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Abstract
Objective— T h e ability o f re co m bin an t
h u m an in te rfe ro n â- 1 a ( rh - I F N â- 1 a) to
su p p re ss m u ltip le scle ro sis activ ity , e v alu -
ate d fro m M R I , w as asse sse d acro ss a
ran g e o f le sio n s e n h an cin g at d iVe re n t
g ad o lin iu m - D T P A ( G d ) d o se s an d w ith
d iVe re n t siz e s.
M eth o d s — E v e ry 4 w e e k s, stan d ard d o se
( S d ; 0 .1 m m o l/k g G d ) an d trip le d o se ( T d ;
0 .3 m m o l/k g G d ) M R I w e re o btain e d fro m
1 8 p atie n ts w ith re lap sin g - re m ittin g m u l-
tip le scle ro sis fo r 3 m o n th s be fo re an d 4
m o n th s afte r startin g tre atm e n t w ith 4 4 µ g
rh - I F N â- 1 a su bcu tan e o u sly , o n ce a w e e k .
R es u lts — T h e to tal n u m be rs o f e n h an cin g
le sio n s w e re 1 4 5 an d 1 2 6 o n S d scan s an d
2 7 8 an d 1 9 2 o n th e T d scan s o btain e d
be fo re an d afte r tre atm e n t. T h e in tro d u c-
tio n o f tre atm e n t d e cre ase d , o n av e rag e ,
th e rate o f ap p e aran ce o f n e w e n h an cin g
le sio n s se e n o n S d an d T d scan s by 3 7 %
( p < 0 .0 0 1 ) . T re atm e n t e Ve cts o n n e w e n -
h an cin g le sio n s se e n o n T d scan s w as, o n
av e rag e , 2 8 % h ig h e r th an o n th o se se e n o n
S d scan s. T h e d istribu tio n o f le sio n siz e s
o n T d scan s ch an g e d sig n ifi can tly d u rin g
th e tre atm e n t p e rio d ( p = 0 .0 5 ) , d u e to a
m ark e d d e cre ase in th e n u m be r o f sm all
le sio n s.
C o n clu s io n s — T h e e Ve ct o f 4 4 µ g rh - I F N
â- 1 a in re d u cin g m u ltip le scle ro sis d ise ase
activ ity , as m o n ito re d by G d e n h an ce d
M R I , is n o t h o m o g e n e o u s, bu t g rad u ate d
acco rd in g to th e p ath o lo g ical ch aracte ris-
tics an d siz e o f th e le sio n s.
(J Neurol Neurosurg Psychiatry 1 9 9 9 ;6 7 :3 8 6 – 3 8 9 )

K ey w o r d s : m u ltip le s c ler o s is ; in ter fer o n â; m a g n etic
res o n a n c e im a g in g

I n p a tien ts w ith rela p s in g - rem ittin g m u ltip le
s c ler o s is , trea tm en t w ith in ter fer o n (I F N )
â- 1 b 1 – 3 o r I F N â- 1 a 4 – 7 res u lts in a s ig n ifi c a n t
red u c tio n in th e n u m b er o f a c tiv e m u ltip le
s c ler o s is les io n s , a s m ea s u red b y th e freq u en c y
o f en h a n c em en t o n s er ia l T1 w eig h ted M RI
w ith a s ta n d a r d d o s e (Sd ) o f g a d o lin iu m -
D TPA (G d ) c o n tr a s t a g en t. Ho w ev er , rec en t
s tu d ies h a v e s h o w n th a t th e y ield o f a c tiv e m u l-

tip le s c ler o s is les io n s c a n b e in c rea sed u s in g
s ev er a l s tr a teg ies .8 – 1 0 Of th ese, th e u se o f a tr ip le
d o s e (Td ) o f c o n tr a s t a g en t is b y fa r th e m o s t
eVec tiv e.9 1 0

L es io n s w h ic h a re o n ly s een to en h a n c e a fter
in jec tin g a Td o f G d fo r m a la r g e s u b g r o u p o f
th e p o p u la tio n o f a c tiv e m u ltip le s c ler o s is
les io n s , a n d a re th o u g h t to rep resen t th o s e w ith
a lo w g r a d e in fl a m m a tio n .1 1 Th ese les io n s h a v e
in d eed a les s d a m a g ed b lo o d - b r a in b a r r ier a n d
a les s s ev ere tis s u e d is o r g a n is a tio n , a s
m ea s u red b y m a g n etis a tio n tr a n s fer r a tio (M T
ra tio ) c h a n g es , a t th e tim e o f th eir fo r m a tio n
a n d d u r in g a 3 m o n th fo llo w u p c o m p a red w ith
th o s e en h a n c in g o n Sd s c a n s .1 1

Th e h ig h s en s itiv ity o f Td en h a n c ed M RI to
m u ltip le s c ler o s is a c tiv ity m a y res u lt in ea r lier
d etec tio n o f a trea tm en t eVec t a n d a red u c tio n
in th e n u m b er o f s c a n s n eed ed to s h o w it.1 0 On
th e o th er h a n d , th e m a g n itu d e o f th e eVec t o f
I F N â o n les io n s en h a n c in g a t d iVeren t G d
d o s es m a y g iv e fu r th er in fo r m a tio n a b o u t th e
m o d e o f a c tio n o f th e d r u g in m u ltip le s c ler o s is .
I n th e p resen t s tu d y , w e ev a lu a ted th e a b ility o f
4 4 µ g rec o m b in a n t h u m a n I F N â- 1 a (r h - I F N
â- 1 a ) a d m in is tered o n c e a w eek to s u p p res s
m u ltip le s c ler o s is a c tiv ity , m ea s u red a c r o s s a
r a n g e o f en h a n c in g les io n ty p es .

P atie n ts an d m e th o d s
PA TIEN TS

Eig h teen p a tien ts (n in e w o m en a n d n in e m en )
w ith c lin ic a lly d efi n ite m u ltip le s c ler o s is 1 2 a n d a
rela p s in g - rem ittin g c o u r s e1 3 en tered th e s tu d y .
Th eir m ea n a g e w a s 3 0 .8 y ea r s (r a n g e 2 3 – 4 3
y ea r s ) , m ea n d u r a tio n o f d is ea s e w a s 5 .3 y ea r s
(r a n g e 2 -1 2 y ea r s ) , a n d m ed ia n ex p a n d ed d is -
a b ility s ta tu s s c a le (ED SS) 1 4 a t en tr y w a s 1 .5
(r a n g e 1 .0 – 3 .5 ) . N o n e o f th e p a tien ts h a d ta k en
im m u n o s u p p res s iv e o r im m u n o m o d u la tin g
trea tm en ts fo r a t lea s t 1 2 m o n th s b efo re en tr y
to th e s tu d y . I n a d d itio n , th ey h a d h a d n eith er
rela p s es n o r s ter o id trea tm en t d u r in g th e
p rec ed in g 3 m o n th s . L o c a l eth ic s c o m m ittee
a p p r o v a l a t ea c h c en tre a n d w r itten in fo r m ed
c o n s en t fr o m a ll th e p a tien ts w ere o b ta in ed
b efo re s tu d y in itia tio n . Tw elv e rela p s es (fi v e
b efo re a n d s ev en a fter trea tm en t in itia tio n )
w ere rec o r d ed d u r in g th e fo llo w u p p er io d in
eig h t p a tien ts ; 1 0 rela p s es (fo u r b efo re a n d s ix
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after treatment initiation) were treated with
intrav enou s methy lp rednisolone ( 1 g /day for 3
day s ).

S T U D Y D E S I G N

A b aseline v ers u s treatment trial des ig n was
u sed. B rain M R I was p erformed ev ery 2 8 (± 5 )
day s on eig ht sep arate oc c as ions , and treatment
with rh-I F N â- 1 a was initiated the day after the
fou rth M R I s es s ion. In c ases of s teroid
treatment, M R I was alway s s c hedu led either
b efore the s tart of the treatment or 1 0 day s
after the end. N o other immu nos u p p res s iv e or
immu nomodu lating treatment was allowed
du ring the s tu dy .

T R E A T M E N T

T reatment c ons is ted of adminis tration of 4 4 µ g
rh-I F N â- 1 a ( R eb if ® , A res -S erono, G enev a,
S witz erland) s u b c u taneou s ly , onc e a week .

M A G N E T I C R E S O N A N C E I M A G I N G

S c anners op erating at 1 .5 T es la were u sed at all
three c entres . O n eac h s c anning oc c as ion, the
M R I ex amination was s p lit into two ses s ions ,
sep arated b y an interv al of b etween 1 2 and 2 4
hou rs . D u ring the fi rs t ses s ion, the following
s c ans were p erformed: (a) du al ec ho c onv en-
tional s p in ec ho ( C S E ) ( T R = 2 0 0 0 – 2 4 0 0 , fi rs t
ec ho T E = 3 0 – 5 0 , s ec ond ec ho T E = 8 0 – 1 0 0 ,
nu mb er of ac q u is itions = 1 ); (b) p rec ontras t T 1
weig hted C S E ( T R = 5 6 0 – 7 6 8 , T E = 1 4 – 1 5 ,
nu mb er of ac q u is itions = 2 ); (c) p os tc ontras t T 1
weig hted s c ans , with the same ac q u is ition
p arameters as b efore G d injec tion, 5 minu tes
after the injec tion of G d. D u ring the sec ond
ses s ion, the following were p erformed with the
same p arameters as ab ov e: (a) p rec ontras t T 1
weig hted s c an; (b) p os tc ontras t T 1 weig hted
s c ans 5 minu tes after the G d injec tion. T he
dose of G d was randomised so that in the fi rs t
ses s ion the p atient rec eiv ed either an S d ( 0 .1
mmol/k g ) or T d ( 0 .3 mmol/k g ) of G d, with the
op p os ite dose g iv en du ring the sec ond ses s ion.

F or all the s c ans , 2 4 c ontig u ou s interleav ed
ax ial s lic es were ac q u ired with 5 mm slic e
thic k nes s , 1 9 2 – 2 5 6 ×2 5 6 raw data matrix , and
2 2 0 – 2 5 0 mm sq u are fi eld of v iew. F or follow
u p s c ans , the s c an p lanes were c arefu lly rep os i-
tioned ac c ording to p u b lished g u idelines.1 5

I M A G E R E V I E W

T he enhanc ed T 1 weig hted s c ans were as -
s es sed to determine the total nu mb er of
enhanc ing les ions and the nu mb er of new
enhanc ing les ions , in a manner des c rib ed in
p rev iou s ly p u b lished s tu dies .1 0 1 6 A s ing le tec h-
nic ian, u naware of the G d dose u sed, the
p atient to whom the s c ans b elong ed and the
time p oint of the ac q u is ition, meas u red the
v olu mes of enhanc ing les ions u s ing a semiau to-
mated loc al thresholding tec hniq u e.1 7 A fter
ob serv ing the v olu me dis trib u tion of the
p ooled S d and T d enhanc ing les ions , the
enhanc ing les ions were c las s ifi ed ac c ording to
their s iz e into three g rou p s c ontaining eq u al
nu mb ers of les ions : small ( in whic h the v olu me
was smaller than 0 .0 6 ml), intermediate
( v olu me g reater than 0 .0 6 ml b u t les s than or

eq u al to 0 .1 3 ml), or larg e ( v olu me g reater than
0 .1 3 ml).

S T A T I S T I C A L A N A L Y S I S

T he eVec t of G d dose and treatment on the
nu mb er of new enhanc ing les ions was ev alu -
ated b y a P ois son reg res s ion model with
p atients c ons idered as b loc k s . T he dis trib u tion
of the mean les ion rates on monthly s c ans for
small, intermediate, and larg e les ions du ring
the b aseline and the treatment p eriods ( seen on
b oth S d and T d s c ans ) were c omp ared b y
analy s is of v arianc e ( A N O V A ).

Results

T he total nu mb ers of enhanc ing les ions were
1 4 5 ( 3 9 small, 5 5 intermediate, and 5 1 larg e)
on 4 7 /7 2 S d s c ans ob tained du ring the b aseline
p eriod, 1 2 6 ( 2 5 small, 5 7 intermediate, and 4 4
larg e) on 4 6 /7 2 S d s c ans ob tained du ring the
treatment, 2 7 8 ( 1 2 3 small, 7 7 intermediate,
and 7 8 larg e) on 5 4 /7 2 T d s c ans ob tained du r-
ing the b aseline p eriod, and 1 9 2 ( 5 4 small, 6 4
intermediate, and 7 4 larg e) on 4 8 /7 2 T d s c ans
ob tained du ring treatment. O ne p atient had no
enhanc ing les ions on S d or T d s c ans du ring the
b aseline p eriod, whereas this was the c ase for
three p atients du ring the treatment p eriod.

O n S d s c ans , 7 8 new enhanc ing les ions were
detec ted ov er the 3 month b aseline p eriod and
7 9 ov er the 4 month treatment p eriod. O n T d
s c ans , 1 3 2 new enhanc ing les ions were de-
tec ted ov er the 3 month b aseline p eriod and 9 6
ov er the 4 month treatment p eriod. In the
tab le, the es timated freq u enc ies of ap p earanc e
of new enhanc ing les ions in eac h of the fou r
ex p erimental c onditions are p resented. T he
fi nal model of the P ois son reg res s ion analy s is
showed that, du ring the b aseline p eriod, the
av erag e nu mb er of new enhanc ing les ions seen
on T d s c ans was 6 9 % ( 9 5 % c onfi denc e interv al
( 9 5 % C I) 2 8 – 1 2 4 % ) hig her ( p = 0 .0 0 2 ) than
that es timated for S d s c ans. T he introdu c tion
of the treatment dec reased, on av erag e, the rate
of ap p earanc e of new enhanc ing les ions seen
on S d and T d s c ans b y 3 7 % ( 9 5 % C I 2 4 – 4 9 % )
( p < 0 .0 0 1 ). H owev er, the model also showed
that the dose of G d u sed c hang ed the ap p arent
treatment eVec t: on av erag e a more p ronou nc ed
eVec t (mean+ 2 8 % ; 9 5 % C I 5 2 to + 8 % ) was
seen on T d s c ans c omp ared with S d s c ans. T his
was c onfi rmed b y the ev alu ation of the
treatment eVec ts on the new enhanc ing les ions
rates seen on S d (av erag e redu c tion− 2 4 %
(rang e− 4 5 % to + 3 % ), p = 0 .0 9 ) and T d (av er-
ag e redu c tion − 4 5 % (rang e− 5 8 % to − 2 9 % ),
p < 0 .0 0 1 ) s c ans.

M ean ( 9 5 % C I ) fo r th e n e w e n h an cin g le sio n rate o n
stan d ard d o se an d tr ip le d o se scan s d u r in g th e base lin e an d
th e treatm e n t p e r io d s e stim ate d u sin g a P o isso n re g re ssio n
m o d e l

M ean n u m be r ( 9 5 % C I ) o f n e w e n h an cin g
le sio n s/p atie n t/m o n th

S d scan s T d scan s

B aseline p eriod 1 .4 4 ( 1 .1 5 – 1 .8 0 ) 2 .4 4 ( 2 .0 6 – 2 .9 0 )
T reatment p eriod 1 .0 9 ( 0 .8 8 – 1 .3 7 ) 1 .3 3 ( 1 .0 9 – 1 .6 3 )

S d= S tandard dose; T d= trip le dose.

I n te rfe ro n â fo r m u ltip le scle ro sis h as a g rad u ate d eVe ct o n M R I e n h an cin g le sio n s 3 8 7



On Sd scans, the distribution of lesions sizes
did not chang e sig nifi cantly after treatm ent
( p = 0 .70 ) , w hereas it did on the T d scans
( p = 0 .0 5, fi g ure) . In detail, on T d scans, the
num ber of sm all lesions decreased by 56 % ,
interm ediate by 1 7% , and larg e by only 5%
during the treatm ent p eriod. F urtherm ore,
w hen com p aring lesion sizes for Sd and T d, w e
found that treatm ent reduced the diVerences
betw een the tw o distributions of lesion size.
D uring the baseline p eriod, sm all lesions w ere
2 7% of the total on Sd and 4 4 % of the total on
T d scans, w hereas, during the treatm ent
p eriod, sm all lesions w ere 2 0 % of the total on
Sd and 2 7% of the total on T d scans.

Discussion

T his study indicates that the eVect on enhanc-
ing m ultip le sclerosis lesions of 4 4 µ g of rh-I F N
â- 1 a adm inistered once a w eek is m uch w eak er
than w ith hig her doses and m ore freq uent
adm inistration5 7; the eVect also v aries accord-
ing to the nature and size of the lesions. H ow -
ev er, other factors m ay also contribute to the
discrep ancy betw een the results of the p resent
study and those of p rev ious trials using the
sam e or other form s of I F N â- 1 a4 – 7 or IF N
â- 1 b.1 – 3 Our p atient sam p le w as relativ ely
sm all, and they w ere follow ed up for only a
short p eriod. N ev ertheless, other studies,1 – 3 5

w hich w ere conducted w ith ev en sm aller sam -
p le sizes2 3 or had com p arable durations of fol-
low up p eriods,1 – 3 5 found a 6 0 % -9 0 % reduc-
tion in the num ber of enhancing lesions. T he
disp arity m ay hav e arisen because w e selected
p atients w ith a low er M R I baseline activ ity
than som e of the p rev ious studies,1 – 3 in w hich
there w as an inclusion criterion of a m ean of at
least 0 .5 lesions/m onth ov er the 6 m onth base-
line p eriod.1 – 3 P ozzilli et al5 and P aty et al,7

althoug h they did not use baseline enhance-
m ent as an inclusion criterion, had a m ean
num ber of enhancing lesions on the baseline
scans w hich w as hig her than w e had on Sd
scans ( 1 .8 v 1 .2 ) . A hig her enhancing lesion
freq uency on the baseline scans w ould lead to a
m ore p ronounced reg ression to the m ean.

T he m ain fi nding of interest from the p resent
study is that the eVect of rh-I F N â- 1 a on
enhancing m ultip le sclerosis lesions is not

hom og eneous, and is g reater for sm all lesions
and those seen to enhance after T d G d. T his
confi rm s p rev ious statistical sim ulations,1 0

w hich sug g ested that the hig her sensitiv ity of
T d scanning , com p ared w ith Sd, for detecting
enhancing m ultip le sclerosis lesions w ould
increase the lik elihood of show ing a treatm ent
eVect, w hen using the sam e num ber of scans.
H ow ev er, a corollary of such an ap p roach is
that there m ay be a risk of p ick ing up an eVect
that has no clinical relev ance. T here are indeed
sev eral p ieces of ev idence sug g esting that the
deg ree of blood-brain barrier disrup tion and
the sev erity of the associated dam ag e in the
brain p arenchy m a are m ild in T d lesions.1 8

Sm all enhancing lesions m ay also rep resent
areas in w hich a less sev ere p atholog ical
p rocess is occurring . T hus the p resent study
w ould sug g est that the eVect of the drug is
inv ersely related to the deg ree of blood-brain
barrier disrup tion, in ag reem ent w ith p rev ious
results4 7 1 9 2 0 w hich show ed that the eVect of
the interferons on the freq uency of ap p earance
of new enhancing lesions is tw o to three tim es
g reater than on the clinical relap se rate.

T he rhIF N â- 1 a ( R E B I F ) w as sup p lied to us at no cost by
SE R ON O P harm a ( R om e, Italy ) . T he study w as also sup p orted
by the A ssociazione Italiana Sclerosi M ultip la ( A ISM ) . W e are
g rateful to D r R G arav ag lia for her assistance in study m anag e-
m ent.
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