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A B S T R A C T

BACKGROUND & PURPOSE: To describe methodology, interim baseline, and longitudinal magnetic resonance imaging (MRI)
acquisition parameter characteristics of the multiple sclerosis clinical outcome and MRI in the United States (MS-MRIUS).
MATERIAL & METHODS: The MS-MRIUS is an ongoing longitudinal and retrospective study of MS patients on fingolimod.
Clinical and brain MRI image scan data were collected from 600 patients across 33 MS centers in the United States. MRI brain
outcomes included change in whole-brain volume, lateral ventricle volume, T2- and T1-lesion volumes, and new/enlarging T2 and
gadolinium-enhancing lesions.
RESULTS: Interim baseline and longitudinal MRI acquisition parameters results are presented for 252 patients. Mean age was
44 years and 81% were female. Forty percent of scans had 3-dimensional (3D) T1 sequence in the preindex period, increasing to
50% in the postindex period. Use of 2-dimensional (2D) T1 sequence decreased over time from 85% in the preindex period to
65% in the postindex. About 95% of the scans with FLAIR and 2D T1-WI were considered acceptable or good quality compared
to 99–100% with 3D T1-WI. There were notable changes in MRI hardware, software, and coil (39.5% in preindex to index and
50% in index to postindex). MRI sequence parameters (orientation, thickness, or protocol) differed for 36%, 29%, and 20% of
index/postindex scans for FLAIR, 2D T1-WI, and 3D T1-WI, respectively.
CONCLUSIONS: The MS-MRIUS study linked the clinical and brain MRI outcomes into an integrated database to create a cohort
of fingolimod patients in real-world practice. Variability was observed in MRI acquisition protocols overtime.
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Introduction
Multiple sclerosis (MS) is primarily a demyelinating disease
of the central nervous system. Neurodegeneration is observed
from a young age and leads to irreversible neurological
impairment.1 Among the magnetic resonance imaging (MRI)
measurements that have become available to research labs in
the last 10 years, the quantification of brain atrophy, defined
by decrease in brain volume, appears to be one of the most
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important with regard to providing information on the ex-
tent of neurodegeneration during the course of the disease.2 It
has become increasingly clear that MS patients experience a
significant and progressive decrease in brain volume as
compared to healthy controls, especially affecting the gray
matter (GM).3–5 Loss of brain volume plays a particu-
larly prominent role in cognitive and physical decline in
MS.6–8
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In clinical trials and single center academic studies, disease-
modifying therapies (DMTs) have demonstrated reduction in
the rate of brain atrophy, lesion burden, and disability progres-
sion as well as improvement in relapse rate in relapsing MS
patients (RRMS).2,9–13 More importantly, it is not clear whether
the results will be similar in routine clinical practice where le-
sions may not be systematically analyzed and new/enlarging
T2 lesions are often missed.

In routine clinical practice, brain volume can be mea-
sured using cross-sectional or longitudinal MRI techniques on
3-dimensional (3D) and 2-dimensional (2D) T1-weighted
images (WIs).14,15 Cross-sectional methods, such as brain
parenchymal fraction (BPF) and structural image evaluation, us-
ing normalization, of atrophy–cross-sectional (SIENAX) mea-
sure whole-brain (WB) volume at a single time point us-
ing an MRI scan. SIENAX can also provide information on
global or regional tissue volumes.16,17 Longitudinal methods,
eg, structural image evaluation, using normalization, of atrophy
(SIENA) measure change in WB volume over time from im-
ages acquired at two different time points. BPF and SIENA are
the two most commonly used techniques for measuring brain
volume in clinical trials.10 A recent extension of the SIENA ap-
proach, named VIENA, allows for the estimation of ventricular
volume change.18 While the most appropriate MRI sequence
for measurement of brain volume is high-resolution 3D T1-WI
that allows for the acquisition of 1 mm3 isotropic voxels in less
than 5 minutes using parallel imaging techniques on modern 1.5
or 3 T scanners, it is proposed only as an optional sequence in
recent MAGNIMS19 and Consortium of MS Centers (CMSC)20

consensus MRI acquisition protocol guidelines. This limits the
widespread availability of this sequence within the clinical rou-
tine at this time. However, both MAGNIMS and CMSC con-
sensus MRI acquisition protocol guidelines19,20 propose the
mandatory use of 3D or 2D fluid-attenuated inversion recov-
ery (FLAIR) with 1-3-mm-thick gapless slices, for baseline and
follow-up evaluation of MS patients, which will likely increase
the availability of this sequence in real-world clinical practice.
Neurological Software Tool for REliable Atrophy Measure-
ment (NeuroSTREAM), a research-based fully automated soft-
ware, can also be used to compute cross-sectional and longitu-
dinal ventricular cerebrospinal fluid volumes on low- and high-
resolution 2D and 3D FLAIR and T1-WI in MS patients.21,22

Here, we describe the design and setup of the multicenter,
observational, longitudinal, and retrospective chart review MS
clinical outcome and MRI in the United States (MS-MRIUS)
study. MS-MRIUS will create a structured and integrated elec-
tronic clinical and MRI research database to help understand
disease progression in relapsing MS patients with respect to
evolution of brain volume changes, lesion burden, and clinical
outcomes, including relapse rate and Expanded Disability Sta-
tus Scale (EDSS) score. The MS-MRIUS study will be the first
large-scale multicenter observational study to link quantitative
MRI metrics and clinical outcomes among MS patients across
the United States. The primary objectives are:

1. To describe whether retrospective, multicenter collection of
MRI scan data collected in real-world clinical practice can be
utilized to observe brain volume and brain lesion activity among
patients initiated on fingolimod.

2. To describe brain volume changes and presence of brain lesions
before and after initiation of fingolimod, and assess whether
changes posttherapy initiation are similar to those observed in
clinical trials.

3. To assess whether changes in brain volume are associated
with clinical outcomes such as relapses, mobility measures, and
changes in EDSS scores among patients initiated on fingolimod.

Secondary objectives include:

1. To assess the proportion of patients who exhibit no evidence of
disease activity (NEDA): A composite measure of (1) absence
of relapses AND (2) no new or enlarging T2 or T1 gadolinium-
enhancing lesions on MRI scans over the follow-up period.

2. To compare changes in brain volume by sequence type, specif-
ically 2D T1 versus 3D T1-WI for WB volume and 2D FLAIR
versus 3D T1 versus 2D T1-WI for lateral ventricular volume
(LVV).

3. To investigate impact of hardware, software, and protocol
changes on MRI measures over the follow-up.

4. To assess whether the association with clinical outcomes such
as relapses, mobility measures, and EDSS scores varies by scan
type and hardware, software, and protocol changes used in the
analyses.

This paper describes study methodology, interim baseline,
and longitudinal MRI acquisition parameters characteristics.

Material and Methods
Study Design

The MS-MRIUS study is a multicenter, longitudinal, retro-
spective, chart review of MS patients treated with fingolimod
(Gilenya R©) in clinical routine practice. The retrospective clini-
cal information and brain MRI image data were collected from
participating MS centers across the United States and integrated
into a central research database (Fig 1). All data to be integrated
into the database have already been collected by physicians at
the centers as part of their routine clinical practice; this is thus
a noninterventional and retrospective cohort study.

Study Population

Retrospective data were collected from 600 fingolimod patients
with MS across 33 MS centers in the United States. For each
patient, clinical information was collected for a 48-month time
period, including 12–24 month’s data in the preindex period
and 12–24 month’s data in the postindex period (see Fig 2).
The index date was defined as the date the patient first received
treatment with fingolimod.

Inclusion criteria included RRMS patients, received fin-
golimod for at least 28 days and 18–65 years of age at index
date. Additionally, patients needed to have brain MRI scans
performed within the following windows: (1) index scan per-
formed between 6 months before and 1 month after fingolimod
initiation and (2) postindex scan performed 9 to 24 months af-
ter initiation of fingolimod. A preindex scan performed 9 to
24 months before fingolimod initiation was desired but was not
a required inclusion criterion (see Fig 2).

Exclusion criteria included prior use of fingolimod or na-
talizumab. Additionally, any patients who participated in an
interventional trial during the study period, as well as patients
with other neurological diseases that affect the central nervous
system and those with history of alcohol or substance abuse
were excluded.

Center Identification and Selection
About 141 centers in the United States were asked to participate
in the study. Centers interested in participation were required to
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Fig 1. Diagrammatic representation of study approach. Gd = gadolinium; MS = multiple sclerosis; MRI = magnetic resonance imaging;
eCRF = electronic Case Report Form; RRMS = relapsing-remitting multiple sclerosis.

Fig 2. Study design.

fill out a site feasibility survey (SFS). The SFS assessed site ability
to provide data, resource availability, scanner strength, and the
number of scanning centers used by the sites. Additionally, sites
were required to send 2–6 sample scans of brain MRI images
to assess scans quality to a central imaging center—the Buffalo
Neuroimaging Analysis Center (BNAC), University of Buffalo,
Buffalo, NY. The BNAC is a specialized neuroimaging center
with experience in qualitative and quantitative analyses of MRI
scans. Sites that met scan quality standards and had resource
availability were then enrolled into the study.

Data Collection Procedure

Participating centers identified patients who met the inclusion
and exclusion criteria of the study and provided anonymized
clinical data for patients using an electronic Case Report Form
(eCRF). Additionally, MRI scans of included patients were sent

by centers to a central neuroimaging analysis center (BNAC).
Scans were analyzed across MRI outcomes of interest and the
resultant measures were provided to the analytical team (IMS
Health R©, Plymouth Meeting, PA)–where this information was
linked to the clinical data using anonymized identification (see
Fig 1).

Clinical Data Collection

All retrospective data required for this study were collected
from patients’ medical records into a study-specific eCRF. Sites
were requested to provide baseline and all visit-specific informa-
tion that occurred between 24 months preindex and 24 months
postindex. If there were more than nine visits during this period,
then a site could provide information on one visit per 6 months.
Sites were requested to prioritize more extensive visits and visits
closest to the scan dates.

Zivadinov et al: The MS-MRIUS Study 341



Fig 3. Anonymization pathway. Pathway 1: Scans are parsed through a local secure Java applet running within the local site computer’s
browser, where they are stripped of all protected health information by an anonymizer compliant with Digital Imaging and Communications in
Medicine (DICOM) PS3.15 2015b Annex E. Only after anonymization, does any data leave the local site through an encrypted Internet tunnel.
PACS = picture archiving communication system; CD = CD-ROM; HTTPS = Hyper Text Transfer Protocol Secure; TLS = transport layer
security; PI = principal investigator; CRO = clinical research organization.

Table 1. Clinical Information and MRI Data Collected

Data Variables and Time
Points of Collectiona −24 Months −18 Months −12 Months −6 Months Index Date 6 Months 12 Months 18 Months 24 Months

Clinical information via eCRF
I/E criteria X
Demographics X
MS history X
BMI X X X X X X X X X
MS medication X X X X X X X X X
Other medication X X X X X X X X X
MS symptoms X X X X X X X X X
Relapses X X X X X X X X X
FSS/EDSSb X X
T25-FW X X X X X X X X X
Comorbidities X X X X X X X X X
Hospitalizations X X X X X X X X X
ER visits X X X X X X X X X
MRI measures via brain MRI scans
Global atrophy measures Xc Xc Xc

Lesion measures Xc Xc Xc

aNote that the time does not represent explicit time points rather any visit that happened between the current visit and last reported visit. In routine practice, they are
generally 6 months apart.
bRequired to record or estimate an EDSS score for the visits closest to the index and postindex MRI scan dates; other EDSS scores may be captured as well.
cMRI data are collected at the following intervals: Preindex scan: 9–24 months before index date (optional); index scan: 6 months before to 1 month after index date;
postindex scan: 9–24 months after index date.
eCRF = electronic Case Report Form; BMI = body mass index; MS = multiple sclerosis; EDSS = Expanded Disability Status Scale; ER = emergency room; I/E =
inclusion/exclusion; FSS = Functional Systems Scores; MRI = magnetic resonance imaging; T25-FW = Timed 25-Feet Walk.

Table 1 provides variables that were collected as baseline
information at index date and at each visit during the study
period. Data on medical history and sociodemographics were
collected at the baseline visit (also defined as visit correspond-
ing to index date). During the visit-specific data entry, the
minimum data to be included were relapse information, MS
medication, and disability progression. Disability progression
was assessed using ambulation score, Functional Systems
Scores (FSS), EDSS,23 and Timed 25-Foot Walk (T25-FW)
scores.24 Where EDSS scores were not recorded in the patient
charts, FSS and ambulatory scores were estimated by centers’
trained staff using available clinical information. Any additional
information available from the physician notes was recorded
but not as mandatory. Additional information could include,
but was not limited to, hospitalizations, emergency room (ER)
visits, and relapse severity.

MRI Data Collection
Scans need to have been performed on 1.5 or 3 T scanners. In-
dividual patients did not need to have study scans performed on
the same scanner type and strength. However, scans acquired
within 30 days after receiving high dose steroid treatment could
not be included in the study due to their impact on the brain
volume changes. All eligible scans needed to have a 2D or a
3D FLAIR sequence or a 2D or 3D T1-WI with or without
contrast.

All scans were visually inspected by an experienced
rater at BNAC. The following metrics were evaluated: slice
thickness, excessive patient motion (“Yes” or “No”), im-
age contrast (“Bad,” “Acceptable,” or “Good”) and overall
quality (“Bad,” “Acceptable,” or “Good”). The overall qual-
ity metric reflects anatomical coverage, presence of imag-
ing artifacts, noise level, and contrast. Scans with excessive
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patient motion or bad image contrast automatically received
a “Bad” rating in terms of overall quality. Additionally, for
each MRI scan, differences in machine, software, and coil
between preindex/index and index/postindex were evaluated.
For each MRI sequence (FLAIR, 2D T1-WI, and 3D T1-WI),
differences in orientation, thickness, and protocol changes be-
tween preindex/index and index/postindex were examined.
Then, overall hardware, software or protocol differences be-
tween preindex/index and index/postindex scans were also
evaluated.

In addition, WB volume and LVV as well as lesion measures
were systematically assessed, results of which will be presented
in subsequent work. In particular, impact of hardware, software,
and protocol changes over the follow-up on MRI efficacy mea-
sures will be investigated. Atrophy measures were assessed by
an experienced rater. The use of different scanners or signifi-
cant changes in the pulse sequence between time points resulted
in SIENA and VIENA measures being considered invalid. On
the other hand, LVV changes, as assessed by NeuroSTREAM,
were retained as the algorithm has been shown to be robust to
differences in imaging parameters.21,22 In particular, the stabil-
ity of NeuroSTREAM across scanners was tested on a dataset
consisting of 125 MS patients and 76 healthy controls scanned
randomly at both 1.5 and 3 T in 72 hours. Seventy-two percent
of subjects were female, with a mean age of 42.5 ± 11.1 years.
Out of 402 total scans, four analyses failed (<1%). R2 corre-
lation coefficient was .99, interclass correlation coefficient was
.99, and relative coefficient of variations was 2.15%.25

For the baseline analyses of WB and LVV on 2D or 3D
T1-WI, SIENAX software was used (version 2.6) with correc-
tions for lesion segmentation misclassification using an in-house
developed in-painting program.25 For the baseline LVV analy-
ses on 2D or 3D FLAIR images, NeuroSTREAM software was
used.21,22 For longitudinal changes of the WB volume on 2D or
3D T1-WI, SIENA was applied to calculate the percent brain
volume change (PBVC).26 Longitudinal volume enlargement of
the lateral ventricles was calculated as a measure of central at-
rophy on 2D or 3D T1-WI using the VIENA software18 and on
2D or 3D FLAIR images using NeuroSTREAM software.21,22

Lesion Measures

The T2-, T1- and contrast-enhancing (CE) lesion number
and lesion volumes were measured on FLAIR and pre- and
post-T1 contrast images, respectively, using a semiautomated
edge detection contouring/thresholding technique previously
described.27 Using FLIRT, the follow-up FLAIR and T1-WI
pre- and postcontrast images for a given subject were coregis-
tered to its baseline FLAIR image using a 6 degrees-of-freedom
rigid-body model. All subsequent lesion analyses were done
using the coregistered images.

Human Protection and Patient Privacy
This study was required to adhere to the Health Insurance
Portability and Accountability Act (HIPAA) and Internal Re-
view Board (IRB) directives regarding participant privacy and
has gone through central and local IRB approvals. These var-
ious regulations and guidance were in place to safeguard indi-
vidual protected health information (PHI).

In addition, while transferring brain MRI images, partici-
pating sites transfer digital images using the standard Digital
Imaging and Communications in Medicine (DICOM) format.

DICOM files may contain potentially revealing PHI. To ensure
patient privacy was protected and relevant regulations were
adhered to, BNAC followed guidance from DICOM PS3.15
2015b—Security and System Management Profiles—Annex E:
Attribute Confidentiality Profiles.28 Automatic deidentification
via the online BNAC transfer portal (Fig 3) was performed
for all study scans. This pathway was the simplest and least
burdensome for the sites, as all sites had digital transfer capabil-
ity. DICOM images were automatically anonymized prior to
transmission to the BNAC via encrypted channels and there
was no “burned-in” information on the images (uncommon for
MRI acquired in the last decade).

Statistical Analyses

All statistical analyses were performed by using the SAS sta-
tistical software system (SAS Institute, Cary, NC). All analyses
were performed based on an a priori defined statistical analy-
sis plan (SAP). Summary statistics for continuous variables in-
clude the number of patients with valid/missing observations,
mean, standard deviation, median, 95% confidence interval,
minimum, and maximum. Summary statistics for categorical
variables included frequencies and related percentages per class
level.

Results
An initial feasibility assessment was conducted to determine
each site’s qualification for the study in terms of staff resources
and data availability. The majority of sites were started using
electronic medical record (EMR) systems only after 2012 and
were relying on paper versions before. While all sites kept paper
records, few also scanned them into the EMR system once the
system was running. All the sites indicated that they recorded
longitudinal data on demographics, medication use, relapses,
and disability progression. Recording of FSS and EDSS scores
was a rare occurrence and was mainly associated with partici-
pation in a clinical trial.

The study opened for recruitment on August 4th, 2015.
About 141 centers were contacted for participation from across
the United States, of which 33 centers are participating in the
study, demonstrating a robust participation rate of 23%. The
reasons for nonparticipation included: (a) no response from
centers (45%); (b) capacity constraint (11%); *c) low reimburse-
ment (2%); (d) failure to meet qualification criteria (5%); and
(d) no reason/other (14%). Others included lack of interest in
retrospective studies, conflicts of interest, Principal Investigator
(PI) retirement, and other PI at sister sites already participating.
Of the 33 centers that participated, 22% were academic and
78% were private centers. Reasons for participation were simi-
lar across academic and private centers except for refusal due to
low reimbursement that was only present in academic centers
due to high overhead costs. The geographical distribution of
centers is shown in Figure 4 and indicates a wide geographical
reach.

Characteristics of the patients enrolled in the study at the
time of interim database lock (N = 252) are presented in
Table 2. The number of patients per center ranged from 1 to 46
with an average of 13 patients per center. About 34% of patients
in the dataset also had preindex scans. Mean age was 44 years
and 81% were female. The average preindex scan period was
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Fig 4. Geographical distribution of centers. The numbers illustrate the total numbers of centers interested in the study as of end of February
2016 and the numbers in brackets the number of enrolled sites.

1.03 years and postindex period 1.49 years. Mean number of
relapses in the 2 years prior to diagnosis was .58.

Table 3 presents MRI sequencing and scan quality indica-
tors. In the preindex period, 73% of the scans were performed
on 1.5 T compared to 27% on 3 T. This changed to 60% and
40% on 1.5 and 3 T scanner in the postindex period, respec-
tively. The use of 2D T1-WI sequence decreased over time
from 85% in the preindex period to 70% at index to 64% in
the postindex period, whereas use of 3D T1-WI sequences in-
creased from 40% in the preindex period to 50% in the postin-
dex period. Between 40% and 50% of the 2D T1-WI scans
were < = 5 mm thickness, there was minimal to no excessive
patient motion, and scanner contrast and overall quality were
generally acceptable or good. Quality of 3D T1-WI sequence
was superior to 2D T1-WI between 83% and 85% of the 3D
T1-WI scans had < = 2 mm thickness and scanner contrast
and overall quality were generally good. Similar to 2D T1,
58–66% of the FLAIR scans had < = 5 mm thickness and scan-
ner contrast and overall quality were generally acceptable or
good.

In addition, for each patient, MRI scan and sequence, we cal-
culated several parameters to assess differences in MRI acqui-
sition protocols between preindex/ index scans and index/post
index scans (Table 4). Among index/post index scan, hardware
or software was different in 50% of the scans, remained consis-
tent in 30%, and was unknown in 15%. Among index/postindex
FLAIR sequence analysis, orientation, thickness, or protocol
were different among 35.5% of scans and consistent for 64.5%.
2D T1-WI scans analysis showed that orientation, thickness,
or protocol were different for 29% of patient’s scans between
index/postindex scan, whereas 3D T1-WI scan orientation,
thickness, or protocol were different for 20% of scans between
index/postindex scan.

Discussion
The clinical efficacy and safety of fingolimod, a sphingosine-1-
phosphase receptor modulator, in RRMS patients have been
assessed in three controlled clinical trials, TRANSFORMS,
FREEDOMS, FREEDOMS II.11,12,29 Results from these
randomized clinical trials provide strong evidence that fin-
golimod treatment reduces relapse rates and brain volume loss.
However, it is not clear whether these findings are similar in
real-world practice with wider inclusion/exclusion criteria and
no strict adherence to protocol.

Here, we report on the MS-MRIUS study design, in-
terim baseline characteristics, and brain MRI scan acquisition
parameters. MS-MRIUS cohort mean age was 44 years and
81% were female. Average duration of MS was 9.3 years
and mean number of relapses in the 2 years prior to index
was .58. These baseline characteristics are comparable with
retrospective claims analysis and prospective studies of pa-
tients treated in clinical practice.30–32 For instance, in the PAS-
SAGE cohort,32 mean age was 42 years and higher in U.S. pa-
tients (47 years), the majority of patients were female (69.1%),
mean duration of MS was 12.3 years, and average number
of relapses one year prior to index was 1.0. However, simi-
lar to other prospective and retrospective studies, MS-MRIUS
baseline characteristics differ slightly from fingolimod phase
3 clinical trial patients.11,12 In TRANSFORMS and FREE-
DOMS trial, patients were comparatively slightly younger with
mean age of 36 years, average duration of MS around 7.5-8
years, and had higher average number of preindex relapses
around 2.0.

One of the unique aspects of this study is provision of lon-
gitudinal retrospective MRI brain scans to a central imaging
center. Longitudinal brain imaging is useful in the analysis
of response to treatment of MS patients. Standard structural
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Table 2. Characteristics of the Included Patients

Characteristics N = 252

Patients with index and postindex
scana

250 99.2%

Patients with preindex, index, and
postindex scan

86 34.1%

Age at index date (years):
mean (SD)

43.3 (9.3)

Gender: (n, %)
Male 49 19.4%
Female 203 80.6%
Race/Ethnicity: (n, %)
Caucasian/White 211 83.7%
Non-Caucasian 23 9.1%
Unknown 18 7.1%

Health insurance: (n, %)
Private 193 77.6%
Public 43 17.1%
Mixed 4 1.6%
Other 1 .4%
Unknown 11 4.4%

Marital Status: (n, %)
No partner (single/divorced/

separated/widowed)
58 23.0%

Partner (married/
cohabitating/partnered)

175 69.4%

Unknown 19 7.5%
Preindex days (first visit to index

MRI): mean (SD)
379.0 (239.2)

Postindex days (index MRI to
postindex MRI): mean (SD)

505.9 (145.5)

Duration with MS (years): mean (SD) 9.6 (6.8)
Number of relapses in 2 years

before index: mean (SD)
.58 (.85)

aTwo patients were excluded as there was scan quality indicator data that were
not available for these patients at the time of analysis.
SD = standard deviation; n = number; % = percentage; MRI = magnetic reso-
nance imaging.

imaging pulse sequences, such as FLAIR, has been used in the
clinical practice to detect lesion burden and volumetric changes
in the white matter. However, detection of focal GM lesions
by standard methods is less reliable. As such, more advanced
techniques with greater specificity are required to gain a better
understanding of disease progression in MS patients. Use of 3D
pulse sequence with T1 weighing can help improve spatial reso-
lution thereby enhancing measurement of atrophy changes over
time.14 In this study, we used NeuroSTREAM, VIENA, and
SIENA methodology to assess LVV and WB volume. Centers
were asked to provide retrospective data on patient clinical
measures and send MRI brain scan images to a central imaging
facility. Scans should have been acquired within a specific time
window, on 1.5 or 3 T, should have had FLAIR and 2D T1-WI
or 3D T1-WI sequences. A very small percentage of scans (4%)
did not fall within the specified scan windows (data not shown
in table) suggesting minor protocol deviations. The majority of
the scans that were supplied by centers met all criteria, and 96%
of patients had FLAIR available at good or acceptable quality,
allowing LVV to be measured. WB volume was calculated in
roughly 70% of patients using 2D T1-WI and 45% using 3D T1-
WI, and there was a growth in the use of 3 T scanner and 3D T1-
WI sequence over time. Over 90% of scan sequences were of ac-
ceptable or good quality; as expected, quality of the 3D T1-WI

Table 3. Description of Scan Collection and Quality Control
Assessment

Characteristics

Preindex
(n = 86)

%

Index
(n = 252)

%

Postindex
(n = 250)

%

Scanner strength
1.5 T 73.3 63.5 59.6
3 T 26.7 36.5 40.4
Pulse sequence:
2D T1-WI 84.9 70.2 64.4
3D T1-WI 39.5 43.3 50.0
2D or 3D FLAIR 100.0 100.0 99.6
2D T1-WI and 3D T1-WI 26.7 16.7 17.2
2D or 3D FLAIR quality:

Slice thickness:
< = 5 mm 50.7 40.9 39.5
>5 mm 49.3 59.1 60.5

Excessive patient motion:
Yes .0 1.1 1.1
No 100.0 98.9 98.9

Scanner contrast:
Bad 1.4 3.3 .5
Acceptable 27.4 16.0 19.5
Good 71.2 80.7 80.0

Overall scan quality:
Bad 4.1 5.0 1.1
Acceptable 46.6 54.1 53.0
Good 49.3 40.9 45.9

3D T1-WI quality:
Slice thickness:

< = 2 mm 85.3 83.2 85.6
>2 mm 14.7 16.8 14.4

Excessive patient motion:
Yes .0 .0 .0
No 100.0 100.0 100.0

Scanner contrast:
Bad .0 .0 .8
Acceptable 5.9 4.4 1.5
Good 94.1 95.6 97.7

Overall scan quality:
Bad .0 .9 .8
Acceptable 17.6 21.2 14.4
Good 82.4 77.9 84.8

2D FLAIR quality:
Slice thickness:

< = 5 mm 58.1 61.9 66.0
>5 mm 41.9 38.1 34.0

Excessive patient motion:
Yes 5.8 .8 2.4
No 94.2 99.2 97.6

Scanner contrast:
Bad .0 .4 1.2
Acceptable 22.1 19.0 25.6
Good 77.9 80.6 73.2

Overall scan quality:
Bad 3.5 4.0 7.2
Acceptable 25.6 21.4 25.6
Good 70.9 74.6 67.2

T = Tesla; WI = weighted image; FLAIR = fluid-attenuated inversion recovery;
mm = millimeter.

sequence was better than other sequences. Changes in scanner
or pulse sequence resulted in SIENA and VIENA measures be-
ing considered invalid; however, even with changes to the scan-
ner or pulse sequence, results using FLAIR were retained as the
algorithm has previously been shown to be robust to changes in
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Table 4. Description of MRI Scan Hardware, Software, and Protocol
Changes over the Follow-Up

Characteristics
Preindex to Index

(n = 86)
Index to Postindex

(n = 250)

Machine difference: (%)
Yes 31.4% 26.0%
No 68.6% 74.0%

Software difference: (%)
Yes 17.4% 26.4%
No 82.6% 73.6%

Coil difference: (%)
Yes 20.9% 36.0%
No 50.0% 39.6%
Unknown 29.1% 24.4%

Hardware or software
difference: (n, %)

Yes 39.5% 50.0%
No 41.9% 35.2%
Unknown 18.6% 14.8%

2D or 3D FLAIR
Orientation, thickness,

or protocol different:
(%)

Yes 55.8% 35.5%
No 44.2% 64.5%

Hardware, software, or
protocol difference:
(%)

Yes 57.0% 55.4%
No 32.6% 32.1%
Unknown 10.5% 12.4%

2D T1-WI
Orientation, thickness,

or protocol
difference: (%)

Yes 31.9% 29.1%
No 68.1% 70.9%

Hardware, software, or
protocol difference:
(%)

Yes 44.9% 55.7%
No 36.2% 31.6%
Unknown 18.8% 12.7%

3D T1-WI
Orientation, thickness,

or protocol
difference: (%)

Yes 26.7% 20.4%
No 73.3% 79.6%

Hardware, software, or
protocol difference:
(%)

Yes 30.0% 44.7%
No 66.7% 44.7%
Unknown 3.3% 10.7%

FLAIR = fluid-attenuated inversion recovery; WI = weighted image.

imaging parameters.14,21,22 Variability was observed in the MRI
scans (differences in machine/hardware/software/differences in
coil) and in sequences (orientation/thickness/protocol) over the
follow-up period (preindex to index and index to postindex) in
more than 50% of the scans. Therefore, it would be important
to estimate the impact of these changes on the MRI measures
in real-world clinical setting.

Limitations
This is an observational retrospective database study and thus
will not be able to infer causality. Information is limited by
the level of detail and quality of information recorded by the
physician. For instance, there may be an absence of clinical
measures, especially MS severity, not typically available
through chart/EMR data that can provide additional detail and
insight into treatment outcomes. Date of first MS diagnosis may
not be established within this data as the patient’s complete
medical history may not be available. Not all concomitant med-
ications may be captured in the database, both because they are
available over-the-counter and thus patients can self-medicate
or because a patient may receive treatment from a physician
or pharmacist outside the centers. This is anticipated to be a
rare occurrence as most centers record all data relating to med-
ication use retrospectively in their records. Most importantly,
the choice of treatment is likely not random. It is possible that
patients are prescribed fingolimod because of a physician’s pre-
scribing pattern or patient characteristics not observed in the
dataset. While no attempt will be made to limit this potential
bias, its potential presence in any conclusions made is acknowl-
edged.

The retrospective study MS-MRIUS has an innovative de-
sign, linking MRI images with clinical parameters, from a large
cohort of MS patients in real-world practice, in an integrated
database from multiple centers across United States for the first
time. Other ongoing international studies such as PANGAEA33

or MSBase34 report clinical safety and efficacy data on fin-
golimod from multiple centers. However, they do not include
imaging outcomes. In addition, MS-MRIUS will provide valu-
able information on clinical-MRI correlations and impact of
MRI parameters differences over time in real-world practice.
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