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Clinicoradiological Factors for Predicting and Monitoring the Progression of Multiple
Sclerosis

Jiwon Yang, MD, PhD

Department of Neurology, Gil Medical Center, Gachon University College of Medicine, Incheon, Korea

As knowledge of pathophysiology and treatment options for multiple sclerosis has been
expanding, decisions about when and which drugs we should start and switch appropriately
have became important. It should be based upon individuals’ baseline clinical, environmental,
demographical, and radiological biomarkers that correlate with long-term disability. In addition,
a timely assessment of treatment response and adverse effect should be followed after the
initial treatment. Several prognostication tools were developed and large longitudinal studies
validated them. They consisted of composition of demographical factors, clinical relapse rate,
relapse severity, involvement of specific functional system, magnetic resonance imaging activity
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Table 1. Demographic, environmental, clinical and radiological factors for that may be associated with a poor prognosis in MS

patients at diagnosis

Demographic Environmental

Clinical Radiological

Low vitamin D (<50 nmol/L)
Smoking

Onset age >40 years
Male sex
Non-Caucasian ethnicity

Relapse frequency: 1) short interval
between the first and second
attacks (<1 year); 2) higher relapse
rate (>3 attacks in 1 year)

Attack/relapse severity: 1) severe
motor/cerebellar/brain stem
involvement; 2) sphincter
involvement; 3) higher EDSS

High numbers of T2 lesions at
baseline

High T2 lesion volume

Spinal cord lesion

Infratentorial lesions

New gadolinium-enhancing T1
lesions or enlarging T2 lesions

Brain atrophy

Relapse recovery: 1) incomplete
recovery

Polysymptomatic onset

Early cognitive deficits

MS, multiple sclerosis; EDSS, extended disability status scale.
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Table 2. Rio and modified Rio score

Rio score Points assigned Modified Rio Points assigned

MRI done at 1 year

<2 activea T2 lesions’ 0 <4 new T2 lesions 0

>2 active T2 lesions 1 >4 new T2 lesions 1
Clinical relapse over 1 year

Orelapse 0 Orelapse 0

>1 relapse 1 1relapse

>2 relapses 2

EDSS score

Increase <1 point 0 EDSS score not included

Increase 21 point and sustained over 1

at least 6 months

Adapted from Natat Rev Neurol 2013;9:504-512.

MRI, magnetic resonance imaging; EDSS, extended disability status scale.
°Active lesions defined as new or enlarging T2-weighted lesions plus gadolinium-enhancing lesions over the first year.

Table 3. Canadian MS working group recommendations for switching treatment

Minor

Major

Onerelapse in first 2 years of treatment

Mild
No functional impairment

Relapse rate
Severity

No motor/cerebellar/brain stem/sphincter involvement

Full recovery at 6 months
No functional impairment
EDSS change <1 point at 6 months

Recovery

MRI One new lesion

>2 relapses in first year of treatment

Moderate to severe
Functional impairment
Motor/cerebellar/brain stem/sphincter involvement

Incomplete recovery
Functional impairment
EDSS change >1 point at 6 months®

>3 new lesions or
>1 spinal cord lesion during treatment

MS, multiple sclerosis; EDSS, extended disability status scale; MRI, magnetic resonance imaging.
*>1.5 points if baseline EDSS 0. If baseline EDSS >5.5, any EDSS change would be a major concern.

zation recommendations) (Table 3)ol] thsliA F2 Al H71

t}. Rio score= 2| & A2} 1Wxtof 7lsh 11d0] 13] o)A} 24

2 6711€ol] 17 o) EDSS A4~ 57} T2 4% 978t 2454
O

G7gollAl 371 o] M2 EHE/d BHHo] Y= S 7o 2
Arokom* modified Rio scoreoilAl= EDSS A4 &-2-2 #| 2]

ot
o

td

Sk 41 K
N [e]
o 5

2] 208t MRI 2-5/39F 1afalet” &= 7k4] 37}
oY B¢ Ao = WHstal DMT 57 ¥
St} 228t o] f-= 24 ol A9 0, 141 720l

of 3-41d & AJolixIgY AP =7} F 28, 38l =okx|7] uflE
olt}* Canada MS working group B9 2| & A2} 21 o]
Ul 3] Adh 55 MRI 25442 35715HH major 715
S Eolete PSS 49 DMT 375 Wt S A Alst

UcEM Bao)A A 2|5 Gt 7 YAk F2 QlE

2 ke A& Z 5% (mild-to-moderate) 85 2FA| ARE Al
250, PZE 2 =(fingolimod), L] 5% (natalizum-

Q.

oM.
i
k1
)
o

H|

ab), 2ek=24l(cladribine) Z-& 1 a% 2FA|2] YAAIF oA
HE2d 57 (no evidence of disease activity, NEDA)
Gt ig7ke] g A &2 ARSSIITE " eyt ol E At
12 A714Q1 o] & of| & 7} =2 A19] NEDAE oF4] 4%
(validation)o] © esfet 3k 712 Fdd M2 7] 2|5 vt
52 't g7} Al DMT 8237t 3-25] et AZI7HA] 7]
Chefok gheh= ook 5/d21R1 ofAll &t i Al7|= yEe
o] A9 24 Vi, AEEE, Hi2lEF ento]| Eteriflun-
omide), t]HE 3 0}ef|o| E(dimethyl fumarate), =225,
2 Fe2](ocrelizumab)2 370€, glatiramer acetate+=
o7ig, Set=eRly} de =T alemtuzumab)2 23 =

Fokol& 1847 g2 B!

wu
1)

N



Clinicoradiological Factors for Predicting and Monitoring of MS

128

U EC

AlZf 2|8 Gato] mhE AES ofA]
o] Z714Q1 MS £Hzke] o $of| ulje- F-a5}t) 2| A2
FIPF EoR| Al FRE ThgSiAHA 2o dEA A& A
8ol ofd, #13-0]of 7Iet 7i7HRle o & o SlAt 7S
E3t 7)ol W& 2] F(personalized treatment)2] %243
IQTQEQQNILAENE&E 2733} o) AteflA] Q1
SRIAFeF )il FRolA thE
%’%‘ 5—1—194 —f‘_\— 2 2 Hhgskar MSs AH
% WS Hol= Hiolen7|
¢l neurofilament light cha1n430]14 glial fibrillary acid
pmwm“ﬂg“@“ﬂmﬂﬁiﬂ#wﬂﬁaﬁﬁwi
Zloft}. ol2fet 2|45 Ststo] Ao x| & 2
UH o =N g=4 02 22po] Aitel F7AR] HHiE
5}

I REFERENCES

1. Weinshenker BG. Natural history of multiple sclerosis. Ann
Neurol 1994:36 Suppl:S6-S11.

2. Johnson KP, Ford CC, Lisak RP, Wolinsky JS. Neurologic con-
sequence of delaying glatiramer acetate therapy for multiple
sclerosis: 8-year data. Acta Neurol Scand 2005;111:42-47.

3. Kappos L, Freedman MS, Polman CH, Edan G, Hartung HP,
Miller DH, et al. Effect of early versus delayed interferon
beta-1b treatment on disability after a first clinical event sug-
gestive of multiple sclerosis: a 3-year follow-up analysis of
the BENEFIT study. Lancet 2007;370:389-397.

4. Filippini G, Del Giovane C, Clerico M, Beiki O, Mattoscio M,
Piazza F, et al. Treatment with disease-modifying drugs for
people with a first clinical attack suggestive of multiple scle-
rosis. Cochrane Database Syst Rev 2017:4:CD012200.

5. Pawate S, Bagnato F. Newer agents in the treatment of mul-
tiple sclerosis. Neurologist 2015;19:104-117.

6. He A, Merkel B, Brown JWL, Zhovits Ryerson L, Kister |,
Malpas CB, et al. Timing of high-efficacy therapy for multiple
sclerosis: a retrospective observational cohort study. Lancet
Neurol 2020;19:307-316.

7. Buron MD, Chalmer TA, Sellebjerg F, Barzinji |, Danny B,
Christensen JR, et al. Initial high-efficacy disease-modifying
therapy in multiple sclerosis: a nationwide cohort study. Neu-
rology 2020;95:¢1041-e1051.

8. Confavreux C, Vukusic S, Adeleine P. Early clinical predictors
and progression of irreversible disability in multiple sclerosis:
an amnesic process. Brain 2003;126:770-782.

9. Langer-Gould A, Popat RA, Huang SM, Cobb K, Fontoura P,

Gould MK et al. Clinical and demographic predictors of long-
term disability in patients with relapsing-remitting multiple
sclerosis: a systematic review. Arch Neurol 2006;63:1686-
1691.

10. Guillemin F, Baumann C, Epstein J, Kerschen P, Garot T,
Mathey G, et al. Older age at multiple sclerosis onset is an
independent factor of poor prognosis: a population-based
cohort study. Neuroepidemiology 2017;48:179-187.

11. Freedman MS, Devonshire V, Duquette P, Giacomini PS, Gi-
uliani F, Levin MC, et al. Treatment optimization in multiple
sclerosis: Canadian MS working group recommendations.
Can J Neurol 5¢i 2020;47:437-455.

12. Rivas-Rodriguez E, Amezcua L. Ethnic considerations and
multiple sclerosis disease variability in the United States.
Neurol Clin 2018;36:151-162.

13. Degelman ML, Herman KM. Smoking and multiple scle-
rosis: a systematic review and meta-analysis using the
Bradford Hill criteria for causation. Mult Scler Relat Disord
2017;17:207-216.

14. Munger KL, Zhang SM, O'Reilly E, Hernan MA, Olek MJ,
Willett WC, et al. Vitamin D intake and incidence of multiple
sclerosis. Neurology 2004;62:60-65.

15. Simpson S Jr, Taylor B, Blizzard L, Ponsonby AL, Pittas F,
Tremlett H, et al. Higher 25-hydroxyvitamin D is associat-
ed with lower relapse risk in multiple sclerosis. Ann Neurol
2010;68:193-203.

16. Mowry EM, Waubant E, McCulloch CE, Okuda DT, Evange-
lista AA, Lincoln RR, et al. Vitamin D status predicts new brain
magnetic resonance imaging activity in multiple sclerosis.
Ann Neurol 2012;72:234-240.

17. Ascherio A, Munger KL, Linemann JD. The initiation and
prevention of multiple sclerosis. Nat Rev Neurol 2012;8:602-
612.

18. Scalfari A, Neuhaus A, Degenhardt A, Rice GP, Muraro PA,
Daumer M, et al. The natural history of multiple sclerosis: a
geographically based study 10: relapses and long-term dis-
ability. Brain 2010;133:1914-1929.

19. Eriksson M, Andersen O, Runmarker B. Long-term follow up
of patients with clinically isolated syndromes, relapsing-re-
mitting and secondary progressive multiple sclerosis. Mult
Scler 2003;9:260-274.

20. Kalincik T, Manouchehrinia A, Sobisek L, Jokubaitis V, Spel-
man T, Horakova D, et al. Towards personalized therapy for
multiple sclerosis: prediction of individual treatment re-
sponse. Brain 2017;140:2426-2443.

21. Novotna M, Paz Soldan MM, Abou Zeid N, Kale N, Tutuncu
M, Crusan DJ, et al. Poor early relapse recovery affects onset
of progressive disease course in multiple sclerosis. Neurology
2015;85:722-729.

22. Achiron A, Barak Y, Rotstein Z. Longitudinal disability curves
for predicting the course of relapsing-remitting multiple scle-
rosis. Mult Scler 2003;9:486-491.

Journal of Multiple Sclerosis and Neuroimmunology Vol. 15, No. 1, 2024 5



x|

23. Tintore M, Rovira A, Rio J, Otero-Romero S, Arrambide G,
Tur C, et al. Defining high, medium and low impact prognostic
factors for developing multiple sclerosis. Brain 2015;138(Pt
7):1863-1874.

24. Zivadinov R, Sepcic J, Nasuelli D, De Masi R, Bragadin LM,
Tommasi MA, et al. A longitudinal study of brain atrophy and
cognitive disturbances in the early phase of relapsing-re-
mitting multiple sclerosis. J Neurol Neurosurg Psychiatry
2001;70:773-780.

25. Benedict RHB, Amato MP, Deluca J, Geurts JJG. Cognitive
impairment in multiple sclerosis: clinical management, MRI,
and therapeutic avenues. Lancet Neurol 2020;19:860-871.

26. Stangel M, Penner IK, Kallmann BA, Lukas C, Kieseier BC.
Towards the implementation of 'no evidence of disease ac-
tivity' in multiple sclerosis treatment: the multiple sclerosis
decision model. 7Ther Adv Neurol Disord 2015;8:3-13.

27. McDonald WI, Compston A, Edan G, Goodkin D, Hartung
HP, Lublin FD, et al. Recommended diagnostic criteria for
multiple sclerosis: guidelines from the International Panel on
the diagnosis of multiple sclerosis. Ann Neurol 2001;50:121-
127.

28. Rovira A, Swanton J, Tintoré M, Huerga E, Barkhof F, Filippi
M, et al. A single, early magnetic resonance imaging study in
the diagnosis of multiple sclerosis. Arch Neurol 2009;66:587-
592.

29. Swanton JK, Fernando KT, Dalton CM, Miszkiel KA, Altmann
DR, Plant GT, et al. Early MRI in optic neuritis: the risk for
disability. Neurology 2009;72:542-550.

30. Arrambide G, Rovira A, Sastre-Garriga J, Tur C, Castilld J, Rio
J, et al. Spinal cord lesions: a modest contributor to diagnosis
in clinically isolated syndromes but a relevant prognostic fac-
tor. Mult Scler 2018;24:301-312.

31. Minneboo A, Barkhof F, Polman CH, Uitdehaag BM, Knol DL,
Castelijns JA. Infratentorial lesions predict long-term dis-
ability in patients with initial findings suggestive of multiple
sclerosis. Arch Neurol 2004;61:217-221.

32. Sormani MP, Arnold DL, De Stefano N. Treatment effect on
brain atrophy correlates with treatment effect on disability
in multiple sclerosis. Ann Neurol 2014;75:43-49.

33. Popescu V, Agosta F, Hulst HE, Sluimer IC, Knol DL, Sormani
MP, et al. Brain atrophy and lesion load predict long term
disability in multiple sclerosis. J Neurol Neurosurg Psychiatry
2013;84:1082-1091.

34. Pitteri M, Romualdi C, Magliozzi R, Monaco S, Calabrese
M. Cognitive impairment predicts disability progression
and cortical thinning in MS: an 8-year study. Mult Scler
2017;23:848-854.

35. Bergamaschi R, Berzuini C, Romani A, Cosi V. Predicting sec-
ondary progression in relapsing-remitting multiple sclerosis:
a Bayesian analysis./ Neurol 5¢i 2001;189:13-21.

36. Bergamaschi R, Quaglini S, Trojano M, Amato MP, Tavazzi E,
Paolicelli D, et al. Early prediction of the long term evolution
of multiple sclerosis: the Bayesian risk estimate for multi-
ple sclerosis (BREMS) score. J Neurol Neurosurg Psychiatry
2007;78:757-759.

37. Bergamaschi R, Montomoli C, Mallucci G, Lugaresi A, 1zqui-
erdo G, Grand'Maison F, et al. BREMSO: a simple score to
predict early the natural course of multiple sclerosis. £urJ
Neurol 2015;22:981-989.

38. Rio J, Castillé J, Rovira A, Tintoré M, Sastre-Garriga J, Hor-
ga A, et al. Measures in the first year of therapy predict the
response to interferon beta in MS. Mult Scler 2009;15:848-
853.

39. Sormani MP, Rio J, Tintore M, Signori A, Li D, Cornelisse P,
et al. Scoring treatment response in patients with relapsing
multiple sclerosis. Mult Scler 2013;19:605-612.

40. Polman CH, O'Connor PW, Havrdova E, Hutchinson M, Kap-
pos L, Miller DH, et al. A randomized, placebo-controlled trial
of natalizumab for relapsing multiple sclerosis. N Engl J Med
2006;354:899-910.

41. Giovannoni G, Cook S, Rammohan K, Rieckmann P, Sgrensen
PS, Vermersch P, et al. Sustained disease-activity-free status
in patients with relapsing-remitting multiple sclerosis treated
with cladribine tablets in the CLARITY study: a post-hoc and
subgroup analysis. Lancet Neurol 2011;10:329-337.

42. Radue EW, O'Connor P, Polman CH, Hohlfeld R, Calabresi P,
Selmaj K, et al. Impact of fingolimod therapy on magnetic res-
onance imaging outcomes in patients with multiple sclerosis.
Arch Neurol 2012;69:1259-1269.

43. Kuhle J, Plavina T, Barro C, Disanto G, Sangurdekar D,
Singh CM, et al. Neurofilament light levels are associated
with long-term outcomes in multiple sclerosis. Mult Scler
2020;26:1691-1699.

44. Abdelhak A, Huss A, Kassubek J, Tumani H, Otto M. Serum
GFAP as a biomarker for disease severity in multiple sclero-
sis. Sci Rep 2018;8:14798.



Clinicoradiological Factors for Predicting and Monitoring of MS

Supplementary Table 1. Calculation of BREMSO (bayesian risk estimate for ms at onset)

0.05 x age (in decades)
-1.07 (if female gender)
+0.93 (if sphincter onset)
+0.62 (if pure motor onset)
+0.81 (if motor and sensory onset)
+0.32 x number of neurological functional systems involved at onset

+0.52 (if incomplete recovery after onset)
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