'.) Check for updates

M

Experimental
Translational
Clinical

Original Article

Multiple Sclerosis Journal —
Experimental, Translational
and Clinical

Negative prognostic impact of MRI
spinal lesions in the early stages of
relapsing—remitting multiple sclerosis

2: 1-7

DOI: 10.1177/
2055217316631565

© The Author(s), 2016.
Reprints and permissions:
http://www.sagepub.co.uk/
journalsPermissions.nav

E D’Amico, F Patti, C Leone, S Lo Fermo and M Zappia

Abstract

Background: The presence of spinal cord (SC) magnetic resonance imaging (MRI) lesions can be
expected to affect the mobility of people with relapsing—remitting MS (pwRRMS), but reports are
ambiguous.

Objective: The objective of this paper is to determine whether the presence of SC MRI lesions in early
diagnosed pwRRMS could be considered a predictor of long-term disability.

Methods: pwRRMS with an SC MRI performed within two years from the onset of symptoms and
followed up for at least seven years were included. Patients were grouped into: (a) pwRRMs with at least
one SC T2 MRI lesion, and (b) pwRRMs without SC T2 MRI lesions. The primary end point was to
evaluate the effects of independent factors on reaching an Expanded Disability Status Score (EDSS)
of 4.0.

Results: A total of 239 pwRRMS matched the required criteria: 116 in the group with SC lesions and
123 in the group without SC lesions. At baseline, there were no statistical differences between the two
groups. The presence of SC lesions (Exp(b) 4.4, CI 2.1-9.0, p < 0.001) and higher basal EDSS (Exp(b)
3.3, CI 2.3—4.8, p <0.001) proved to be the best predictors of reaching EDSS 4.0.

Conclusion: The presence of T2 SC MRI lesions detected early from MS onset of RRMS predicts a
WOrse prognosis.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory
disease of the central nervous system (CNS) charac-
terized by demyelinating lesions. These lesions can
be detected by magnetic resonance imaging (MRI)
T2-weighted images, and they are localized either in
the brain and the spinal cord (SC)." Focal abnorm-
alities in the SC are present in most people with
MS (pwMS), affecting the cervical region more
frequently than the thoracic and lumbar regions.”
The importance of SC lesions involving clinically
eloquent pathways (pyramidal tracts, spinothalamic
tracts and posterior columns) lies in their presumed
greater potential to result in clinical symptoms in MS
than brain lesions.® Several clinical, demographic,
and additional features have been described with
the risk of long-term disability;* however, there has
long been debate as to whether performing an SC
magnetic resonance imaging (MRI) scan in the

early phase of the spectrum of demyelinating dis-
eases, including clinically isolated syndrome (CIS)
and relapsing—remitting MS (RRMS), is a useful
diagnostic tool.>~” An increasing demand for MRI
scanning in pwMS is a matter of question in clinical
practice, and the new recommendations from an
experts’ committee on the assessment of the course
of MS recommend annual brain MRI scans for all
patients with RRMS.® The question whether there
are specific indications for SC imaging in CIS and
early diagnosed RRMS is still open; however, these
recommendations come with a significant cost to
health services.®

In the current study, we studied a large cohort of
people with RRMS (pwRRMS) to determine whether
the presence of lesions in SC T2 MRI at the diagno-
sis of pwRRMS could predict a worse prognosis in
terms of disability.
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Methods
A monocenter, retrospective review of prospectively
collected data was performed.

All pwMS admitted to an MS center were prospect-
ively entered into a computerized database since
January 1995. Clinical and MRI data were collected
in-house in Excel files until 2000, and then iMed©
software (iMed, Merck Serono SA; Geneva) was
released and used for the collection of pwRRMS
data. Clinic visits usually occurred every six months,
and unscheduled visits occurred if a pwRRMS had an
exacerbation. iMed(© software was installed in our
clinic in 2001. In order to store patient demographic
and disease-related information regarding the previous
period 1995—2000, a senior trained neurologist (F.P.)
entered into the iMed software those data that were
previously collected in the medical records sheets.
Afterwards S.L.F., a trained neurologist, double-
checked whether the information reported was correct.

Inclusion criteria were: i) clinically definite RRMS
according to Poser and McDonald 2001 criteria;”'°
ii) disease onset between January 1995 and
December 2007 (to enable a disease duration of
more than seven years at the last follow-up visit);
and iii) an SC MRI scan performed within two
years from the disease onset. Other possible diag-
noses involving SC (as neuromyelitis optica or

other causes of myelitis) were excluded.

The RR course was defined as a history of relapses
and remissions without progressive deterioration at
the beginning of the disease."'

At the baseline assessment, the following demo-
graphic and clinical characteristics were systematic-
ally collected: sex, age at disease onset and age at the
last follow-up, disease duration, time to diagnosis,
number of relapses in the first two and seven years
from the onset, first disease-modifying treatment,
switch to another therapy, and disability level.
Disability was assessed by the Expanded Disability
Status Scale (EDSS)'? in scheduled visits every six
months. EDSS was assessed far (at least 30 days)
from any relapse event, so as to consider a stable
disability level. Secondary progression was defined
as the progressive disability with or without super-
imposed relapses for at least six months.

MRI techniques

Brain and SC MRI sequences were acquired with a
1.0 and 1.5 Tesla system. Scanning sessions included
T1-weighted, T2-weighted images and a fluid-
attenuated inversion recovery (FLAIR) sequence.

Moreover, the T1-weighted images were acquired
before and 10 minutes after an intravenous injection
of gadolinium-diethylenetriamine-penta-acetic acid
(0.1 mmol/kg) (Gd-DTPA). For SC MRI, sagittal
fast spin-echo dual-echo T2-weighted and sagittal
Tl-weighted spin-echo images were obtained.
FLAIR imaging was not acquired in the SC because
it has been recognized not to be sensitive to detect
SC lesions. Brain and SC MRI scans were performed
every year. The number of lesions on T2-weighted
MRI were recorded.

Standard protocol approvals, registrations,

and patient consent

The study protocol was approved by the local ethics
committee and was conducted in accordance with the
ethical principles of the Declaration of Helsinki and
with the appropriate national regulations. Patients
provided written informed consent.

Statistical analysis

The Shapiro-Wilk test has been used to verify the
normal distribution of the continuous variables.
Descriptive statistics were calculated in the total
MS sample and in the two groups based on the pres-
ence of spinal lesions. Descriptive characteristics and
clinical measures were compared between the two
groups with the non-parametric Mann-Whitney U
test and chi-square test (for discrete variables).

The effect of the presence of SC impairment (at least
one SC lesion on T2-sequence) on the time to reach
EDSS 4.0 was studied with the Kaplan-Meier sur-
vival curves. A univariate analysis was run to assess
the impact of the dichotomized SC MRI criteria
(presence or not of SC T2 lesions) on the progression
to EDSS 4.0. Then, to evaluate the effect of other
independent variables (including the number of SC
lesions) that might have influenced the risk of reach-
ing EDSS 4.0, a multiple Cox regression analysis
was run. Progression to an EDSS score of 4.0 was
used as the dependent variable, while the other vari-
ables (age, sex, disease duration, basal EDSS,
number of basal brain T2 lesions, number of basal
SC MRI T2 lesions, the presence or not of SC T2
lesions, treatment (disease-modifying drugs, that is
interferons and glatiramer acetate, or immunosup-
pressant therapy) were used as independent vari-
ables. In order to avoid issues in interpreting the
results of multivariate analysis due to the inclusion
of both the presence of SC lesions and number of SC
lesions, we re-ran the same analysis another two
times: once with both the above variables and once
with only the variable ‘‘number of SC lesions.”” The
probability of the F' value for variables entry into the
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Figure 1. Patients’ selection flow chart.

pwMS: people with multiple sclerosis; SC: spinal cord; MRI: magnetic resonance imaging; NMO: neuromyelitis optica; pwRRMS:

people with relapsing—remitting multiple sclerosis.

model was set at 0.05, whereas the probability of the
F value for removal of variables was set at 0.10. All
statistical tests were applied with a two-tailed ana-
lysis and 0.05 as the level of significance. The
statistical software SPSS version 20 was used for
all analyses (IBM SPSS Statistics 20, IBM(@©),
Armonk, NY, USA).

Results

From January 1995 to December 2007, 827 individ-
uals with suspected MS (489 women, 338 men) and
239 pwRRMS (162 women and 77 men) fulfilled the
criteria to be included in this study. A total of 116
pwRRMS had at least one lesion on SC MRI (group
with SC lesions), while for the other 123 pwRRMS
the SC MRI did not reveal any spinal lesions (group
without SC lesions) (see Figure 1). Table 1 shows the
demographic, clinical and MRI characteristics for the
total MS sample and for the two groups.

There were no differences between the groups in
gender distribution of age either at the beginning of
the disease or at last follow-up. Time to diagnosis
(lag-time onset-diagnosis), time to start the first ther-
apy, number of lesions on T2 brain MRI scan, number
of relapses one year before enrollment and disease
duration were similar in both groups. The initial
symptoms were SC syndrome in 84 patients
(35.1%), polyregional syndrome in 70 patients
(29.3%), optic neuritis in 47 patients (19.7%) and
brainstem syndrome in 38 patients (15.9%). Out of
116 in the group with SC lesions, 34 (29.3%)

switched from a first-line therapy to a second-line
therapy, while out of 123 in the group without SC
lesions, 10 (8.1%) switched to a second-line therapy
(» <0.001). Significant differences were found
between the two groups for disease duration, with
longer duration in the group without SC lesions; and
baseline EDSS, with higher scores for the group with
SC lesions. Forty-one pwRRMS with SC lesions
(35.3%) reached EDSS>4.0; only 10 (8.1%)
pwRRMS without SC lesions reached an EDSS of
4.0 (x* 25.6, p <0.001). One pwRRMS in the group
with SC lesions and no pwRRMS in the group without
SC lesions had an EDSS value of 4.0 at baseline
evaluation. The mean number of SC lesions in
pwRRMS in the group with SC lesions was 1.5. At
seven-year follow-up the mean value was 2.1. In the
pwRRMS without SC lesions 41 pwRRMS experi-
enced SC lesions during the follow-up period.

The Kaplan-Meier survival analysis showed that
pwRRMS with at least one lesion on SC MRI
reached a score of 4.0 in the EDSS sooner (mean
time 145 months in the group without SC lesions
versus 103.9 months in the group with SC lesions,
log rank 32.5, p <0.001) (Figure 2).

In order to first evaluate the relationship between the
presence of SC T2 lesions and the hazard of reaching
EDSS 4.0, we ran a Cox univariate regression ana-
lysis. The presence of SC lesions showed an Exp(b)
value of 6.0, confidence interval (CI) 2.9—12.2,
p<0.001. Next, the multiple Cox-regression
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Table 1. Demographic and clinical characteristics of the total study sample and subgroups based on the presence of SC lesions in
T2 MRI

analysis was run. The assumption of proportional
hazard was assessed by log-minus-log plots that
yield parallel survival curves. The independent cov-
ariates that were retained in the model were the base
EDSS and the presence of SC lesions with an Exp(b)
value of 3.3, CI 2.3—4.8, p < 0.001 for basal EDSS,
and an Exp(b) value of 4.4, C12.1-9.0, p < 0.001 for
the presence of SC lesions. The same analysis was
run without including the number of SC lesions (only
the presence of SC lesion variable). We found that
the basal EDSS and the presence of SC lesions were
retained in the model with an Exp(b) value of 3.3, CI
2.3—4.8, p <0.001 for the basal EDSS and Exp(b)
44, CI 2.1-9.0, p<0.05 for the presence of SC
lesions. Finally, the same analysis was run including
only the variable ‘‘number of SC lesions.”” We found
that the basal EDSS and the number of SC lesions
were retained in the model with the following
Exp(b): 1.4, CI 1.1-1.8, p <0.05 for the number of
SC lesions, and 3.6, CI 2.5—5.2 for the basal EDSS.

Discussion

The aim of this study was to investigate retrospect-
ively whether the presence of SC MRI lesions at the
beginning from MS onset influenced the disability

accrual in long-term follow-up. We found that the
presence of SC lesions detected early at the time of
diagnosis (within two years from disease onset) and
EDSS level at our baseline assessment were signifi-
cantly correlated to higher level of disability at long-
term follow-up.

Abnormal SC MRIs were found in up to 83% of
patients with early diagnosis of MS; focal SC
lesion was the most common pattern found.">™'¢ In
a small population, Cohen et al.'” found that upper
cervical SC atrophy most strongly correlates with
physical disability in MS.

It has long been debated whether there are specific
indications for performing SC MRI in pwRRMS
with a CIS and/or at the early stages of RRMS; but
there has been no consensus so far.

Barkhof 7 argued that because SC imaging may be of
value in satisfying the McDonald criteria and
because it may have some prognostic value in rela-
tion to disability accrual, it is better to perform a
routine SC MRI along with the brain sequences at
the time of the first imaging procedure.
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Figure 2. Kaplan-Meier suvival analysis of the time to reach EDSS 4.0 according the presence of spinal cord MRI lesion.
EDSS: Expanded Disability Status Scale; SCL: spinal cord lesion; CI: confidence interval.

However, MRI scanning is expensive, and given the
economic issues that many radiological departments
are facing, placing significant demands on the MRI
services could be problematic.® Moreover, since
spinal lesions are believed to be mostly symptom-
atic,'> MRISs of the SC are not routinely performed or
recommended on a regular basis in the absence of
spinal symptoms.'® However, asymptomatic spinal
lesions do occur'®'>!'? and are often independent
of brain lesions."> A recent study enrolling 103
pwRRMS showed that asymptomatic spinal lesions
occur in one-quarter of clinically stable patients with

RRMS, even if their presence did not increase the
risk of disability progression.”’ Sombekke et al.*'
observed that CIS patients with asymptomatic
spinal lesions have a significantly greater probability
of converting to clinically defined MS as compared
to those patients without asymptomatic spinal
lesions.

Hence, we believe that the information provided by
an early SC MRI scan can help the physician to
better address the best management of pwRRMS,
and early biomarkers of prognosis and therapy
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responsiveness are strongly warranted in order to
delay or halt progression of the disease.?

The landscape of treatment available for RRMS has
dramatically changed in recent years with the intro-
duction of a plethora of new therapeutic agents.”>
Many of the drugs in development are treatments
adopted from oncology and rheumatology such as
monoclonal antibodies, and their goal is to induce
activity-free disease in pwRRMS.** It is still a
matter of challenge whether an early aggressive
treatment could be the approach to pursue.”” The
challenge is now to understand at early stages of
the disease which drug may work better in a specific
group of pwRRMS. For these reasons analyzing
which are the strong predictors factors of reaching
disability could help physicians to pave the way to a
personalized therapy.

Our study has enrolled a large cohort of pwRRMS at
early stages of the disease who were followed-up for
a long observational period. Coret et al.*® found that
the presence of MRI SC lesions (retrospectively
detected within three years from onset) predicted a
worse prognosis in a cohort of 25 pwRRMS who
were followed up for 10 years.

All pwRRMS were carefully assessed for the inclu-
sion criteria, and the follow-up allowed confirmation
of RRMS diagnosis and discarding other causes of
myelitis. In conclusion, we found that performing
early SC MRI (within the first two years from
onset) could play a central role in establishing the
prognosis of RRMS. This could also be used for
monitoring disease activity in clinical settings, and
for application in future MS clinical trials.

Limitations of the study

This study has several limitations. The retrospective
design suffers from recall bias (number of relapse,
exact date of disease onset, time elapsed between
onset and diagnosis, etc.), but the relatively narrow
entry window from onset to database inclusion of
four years has limited the bias due to recall of infor-
mation. The retrospective nature of the study limited
the interpretation of data in terms of a direct risk
analysis. PWRRMS received different treatments,
hampering us from understanding the role of a spe-
cific therapy on reaching disability milestones. We
are aware that using only T2 sequences would have
hindered the identification of lesions in the brain and
in the SC as well; however, we have to underline that
proton density and/or short tau inversion recovery
(STIR) sequences were more recently adopted in
our real-world setting of routine scans. We did not

considered oligoclonal bands for the missing data
recorded, even if it has been demonstrated that
their presence can influence conversion to clinically
defined MS and disability accumulation.
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