Downloaded from orbit.dtu.dk on: Apr 02, 2019

DTU Library

=
=
—

i

Disability in progressive MS is associated with T2 lesion changes

Ammitzbgll, Cecilie ; Dyrby, Tim Bjgrn; Lyksborg, Mark; Schreiber, K.; Ratzer, R.; Christensen, J.
Romme; Iversen, P.; Magyari, M.; Garde, E.; Sgrensen, P. S.; Siebner, H. R.; Sellebjerg, Finn

Published in:
Multiple Sclerosis and Related Disorders

Link to article, DOI:
10.1016/j.msard.2017.12.010

Publication date:
2017

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):

Ammitzbgll, C., Dyrby, T. B., Lyksborg, M., Schreiber, K., Ratzer, R., Christensen, J. R., ... Sellebjerg, F. (2017).
Disability in progressive MS is associated with T2 lesion changes. Multiple Sclerosis and Related Disorders, 20,
73-77. DOI: 10.1016/j.msard.2017.12.010

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


https://doi.org/10.1016/j.msard.2017.12.010
http://orbit.dtu.dk/en/publications/disability-in-progressive-ms-is-associated-with-t2-lesion-changes(789b5883-dda4-418e-8686-dcda41b3ea9d).html

Author’s Accepted Manuscript

MULTIPLE
SCLEROSIS

Disability in progressive MS is associated with T2
lesion changes

C. Ammitzbell, TB. Dyrby, M. Lyksborg, K.
Schreiber, R. Ratzer, J. Romme Christensen, P.
Iversen, M. Magyari, E. Garde, PS. Serensen, HR.
Siebner, F. Sellebjerg

www.elsevier.convlocate/msard

PII: S2211-0348(17)30350-4
DOI: https://doi.org/10.1016/j.msard.2017.12.010
Reference: MSARD724

To appear in:  Multiple Sclerosis and Related Disorders

Received date: 21 September 2017
Revised date: 17 November 2017
Accepted date: 15 December 2017

Cite this article as: C. Ammitzbell, TB. Dyrby, M. Lyksborg, K. Schreiber, R.
Ratzer, J. Romme Christensen, P. Iversen, M. Magyari, E. Garde, PS. Serensen,
HR. Siebner and F. Sellebjerg, Disability in progressive MS is associated with
T2 lesion changes, Multiple  Sclerosis and  Related  Disorders,
https://doi.org/10.1016/j.msard.2017.12.010

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://www.elsevier.com/locate/msard
https://doi.org/10.1016/j.msard.2017.12.010
https://doi.org/10.1016/j.msard.2017.12.010

Disability in progressive MS is associated with T2 lesion changes

Ammitzbgll C', Dyrby TB*®, Lyksborg M?, Schreiber K, Ratzer R*, Romme Christensen J*, lversen P?,

Magyari M*, Garde E**, Sgrensen PS*, Siebner HR?°, Sellebjerg F*

!Danish Multiple Sclerosis Center, University of Copenhagen, Rigshospitalet, Copenhagen, Denmark,
’Danish Research Centre for Magnetic Resonance, Centre for Functional and Diagnostic Imaging and
Research, Copenhagen University Hospital Hvidovre, Hvidovre, Denmark. °Department of Applied
Mathematics and Computer Science, Technical University of Denmark, Lyngby, Denmark; “Faculty of
Health and Medical Sciences, Center for Healthy Aging, University of Copenhagen, Copenhagen,
Demark, *Department of Neurology, University of Copenhagen, Bispebjerg Hospital, Copenhagen,

Denmark

Corresponding author:

Cecilie Ammitzbgll

Danish Multiple Sclerosis Centre
Rigshospitalet, University of Copenhagen
Blegdamsvej 9, DK- 2100 Copenhagen
Direct phone: + 45 35456392

Cell phone: + 45 21235202

Fax: +45 35456316

Email: cecilie.ammitzboell@regionh.dk



Key words: Magnetic resonance imaging, multiple sclerosis, magnetisation transfer ratio, diffusion

tensor imaging, expanded disability status scale, multiple sclerosis functional composite



Abstract

Background: Progressive multiple sclerosis (MS) is characterized by diffuse changes on brain
magnetic resonance imaging (MRI), which complicates the use of MRI as a diagnostic and prognostic
marker. The relationship between MRI measures (conventional and non-conventional) and clinical

disability in progressive MS therefore warrants further investigation.

Objective: To investigate the relationship between clinical disability and MRI measures in patients

with progressive MS.

Methods: Data from 93 primary and secondary progressive MS patients who had participated in 3
phase 2 clinical trials were included in this cross-sectional study. From 3T MRI baseline scans we
calculated total T2 lesion volume and analysed magnetisation transfer ratio (MTR) and the diffusion
tensor imaging indices fractional anisotropy (FA) and mean diffusivity (MD) in T2 lesions, normal-
appearing white matter (NAWM) and cortical grey matter. Disability was assessed by the Expanded

Disability Status Scale (EDSS) and the MS functional composite.

Results: T2 lesion volume was associated with impairment by all clinical measures. MD and MTR in
T2 lesions were significantly related to disability, and lower FA values correlated with worse hand
function in NAWM. In multivariable analyses, increasing clinical disability was independently correlated

with increasing T2 lesion volumes and MTR in T2 lesions.

Conclusion: In progressive MS, clinical disability is related to lesion volume and microstructure.



1. Introduction

Specific changes on brain MRI are usually seen in patients with MS, and MR is a valuable tool for
diagnosing MS and for monitoring disease activity even though the clinical correlate is modest (1, 2).
Disease worsening in MS is associated with increased lesion volume, decreased brain volume and
changes in normal appearing white matter (NAWM) (2, 3). In progressive MS, contrast enhancing
lesions occur less frequently than in relapsing remitting MS (RRMS), whereas diffuse NAWM and grey
matter abnormalities are more pronounced (4). Therefore, the correlation between MRI and disease

worsening in progressive MS is even more complex.

Non-conventional MRI including magnetisation transfer imaging and diffusion tensor imaging (DTI) is
sensitive to diffuse microstructural tissue abnormalities and is therefore a promising tool in the
monitoring of MS (3, 5). The magnetisation transfer ratio (MTR) quantifies the energy transfer between
tissue-bound protons and free water protons by stimulation of the tissue with an extra off-frequency
magnetic pulse. MTR is sensitive to changes in myelin content and has also been found associated
with axonal loss (1, 3, 6). DTI provides indices that from the scattering of water molecules within the
microstructural environment describe the degree of anisotropy determined by overall hindrance and
restrictions. The mean diffusivity (MD) is a measure of the overall mobility of water molecules, and
fractional anisotropy (FA) is a measure of the degree of microstructural alignment in a voxel (7).

Changes in MD and FA correlate with demyelination and axonal loss in MS (3, 8, 9).

In the present study we investigated the association of clinical disability and MRI measures, both
conventional and non-conventional, in progressive MS. For the evaluation of clinical disability we used
the expanded disability status scale (EDSS) as well as the multiple sclerosis functional composite
(MSFC) which has the advantage of including a cognitive component, the paced auditory serial
addition test (PASAT) (10, 11). We hypothesized that tissue structure in normal-appearing white

matter (NAWM) and cortical grey matter (CGM) as assessed by non-conventional MRl measures



would complement the conventional lesion volume measurements in predicting clinical disability. We
did, however, find that overall clinical disability correlated mainly with T2 lesion volume and MTR and

DTI measures in T2 lesions.

2. Methods

2.1. Study population

We conducted a cross-sectional study in a cohort of 93 patients with progressive MS. MRI data were
obtained from baseline visits from three different clinical trials in the period from February 2010 to
June 2012. We studied data from 24 patients who participated in a trial with natalizumab, 52 patients
who participated in a trial with erythropoietin and 30 patients who participated in a trial with
methylprednisolone (12-14). For patients participating in more than one trial, the baseline data from
the first trial was used, unless a more complete data set was assessable from a subsequent trial.
Inclusion criteria for the natalizumab and methylprednisolone trials included age of 18 to 65 years (18
to 55 years in the natalizumab trial), SPMS or PPMS diagnosed according to the 2005 revision of the
McDonald criteria (15), EDSS score £6.5 and progression the last 2 years of 21 EDSS point (=0.5 if
baseline EDSS score was 25.5). In the methylprednisolone trial the inclusion criteria were also met
with a progression the last two years of two functional system points. Exclusion criteria for both trials
were relapses the previous month or immunomodulatory or immunosuppressive treatment,
respectively, 3 and 6 months prior to first visit. In the erythropoietin trial, inclusion criteria were age 19
to 60 years, SPMS or PPMS diagnosed according to the 2005 revision of the McDonald criteria, EDSS
score 4 to 6.5, progression without relapses the last 2 years of 20.5 EDSS point and MRI verifying MS
according to the Barkhof criteria. Exclusion criteria were comorbidities, immunomodulatory or
immunosuppressive treatment 1 or 6 months prior to first visit, respectively (14). More detailed

inclusion and exclusion criteria are presented in the respective studies (12-14). All patients gave



written informed consent to participation, and all studies were approved by the local scientific ethics
committee. Clinical scores of EDSS and MSFC, including 9 hole peg test (9HPT), timed 25 foot walk

(T25FW) and PASAT were performed by trained and EDSS-certified physicians.

2.2. MRI

All scans were performed on a 3T Siemens Trio MRI scanner (Siemens, Germany) as previously
described in detail (12). Regions of interest (ROI) were T2 white matter lesions, NAWM and CGM.
Based on T2-weighted images, lesion volumes were manually segmented by experienced personnel
using Jim software (Xinapse systems, UK). In addition, NAWM and CGM segmentation volumes were
determined using SIENAX (FSL software). For each segmentation volume, a summary statistic of
interest was estimated for each of the image modalities MTR, MD and FA as previously described in

detail (12).

2.3. Statistical analysis

Student t-test was used with normally distributed data and parametric or non-parametric correlation
analyses were performed with continuous data according to the distribution of data. Univariate
analysis of variance (ANOVA) was used when adjustment of co-variates and co-factors were done. In
parametric analyses, logarithmically transformed values for T2 lesion volume were used. For the
multivariable assessment of the relationship between disability and MRI variables ANOVA with
bootstrapping was used since the clinical data could not be mathematically transformed to normal
distributed values. False discovery rate correction was applied to account for multiple comparisons in
all correlation analyses (16). A false discovery rate g-value < 0.05 was considered statistically
significant, whereas a nominally significant p-value <0.05 only was considered as suggestive.

Statistical analyses were performed using SPSS software version 22 (IBM, USA).



3. Results

3.1. Demographic characteristics and MRI

We analysed cross-sectional data from 93 patients with progressive MS. Thirty-seven patients had
primary progressive MS (PPMS) and 56 patients had secondary progressive MS (SPMS).
Demographic data are given in table 1. The disease duration was longer for patients with SPMS than
for patients with PPMS (p<0.001), but the progression duration was comparable in the two groups. No
significant differences in age or sex were found in patients with PPMS compared with patients with
SPMS. We first investigated associations of type of progressive disease, age, sex, disease duration
and progression duration with MRI measures and found that MD in T2 lesions differed with MS type as
patients with PPMS had lower MD values than patients with SPMS (p=0.003, q=0.027) (table 2). T2
lesion volume was lower in patients with PPMS compared with patients with SPMS, but this finding
was not significant after correction for multiple comparisons (p=0.016, q=0.080). We found lower FA
values in CGM in men than in women (p<0.001, g=0.002) and, finally, disease duration but not
progression duration correlated with most MRI variables, i.e., T2 lesion volume (r=0.363, p=0.001,
g=0.004), MTR in lesions (r=-0.314, p=0.004, g=0.006), MD in lesions (r=0.454, p<0.001, g<0.001),
MTR in NAWM (r=-0.344, p=0.001, g=0.004), FA in NAWM (r=-0.318, p=0.003, g=0.005), MD in
NAWM (r=0.235, p=0.028, g=0.041) and MD in CGM (r=0.350, p=0.001, g=0.003). Disease duration

did not correlate with FA in lesions, FA in CGM or MTR in CGM.

3.2. Clinical disability is mainly associated with brain T2 lesions

In order to examine how MRI is associated with clinical disability, we analysed the relationship
between clinical disability scores and MRI measures. We found a statistically significant relationship

between increasing T2 lesion volume and worse scores for all clinical disability measures: a positive



correlation with EDSS (p=0.286, q=0.043), 9HPT (p=0.312, q=0.041) and T25FW (p=0.313, q=0.047)

and a negative correlation with PASAT scores (p=-0.303, g=0.044) (table 3).

Within T2 lesions, we found a negative correlation between MTR values and EDSS scores (p=-0.278,
g=0.048), while increasing MD values in T2 lesions correlated with higher T25FW values (p=0.278,

g=0.049) and reduced PASAT scores (p=-0.356, q=0.025).

In NAWM, decreasing FA values correlated with increasing 9HPT values (p=-0.359, g=0.043) (table
3). We found no significant correlations with clinical disability measures for FA in lesions, MD or MTR

in NAWM or for FA, MD or MTR in CGM.

Regarding the EDSS, the strongest correlation was observed with T2 lesion volume; for the QHPT the
strongest correlation was observed with FA values in NAWM; for the T25FW the strongest correlation
was observed with T2 lesion volumes; and for the PASAT the strongest correlation was observed with
MD values in T2 lesions. In a multivariable analysis increasing EDSS scores were independently
associated with increasing T2 lesion volumes (p=0.008) and decreasing MTR in T2 lesions (p=0.02)
(ANOVA with bootstrapping). For the 9HPT, the T25FW and the PASAT we found no additional MRI

measures to be independently associated in multivariable analyses (data not shown).

4. Discussion

In the present study, we found that larger T2 lesion volumes correlate with increased disability in
progressive MS and that increased MD and decreased MTR in T2 lesions are also associated with

disability. In addition, in NAWM decreased FA values correlate with reduced 9HPT scores.

The present study is one of the largest studies to evaluate the relationship between MRI changes and
disability in progressive MS. Yet several issues need to be taken into account when interpreting these

results. We analysed data from patients with SPMS and PPMS together in order to have a large



cohort of patients providing sufficient statistical power. Indeed, only minimal differences in MRI results
were found between the two progressive MS subtypes,but we cannot rule out that the inclusion of
larger numbers of patients might have revealed more differences between PPMS and SPMS. Patients
included in the study were characterised by clinical disease progression which made them eligible for
participation in the clinical trials. Thus, the cohort represents a selected subgroup of patients with clear
disease progression and preserved ambulatory function. Furthermore, there will be inter-patient
variability in disability scores independent of MS severity. Particularly the PASAT scores must be
expected to show variation according to basic cognitive skills. Regarding progressive MS, it would
have been interesting to study how grey matter lesions correlate with disability. However, as we did
not use ultra-high field 7T MRI or included double- or phase sensitivity inversion recovery imaging in
the present study, we were not able to differentiate grey matter lesions from normal-appearing grey
matter. This may lead to an underestimation of the relationship between grey matter pathology and
disability. Accordingly, in a recent study of a combined SPMS/RRMS cohort, MTR and FA values were
lower and MD values higher in cortical lesions than in non-lesional cortex. Significant correlations
between disability measures and MTR and DTl indices in this study were observed for both lesional

and extra-lesional CGM (17).

In the initial analyses, we would have expected age to be associated with most MRI measures as
previously reported (18). We attribute this negative finding to the fact that the age range of the
included patients was narrow, rendering the analysis insensitive to any age related effect. In contrast,
disease duration had a wider range in our patient cohort and was associated with most MRI
measures. The finding of sex being associated with FA in CGM is interesting and has to our
knowledge not been previously described. However, it is difficult to infer the implications of this finding

in terms of pathophysiology given the design of the present study.



Hyperintense lesions on T2-weighted imaging are conventionally used as a MRI measure of burden of
disease, but T2 lesions are only moderately correlated with disability in MS (2, 19). In addition to the
importance of the location of the individual lesions, the reason for this modest correlation appears to
be the heterogeneous pathological changes found in T2 lesions. Histopathology studies describe T2
lesions having variable degrees of inflammation, demyelination, axonal loss, remyelination and
oedema, and the distinction between these is not possible with conventional T2-weighted MRI (5, 20).
Despite this reservation, T2 lesions were reported to be associated with disability also in progressive
MS (21, 22). In the present study total T2 lesion volumes were consistently and comparably
associated with disability assessed by 9HPT, T25FW, EDSS and PASAT scores. This suggests that
the bias of the 9HPT and EDSS score for assessing hand and leg function is not a sufficient
explanation for the poor correlation between T2 lesion volumes and disability usually observed.
Nevertheless, the inclusion of spinal cord MRI has been shown to explain an additional proportion of
the disability in MS (23, 24). In accordance with our findings, an association of T2 lesions with
cognitive impairment and reduced performance in the PASAT was previously reported for patients with

PPMS and SPMS (25, 26).

Not only T2 lesion volume, but also T2 lesion MTR values were associated with disability in the
present study. MTR values in lesions correlated negatively with EDSS scores, and this was
statistically independent of the T2 lesion volume effect in a multivariable analysis. As low MTR values
are associated with demyelination, this measure was expected to be altered in T2 lesions, but the
independent relationship with disability in progressive MS is a novel finding (27, 28). Our results
therefore confirm and extend the results from a previous study in a combined cohort of patients with
RRMS and SPMS, which reported reduced MTR values in white matter lesions and a non-significant

trend to correlation with disability (21).



Previous DTI studies of T2 lesions in patients with MS revealed that increased MD and reduced FA
values are also associated with demyelination and axonal loss (1, 8). In SPMS, but not PPMS,
increased MD and reduced FA values in T2 lesions were previously found to be associated with
physical impairment as assessed by the EDSS (29). In accordance with these findings, we found
increased MD in T2 lesions to correlate with reduced performance in T25FW and PASAT, but we did

not find a significant correlation between FA in T2 lesions and disability.

To assess a more sensitive and discriminative measure of localized tissue pathology and relation to
specific functional disability, tract-based analyses with anatomical connectivity mapping would be
preferable, but we found it to be beyond the scope of the present study to perform these analyses

(30).

In progressive MS, brain tissue changes are characterised by cortical grey matter lesions, diffuse
alterations in NAWM and slowly expanding white matter lesions. These changes differ from the focal
white matter lesions characterising RRMS pathology (31). We expected, in this cohort of patients with
progressive MS, that the use of MTR and DTI would enable us to detect such diffuse tissue alterations
in NAWM and CGM and that it would be related to clinical disability. Consistent with these
expectations, we found reduced FA values in NAWM to correlate with worse outcome in the 9HPT,
EDSS and T25FW, but only the correlation with 9HPT was significant after correction for multiple
testing. We found no significant correlations between MTR or MD in NAWM with clinical measures
apart from a trend to worse 9HPT scores with increased MD and reduced MTR. Neither did we find
MTR or DTI measures to correlate with disability in CGM, apart from a trend to worse 9HPT scores
with increased MD and reduced MTR and FA. As discussed above this might reflect that we analysed
CGM in total rather than as lesional and non-lesional CGM, as well as partial volume effects. As for
the T2 lesions, the limited correlation between clinical disability and MTR and DTI indices in CGM and

NAWM may also reflect that we did not discriminate between changes in eloquent and non-eloquent



brain areas. Finally, there is a possibility that we induced type 2 errors in our statistical hypothesis
testing, thereby neglecting real differences. This could be a consequence of lack of power for the

statistical analyses due to the size of the patient cohort.

To summarise, we found that in progressive MS, T2 lesion volume and structure is associated with
physical and cognitive impairment. These findings are interesting as T2 lesions in progressive MS are
generally believed to be mostly of the slowly expanding or inactive type, and we therefore speculate
that the slowly expanding T2 lesions are associated with disability progression (31, 32). MTR and MD
changes in T2 lesions were also associated with disability. Whether this is due to ongoing
demyelination and axonal loss or a lack of remyelination remains to be clarified, and so far the 3T
imaging technology is not capable of providing the contrast needed to differentiate between these
situations. Overall, MTR and MD changes in NAWM and CGM were less clearly associated with
disability, which was unexpected, as progressive MS is characterised by diffuse changes in these

tissues.
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Highlights
¢ MRI and disability in progressive MS, an extensive study
e Disability in progressive MS is associated with increased T2 lesion volume
e EDSS worsening in progressive MS is associated with reduced MTR in T2 lesions
e In progressive MS, MD in T2 lesions correlate with performance in T25FW and PASAT

Participants (women/total n) 52/93
MS type (PPMS/SPMS) 37/56
Age 50 (45-54)
Disease duration 9 (5-15)

Progression duration 6 (3-9)



EDSS score 5 (4.5-6)

9HPT (sec) 27.8 (22.6-34.9)
T25FW (sec) 8.8 (6.1-13.4)
PASAT (number correct) 50 (36/56)

Table 1. Patient demographics. Participants and MS
type are summarized in counts. Other variables are
given as median values with interquartile ranges in
brackets. All values are baseline values. Abbreviations:
Primary progressive multiple sclerosis = PPMS;
secondary progressive multiple sclerosis = SPMS;
expanded disability status scale = EDSS; 9 hole peg test
= 9HPT,; timed 25 foot walk = T25FW; paced auditory
serial addition test = PASAT.
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Table 2. MRI measures and associations with demographics in the cross-sectional cohort. *T2 Lesion volume is median value with
interquartile range in brackets. Remaining MRI values are given as means with standard deviations in brackets. Pearson’s correlation
coefficients (r) are shown for age, disease duration and progression duration. Student’s t-test is used for sex and MS type. In all analyses,
logarithmically transformed values for lesion volume were used. Q-values are p-values that were false discovery rate corrected for multiple
comparisons. Abbreviations: SD = Standard deviation; Magnetisation transfer ratio = MTR; fractional anisotropy = FA; mean diffusivity = MD;
normal appearing white matter = NAWM,; cortical grey matter = CGM.

EDSS 9HPT T25FW PASAT
p p q P p q p p q p p q
T2 Lesion volume  0.286 0.009  0.043 0.312 0.006  0.041 0.313 0.006  0.047 -0.303 0.008 0.044



MTR in lesions -0.278 0.011  0.048 -0.323 0.004  0.056 -0.165 0.152  0.225 0.094 0.418 0.478

FA in lesions 0.066 0.544  0.588 0.069 0.546  0.575 -0.104 0.359  0.423 0.215 0.057 0.120
MD in lesions 0.196 0.069 0.132 0.188 0.096 0.174 0.278 0.012  0.049 -0.356 0.001  0.025
MTR in NAWM -0.212 0.054 0.120 -0.312 0.006  0.057 -0.191 0.096 0.167 0.266 0.020 0.062
FA in NAWM -0.248 0.020 0.058 -0.359 0.001  0.043 -0.270 0.016  0.052 0.182 0.109 0.181
MD in NAWM 0.124 0.252  0.336 0.254 0.023  0.062 0.079 0.487 0.541 -0.125 0.273  0.352
MTR in CGM -0.118 0.286  0.347 -0.225 0.049 0.115 -0.138 0.232  0.320 0.127 0.276  0.345
FA in CGM -0.150 0.166  0.236 -0.253 0.023  0.059 -0.059 0.606  0.621 0.003 0.976  0.976
MD in CGM 0.166 0.125 0.192 0.273 0.014 0.051 0.209 0.062 0.124 -0.180 0.113  0.180

Table 3. Relationship between MRI and clinical disability. Spearman’s correlation coefficient (p) and p values are calculated
for all correlations. Q-values are p-values that were false discovery rate corrected for multiple comparisons. Bolded values are
significant with p or g values < 0.05. Abbreviations: Expanded disability status scale = EDSS; 9 hole peg test = 9HPT; timed 25
foot walk = T25FW; paced auditory serial addition test = PASAT; Magnetisation transfer ratio = MTR; fractional anisotropy = FA;
mean diffusivity = MD; normal appearing white matter = NAWM; cortical grey matter = CGM.





