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Background and Purpose: Natalizumab is a highly efficacious disease-modifying therapy for relapsing-remitting multiple sclerosis (MS). Data on the efficacy and safety profile of natalizumab in Asian patients with MS are limited. This study assessed the efficacy and safety of natalizumab in Korean patients with MS in a real-world setting.

Methods: This study enrolled consecutive Korean patients with active relapsing-remitting MS who were treated with natalizumab for at least 6 months between 2015 and 2021. To evaluate the therapeutic outcome of natalizumab, we used the Expanded Disability Status Scale (EDSS) scores and brain magnetic resonance imaging; adverse events were assessed at regular intervals. No evidence of disease activity (NEDA) was defined as no clinical relapse, no worsening of EDSS score, and no radiological activities.

Results: Fourteen subjects with MS were included in the study. The mean age at initiation of natalizumab therapy was 32 years. All patients were positive for anti-John Cunningham virus antibodies before natalizumab administration. The mean annual relapse rate was markedly reduced from 2.7 ± 3.2 before natalizumab therapy to 0.1 ± 0.4 during natalizumab therapy (p = 0.001). Disability was either improved or stabilized after natalizumab treatment in 13 patients (93%). During the 1st year and 2 years after initiating natalizumab, NEDA-3 was achieved in 11/12 (92%) and 9/11 (82%) patients, respectively. No progressive multifocal leukoencephalopathy or other serious adverse events leading to the discontinuation of natalizumab were observed.

Conclusions: Natalizumab therapy showed high efficacy in treating Korean patients with active MS, without unexpected safety problems.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic, immune-mediated, inflammatory demyelinating disease of the central nervous system (CNS) that carries a high risk of disability (1). Natalizumab, a recombinant humanized monoclonal antibody against the α4-integrin cell adhesion molecule, is a highly efficacious disease-modifying therapy (DMT) for active MS (2, 3). After two pivotal phase 3 clinical studies (AFFIRM and SENTINEL), natalizumab was approved for relapsing-remitting MS (RRMS) in 2004 by the US Food and Drug Administration and in 2015 by the Korea Food and Drug Administration (4–6). Observational studies demonstrated the long-term effectiveness and well-established safety profile of natalizumab (7, 8). However, the predominant concern with the use of natalizumab is its association with the development of progressive multifocal leukoencephalopathy (PML), a rare serious opportunistic infection caused by the John Cunningham virus (JCV), which can cause severe disability or even death. Prior use of immunosuppressants, longer treatment duration (especially >2 years), and the presence of JCV antibody with higher JCV antibody index values are known to increase the risk of developing PML in natalizumab-treated patients (9). Thus, clinicians can stratify patients according to the risk of PML based on the JCV antibody status. Recent studies have reported a higher seroprevalence of anti-JCV antibodies and a higher proportion of patients with an elevated index (>1.5) among Asian patients with MS compared with that of Western cohorts (10–12). Considering these results, neurologists in Asia might be more concerned about the risk of PML and hence be reluctant to prescribe natalizumab for patients with MS (11).

To date, data on the efficacy and safety of natalizumab in Asian patients have been limited to a 24-week phase 2 clinical trial of natalizumab and a study of post-marketing surveillance in Japan (13, 14).

In this study, we aimed to evaluate the real-world effectiveness and safety of natalizumab treatment in Korean patients with MS.



METHODS


Subjects

This study enrolled consecutive Korean patients with RRMS who were treated with natalizumab for at least 6 months at the National Cancer Center (NCC) in Korea between November 2015 and March 2021, and we retrospectively analyzed their medical records and magnetic resonance imaging (MRI) (15). Of enrolled 14 patients, two patients were treatment-naïve and 12 patients were previously treated with other DMTs (interferon-beta, glatiramer acetate, dimethyl fumarate [DMF], teriflunomide, fingolimod, and alemtuzumab) but showed breakthrough disease activity [relapses or new/enlarging T2 lesions or gadolinium (Gad)-enhancing T1 lesions on MRI]. Intravenous natalizumab 300 mg was administered monthly for 1 h, and infusion-associated reactions (IARs) were monitored for up to 1 h after infusion. Prior to initiating natalizumab therapy, a serological test for anti-JCV antibody was performed. After 24 monthly administrations, natalizumab therapy was discontinued and replaced with natalizumab-exit medication in all patients due to the risk of PML except for one patient who was unable to use natalizumab-exit medication due to an unexpected pregnancy. This study was approved by the Institutional Review Board of the NCC (NCC2014-0146), and informed consent was obtained from all the patients.



Efficiency and Safety Measures

Baseline expanded disability status scale (EDSS) score was measured right before the first administration of natalizumab, and baseline brain MRI scans were obtained within 6 months before natalizumab administration. EDSS was assessed by an independent, but unblinded neurologist. During natalizumab therapy, EDSS and brain MRI scans were performed regularly every 6 months. Clinical relapses were defined as new or worsening neurological symptoms lasting at least 24 h, confirmed by neurological examination, and unrelated to fever or infection (4, 5).

Clinical efficacy was evaluated by the annual relapse rate (ARR) and the change in the EDSS score. Disability worsening was defined as an increase of 1 or more points from baseline if the baseline EDSS score was >0 or an increase of 1.5 or more points if the baseline EDSS score was 0 (4, 5). Disability improvement was defined as a decrease of 1 or more points from baseline among patients with baseline EDSS scores ≥2.0 (7). Serial brain MRI scans were used to evaluate radiological activities. New or enlarging T2 lesions and newly detected Gad-enhancing T1 lesions were compared with baseline MRI scans to evaluate radiological disease activities. In addition, no evidence of disease activity (NEDA-3)—defined as no clinical relapse, no worsening of disability as measured by the EDSS scores, and no radiological activity—during 1 and 2 years of treatment was also used to determine the efficacy of natalizumab (16). Clinical relapses and radiological activities were primarily determined by the treating neurologists (HJK, SHK), and confirmed by one of other neurologists (SHK, JWH, KHK). For the evaluation of NEDA-3, patients who showed an evidence of disease activities during natalizumab treatment were included in the analysis, even though the treatment period did not meet the index. After 2 years of natalizumab therapy, rebound was defined as at least one clinical relapse plus rebound activity on MRI (>5 Gad-enhancing lesions and a higher number of new enlarging and/or Gad-enhancing lesions than before initiation of natalizumab treatment during washout or for 6 months following new DMT initiation after cessation of natalizumab) (17).

For safety outcomes, clinical information regarding adverse events, infection events, and IARs was prospectively collected. Adverse events and IARs were assessed every month at each infusion. IARs were defined as any event developing within 2 h after the initiation of natalizumab infusion (4, 5). Regular laboratory tests including complete blood count, liver function test, serum creatinine, and urinalysis, were performed at least every 3 months.



Statistical Analysis

Data are reported as number (percentage), mean (range), mean ± standard deviation, or median (interquartile range) for the EDSS score. The Wilcoxon signed-rank test was used to compare pre-natalizumab ARR and ARR during natalizumab treatment. Differences were regarded as significant with a p-value <0.05.




RESULTS


Patients

Baseline demographics and clinical features are displayed in Table 1. The mean age of the patients at natalizumab start was 32 years (range, 13–41), and the mean duration from disease onset to natalizumab initiation was 59 months (range, 3–135). The male-to-female ratio was 1:1. Two patients with high disease activity used natalizumab as the first DMT, and 12 (86%) patients used one or more DMTs prior to natalizumab administration, comprising of interferon-beta, teriflunomide, DMF, glatiramer acetate, fingolimod, and alemtuzumab in 8, 6, 5, 2, 2, and 1 patient, respectively. The median number of previous DMTs before initiating natalizumab therapy was 2 (range, 0–5). The median baseline EDSS score was 2.5 [interquartile range (IQR), 1.0–3.0]. All patients were positive for anti-JCV antibodies before natalizumab administration. Thirteen (93%) patients had experienced a clinical attack 1 year before the initiation of natalizumab, and Gad-enhancing lesions were detected on the baseline brain MRI in all patients.


Table 1. Baseline demographics, clinical characteristics, and NTZ treatment outcome.
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Treatment Duration of Natalizumab and Therapeutic Outcome

The treatment duration and therapeutic outcomes of natalizumab are summarized in Table 1. Nine patients completed 24 monthly administrations of natalizumab: two of them received more than 24 (one 25 times and the other 29 times). Three patients were still receiving natalizumab therapy and had received 20, 9, and 6 monthly administrations, respectively. The other 2 (14%) stopped natalizumab before 24 administrations; one patient stopped the treatment after 11 administrations due to logistic issues, and the other patient after 18 administrations due to lack of efficacy based on EDSS progression. This patient showed disability progression indicated by worsening of EDSS scores (baseline 3.0 > 3.5 > 4.0 > 5.5) without clinical relapse or new MRI lesions on three follow-up scans over 18 months, which suggested progression independent of relapse activity. Of a total of 286 monthly administrations in 14 patients, only one clinical relapse occurred 2 weeks after the first administration of natalizumab. The mean ARR was markedly reduced from 2.7 ± 3.2 before natalizumab administration to 0.1 ± 0.4 during natalizumab therapy, representing a 96% risk reduction (p = 0.001, Figure 1). On natalizumab therapy, 6-month confirmed disability worsening was observed in 1 (7%) patient, and 3 (21%) patients experienced disability improvement as measured by the change in the EDSS scores. In addition, new or enlarging T2 lesions and Gad-enhancing T1 lesions were not observed on follow-up brain MRI scans in any of the patients during natalizumab therapy. During 1 and 2 years after initiating natalizumab, NEDA-3 was achieved in 11/12 (92%) and 9/11 (82%) patients, respectively. Two patients who were treated with natalizumab as the first DMT achieved NEDA-3 during the 2 years of natalizumab therapy.


[image: Figure 1]
FIGURE 1. Comparison of mean ARRs before and during natalizumab therapy. The mean ARR significantly decreased from 2.7 ± 3.2 before natalizumab administration to 0.1 ± 0.4 during natalizumab therapy (p = 0.001). ARR, annual relapse rate; NTZ, natalizumab.




Safety

The IARs and adverse events associated with natalizumab therapy are listed in Table 2. Two (14%) patients experienced IARs, including facial flushing and headache. These IARs occurred after the first administration of natalizumab. The degree of IAR was mild and spontaneously resolved without symptomatic medication. Anaphylactic events, such as hypotension or desaturation, were not observed.


Table 2. Safety profile during NTZ therapy.
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None of the patients showed unexpected serious adverse events (SAEs), such as malignancy or PML during the median follow-up duration of 36.6 months (range, 6.6–66.8) from the initiation of natalizumab therapy. Infections on natalizumab treatment occurred eight times in 7 (50%) patients. Upper respiratory tract infection and nasopharyngitis were observed in two patients. Urinary tract infection, tonsillitis, boil in the groin area, and otitis media each developed in one patient. All infection events were successfully treated without complications and did not lead to natalizumab discontinuation.

Intermittent diarrhea, which was self-limiting without medication, developed in two patients. Joint pain at the ankle, alopecia, and headache were each developed in one patient. One of the patients developed an unpleasant feeling on the leg and a strong urge to move her leg at night after six administrations of natalizumab. Under the diagnosis of restless leg syndrome, her symptoms were controlled by a dopamine agonist and disappeared after 3 months. One patient showed an increased liver enzyme level (2–3 times the normal upper limit) after the 10th infusion, which spontaneously stabilized after 5 months.



Clinical Course After 24 Monthly Infusions of Natalizumab

Nine patients completed 24 or more administrations of natalizumab (Figure 2). These nine patients achieved NEDA-3 during natalizumab therapy. After successful natalizumab treatment, DMF and fingolimod were chosen as natalizumab-exit medications with a washout duration of 4 and 6 weeks for six and two patients, respectively. One patient continued to receive natalizumab treatment because commonly used oral DMTs could not be given as natalizumab-exit medications due to unexpected pregnancy. Of the six patients who chose DMF as a natalizumab-exit medication, three experienced relapses 4, 5, and 12 months after the initiation of DMF. These three patients were subsequently treated with alemtuzumab, and one patient was stable without further relapse for 20 months. However, two of them experienced four further clinical relapses and showed high disease activity on brain MRI under alemtuzumab therapy. In one patient, myelitis occurred 10 months after first cycle alemtuzumab, and myelitis developed again 10 months after second cycle alemtuzumab with a new Gad-enhancing T1 lesion on brain MRI. The second patient experienced two myelitis relapses 5 and 8 months after 1st cycle alemtuzumab. Of the two patients who had relapses despite alemtuzumab treatment, one patient switched to fingolimod and was stable without further clinical relapse for 22 months, while the other patient recently requested to restart natalizumab treatment despite the high risk of PML, as most of the currently available DMTs had failed to control his disease. Two patients who chose fingolimod as a natalizumab-exit medication were stable for 15 and 6 months, respectively. In addition, two patients (patients 4 and 7 in Figure 2), who used natalizumab as the first DMT, switched natalizumab to DMF and showed no clinical relapse for 33 and 7 months after natalizumab treatment, respectively. Rebound was seen in one patient who chose DMF as a natalizumab-exit medication 5 months after the initiation of DMF.
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FIGURE 2. Clinical course of nine patients after successful treatment of NTZ. The dotted line is the time point at which 24 or more monthly infusions of natalizumab had been administered. Three of six patients, who selected dimethyl fumarate as a natalizumab exit strategy, experienced clinical relapses after 2 years of successful NTZ treatment. Dimethyl fumarate and fingolimod were administered with a washout period of 4 and 6 weeks, respectively. ALZ, alemtuzumab; DMF, dimethyl fumarate; NTZ, natalizumab; FTY, fingolimod.





DISCUSSION

In real-world studies conducted in Western populations, pre-natalizumab ARRs decreased by 73–100% during natalizumab treatment, and 33–63% of patients achieved NEDA for 1.3 to 2.0 years of the mean follow-up duration (18, 19). In terms of safety, SAEs were reported in 0–6% of patients, including PML, ranging in incidence from 0.03 to 0.4% (19). The proportion of patients showing IARs has been reported to range from 0 to 12%. In a clinical phase 2 trial for Japanese patients, the therapeutic outcome was not different from that of Western patients; 77% of patients achieved NEDA during 24 weeks of natalizumab treatment, and the mean ARR for the 30 months of natalizumab treatment was 0.13 (13, 14). Death or PML cases have not been reported in Japanese patients.

In this study, 82% of patients achieved NEDA-3 and 93% showed stabilized or improved disability during the 2-years of natalizumab therapy. Only one patient experienced a minor clinical relapse, but recovered completely after 1 week. A 96% risk reduction in mean ARR was observed during natalizumab therapy. No radiological activities were found on the MRI scans regularly performed every 6 months in all patients. No PML or other SAEs leading to the discontinuation of natalizumab were observed. Although it is difficult to compare clinical outcomes directly due to the small number of enrolled patients, the efficacy and safety of natalizumab in the Korean population seem comparable with those reported in previous real-world Western studies and phase 2 clinical trials conducted in Japanese patients.

A major obstacle regarding the use of natalizumab is the risk of PML. The incidence of natalizumab-related PML was reported to be 0.9%, and the overall incidence rate per 1,000 patient-years was 2.03 in a recent 10-year observational study (7). It is well-known that the probability of natalizumab-related PML rises steeply in patients with previous immunosuppressive therapy who have received the medication for more than 24 months and are seropositive for anti-JCV antibodies (20). Our patients were all seropositive for anti-JCV antibody before natalizumab therapy, and no sign or radiologic evidence of PML was found throughout the 2 years of natalizumab treatment. Given the higher seroprevalence of JCV antibody and its higher index in Asian patients, there might be some concerns as to whether Asian patients are more susceptible to natalizumab-related PML (10–12). This study is a real-world experience of natalizumab in the Asian population, and supports the current PML risk stratification for natalizumab-treated Asian patients, in whom 2 years of natalizumab treatment is unlikely to pose a risk of PML.

Despite the high efficacy of natalizumab, the risk of PML usually limits the duration of natalizumab therapy to 24 months. Discontinuation of natalizumab may restore disease activities to the state they were before natalizumab treatment; thus, the selection of an appropriate natalizumab-exit strategy is important (18). Published data on the use of pulsed corticosteroids, interferon-beta, and glatiramer acetate show that these agents cannot prevent rebound activity, and breakthrough disease activity occurs in a proportion of patients with MS treated with either DMF or teriflunomide (21–24). Notably, 50% of our patients who selected DMF as a natalizumab exit strategy experienced clinical relapses on DMF treatment. Fingolimod has been the most studied and preferentially used DMT after cessation of natalizumab, and it seems to pose a lower risk of relapse than interferon beta or glatiramer acetate (18, 25). In terms of “carryover PML,” which develops several months after the discontinuation of natalizumab and when starting a new DMT, fingolimod has an advantage over alemtuzumab and cladribine, which induce long-term immunosuppression followed by delayed immune reconstitution (26). If “carryover PML” is developed on fingolimod, stopping fingolimod shortly allows immune reconstitution and makes cytotoxic T cells traffic into the CNS to control JCV infection (26). In addition, to prevent rebound disease activity, most experts recommend starting fingolimod with a short washout period (within 6–8 weeks) (25, 27). An extended interval dosing (EID) can be an alternative approach to reduce the risk of PML, while not losing the efficacy. A retrospective study with 1974 natalizumab-treated patients showed that an EID up to 8 weeks did not reduce effectiveness of natalizumab therapy (28), and a subsequent study showed that EID was associated with a lower risk of PML than a standard interval dosing (SID) (29). An ongoing randomized prospective trial of EID vs. SID will provide a comprehensive evidence of EID.

Recent studies have reported that active control of disease activity with high-efficacy drugs in the early stage of MS offer sustained clinical benefits on delaying the disability progression and conversion to SPMS (30–32). Treatment strategy for patients with high disease activity is evolving into individualized therapeutic models that initiate high-efficacy DMT in the disease onset and early in the course of disease. This strategy implements an individualized benefit-risk assessment to balance the level of DMT efficacy with the risk of drug-related adverse events considering the disease activity or the risk of disease progression (33). The majority of patients in our study failed on their first and second-line treatments and showed high disease activity prior to natalizumab treatment and thus had a high risk of rapid progression of disability. Nonetheless, natalizumab treatment achieved the high rate of NEDA-3 over 2 years and no serious adverse events including PML occurred. Our results suggest natalizumab treatment in Asian patients with high disease activity for 2 years is possibly an effective and safe therapeutic option while not increasing the risk of PML.

This study has several limitations. First, this study was single-centered with a small sample size (n = 14), and hance, there's a possibility of selection bias. Second, the follow-up durations from the initiation of natalizumab (median 36.6 months) were not long enough to reflect the long-term safety of natalizumab. Third, we were unable to compare the anti-JCV antibody index before and after natalizumab treatment, because only the presence or absence of anti-JCV antibody was provided without the anti-JCV antibody index until 2017. In a previous Western study, the anti-JCV antibody index significantly increased during natalizumab treatment and following natalizumab discontinuation (34). In order to better stratify the potential risk of PML in Asian populations whose seroprevalence and index values of anti-JCV antibodies are very high, it is necessary to further investigate the temporal change of anti-JCV antibody index.

Despite the aforementioned shortcomings, the reassuring results of this study, which confirm the real-world effectiveness and safety profile of natalizumab in Korean patients with MS, may prompt clinicians to overcome their reluctance to prescribe this medication. Further investigations on long-term disability outcomes, patient-reported outcomes, quality of life, and changes in anti-JCV antibody index in natalizumab-treated Korean patients are warranted.
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