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Introduction
•	Natalizumab, which is approved for the treatment of relapsing 

forms of multiple sclerosis at the dose of 300 mg given 
intravenously every 4 weeks, is associated with a risk of PML.1 

•	Infusion of natalizumab every 5–8 weeks (EID) has been explored 
with the aim of reducing PML risk while maintaining efficacy. 
However, prior studies on the impact of this practice on PML risk 
have been inconclusive.2

•	The TOUCH Prescribing Program, a mandatory US Risk Evaluation 
and Mitigation Strategy (REMS),1 represents the largest potential 
data source on PML risk in patients on EID.  

Objective
•	To determine whether EID was associated with reduced PML  

risk compared with SID in the TOUCH registry. 

Methods
Patients
•	TOUCH Prescribing Program data as of June 1, 2017, were  

used for this analysis.

•	This analysis included only patients who were anti–JCV  
antibody positive. 

•	Patients with any dosing interval >12 weeks or <3 weeks  
were excluded.

Dosing interval definitions
•	SID and EID were defined and the statistical analysis plan was 

finalized under conditions blinded to PML events. 

•	Analyses used 3 definitions of SID and EID (Figure 1) based on 
average dosing intervals (ADIs) of ≥3 to <5 weeks for SID and >5 
to ≤12 weeks for EID.

Statistical analysis
•	PML risk in the EID and SID groups was estimated using the  

life-table method and Kaplan-Meier (KM) estimates.

•	Hazards of PML in the EID and SID cohorts were compared 
using Cox regression models (adjusted for age, sex, prior 
immunosuppressant use, initiation calendar year, and number  
of infusions).

Results
Patients
•	The numbers of patients included in each analysis population are 

shown in Figure 2.

•	Baseline demographics were well balanced across dosing groups 
(Table 1).

Natalizumab exposure
•	The number of natalizumab infusions and total duration of 

natalizumab treatment were higher in the EID groups than in the 
SID groups with all 3 definitions (Table 1).

•	Prior to meeting EID criteria, most EID patients received SID 
treatment for >2 years. (As assessed by the secondary definition, 
in which each infusion was defined as SID or EID, patients received 
a mean of 32.0 infusions and a median [range] of 25 [1–121] 
infusions before starting EID.)

PML risk
•	In the first 4 years of treatment, only 1 PML case was observed 

for EID (with the secondary definition). In years 5 and 6, PML 
risk was substantially lower for EID than for SID across all 3 
definitions (Table 2; data for the tertiary definition are not shown, 
as no EID PML cases were observed).

•	Cox regression analysis revealed a 94% reduction in PML risk with 
EID versus SID in the primary analysis and an 88% reduction in 
risk in the secondary analysis (both P<0.0001; Figure 3A–B).
–– Regression analyses could not be performed for the tertiary 
definition, as there were no EID PML cases observed.

•	This finding is supported by KM analyses, which demonstrate 
significantly lower cumulative risk of PML for EID patients than for 
SID patients with each definition (Figure 3A–C).

Limitations
•	Data on anti-JCV antibody index are not captured in TOUCH 

and therefore could not be included as a covariate in the Cox 
regression analysis.

•	The definitions of EID may have potential biases: 
–– Bias that could lead to more PML cases in the EID cohorts: EID 
patients had in general received more doses than SID patients.

–– Bias that could lead to fewer PML cases in the EID cohorts: 
there may have been a selection bias, as these might be 
patients treated longer without developing PML before 
subsequently being placed on EID. 

•	TOUCH does not include effectiveness data; therefore, the relative 
effectiveness of EID and SID were not compared.

Figure 2. Patient flow diagram for primary, secondary, and tertiary definitions
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aPatients enrolled as of June 1, 2017.
bA total of 20,401 patients were excluded from the primary analysis because they had <18 months of data available (n=9540) or ≥1 dosing gap (defined as an interval >12 weeks 
between 2 consecutive infusions) or overdose (defined as an interval <3 weeks between 2 consecutive infusions) (n=10,861).
cA total of 16,766 patients were excluded from the secondary analysis because they did not meet the EID or SID definitions (n=4320), they had ≥1 dosing gap or overdose (n=11,051),  
or they had switched between SID and EID more than once (n=1395).
dA total of 11,538 patients were excluded from the tertiary analysis because they had ≥1 dosing gap or overdose.

Primary definition Secondary definition Tertiary definition

Characteristic EID group (N=1988) SID group (N=13,132) EID group (N=3331) SID group (N=15,424) EID group (N=815) SID group (N=23,168)

Females, n (%)a 1376 (69) 8846 (67) 2293 (69) 10,239 (66) 539 (66) 15,636 (67)

Mean age at first infusion (SD), years 42.9 (11.3) 44.0 (11.0) 43.0 (11.2) 43.9 (11.4) 42.0 (11.4) 43.9 (11.6)

Prior immunosuppressant therapy, n (%)b 95 (5) 689 (5) 175 (5) 799 (5) 49 (6) 1310 (6)

Median number of natalizumab infusions (min, max) 50.0 (11, 132) 46.0 (17, 142) 51.0 (6, 137) 27.0 (7, 142) 32.0 (2, 103) 26.0 (1, 142)

Median duration of natalizumab treatment (min, max), months 59.0 (19, 130) 44.0 (19, 131) 56.0 (8, 131) 26.0 (7, 130) 43.0 (3, 129) 25.0 (1, 131)

ADI, days

Mean (SD) 36.7 (4.9) 30.0 (1.6) 35.0 (4.9) 29.8 (1.7) 43.0 (5.4) 30.5 (2.6)

Q1, Q3 33, 39 29, 31 32, 37 29, 31 39, 45 29, 31
Q1=25th quartile; Q3=75th quartile; SD=standard deviation. aInformation on patient sex was missing for <1% patients in each group. bInformation on prior immunosuppressant (IS) therapy was missing for 4%–5% patients in each group.

Table 1. Baseline characteristics, natalizumab exposure, and ADIs across the 3 definitions
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Natalizumab  
exposure  
(no. of doses)b

Primary definition Secondary definition

EID group SID group EID group SID group

1–12 0.00 (0/1806) 0.00 (0/11,890) 0.00 (0/2980) 0.00 (0/13,049)

13–24 0.00 (0/1659) 0.28 (3/10,907) 0.00 (0/2722) 0.60 (6/9921)

25–36 0.00 (0/1366) 0.46 (4/8608) 0.44 (1/2292) 0.46 (3/6514)

37–48 0.00 (0/1080) 2.02 (13/6439) 0.00 (0/1841) 2.58 (12/4650)

49–60 1.23 (1/810) 3.96 (19/4801) 1.45 (2/1380) 4.14 (14/3385)

61–72 1.70 (1/589) 4.46 (15/3363) 2.04 (2/980) 4.74 (11/2323)
aBased on the life-table method. The sample size for patients with prior IS use was insufficient for interpretation; the adjusted number of patients at risk was 95 for the EID group and 689 in the SID group for 
the primary definition and 171 for the EID group and 747 for the SID group for the secondary definition. The tertiary definition is not shown, as no PML cases were observed with EID using this definition.
bData beyond 6 years are not shown.

Table 2. PML incidence rate per 1000 patients (no. of PML cases per adjusted number of patients at risk) in 
anti-JCV antibody positive patients without prior IS use for the primary and secondary definitionsa 

Primary definition: tests whether dosing history in the last 18 months of natalizumab treatment affects PML risk 

• EID was defined as ≤15 infusions in the last 18 months
(540 days)  

Definition

• SID was defined as >15 infusions in the last 18 months
(540 days) 

Secondary definition: tests whether an EID period occurring at any time in the dosing history affects PML risk 

• An EID infusion was an infusion with ≤10 doses occurring  
in the prior 365 days  

• SID was defined as >10 doses over 365 days prior to 
any infusion 

• EID patients were defined as those who received consecutive  
EID infusions for ≥6 months after the first EID infusion  

Tertiary definition: tests whether a primarily EID dosing history affects PML risk 

• EID was defined as ≤10 infusions/year based on the total 
number of infusions divided by the total follow-up time 

• SID was defined as >10 infusions/year based on the total 
number of infusions divided by the total follow-up time 

Hypothetical EID subject by primary definition

18 months (540 days) Final dose 

Hypothetical EID subject by tertiary definition

Total follow-up time = 2 years Final dose 

Total doses = 20 doses 

Hypothetical EID subject by secondary definition

6 months (180 days) 

365 days 

SID infusion 

EID infusion 

Example of ADIs
EID: 540 days/15 infusions = 

ADI of 36 days
SID: 540 days/16 infusions = 

ADI of 34 days

Example of ADIs

EID: 365 days/10 infusions = 
ADI of 36.5 days

SID: 365 days/11 infusions = 
ADI of 33 days

Example of ADIs
EID: 365 days total follow-up 

time/10 infusions = 
ADI of 36.5 days

SID: 365 days total follow-up 
time/11 infusions =  

ADI of 33 days

Definition

Definition

Figure 1. Definitions utilized in EID analysis

Number of patients at riskb

SID group 13,132 13,132 10,596 7850 5989 4236 2775 1823 1205 734 296
EID group 1988 1988 1817 1502 1225 958 700 515 374 247 113

Cumulative number of PML casesc

SID group 0 0 3 9 22 45 68 74 82 87 89
EID group 0 0 0 0 0 0 1 3 3 3 3

A. Primary definition
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HR (95% CI) from Cox regression analysisa:
0.06 (0.01–0.22); P<0.0001
94% reduction in PML risk for EID vs SID
P value from log-rank test: 0.0001

HR (95% CI) from Cox regression analysisa: 
0.12 (0.05–0.29); P<0.0001
88% reduction in PML risk for EID vs SID
P value from log-rank test: <0.0001

B. Secondary definition
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Number of patients at riskb 

SID group 15,424 13,104 8083 5629 4134 2829 1756 1117 718 440 172
EID group 3331 3285 2949 2463 1990 1494 1063 756 535 342 145

Cumulative number of PML casesc 
SID group 0 0 6 11 22 43 58 63 68 70 71
EID group 0 0 0 1 2 2 5 7 10 12 12

C. Tertiary definitiond

Number of patients at riskb 
SID group 23,168 17,187 11,836 8898 6844 4920 3277 2201 1486 920 388
EID group 815 749 577 454 370 274 198 137 93 61 21

Cumulative number of PML casesc 
SID group 0 0 7 13 26 49 73 81 89 94 96
EID group 0 0 0 0 0 0 0 0 0 0 0
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P value from log-rank test: 0.0204

Figure 3. KM estimates of the cumulative probabilities of PML in EID versus SID groups according to  
primary, secondary, and tertiary definitions

aEID vs SID. Model includes age, gender, prior use of immunosuppressants, EID/SID group, and calendar year at the start of natalizumab treatment as covariates. bNumber of patients 
who were still in the study and did not have PML at the end of the specified time. cCumulative number of PML cases at the end of the specified time. dBecause no PML events were 
observed in the EID group for the tertiary definition, the Cox regression analysis cannot be performed.

Conclusions
•	This study demonstrates that extended interval dosing (EID), as defined here, is associated with a clinically and statistically  

significant lower risk of progressive multifocal leukoencephalopathy (PML) than standard interval dosing (SID) in anti–JC virus (JCV) 
antibody positive patients.

•	Most EID patients switched from SID to EID after >2 years of treatment, the average dosing interval (ADI) was 35–43 days for 
EID versus 30–31 days for SID, and patients with any gap in treatment of >12 weeks were excluded.

•	As the TOUCH® Prescribing Program does not collect effectiveness data, additional prospective studies are needed to establish 
whether the effectiveness of natalizumab is maintained with EID.
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