differences between natalizumab and fingolimod did not
reach statistical significance. These results indicate that natalizaumab provides high clinical efficacy in reducing
relapse frequency and the risk of disease progression in children and adolescents with multiple sclerosis [18].

4. Discussion

Multiple Sclerosis (MS) is an autoimmune disease of the central nervous system that places an enormous
burden on patients, society, and payers. The management of relapsing-remitting multiple sclerosis (RRMS)
has been transformed by the introduction of high-efficacy disease-modifying therapies (DMTs). Among them,
natalizumab (NTZ) remains a key element of treatment, distinguished not only by its clinical efficacy but also
by its unique mechanism of action, which—unlike anti-CD20 monoclonal antibodies or alemtuzumab—does
not rely on lymphocyte depletion [8]. An analysis conducted by Luca Prosperini et al. 2025, using a cost-
consequence analysis (CCA) model, provides a comprehensive overview of the clinical, economic, and social
impacts of NTZ use compared to other high-efficacy therapies, namely ocrelizumab (OCR) and ofatumumab
(OFA) [5]. According to long-term clinical data, natalizumab demonstrates a strong ability to inhibit disease
activity. In the studied model, 5-year NTZ therapy resulted in a numerical reduction in the number of relapses
compared to ocrelizumab (-5.52 per 100 patients) [5] and showed a favorable trend in slowing disability
progression. Although these differences did not reach statistical significance, they correlate with an increase
in quality-adjusted life years (QALYs) gained by patients, highlighting the drug's value in preserving long-
term functional ability. The application of the CCA model allowed for a multi-perspective assessment, which
is particularly valuable for healthcare payers focused on patient-oriented outcomes. The most striking
conclusion from this study is the significant reduction in total direct costs associated with natalizumab. Over
a 5-year period, NTZ therapy generated savings of approximately 1,604,423 EUR and 1,368,817 EUR per 100
patients compared to ocrelizumab and ofatumumab, respectively [5]. These savings result primarily from
switching from a 4-week to a 6-week regimen after the first year of treatment, which significantly lowered
drug acquisition and monitoring costs without compromising clinical benefits. The introduction of the
subcutaneous route of administration optimized resource utilization, which also contributed to cost reduction.
Data presented in the study show that NTZ in the SC form significantly reduced treatment chair time (by 2,933
hours per 100 patients) and decreased the workload of doctors and nurses [5]. Beyond direct medical costs,
natalizumab showed a positive trend in reducing the societal burden of MS. Treatment was associated with a
reduction in productivity loss (316 fewer days than OCR and 1,091 fewer days than OFA per 100 patients) [5].
For patients, switching to subcutaneous administration saved 5,589 hours over five years, while caregivers
experienced a significant reduction in lost productivity. These results highlight the benefits of using
natalizumab. Despite high efficacy, the risk of progressive multifocal leukoencephalopathy (PML) remains a
critical aspect of NTZ therapy, with a global incidence rate of approximately 3.43 cases per 1,000 treated
patients [13]. Risk stratification remains essential, especially regarding prior use of immunosuppressive drugs.
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However, the implementation of the EID regimen is expected to further mitigate this risk, representing a key
evolution in the safety profile of NTZ. Interestingly, rare cases of PML are still being monitored worldwide,
including in EID regimens, which requires constant vigilance and rigorous surveillance protocols [13].
Although the choice of DMT must remain individualized, the data presented in this CCA analysis provide
decision-makers with compelling evidence of the enduring relevance and economic advantage of natalizumab
in a competitive therapeutic field.

5. Conclusions

Analyzing the selected articles, we have reached several significant conclusions. Natalizumab
significantly reduces the concentration of proteins key to the pathogenesis and progression of MS, including
biomarkers of B-cell, T-cell, and myeloid cell activation. It demonstrates high efficacy in inhibiting
inflammatory activity as measured by the ARR index and MRI imaging activity. Regarding the dosing regimen,
extending the intervals between doses (EID) to 6 weeks serves as a safe and effective alternative to the standard
regimen; furthermore, it allows for a significant reduction in the risk of PML (by approximately 90%) while
maintaining disease control, making it preferred for long-term patients or those in high-risk groups.
Considering the safety and tolerability of natalizumab, we concluded that serious adverse events (SAEs) affect
a small percentage of patients (1.3%), yet they require close supervision. Nevertheless, natalizumab is
characterized by a more favorable overall safety profile than ocrelizumab, exhibiting a 4.5-fold lower risk of
adverse events, which translates into greater treatment stability and durability. We paid particular attention to
two unique populations—pregnant women and the pediatric population. Continuing treatment until the 34th
week of pregnancy is an effective strategy for preventing disease activity in the mother. Despite the risk of
transient hematological disorders in the newborn, there is no evidence of teratogenic effects or disturbances in
anthropometric parameters. Among children with MS, NTZ treatment ensures the highest percentage of
relapse-free patients compared to fingolimod and first-line drugs. It constitutes a key therapy for aggressive
forms of MS in children. Additionally, it is worth noting the economic benefits of introducing the subcutaneous
(SC) formulation and the EID regimen. Both changes significantly unburden the healthcare system by reducing
monitoring costs, staff workload, and the time patients spend at the facility. Furthermore, this therapy
effectively reduces societal costs by limiting productivity loss for both patients and their caregivers.
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