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Introduction
Natalizumab administered intravenously every 
4 weeks (Q4W) is an efficacious treatment for 
relapsing forms of multiple sclerosis (MS), as 

demonstrated by randomized clinical trials and 
real-world evidence.1–4 However, natalizumab 
treatment is also associated with increased risk  
of progressive multifocal leukoencephalopathy 
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Abstract
Background: Extended interval dosing of natalizumab is associated with significantly lower 
progressive multifocal leukoencephalopathy risk compared with every-4-week (Q4W) dosing 
in patients with relapsing-remitting multiple sclerosis. Previous studies have suggested that 
natalizumab effectiveness is maintained in patients who switch from Q4W to extended interval 
dosing but have been limited by a lack of well-matched patient cohorts.
Methods: Tysabri Observational Program (TOP) data as of November 2019 were used to 
identify patients with relapsing-remitting multiple sclerosis treated with natalizumab Q4W 
and those with a single physician-indicated dosing change from Q4W to every-6-week (Q6W) 
dosing after ⩾1 year of Q4W treatment. Patients were propensity score matched at the time 
of the switch from Q4W to Q6W dosing. Clinical outcomes (annualized relapse rate and 
probability of remaining relapse free or free of 24-week confirmed disability worsening) and 
safety outcomes were assessed for the two cohorts.
Results: This study included 219 pairs of propensity score–matched Q6W and Q4W patients. 
Annualized relapse rates were similar for Q6W (0.150) and Q4W (0.157) patients. The probability 
of remaining relapse free [hazard ratio = 1.243 (95% confidence interval = 0.819–1.888); p = 0.307] 
and of remaining free of 24-week confirmed disability worsening [hazard ratio = 0.786 (95% 
confidence interval = 0.284–2.176); p = 0.644] did not differ significantly between Q6W and Q4W 
patients. Summarized safety results for the matched Q6W and Q4W patients are also presented.
Conclusion: These real-world findings in well-matched patient cohorts from TOP demonstrate 
that natalizumab effectiveness is maintained in patients who switch to Q6W dosing after ⩾1 
year of Q4W dosing.
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(PML) in anti–JC virus (JCV) antibody-positive 
patients.5,6

Some clinicians have explored using natalizumab 
extended interval dosing (EID) with the aim of 
reducing PML risk by balancing adequate 
immunosuppressive activity to control MS dis-
ease with allowing sufficient immune surveil-
lance in the central nervous system to maintain 
JCV suppression.7,8

An analysis of the Tysabri Outreach: United 
Commitment to Health (TOUCH) Prescribing 
Program safety database demonstrated that natal-
izumab EID (average dosing interval of approxi-
mately 6 weeks) is associated with a significantly 
lower risk of PML than Q4W dosing.9 However, 
TOUCH does not include MS disease activity 
measures and therefore cannot provide evidence 
as to whether natalizumab EID decreases treat-
ment effectiveness.

Independent real-world studies suggest that the 
effectiveness of natalizumab is maintained in 
patients who initiate treatment on standard inter-
val dosing (SID) regimens and later switch to 
EID.7,8,10,11 However, the unmatched patient 
cohorts and variable definitions of EID employed 
limit the generalizability of these results, and 
there remains a vital need for comparative clinical 
effectiveness data for SID and EID dosing in 
well-matched real-world populations with well-
defined dosing intervals.

The Tysabri Observational Program (TOP) is an 
ongoing, multinational prospective study of the 
safety and effectiveness of natalizumab in patients 
with relapsing-remitting multiple sclerosis 
(RRMS) in real-world clinical practice, with long-
term safety and efficacy data collected from more 
than 6000 natalizumab-treated patients.3 Data 
collected in TOP include the exact dates of natal-
izumab infusions (since 2014), physician-
intended dosing frequency, and the dates of 
deliberate dosing frequency changes, facilitating 
comparative assessments of patients on different 
dosing regimens.

In the present study, clinical outcomes were com-
pared for patients in TOP who were treated with 
natalizumab Q4W for ⩾1 year and then switched 
to every-6-week (Q6W) dosing with propensity 
score–matched patients who remained on Q4W 
dosing.

Methods

Patients and study design
TOP (ClinicalTrials.gov identifier: NCT00 
493298) is an ongoing, open-label, multicenter, 
prospective observational study of the safety and 
effectiveness of natalizumab in patients with 
RRMS treated in real-world clinical practice set-
tings.3,12 Details of the TOP study design have 
previously been published.12 Briefly, patients 
enrolled in TOP are required to have a diagnosis 
of RRMS and to have received ⩽3 doses of natali-
zumab in their lifetime at the time of enrollment. 
Patient demographic and clinical characteristics 
are recorded at enrollment, with ongoing patient 
assessments documented at regularly scheduled 
clinical practice visits (approximately every 
6 months). Safety and relapse data may also be 
collected at unscheduled visits to evaluate new or 
worsening neurological symptoms. The TOP 
study protocol was approved by each center’s 
independent ethics committee, and all patients 
provided written informed consent. The study 
was performed in accordance with the Declaration 
of Helsinki.

TOP data available as of November 2019 were 
used to identify patients with Q4W and Q6W 
dosing histories based on physicians’ intended 
dosing on study case report forms. The Q6W 
group included patients who had a single physi-
cian-intended change in frequency of dosing from 
natalizumab Q4W to Q6W after ⩾1 year of Q4W 
treatment. Patients in the Q4W group had no 
intentional dosing other than Q4W. Patients with 
any natalizumab dosing interval ⩾12 weeks (a 
dosing gap) or  < 3 weeks (overdosing) during the 
Q4W dosing period were excluded from the anal-
ysis. All eligible patients were also required to 
have sufficient demographic and disease charac-
teristic information for propensity score 
matching.

Propensity score matching
All patients in the Q4W group who had sufficient 
follow-up to match a given Q6W patient, defined 
as on-treatment follow-up duration greater than 
or equal to the pre-switch Q4W treatment period 
for that Q6W patient, were considered potential 
matches. Propensity scores for Q6W patients and 
all potential matching Q4W patients were derived 
using logistic regression with age, sex, baseline 
Expanded Disability Status Scale (EDSS) score, 
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baseline anti-JCV antibody status (positive/nega-
tive), time from MS onset, natalizumab exposure 
duration, and relapse activity (both prior to TOP 
enrollment and while on Q4W dosing in TOP) as 
covariates.

Q6W and Q4W patients were matched at the 
time of the dosing switch (for Q6W patients) or at 
the corresponding exposure-matched time point 
(for Q4W patients) using propensity score–based 
caliper matching.13 Patients were matched 1:1 
with replacement of Q4W patients to achieve the 
best possible match for all Q6W patients.

Statistical analysis
Annualized relapse rates (ARRs) in the matched 
populations were calculated by negative binomial 
regression using generalized estimating equations 
for robust standard error estimation to derive 
95% confidence intervals (CIs). Hazard ratios 
(HRs) of time to first relapse and time to 24-week 
confirmed disability worsening (CDW, defined as 
an increase of ⩾0.5 point from a baseline EDSS 
score of ⩾6.0, ⩾1.0 point from a baseline EDSS 
score of ⩾1.0 to  < 6.0, or ⩾1.5 points from a 
baseline EDSS score of 0.0, confirmed after 
24 weeks) were estimated using the Cox and 
Kaplan–Meier methods with no additional adjust-
ments. Assuming a sample size of 236 patients 
per arm, power = 0.8, and α = 0.05, a significant 
difference in ARR for Q6W versus Q4W would be 
detected at a rate ratio of 1.93.

Safety
Safety outcomes were summarized for Q6W and 
Q4W patients using descriptive statistics. The 
unique (i.e. not duplicated) Q4W patient cohort 
was used for the safety assessment to avoid poten-
tial duplication of safety events in the matched 
group.

Results

Patients
TOP data as of November 2019 included infor-
mation on 6620 patients. A total of 3485 patients 
had nonmissing dosing records and were consid-
ered for inclusion, of whom 1422 met the study 
inclusion criteria and had sufficient follow-up and 
baseline information for propensity score match-
ing (Figure 1). Of these, 224 patients had a single 

physician-intended change in dosing frequency 
from Q4W to Q6W (unique Q6W patients). The 
1198 unique Q4W patients had all intentional 
dosing indicated as Q4W and had sufficient on-
natalizumab follow-up to be considered potential 
matches for any Q6W patient at the time of the 
latter patient’s switch from Q4W to Q6W 
dosing.

Assessing all potential Q4W matches for each 
Q6W patient separately and allowing duplication 
of Q4W patients to achieve the best possible 
match yielded 33,295 potential Q4W matches for 
the 224 unique Q6W patients (Table 1). 
Propensity score–based 1:1 caliper matching pro-
duced 219 pairs of Q6W and Q4W patients for 
the effectiveness comparisons. Each of the 219 
Q6W patients included were unique; 196 of the 
219 Q4W patients included in the analyses were 
unique and 23 were matched with replacement 
to  > 1 Q6W patient to minimize the difference 
between propensity scores and achieve the best 
match.

Demographic and disease covariates were well 
balanced between the Q6W and Q4W dosing 
groups after propensity score matching, with the 
absolute value of all standardized differences 
⩽0.110 (Table 1). Mean (standard deviation) 
follow-up times for the matched Q6W and Q4W 
patients after the Q4W/Q6W switch time point 
were 2.00 (1.30) and 1.89 (1.15) years, 
respectively.

Clinical outcomes
In the matched treatment cohorts, over the fol-
low-up period after the switch from Q4W to 
Q6W, most patients were free from relapse 
[Q6W, 171 of 219 (78.1%) Q4W, 178 of 219 
(81.3%)] and ARRs did not differ significantly 
between groups [0.150 for Q6W versus 0.157 for 
Q4W; rate ratio 0.956 (95% CI = 0.630–1.450); 
p = 0.843; Figure 2].

The Kaplan–Meier and Cox proportional-haz-
ards estimated probability of remaining free of 
relapses did not differ significantly between the 
matched Q6W and Q4W cohorts [HR = 1.243 
(95% CI = 0.819–1.888); p = 0.307; Figure 3]. 
Similarly, Q6W and Q4W patients did not differ 
in the probability of remaining free of 24-week 
CDW [HR = 0.786 (95% CI = 0.284–2.176); 
p = 0.644; Figure 4].
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Safety
The safety population comprised the unique 
Q6W (n = 219) and Q4W (n = 196) patients. 
Serious adverse events (SAEs) were reported by 
19 of 219 Q6W patients (8.7%) and 22 of 196 
Q4W patients (11.2%; Table 2). In general, SAEs 
reported by Q6W and Q4W patients were similar. 
SAEs with a greater than twofold difference in 
incidence between dosing groups were infections 
and infestations [reported by 4 of 219 Q6W 
patients (1.8%) and 8 of 196 Q4W patients 
(4.1%)] and neoplasms [reported by 4 of 219 
Q6W patients (1.8%) and 1 of 196 Q4W patients 
(0.5%)]. SAEs related to treatment were observed 
in 4 Q6W patients (1.8%) and 3 Q4W patients 
(1.5%). Supplemental Table e-1 lists all SAEs 
experienced by the Q6W and Q4W safety popula-
tions. There were two confirmed cases of PML, 
both in the Q6W treatment group.

Case 1 was a 49-year-old male who had received 
105 doses of natalizumab. The patient had prior 
exposure to the immunosuppressant cyclophos-
phamide (total exposure not specified), and 
6 months prior to PML onset, his anti-JCV 

antibody index was 4.09. The physician-intended 
switch from Q4W to Q6W dosing occurred  < 1 
month prior to initial PML symptoms of worsening 
gait and dysarthria. The reporting physician indi-
cated that the PML case occurred under Q4W dos-
ing. The last magnetic resonance imaging (MRI) 
prior to PML symptom onset was conducted 
approximately 7 months before the switch to Q6W 
dosing (8 months before PML symptom onset). 
The patient had an EDSS score of 6.5 reported in 
TOP 6 months prior to PML symptom onset. 
Approximately 2 months after PML symptom 
onset, his EDSS score was 7.5 and ongoing symp-
toms of severe dysarthria, dysphagia, cognitive defi-
cit, and unstable gait were reported. As of the last 
update (approximately 6 months after PML symp-
tom onset), the patient was alive and in an intensive 
care unit with a Karnofsky score of 10. The out-
come is considered PML without recovery.

Case 2 was a 48-year-old female who had received 
48 doses of natalizumab. The patient had prior 
exposure to the immunosuppressant cyclophos-
phamide (total exposure not specified), and 
8 months prior to PML onset, her anti-JCV 

6620 patients in TOP

386 not included in propensity score matching
57 Q4W patients with insufficient follow-up for matching to EID 
296 Q4W patients with missing baseline covariates 
33 Q6W patients with missing baseline covariates  

4812 excluded
3135 with infusion records missing
108 with only one recorded infusion
222 with dosing regimens outside of Q4W/Q6W
758 with a dosing gap or overdosing
523 Q4W patients with <1 year of Q4W dosing
26 Q6W patients with <1 year of Q4W dosing
40 other*

1422 available for propensity score matching
1198 Q4W patients
224 Q6W patients

Figure 1.  Tysabri Observational Program (TOP) patients included in propensity score matching.
EID, extended interval dosing; Q4W, every 4 weeks; Q6W, every 6 weeks.
*Other includes infusion records with missing dates (n = 13), no Q4W infusion history (switch occurred prior to 2014; n = 5), 
and multiple switches between Q4W and Q6W (n = 22).
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antibody index was 1.17. The switch from Q4W 
to Q6W dosing occurred 15 months prior to the 
initial PML symptoms of decreased vision, anxi-
ety, sensory problems, insomnia, worsening of 
stability, and cognitive function slowing. The 
reporting physician indicated that the PML case 
occurred under Q6W dosing. The patient had an 
EDSS score of 4.0 reported in TOP 3 months 
prior to PML symptom onset. Approximately 
5 months after PML symptom onset, her EDSS 
score was 5.0 and her Karnofsky score was 60. 
Approximately 1 year after symptom onset, the 
PML-IRIS outcome was assessed by physician as 
recovered with sequelae; the patient’s EDSS 
score was 5.5 and her Karnofsky score was 70. As 
of the last update (approximately 2 years after 
PML symptom onset), the patient was alive, had 
a stable EDSS score, and was residing at home 
and receiving unspecified treatment for MS.

Discussion
In this study of well-matched natalizumab 
patients in TOP, there were no significant 

differences in ARR, risk of relapse, or risk of 
EDSS worsening between patients who switched 
to Q6W dosing after ⩾1 year of Q4W dosing and 
those who remained on Q4W dosing.

The main limitation of this analysis is that it is an 
observational study with the sample size limited 
to the available population in TOP. As such, the 
study was not powered to test the specific hypoth-
esis of equivalence between EID and SID. The 
authors estimate that with the available sample 
size, this study had the power to detect a rate ratio 
of 1.93 in ARR as a significant difference with 
α = 0.05. Thus, it is important not to overinter-
pret the lack of statistically significant differences 
in clinical outcomes. The study conclusions are 
primarily inferred from and supported by the high 
similarity in point estimates observed between the 
Q6W and Q4W groups.

The ARRs observed here for the Q6W and Q4W 
cohorts (0.150 and 0.157, respectively) over 
approximately 2 years of follow-up compare 
favorably with other real-world observational 

Table 1.  Demographic and disease characteristics at time of switch to Q6W dosing (Q6W patients) or matching exposure time point 
(Q4W patients) before and after propensity score matching.

Covariatea Before matching After matching

  Q6W
(n = 224)

Q4W
(n = 33,295)

Standardized 
difference

Q6W
(n = 219)

Q4W
(n = 219)

Standardized 
difference

Age, mean (SD) 39.9 (9.50) 43.1 (9.64) −0.334 39.9 (9.55) 40.6 (9.4) −0.007

Female, n (%) 151 (67.4) 23,844 (71.6) −0.091 147 (67.1) 147 (67.1) 0.000

Patients with relapses on Q4W 
prior to Q6W switch, n (%)b

96 (41.5) 13,237 (39.8) 0.063 92 (42.0) 95 (43.3) −0.028

EDSS score, mean (SD) 3.29 (1.34) 3.51 (1.53) −0.149 3.31 (1.35) 3.16 (1.44) 0.110

Number of relapses in the 
year prior to initiation of 
natalizumab, mean (SD)

2.00 (0.89) 2.06 (0.99) −0.072 2.00 (0.89) 1.95 (0.83) 0.053

Duration of MS symptoms, 
mean (SD), years

14.02 (7.21) 14.49 (6.86) −0.068 13.87 (7.20) 14.50 (7.70) −0.084

Natalizumab exposure, mean 
(SD), years

4.32 (2.25) 5.36 (2.30) −0.458 4.36 (2.26) 4.41 (2.28) −0.020

Anti-JCV antibody positive at 
baseline, n (%)

76 (33.9) 9637 (28.9) 0.108 74 (33.8) 68 (31.1) 0.059

EDSS, Expanded Disability Status Scale; JCV, JC virus; MS, multiple sclerosis; Q4W, every 4 weeks; Q6W, every 6 weeks; SD, standard deviation.
aCovariates shown for all potentially matched patients with replacement of Q4W patients to achieve best match.
bFor Q6W patients, number of patients experiencing relapse prior to the Q4W to Q6W switch time point; for Q4W patients, number of patients 
experiencing relapse during the matched exposure period prior to the Q4W to Q6W switch time point.
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Figure 2.  Annualized relapse rates (ARRs) in propensity score–matched Q6W and Q4W patients (all matched 
patients). ARRs in the matched population calculated with negative binomial regression. CIs derived using 
generalized estimating equation for robust standard errors.
ARR, annualized relapse rate; CI, confidence interval; Q4W, every 4 weeks; Q6W, every 6 weeks.
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Figure 3.  Cumulative probability of remaining relapse free in propensity score–matched Q6W and Q4W 
patients (all matched patients). Cox p-value equivalent to log-rank test. Dashed lines indicate the 95% CIs.
CI, confidence interval; Q4W, every 4 weeks; Q6W, every 6 weeks.
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studies of natalizumab effectiveness in patients 
over 1–2 years of treatment.2,14–16 This suggests 
that the similarities in ARR between Q6W dosing 
and Q4W dosing groups are not driven by atypi-
cal responses to natalizumab in this smaller, more 
selective patient population.

Real-world clinical and radiographic outcomes 
for patients on natalizumab EID versus SID regi-
mens have been reported elsewhere.7,8,10,11,17 
While all of these studies have found that natali-
zumab effectiveness is not diminished with EID, 
they are limited by variable definitions of EID, 
which include dosing intervals ranging from 5 to 
8 weeks, and by a lack of well-matched EID and 
SID patient cohorts (Table 3). Since standard-
ized MS disease activity measures, physician-
intended dosing frequency, and dates of 
intentional dosing frequency changes are pro-
spectively collected in TOP, the analyses 
described here could be focused on a specific EID 
practice of interest, be based on EID and SID 
patients exposure-matched at the time of the 
switch to EID, and account for covariates both 

prior to natalizumab initiation and during initial 
Q4W treatment.

For this study, EID was defined specifically as 
Q6W dosing following ⩾1 year of Q4W dosing. 
This definition was selected for consistency with 
the EID regimen associated with lower PML risk 
versus SID in the TOUCH safety database analy-
sis. In the TOUCH analysis, the average EID 
dosing interval was approximately 6 weeks (range, 
35.0–43.0 days), and approximately 85% of the 
patients who switched to EID did so after ⩾1 year 
of Q4W dosing (median of 25 infusions prior to 
switch).9 The specification of an EID dosing 
interval of Q6W is supported by observations 
from two recent retrospective cohort studies of 
838 and 144 patients in Italian clinical practice 
who received natalizumab EID over ⩽2 years, in 
which the median EID dosing intervals were 43 
and 42 days, respectively.11,17

The focus on this particular EID regimen is also 
supported by efficacy modeling and simulations 
from natalizumab clinical trials. Pharmacokinetic/
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Figure 4.  Cumulative probability of 24-week CDW in propensity score–matched Q6W and Q4W patients (all 
matched patients). CDW was defined as an increase of ⩾0.5 point from a baseline EDSS score of ⩾6.0, ⩾1.0 
point from a baseline EDSS score of ⩾1.0 to  < 6.0, or ⩾1.5 points from a baseline EDSS score of 0.0, confirmed 
after 24 weeks. Cox p-value equivalent to log-rank test. Dashed lines indicate the 95% CIs.
CDW, confirmed disability worsening; CI, confidence interval; EDSS, Expanded Disability Status Scale; Q4W, every 4 weeks; 
Q6W, every 6 weeks.
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pharmacodynamic (PK/PD) model–based simu-
lations of disease outcomes for patients initiating 
natalizumab at different dosing intervals con-
cluded that initializing treatment on EID might 
not provide adequate disease control.18 However, 
more recent PK/PD model–based simulations 
predict that natalizumab efficacy may be main-
tained with dosing intervals ⩽6 weeks in patients 
who have taken natalizumab Q4W for ⩾1 year 
before switching to EID.19 An ongoing rand-
omized prospective trial of natalizumab effective-
ness in patients who switch to Q6W dosing after 
⩾1 year of Q4W dosing compared with those who 

remain on Q4W dosing (NOVA, NCT03689972) 
is being conducted to assess the same EID regi-
men employed in this analysis of TOP.

While the definition of EID as Q6W dosing after 
⩾1 year of Q4W dosing employed here was based 
on the safety and efficacy considerations specified 
above, TOP data indicate that this also reflects a 
common EID clinical practice. In this popula-
tion, only 222 of 3485 TOP patients (6.4%) with 
available infusion records had any intentional 
dosing intervals other than Q4W and Q6W, sug-
gesting that physician-intended changes from 
Q4W to dosing frequencies other than Q6W are 
uncommon. Data from TOP also indicate that 
most patients who switch to Q6W dosing do so 
after a stable period of Q4W dosing. Indeed, of 
the TOP patients with Q6W dosing records in 
these analyses, only 26 were excluded for having 
a Q4W dosing history of  < 1 year. Thus, the 
results of this analysis are applicable to natali-
zumab EID in common clinical practice.

Propensity score matching at time of the switch to 
Q6W rather than at the initiation of natalizumab 
treatment permitted the inclusion of potentially 
important covariates not considered in other anal-
yses of EID versus SID. Disease activity while on 
Q4W dosing prior to switch was included as a 
covariate, which should help to reduce potential 
bias caused by selection of patients for EID based 
on optimal early natalizumab outcomes. Anti-JCV 
antibody status was also included as a covariate, as 
PML risk is often the main consideration in switch-
ing patients from Q4W to Q6W dosing in clinical 
practice. The propensity score matching strategy 
utilized here yielded comparison populations that 
were extremely well matched (with all covariate 
standardized differences after matching ⩽ 0.110); 
thus, potential bias from any of the measured 
covariates is likely to be small. However, as TOP is 
a real-world data set, the study is still limited by 
potential remaining selection biases from unmeas-
ured covariates. In particular, since MRI data are 
not recorded in TOP, such data were not available 
for use as a matching covariate.

TOP patients on Q6W and Q4W dosing appeared 
to have a similar incidence of all SAEs as well as 
SAEs related to treatment based on a qualitative 
assessment, though no hypothesis testing was 
planned or performed due to sample sizes. The 
SAEs observed in both groups were consistent 
with those observed in previous studies of patients 

Table 2.  Summary of safety outcomes in propensity score–matched Q6W 
and Q4W patients (unique patient sets).

Outcome, n (%) Treatment group

  Q6W
(n = 219)

Q4W
(n = 196)

Patients with ⩾1 SAE 19 (8.7) 22 (11.2)

Patients with ⩾1 treatment-related SAEa 4 (1.8) 3 (1.5)

SAEs occurring in  > 1% of either group, n (%)b

  Infections and infestations 4 (1.8) 8 (4.1)

  Nervous system disorders 4 (1.8) 5 (2.6)

  Gastrointestinal disorders 1 (0.5) 4 (2.0)

  Neoplasmsc 4 (1.8) 1 (0.5)

 � Pregnancy, puerperium, and perinatal 
conditions

4 (1.8) 1 (0.5)

 � Injury, poisoning, and procedural 
complications

2 (0.9) 3 (1.5)

 � Musculoskeletal and connective tissue 
disorders

3 (1.4) 3 (1.5)

  Hepatobiliary disorders 1 (0.5) 2 (1.0)

Infections requiring hospitalization 2 (0.9) 3 (1.5)

Malignancy 2 (0.9) 1 (0.5)

PML 2 (0.9) 0

Deaths 1 (0.5) 0

PML, progressive multifocal leukoencephalopathy; Q4W, every 4 weeks; Q6W, every 
6 weeks; SAE, serious adverse event.
aIncludes relation to study medication recorded as related, possibly related, or 
unknown.
bListed by System Organ Class.
cBenign, malignant, and unspecified neoplasms, including cysts and polyps.
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in TOP3 and other real-world2 and clinical1 stud-
ies. Two cases of PML were observed in this 
study, both in the Q6W dosing group. It is worth 
noting that one of the PML cases occurred within 
1 month after a switch to Q6W dosing and was 
recorded by the physician as a Q4W PML case. 
Thus, a major limitation of the current analysis 
with respect to safety summary is that patients 
could be included in the Q6W cohort who had 
very short Q6W exposure. Both PML cases were 
characterized by presence of known risk factors 
for PML,6 including positivity for anti-JCV anti-
bodies, natalizumab exposure beyond 2 years, 
and prior use of immunosuppressants. These fac-
tors place both cases in the highest PML risk cat-
egory. The cases highlight the fact that though 
EID has been shown to be associated with lower 
risk of PML,9 PML cases do still occur with 
EID.7,20–22 These findings reinforce the need for 
vigilant monitoring of natalizumab patients and 
consideration of all the known PML risk factors, 
including anti-JCV antibody index, prior immu-
nosuppressant use, and exposure duration, even 
in the context of EID. It should be noted that the 
small sample sizes included here are not sufficient 
to compare safety outcomes, especially for rare 
events, in the propensity score–matched dosing 
cohorts. Further real-world studies (including 
TOP) with more patients and longer follow-up 
periods may provide additional insight into the 
real-world safety of Q6W versus Q4W dosing.

In conclusion, real-world clinical outcomes in 
TOP indicate that natalizumab effectiveness is 
maintained in propensity score–matched patients 
who switch to Q6W after ⩾1 year of Q4W dosing. 
These data may also be helpful in understanding 
the benefit-risk profile of Q6W dosing. The 
results of the ongoing NOVA randomized trial 
will provide a more complete picture of natali-
zumab effectiveness in patients with RRMS who 
switch to Q6W dosing after ⩾1 year of Q4W 
dosing.
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