
Background+
In#Europe#both#natalizumab#(NAT)#and#fingolimod#(FTY)#have#been#
approved# by# European# Medicines# Agency# (EMA)# as# secondAline#
treatments# for# relapsing# remiCng# mulDple# sclerosis# (RRMS)# not#
responding# to# firstAline# agents# (i.e.# interferons# [IFNs],# glaDramer#
acetate#[GA])#or#with#a#rapidly#evolving#course#at#onset#[1,#2].#These#
indicaDons# were# based# on# results# of# randomized# clinical# trials#
(RCTs),# in# which# both# NAT# and# FTY# strongly# lowered# clinical# and#
brain#MRI#acDvity#respect#to#placebo#and#IFNbA1a#[3A7].##
So# far# there# are# no# available# data# of# randomized# headAtoAhead#
studies# comparing# NAT# vs# FTY.# However,# different# groups# tried# to#
make# an# indirect# comparison# of# the# clinical# efficacy# between# these#
two# drugs,# with# divergent# findings.# For# examples,# a# first,#
observaDonal,# cohort# study# performed# in# Germany# using# data#
rouDnely#collected#in#outpaDent#neurology#pracDces#did#not#find#any#
significant# differences# between# the# two# agents# [8].# Conversely,# in# a#
large#internaDonal,#mulDcentre,#cohort#study#using#data#from#MSBase#
it#was# found#a# superiority# of#NAT#over# FTY# for# relapses# control# and#
disability#regression#[9].##

Objec0ves+
To#compare#clinical#(relapses,#disability#worsening#and#improvement)#
and#MRI# (presence#of#acDvity,#number#of#new/enlarged#T2#and#Gd+#
lesions)# effecDveness# of# NAT# versus# FTY# in# a# real# life,# intenDonAtoA
treat# (ITT)# cohort# study# of# Italian# RRMS# paDents# who# failed# to#
respond#to#first#line#treatments#(i.e.#IFNs#and#GA).##

Methods+
INCLUSION+CRITERIA+
•  All#consecuDve#paDents#with#acDve#RRMS#who#started#FTY#or#NAT#

from# June# 2011# to# February# 2014# in# two# Italian# MS# centers#
(Sant’Antonio#Abate#Hospital#and#San#Raffaele#Hospital);#

•  Age#≥#18#years#old;#
•  Failure# to# respond# to# first# line# DMDs# (IFNs# or# GA)# according# to#

EMA#criteria#in#the#precedent#year;##
EXCLUSION+CRITERIA+
•  Treatment#with# immunosuppressors# (ISs)# in# the#year#before#FTY/

NAT# iniDaDon.# A# precedent# treatment# with# ISs# was# otherwise#
allowed;#

•  Progressive#MS#without#a#clear#inflammatory#acDvity;#
•  Previous#treatment#with#FTY#and/or#NAT;#
DATA+COLLECTION+
We# retrospecDvely# reviewed# prospecDvely# collected# demographic#
and#clinical#data# from#electronic#databases# (iMED),#and#from#paper/
electronic# documents.# Neurological# examinaDon# and# EDSS#
assessment#was#performed#monthly#for#NAT#cohort,#quarterly#for#FTY#
cohort.#The#last#brain#MRI#scan#performed#in#the#previous#year#before#
NAT/FTY# iniDaDon# was# considered# the# baseline.# Subsequent# brain#
MRI#scan#were#planned#yearly#for#FTY#paDents,#every#six#months#for#
NAT# paDents.# Spinal# cord# MRI# scan# were# not# counted.# Due# to# the#
study’s# observaDonal# design,# brain#MRI# scans#were#not# done# in# the#
same#center,#and#different#acquisiDon#protocols#were#used.#AnDAJCV#
anDbodies# status# was# determined# by# STRATIFY# JCV# AnDbody# ELISA#
test#at#baseline# in#all#NAT#treated#paDents,#then#every#6#months#for#
negaDve/low# index# paDents.# PaDents# lost# to# followAup# were#
considered# reacDvated# for#every#outcomes,# according# to# the# “worst#
case”#scenario#analysis.#
OUTCOME+MEASURES+
•  Clinical+ relapse:+new#or#worsening# neurologic# symptoms#with# at#

least# 24# hours# of# duraDon# based# on# history# and# neurological#
examinaDon,# in# the# absence# of# fever# and# infecDons.# Annualized#
relapse#rate#(ARR)#was#calculated#in#each#subject;#

•  Brain+MRI+ac0vity:+presence#of#≥1#new/enlarging#T2#lesion#respect#
to#previous#brain#MRI#and/or#the#presence#of#≥1#Gd+#lesion;#

•  Disability+worsening:#EDSS#score#increase#of#≥1#point#(≥1.5#points#
if# baseline# EDSS=0,# and# ≥0.5# points# if# baseline# EDSS=5.5),#
confirmed#aper#6#months;#

•  Disability+improvement:+EDSS#score#decrease#of#≥1#point#(baseline#
EDSS#should#be#≥#1.5),#confirmed#aper#6#months;#

•  No+ evidence+ of+ disease+ ac0vity+ (NEDAK3):+ absence# of# relapses,#
brain#MRI#acDvity#and#disability#worsening#as#previously#described#
(paDents#without#at# least#1#brain#MRI# scan#yearly#were#excluded#
for#NEDAA3#assessment);#

PROPENSITY+SCORE+MATCHING+
Propensity# score# (PS)# and# gender# 1:1# exact# matching# method# was#
used.#
Covariates+used+for+PS+es0ma0on:+age,#MS#center,#MS#duraDon,#Dme#
between#MS#onset#and#first#treatment,#type#and#duraDon#of#previous#
first# line# agents,# use# of# ISs,# ARR# in# previous# 2/1# years,# brain# MRI#
acDvity# and#number#of#new/enlarging#T2# lesions#and#Gd+# lesions#at#
baseline,# baseline# EDSS# score,# absolute# difference# of# baseline# EDSS#
score#–#1/2#years#earlier#EDSS#score.#
STATISTICS+
Survival# Dmes#outcomes#were# compared#first# using# a# Log# rank# test,#
then#using#a#mulDvariate#model#(Cox’s#proporDonal#hazards)#adjusted#
for#all#covariates#used#for#PS#esDmaDon,#gender#and#washAout#period#
between# firstAline# agents# and# FTY/NAT# iniDaDon.#Hazard# raDos# (HR)#
and#relaDve#CI#95%#were#esDmated.#ConDnuous#outcomes#(e.g.#ARR)#
were# compared# using# MannAWhitney# test,# nominal# variables# using#
ChiASquare#test.#All#analysis#were#performed#in#the#ITT#populaDon.#A#
significance# level# of# 0.05# was# used# for# each# test.# SPSS# IBM# v.# 21#
program#was#used.#

Results+

Discussion+and+conclusion+
In#our#study#NAT#was#twice#superior#to#FTY#treatment# in#reducing#relapse#occurrences#and#disease#acDvity#(according#to#NEDAA3#status)# in#RRMS#paDents#nonA
responding# to# injectable# firstAline# agents.# A# significant# reducDon# in# ARR# and#MRI# outcomes#was# observed# during# the# first# year,# while# in# the# second# year# the#
differences#did#not# reach#staDsDcal# significance.#The#effect#of#NAT#and#FTY# treatment#on#disability#worsening#was# similar#aper#2#years.#Compared# to#FTY,#NAT#
treatment#could#lead#to#a#faster#improvement#of#EDSS#score#in#paDents#with#a#higher#and#recent#accumulaDon#of#disability.#These#results#are#in#line#with#those#of#
Kalincik#et#al#[9].##
In#considering#a#valuable#therapy#aper#firstAline#failure#is#therefore#mandatory#to#take#into#account#on#one#hand#the#faster#and#higher#reducDon#of#clinical#and#MRI#
disease#acDvity#with#NAT#treatment,#on#the#other#hand#safety#issues#concerning#PML,#which#led#to#a#much#higher#disconDnuaDon#rate#in#NAT#cohort#with#respect#
to#FTY#cohort.#The#risk#of#reacDvaDon#aper#NAT#withdrawal#is#another#important#problem#to#deal#with.#Bearing#in#mind#these#consideraDons,#evaluaDng#disease#
acDvity,#straDfying#PML#risk#and#assessing#paDents#risk#propensity#should#guide#the#choice#of#secondAline#treatment.#
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Figure+1.+PS#distribuDon#in#NAT#and#FTY#cohort#before#(A)#and#aper#(B)#pairAmatching.#The#logisDc#model#used#
to#esDmate#PS#found#a#higher#probability#of#switching#to#NAT#therapy#in#paDents#with#a#higher#EDSS#score#(OR##
1.21,#p=0.05)#and#more#Gd+#lesions#(OR#1.29,#p=0.022)#at#baseline.#Conversely,#previous#use#of# ISs#(OR#0.28,#
p=0.014)#and#lower#age#(OR#0.97,#p=0.028)#were#negaDvely#correlated#to#NAT#iniDaDon.#

A+ B+

++Figure+2.+Enrollment,#inclusion,#and#followAup#of#study#populaDon.#mo,#months.#

Table+1.+Baseline#clinical#and#demographic#characterisDcs#of#FTY#
and#NAT#matched#cohorts.#SD,#standard#deviaDon.#mo,#months.#y,#
years.# IFNs,# interferons.# GA,# glaDramer# acetate.# DMDs,# firstAline#
disease#modyfing#drugs.#ISs,#immunosoppressors.##

Figure+3.+KaplanAMeier#survival#esDmates#for#Dme#to#withdrawal#of#FTY/
NAT.#HR,#Hazard#raDo.#CI,#confidence# interval.#No#significant#predicDve#
variables# of# FTY# therapy# interrupDon# were# found.# Predictors# of# NAT#
withdrawal# were# JCV# posiDve# status# (HR# 4.10,# p=0.013)# and# disease#
duraDon#(HR#2.35,#p=0.044).#

Figure+4.+Causes#of#treatment#disconDnuaDon#for#NAT#and#FTY#cohort.#Nab+,#presence#of#anDA
NAT# anDbodies.# JCV+,# JCV# posiDve# status.# Within# the# pie# charts# is# reported# the# absolute#
number#of#paDents.#

Figure+ 6.+ KaplanAMeier# survival# esDmates# for# Dme# to# first# relapse.# HR,#
Hazard# raDo.# CI,# confidence# interval.# No.,# number.# It# is# shown# HR# of#
adjusted# analysis.# AddiDonal# independent# predictors# of# relapses# were:#
acDvity#at#baseline#brain#MRI#(HR#2.72,#p=0.018),#baseline#EDSS#score#(HR#
1.74,#p=0.001),#no.#Gd+#lesions#at#baseline#brain#MRI#(HR#1.55,#p=0.009).#

Figure+5.+Comparison#of#mean#ARR#between#NAT#and#FTY#cohorts.#y,#year.#p#
values#esDmated#with#MannAWhitney#test.#

Figure+7.+KaplanAMeier#survival#esDmates#for#the#Dme#to#first#evidence#of#
disease#acDvity.#HR,#Hazard#raDo.#CI,#confidence#interval.#No.,#number.#It#
is# shown# HR# of# adjusted# analysis.# AddiDonal# independent# predictor# of#
disease#acDvity#was#baseline#EDSS#score#(HR#1.34,#p=0.026).#PaDents#who#
did#not#perform#a#brain#MRI#scan#yearly#(n=7#for#NAT;#n=15#for#FTY)#were#
excluded#from#the#analysis.#

Figure+8.+Comparison#of#the#percentage#of#paDents#with#an#acDve#brain#MRI#
between#NAT# and# FTY# cohorts.# y,# year.# p# values# esDmated#with# ChiASquare#
test.#PaDents#who#did#not#perform#a#brain#MRI#scan#yearly#(n=7#for#NAT;#n=15#
for#FTY)#were#excluded.#

Figure+9.+Comparison#of#mean#number#(no.)#of#new/enlarging#T2#lesions#(new#
T2),#and#of#Gd+#lesions#at#brain#MRI#between#NAT#and#FTY#cohorts.#y,#year.#p#
values# esDmated# with# MannAWhitney# test.# PaDents# who# did# not# perform#
brain#MRI#scan#yearly#(n=7#for#NAT;#n=15#for#FTY)#were#excluded.#

Figure+ 10.+ KaplanAMeier# survival# esDmates# for# Dme# to# disability#
worsening.#HR,#Hazard#raDo.#CI,#confidence#interval.#No.,#number.#It#is#
shown#HR#of#adjusted#analysis.#AddiDonal# independent#predictors#of#
disability# worsening# were# baseline# EDSS# score# (HR# 3.14,# p<0.001),#
previous#DMDs#duraDon#(HR#0.85,#p=0.043)#and#disease#duraDon#(HR#
1.07,#p=0.042).#

Figure+ 11.+ KaplanAMeier# survival# esDmates# for# Dme# to# disability#
improvement.#HR,#Hazard#raDo.#CI,#confidence#interval.#No.,#number.#
It#is#shown#HR#of#adjusted#analysis.#AddiDonal#independent#predictor#
of#disability#improvement#was#the#absolute#difference#of#baseline#–#1#
year#earlier#EDSS#score#(HR#6.19,#p=0.016).##
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