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Overview

ÅObjective: Illustrate use of some descriptive 
multivariate methods in product approval milieu
ÅAcordaFampridine-SR data as example
ÅOutline:

o Fampridine-SR trials and primary outcome
o Magnitude of effect and clinical meaning
o Multivariate analyses and graphics

ÅData provided by Acorda(with permission)
Å(Advisory Committee slides and briefing docs are 

posted online)
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AcordaFampridine-SR

ÅDisease: Multiple Sclerosis (MS)

ÅDrug: Fampridine-SR (Ampyra)

ÅMechanism: Improves conduction in 
demyelinatedaxons

ÅIndication: To improve walking ability in 
patients with MS
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Phase 3 Program

ÅTwo phase 3 studies: 203 & 204

ÅBoth studies placebo-controlled

ÅTreatment period: 14 wk (203) or 9 wk (204)

ÅRandomization ratio: 3:1 (203) or 1:1 (204)

ÅPatient population overview:
o Screened for ability to complete walk in range of 8-45 

seconds

o Multiple MS types

ÅExisting meds allowed to continue
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Main Protocol Measures

ÅTime for 25-foot walk (Speed: proportional to 
reciprocal of time)

ÅLower Extremity Manual Muscle Test (LEMMT)

ÅAshworth score for spasticity (ASH)

ÅMS Walking Scale (12 item) (MSWS12)

ÅSubject Global Impression (SGI)
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Timed 25 Foot Walk Response

ÅPredefined as primary endpoint (SPAs)

ÅOff-drug assessments: 4 pre-drug, 1 post-drug

ÅOn-drug assessments: 4

ÅIn words: At least 3 on-drug speeds greater 
than maximum of off-drug speeds

ÅDevised based on phase 2 data (Marinucci
(2007))

ÅResponse analyzed using ITT
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Primary Outcome (Response)
Study arm N # Resp. % P

203
Placebo 72 6 8.3

<0.001
Fampridine 224 78 34.8

204
Placebo 118 11 9.3

<0.001
Fampridine 119 51 42.9

ÅStatistical criterion met in both studies

ÅSafety not to be discussed (see package insert)

ÅSubsequent discussion focused on efficacy
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Effect Measures

ÅMultiple measures assessed repeatedly
ÅMeasure-specific assessment schedule 

differences
ÅFocus on summary measures (Senn2000) as 

contrasted to longitudinal modeling
ÅSummary measures (for each subject):

o aŜŀƴ άƻƴ-ŘǊǳƎέ
o aŜŀƴ άƻŦŦ-ŘǊǳƎΩ
o 5ƛŦŦŜǊŜƴŎŜ ƻŦ ǘƘŜǎŜ ƳŜŀƴǎ όάƻƴ Ƴƛƴǳǎ ƻŦŦέύ

ÅNo imputation; small amount of missing data
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Meaning of Response

ÅResponse identifies improving subjects

ÅBetween-ŀǊƳ ƳŜŀƴ ƻŦ ŘƛŦŦŜǊŜƴŎŜǎ ƻŦ άƻƴ-ƻŦŦέ 
differences:
Study 203: 1.4 seconds

Study 204: 1.0 seconds

ÅIssues:
o Is timed walk a meaningful measure of effect?

o Are magnitudes of these between-arm differences 
meaningful?

12



Addressing the Issues

ÅSuccessfully addressed (approval!)

ÅMethods:

o Literature

o Signals from other measures:

o Compared between-arm effect estimates for all measures

o Compared outcomes from other measures between 
responders and non-responders

o Featured package insert characterization of effect: 
/ǳƳǳƭŀǘƛǾŜ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŜΦƎΦΣ мрΦу҈ ǾŜǊǎǳǎ оΦу҈ ƘŀŘ җ 
30% increase in speed (P = 0.005)
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Motivation

ÅMeasures are putative disease severity 
measures capable of reflecting effect of 
intervention

ÅUnusual burden on collection of measures Ą
Internal validation of timed walk

ÅEach subject has 5-ǘǳǇƭŜ ƻŦ ƻǳǘŎƻƳŜǎΥ άƻƴ 
Ƴƛƴǳǎ ƻŦŦέ ǎǳƳƳŀǊȅ ƳŜŀǎǳǊŜǎ ƻŦ ¢ƛƳŜΣ 
LEMMT, Ashworth, MSWS-12, and Self Global

Å5-tuple Ąmultivariate
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Multivariate

ÅMultivariate: Multiple outcomes, correlated

Å(Regression models on single outcome is not 
multivariate; it may have multiple explanatory 
variables)

ÅFocus: Multivariate methods for descriptively 
assessing consistency of interventional effect 
across outcomes, especially graphical methods

ÅHINDSIGHT!!!!!
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Study 204
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Binary Outcome

ÅApplication of many multivariate methods 
requires measures on same scale

ÅDichotomization is method of rescaling to 
uniformity

ÅDichotomize each subject outcome according 
ǘƻ ǎƛƎƴ ƻŦ άƻƴ Ƴƛƴǳǎ ƻŦŦέ ŘƛŦŦŜǊŜƴŎŜΥ

1 = Positive Ą benefit (reversing if necessary)

0 = Not positive
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Odds Ratio (OR) Modeling

ÅMixed model:
logit(Yijk) = h j + ̡ k + (h  ʲ)jk + ̒ i + ʁ ijk

Where
logit() = log(odds)

jh = intercept for each outcome

k̡ = arm effect

(ʰ ʲ)jk = variable by arm interaction (allows different arm 
effect for each variable)

i̒ = random effect for each subject (induces non-
independence)
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Odds Ratio (OR) Modeling

ÅTakes into account non-independence (repeated 
measures on same subjects)

ÅAssesses for common arm effect (OR) across 
outcomes on logit scale:
o Each outcome has own control arm level

o Evidence for common OR Ą uniformity across 
outcomes with respect to likelihood of benefit

o Evidence against common OR:
ÁQuantitative: All same direction but different

ÁQualitative: Different directions
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Odds Ratio (OR) Modeling

Study Model
Term or 
estimate

P OR Lower CI Upper CI

203
Interaction

(ʰ ʲ)jk 0.0479

Time 3.74 1.95 7.16

LEMMT 2.54 1.38 4.71

Ashworth 1.54 0.85 2.81

MSWS-12 1.63 0.91 2.93

Self Global 1.14 0.63 2.06

Main Effect k̡ <0.001 1.88 1.36 2.60

204
Interaction (ʰ ʲ)jk 0.887

Main Effect k̡ <0.001 1.82 1.33 2.50
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OR Modeling Features and Issues

ÅTakes into account correlation between 
measures

ÅInterpretation of effect size is challenging

ÅEqual weighting of outcomes

ÅLoss of fidelity (but with blunting of influence 
of outliers)
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Multivariate Ranking

ÅPuts all outcomes on rank scale

ÅhΩ.ǊƛŜƴ όмфурύ

ÅProcedure

o Ignoring arm compute rank or reverse rank for 
each outcome (high rank = good)

o For each subject compute score = sum of ranks for 
outcomes

o Perform t test on score (by arm)
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Rank Outcome Features and Issues

ÅTakes into account correlation between 
measures

ÅMeaningful effect size not accessible

ÅEqual weighting in summing ranks for each 
subject

ÅLoss of fidelity (but with blunting of influence 
of outliers)
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Scoring Subjects

ÅSuppose measures are transformed to the same scale, 
for example:
o wŀƴƪƛƴƎ ŀǎ ǿŀǎ ŘƻƴŜ ƛƴ ǘƘŜ hΩ.ǊƛŜƴ ŀƴŀƭȅǎƛǎ
o For each measure subtract the mean and divide by 

standard deviation (Z transformation)

ÅDesignate these uniformly scaled measure Z1, Z2Σ ΧΣ ½5

ÅCompute for each subject:
Score = W1* Z1 + W2* Z2Ҍ Χ Ҍ ²5*Z5

ÅThe Ws are weights and could all be one (as they were 
ƛƴ ǘƘŜ hΩ.ǊƛŜƴ ŀƴŀƭȅǎƛǎύ

ÅAlternatively, the Ws could be picked in some way.
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Principal Components

ÅPossible to compute Ws so that Score will 
have the largest variance possible 

ÅSuch a set of Ws is called 1st principal 
component

ÅAlso possible to compute second set of Ws so 
that resulting score is not correlated with the 
first, and will have the largest variance 
possible (2nd principle component)

ÅΧ

33



Principal Component Result
Study PC # % Variance Arm Mean t Stat. P

203

1 35%
Placebo 0.615

4.70 <0.0001
Fampridine -0.199

2 22%
Placebo 0.232

2.18 0.0303
Fampridine -0.75

204

1 35%
Placebo 0.316

3.79 <0.0001
Fampridine -0.313

2
20% Placebo 0.141

2.19 0.0294
Fampridine -0.139
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Study 203
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