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1990-2015: The «Golden Era» of controlled
clinical trials in MS …
Approved Disease-modifying therapies
Mitoxantrone
(FDA, 2000)a

IFN -1a IM
(FDA, 1996)

1990
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1994

IFN -1b SC
(FDA, 1993)

1996

1998

2000

IFN -1a SC
(EMEA, 1998)

2002

2004

2006

Natalizumab
(FDA, 2004/2006)b

2008

2010

2012

2015

Fingolimod
(FDA, 2010)

Glatiramer acetate
(FDA, 1996)

Teriflunomide
(FDA, 2012)
Di-methyl-fumarate
(FDA, 2013)
Alemtuzumab

Bench to Bedside and Bedside to Bench

(EMEA, 2013)

Dates of first approval by EMEA or FDA are shown; a not approved in the EU; b voluntarily withdrawn from the market due to two cases of
progressive multifocal leukoencephalopathy; reapproval recommended by FDA and EMEA in 2006;

What do we expect from Controlled Clinical Trials?

Unequivocal evidence about efficacy and adverse events as
compared to placebo or best standard treatment

BUT:
• Limited duration
• Artificial, «overstandardized» treatment schedule
• Non representative population
• Costs…
Reduced value for every day practice

«Real world» or «post marketing» studies
The aim:
Systematic data aquisition to inform about real
world, long term effectiveness, adherence, adverse
events, risks, prognostic factors in large and
representative groups of patients and for longer
periods
The tools:
• Open label or dose blinded extensions of controlled
studies
• Data Bases, Registries
• Cohort Studies
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«Real World» Studies
• Open label or dose blinded extensions of
controlled studies
• Cohort Studies
• Registries
Systematic data aquisition informs about
adherence, adverse events, risks, prognostic
factors in large and representative groups of
patients providing both short and long term data

«Real World» Studies
• Open label or dose blinded extensions of
controlled studies
• methodological constraints:
• lack of randomized control/placebo group
• unblinding
• retrospective assessment of relapses and
adverse events (recall bias)
• changes in treatment / interruptions
• selective drop-out of patients (eg with
aggressive disease)

Design of the BENEFIT study

In the delayed treatment group mean delay in start of interferon beta-1b treatment was 1.33 years
(Kappos L and the BENEFIT Group 2006, 2007a, 2007b, 2007c, 2008, 2009a, 2009b, 2009c,
2009d, 2011, 2012a, 2012b, 2013, 2014 a, 2014b)

BENEFIT STUDY:Time to confirmed EDSS progression*
5 year results of the integrated data-set
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Risk reduction of
24% over 5 years**
(hazard ratio= 0.76)

Year 1
n= 176
n= 292
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Year 2
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206

* Main analysis without unscheduled visits
** by proportional hazards regression adjusted for T2-lesion volume

Kappos et al, Lancet Neurol 2009

Year 4
102
191

Year 5
61
120

BENEFIT Study 11 year Follow up Results
Clinical outcomes (1)

Kaplan-Meier estimates for the probability of CDMS

• After 11 years, relative to the
delayed treatment arm,
patients in the early treatment
arm had:
‒ Longer time to CDMS
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(HR 0.670 [95% CI 0.5260.854], p=0.0012, 33.0%
reduction in the early
treatment group, Figure 2)

• Kaplan-Meier estimate of risk
of CDMS at 11 years was
65.2% in the early
compared with 75.0% in the
delayed treatment group
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(log-rank p=0.0034)

aOne

patient in the early treatment arm was excluded from the CDMS analysis because diagnosis of CDMS
was unclear.
CDMS, clinically definite MS; CI, confidence interval; HR, hazard ratio.

L. Kappos et al; ECTRIMS + ACTRIMS 2014, in press: Neurology 2016

BENEFIT Study 11 year Follow up Results(cont.)
Clinical outcomes (2)
•After 11 years, relative to the
delayed treatment arm, patients in
the early treatment arm had:
‒ Longer time to first
relapse
(HR 0.655 [95% CI 0.5170.830], p=0.0005, 34.5%
reduction in the early
compared with the delayed
treatment group)
‒ Lower annualized relapse
rate (ARR) (RR 0.8094
[95% CI 0.7090-0.9242],
p=0.0018, 19.06%
reduction in the early
compared with the delayed
treatment group)

ARR during BENEFIT 11

ARR, annualized relapse rate; CI, confidence interval; RR, risk ratio.

L. Kappos et al; ECTRIMS + ACTRIMS 2014; in press: Neurology 2016

Background
• The PRISMS study established the efficacy of IFN β-1a,
44 or 22 μg sc tiw, vs placebo, on clinical and MRI outcomes
in RRMS1
• A follow-up at 7–8 years after randomization showed
sustained benefit from early IFN β-1a vs delayed treatment2
– Exploratory analyses suggested that certain baseline/early
disease characteristics and indicators of treatment exposure
may predict outcomes after 7–8 years3

• Patients were invited to a single follow-up visit at 15 years
post-randomization (PRISMS-15), for further examination of
long-term outcomes in this population
1 PRISMS

Study Group. Lancet 1998; 352: 1498–504. 2 Kappos L et al. Neurology 2006; 67: 944–53. 3 Traboulsee A et al. Neurology 2011;
76(Suppl. 4): A389
IFN, interferon; MRI, magnetic resonance imaging; PRISMS, Prevention of Relapses and disability by Interferon beta-1a Subcutaneously in
Multiple Sclerosis; RRMS, relapsing–remitting multiple sclerosis; sc, subcutaneously; tiw, three times weekly

Objective
• To explore via post hoc analysis whether
baseline/early disease characteristics and
indicators of treatment exposure are
prognostic for clinical outcomes at the
15‐year follow-up

PRISMS 15 y Study –
design and patient disposition

Study Day 1

IFN β-1a, 22 µg sc tiw

n=187
Placebo
n=184
IFN β-1a, 44 µg sc tiw

a1

PRISMS-15
(N=291)a,b

n=123

n=92

n=95

n=60

n=63

n=136

n=96

65%
65%

PRISMS-15

n=189

Up to 15 years

PRISMS LTFU
(N=382)

PRISMS LTFU

PRISMS
(N=560)

Patients on placebo re-randomized after 2 years

Up to 8 years

50.8%

n=100
53.5%

66%
74%

n=95

51.6%

patient counted as enrolled but was excluded from all analysis populations because of a revised diagnosis of neuromyelitis optica
(Devic’s disease)
b 4 of the original 22 centres did not participate in PRISMS-15; when the 89 patients from these non-participating centres were excluded,
61.8% (291/471) of eligible patients attended the 15-year visit
LTFU, long-term follow-up; sc, subcutaneously; tiw, three times weekly

Demographic and disease characteristics
of the PRISMS-15 cohort
Original randomization group

aAt

IFN β-1a 44 μg sc
tiw
(n=95)

IFN β-1a 22 μg sc
tiw (n=95)

Placebo (n=100)

Overall (n=290)

Median (range) age, yrsa

52.3 (35.4–66.4)

50.3 (36.9–66.1)

51.1 (36.2–64.6)

51.2 (35.4–66.4)

Female, n (%)

63 (66.3)

65 (68.4)

76 (76.0)

204 (70.3)

White, n (%)

94 (98.9)

94 (98.9)

99 (99.0)

287 (99.0)

Median (range) time since
MS onset, yrsb

7.0 (0.6–34.4)

5.9 (1.0–22.8)

Mean (SD) number of
relapses in prior 2 yrsb

3.0 (1.1)

3.0 (1.1)

3.1 (1.3)

3.0 (1.2)

Mean (SD) EDSS scoreb

2.5 (1.2)

2.4 (1.2)

2.2 (1.2)

2.4 (1.2)

4.6 (1.2–18.8)

5.6 (0.6–34.4)

PRISMS-15; bat baseline
EDSS, Expanded Disability Status Scale; IFN, interferon; sc, subcutaneously; SD, standard deviation; tiw, three times weekly

Baseline demographics of patients who
did and did not participate in PRISMS-15
Patients attending
15-yr visit (n=290)

Patients not attending
15-yr visit (n=270)

Overall (N=560)

35.1 (19.7–50.5)

34.7 (18.1–53.4)

34.9 (18.1–53.4)

Female, n (%)

204 (70.3)

185 (68.5)

389 (69.5)

White, n (%)

287 (99.0)

267 (99.9)

554 (98.9)

5.6 (0.6–34.4)

5.0 (0.8–26.4)

5.3 (0.6–34.4)

Mean (SD) number of relapses in
prior 2 yrs

3.0 (1.2)

3.0 (1.1)

3.0 (1.2)

Mean (SD) EDSS score

2.4 (1.18)

2.6 (1.27)

2.5 (1.2)

Median (range) baseline age, yrs

Median (range) time since MS
onset, yrs

Original randomization group, n
(%)
100 (34.5)
87 (32.2)
–
Placebo (n=187)
95 (32.8)
89 (33.0)
–
IFN β-1a, 44 μg sc tiw (n=184)
95 (32.8)
94 (34.8)
–
IFN β-1a, 22 μg sc tiw (n=189)
•
Baseline demographics and disease characteristics of patients who participated in the 15-year visit did not differ
from those of patients who did not participate in the visit, or from the original study population
•
Four of the original 22 centres did not participate in PRISMS-15; when the 89 patients from the
non-participating centres are excluded, 61.8% (291/471) of eligible patients are included in the 15-year post hoc
analysis
L Kappos, P Cornelisse, L Lehr, J Kuhle, BMJ Uitdehaag Under Revision, 2015

Potential prognostic factors
Baseline characteristics

Disease activity from
baseline to 24 months

Indicators of
treatment exposure

• Age (years)
• Female sex
• Time since MS onset
(years)
• Number of prior relapses
• EDSS score
• Log(T2 BOD)

• Change in EDSS score
• Annualized relapse rate
• Change in log(T2 BOD)
• Number of active
T2 lesions per scana

• Early IFN β-1a (44 or
22 µg sc tiw)
• Medication Possession
Ratiob

a Defined

as ≥1 new or enlarging T2 lesions
b Medication Possession Ratio is a measure of patient adherence to therapy, calculated as 100 x
time (days) on sc IFN β-1a treatment from baseline to 15-year visit /time (days) from baseline to
15-year visit
BOD, burden of disease; EDSS, Expanded Disability Status Scale; sc, subcutaneous(ly); tiw, three times weekly

Long-term outcome variables
Prognostic factors were investigated for the following
outcomes over 15 years:
•
•
•
•
•
•
•
•

Conversion to SPMSa
Time to SPMS
Change from baseline in EDSS score (continuous variable)
EDSS progressionb
Time to EDSS progressionb
EDSS score ≥4
EDSS score ≥6
Negative disability outcome (EDSS score ≥6 or SPMS)

a Characterized

as progressive worsening of disability for at least 12 months despite best symptomatic management and confirmed EDSS
progression, following an initial relapsing–remitting disease course
b Defined as increase in EDSS score of ≥1 points (≥0.5 points if score was ≥6 at baseline or last visit), maintained for ≥3 months, that was
not associated with a relapse
EDSS, Expanded Disability Status Scale; SPMS, secondary progressive multiple sclerosis

Statistical analyses
• Prognostic factors were tested in univariate models for each outcome
variable using:
Univariate
models

Selection

• Linear regression for continuous variables
• Logistic regression for dichotomous variables
• Cox regression for time-to-event variables

• Factors found significant (p≤0.10) in univariate models were further
entered into forward selection, stepwise, multivariate analyses, in which
only factors with p≤0.10 remained in the models

• Final predictive models for each outcome were summarized by parameter
estimates per prognostic factor
Multivariate
models

• Positive regression coefficients indicate that a positive/increasing value in the
prognostic factor leads to an increase in the outcome
• Negative regression coefficients indicate that a positive/increasing value in the
prognostic factor leads to a decrease in the outcome

Univariate regression analysis: p-values for
significant (p≤0.10) prognostic factors (1 of 2)
Prognostic factor

Outcome variable over 15 years
Change in
EDSS

EDSS
progression

Time to EDSS
progression

EDSS ≥4

EDSS ≥6

─

─

─

─

0.0664

0.0759

─

─

─

─

Time since MS onset

─

─

─

─

─

Number of prior relapses

─

─

─

─

─

EDSS score at baseline

─

─

─

<0.0001

<0.0001

Log(T2 BOD) at baseline

0.0226

─

─

0.0079

0.0222

Change in EDSS at 24 months

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

ARR at 24 months

0.0617

─

0.0160

0.0379

─

Change in log(T2 BOD) at 24 months

0.0438

─

─

─

─

T2 active lesions at 24 months

0.0025

─

0.0594

0.0119

─

─

─

─

─

─

0.0002

0.0445

0.0255

0.0200

<0.0001

Age at baseline (years)

Female sex

Early IFN β-1a treatment
Medication Possession Ratio

ARR, annualized relapse rate; BOD, burden of disease; EDSS, Expanded Disability Status Scale

Univariate regression analysis: p-values for
significant (p≤0.10) prognostic factors (2 of 2)
Prognostic factor

Outcome variable over 15 years
SPMS conversion

Time to SPMS

Negative disability
outcome

Age at baseline (years)

0.0343

0.0133

0.0036

Female sex

0.062

0.0479

─

─

─

0.0945

Number of prior relapses

0.0206

0.0265

0.0768

EDSS score at baseline

<0.0001

<0.0001

<0.0001

Log(T2 BOD) at baseline

0.0011

0.0007

0.0069

Change in EDSS at 24 months

<0.0001

<0.0001

<0.0001

ARR at 24 months

─

─

─

Change in log(T2 BOD) at 24 months

─

─

─

T2 active lesions at 24 months

─

0.0952

─

Early IFN β-1a treatment

─

─

─

0.0004

0.0002

0.0010

Time since MS onset

Medication Possession Ratio

ARR, annualized relapse rate; BOD, burden of disease; EDSS, Expanded Disability Status Scale; SPMS, secondary progressive multiple sclerosis

Regression coefficients for significant (p≤0.10) prognostic
factors in multivariate regression models (1 of 2)
Prognostic factor
Change in
EDSS

EDSS
progression

Time to EDSS
progression

EDSS ≥4

EDSS ≥6

Age at baseline (years)

─

─

─

─

─

Female sex

─

─

─

─

─

Time since MS onset

─

─

─

─

─

Number of prior relapses

─

─

─

─

─

EDSS score at baseline

─

─

─

+0.7417a

+0.7135a

Log(T2 BOD) at baseline

─

─

─

─

─

+0.7087a

+1.3607a

+1.0292a

+0.7523a

+0.7226a

─

─

─

─

─

+0.8351

─

─

─

─

T2 active lesions at 24 months

─

─

─

─

─

Early IFN β-1a treatment

─

─

─

─

─

–0.0078

─

─

–0.0080

–0.0123b

Change in EDSS at 24 months
ARR at 24 months
Change in log(T2 BOD) at 24 months

Medication Possession Ratio
a

Outcome variable over 15 years

p<0.0001; b p<0.01
ARR, annualized relapse rate; BOD, burden of disease; EDSS, Expanded Disability Status Scale

Regression coefficients for significant (p≤0.10) prognostic
factors in multivariate regression models (2 of 2)
Prognostic factor
SPMS conversion

Time to SPMS

Negative disability
outcome

─

+0.0374b

+0.0377

–0.5176

–0.4044

─

Time since MS onset

─

─

─

Number of prior relapses

─

+0.1850

─

+0.6587a

+0.4262a

+0.7030a

─

─

─

+0.5963a

+0.4972a

+0.5808a

ARR at 24 months

─

─

─

Change in log(T2 BOD) at 24 months

─

─

─

T2 active lesions at 24 months

─

─

─

Early IFN β-1a treatment

─

─

─

–0.0099

–0.0087b

–0.0103

Age at baseline (years)

Female sex

EDSS score at baseline
Log(T2 BOD) at baseline

Change in EDSS at 24 months

Medication Possession Ratio
a

Outcome variable over 15 years

p<0.0001; b p<0.01
ARR, annualized relapse rate; BOD, burden of disease; EDSS, Expanded Disability Status Scale; SPMS, secondary progressive multiple sclerosis

The proportion of patients reaching
EDSS score ≥4 or ≥6 was lower in the
MAX vs MIN group

OR: 0.30 (0.15–0.63)

OR: 0.15 (0.07–0.33)

OR, odds ratio, calculated for MAX vs MIN group, with 95% confidence intervals

Both EDSS progression and SPMS were
delayed in the MAX versus MIN group

0

0.2

0.4

0.6

0.8

1

Outcome

HRa

95% CI

Time to EDSS
progression

0.64

0.42, 0.98

Time to SPMS

0.31

0.17, 0.56

1.2

Hazard ratio (95% CI)

aCox’s

proportional hazards model with cumulative dose category as covariate
CI, confidence interval; HR, hazard ratio

Conclusions
•

In final multivariate models, a greater increase in EDSS score from baseline to
24 months was associated with worse outcomes over 15 years on all variables
tested
– Higher EDSS score at baseline was predictive of worse outcomes on several
variables

•
•

•

An association between higher MPR and better outcomes was observed on
several variables, which may support the importance of treatment adherence
These findings should be considered in the context of the limitations of
long-term follow-up studies; without a randomized control group, it is
impossible to determine whether disease progression is a consequence or
cause of cessation of therapy
This analysis found that baseline/early disease characteristics and indicators of
treatment exposure may be valuable in predicting later outcomes, potentially
assisting therapeutic decision making in clinical practice

EDSS, Expanded Disability Status Scale; MPR, Medication Possession Ratio

LTFU of the European SPMS IFNB1b phase III tria

J Kuhle, et al, in JNNP, 2015

Can we predict disability in SPMS?

J Kuhle, et al, JNNP 2015

«Real World» Studies
• Cohort Studies
• Registries
• Systematic data aquisition informs about adherence,
adverse events, risks, prognostic factors in large and
representative groups of patients and for longer periods
• Efficacy data may be biased by lacking randomization,
unblinded assessments, selective drop out…

A Synthesis

Important clinically relevant progress has been
achieved by applying the current paradigm of
corporate sponsored controlled trials in MS
But as we are moving more towards comparative studies
exploring the relative merrits of more and more diverse and
complex treatments we need additional prospectively
planned, thoroughly conducted comprehensive observational
and cohort studies; these must be investigator initiated and
publicly funded studies

Interdisciplinary Team at the MS-Center in Basel

Thank you for your attention!

