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Abstract

Objective—To assess the reliability of new magnetic resonance imaging (MRI) lesion counts by
clinicians in a multiple sclerosis specialty clinic.

Design—An observational study.
Setting—A multiple sclerosis specialty clinic.

Patients—Eighty-five patients with multiple sclerosis participating in a National Institutes of
Health—supported longitudinal study were included.

Intervention—Each patient had a brain MRI scan at entry and 6 months later using a
standardized protocol.

Main Outcome Measures—The number of new T2 lesions, newly enlarging T2 lesions, and
gadolinium-enhancing lesions were measured on the 6-month MRI using a computer-based image
analysis program for the original study. For this study, images were reanalyzed by an expert
neuroradiologist and 3 clinician raters. The neuroradiologist evaluated the original image pairs; the
clinicians evaluated image pairs that were modified to simulate clinical practice. New lesion
counts were compared across raters, as was classification of patients as MRI active or inactive.

Results—Agreement on lesion counts was highest for gadolinium-enhancing lesions,
intermediate for new T2 lesions, and poor for enlarging T2 lesions. In 18% to 25% of the cases,
MRI activity was classified differently by the clinician raters compared with the neuroradiologist
or computer program. Variability among the clinical raters for estimates of new T2 lesions was
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affected most strongly by the image modifications that simulated low image quality and different
head position.

Conclusions—Between-rater variability in new T2 lesion counts may be reduced by improved
standardization of image acquisitions, but this approach may not be practical in most clinical
environments. Ultimately, more reliable, robust, and accessible image analysis methods are
needed for accurate multiple sclerosis disease-modifying drug monitoring and decision making in
the routine clinic setting.

METHODS

SUBJECTS

Magnetic resonance imaging (MRI) has a high sensitivity for focal white matter lesions that
characterize multiple sclerosis (MS). Magnetic resonance imaging lesion assessment has
taken a central role in diagnosis,12 prognosis, 3 and drug development.®-7 In fact,
treatment effect on lesion activity has been used to screen all currently approved MS
disease-modifying drugs. Treatment effect on MRI lesions parallels treatment effects on
relapses and worsening disability, as measured by the Kurtzke Expanded Disability Status
Scale.”?

It follows logically that MRI may be more sensitive than clinical events as a disease activity
measure in clinical practice. Longitudinal studies have provided evidence to support MRI to
monitor the effectiveness of disease-modifying drugs. However, there are no standardized,
validated methods to quantify lesions in the clinical setting. Comparison of serial MRI
studies is generally done by neuroradiologists or neurologists using visual inspection to
compare serial images. There is a significant literature on interrater reliability for lesion
detection in the context of controlled clinical trials,10-13 where numerous investigators have
emphasized the need to use the same MRI scanner and image acquisition protocol for
individual patients, the importance of patient positioning, the use of validated image analysis
software, and the value of training the observers when lesions are quantified by visual
inspection. Such conditions rarely exist in clinical practice.

Furthermore, to our knowledge, no assessment of interrater variability of lesion counts under
typical clinical conditions has been reported. Therefore, the reliability of using serial MRI in
a practice setting is unknown. Since treatment decisions are being made by MS specialty
clinicians based on MRI, it seemed important to determine the reliability of lesion
assessment in the clinical setting.

Eighty-five patients who had started taking intramuscular interferon beta-1a as their first
disease-modifying drug were entered into an observational study to identify biological
correlates of treatment response to interferon beta-1a.14 The patients were followed up
between 2005 and 2009 at Mellen Center for Multiple Sclerosis Treatment and Research,
Cleveland Clinic. As part of the study, treatment response was categorized as “good” or
“poor” based on the number of new or enlarging brain MRI lesions on the month 6 MRI
compared with month 0, when the patient started taking interferon beta. The observational
study was supported by the National Institutes of Health.

MAGNETIC RESONANCE IMAGING

Image acquisition was standardized and all MRI studies were done on a 1.5-T Siemens
Symphony scanner. Images were acquired axially and consisted of T2-weighted fluid-
attenuated inversion recovery; proton-density/T2-weighted, dual-echo spin echo images; and
T1-weighted spin echo images before and after injection of a standard dose (0.1 mmol/kg of
body weight) of gadolinium-diethylenetriaminepentacetate. All images had a voxel size of
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0.9 mm x 0.9 mm x 3 mm except the fluid-attenuated inversion recovery image, which had
a voxel size of 0.9 mm x 0.9 mm x 5 mm.

IMAGE ANALYSIS AND REVIEW

ANALYSIS

For the National Institutes of Health longitudinal study, the number of new T2 lesions and
enlarging T2 lesions at 6 months were determined using a semiautomated image analysis
program that determines new or enlarging lesions based on coregistration and subtraction of
the baseline proton density—weighted image from the 6-month proton density—weighted
image. Enhancing lesions at 6 months were also determined using a semiautomated
segmentation program. For this study, a neuroradiologist (S.E.J.) examined the same images
acquired for the National Institutes of Health study, under optimal conditions. Specifically,
image pairs (baseline and month 6) were compared side by side to determine the presence of
new or enlarging lesions.

To assess reliability of clinician ratings in a clinic setting, 3 raters with different levels of
experience—a neurologist (R.A.R.), a neurology resident (E.E.A.), and a nurse practitioner
(C.H.C.)—quantified new lesions by visually comparing the month 6 scan with baseline.
Clinician raters viewed images that were modified to simulate clinical practice. For each
pair of scans, 1 time point was randomly assigned to 1 of 5 madification groups: (1) images
left in their original form, viewable on a picture archiving and communication system: “not
modified” (n=16); (2) images not modified, viewable only on hard copy film: “filmed”
(n=23); (3) images modified with random noise to reduce the signal to noise ratio and
simulate poor-quality images: “low quality” (n=11); (4) images resampled with a different
slice thickness to simulate changes in acquisition protocol: “slice thickness” (n=16); or (5)
images rotated out of plane to simulate differences in patient position: “rotated” (n=19).
Examples of image madifications are shown in Figure 1. To further simulate image analysis
in a busy clinical practice, clinical raters were limited to no more than 10 minutes per study
to assess lesions.

Each rater counted the number of new T2 lesions, newly enlarging T2 lesions, and the
number of enhancing lesions. Agreement between raters on counts was compared using Lin
concordance correlations. Magnetic resonance imaging disease activity (MRI active) was
defined as 3 or more new/enlarging lesions, and patients were individually classified as MRI
active or MRI stable. Agreement on classification of the 85 cases was determined using K
statistics.

To determine which of the image modifications contributed most to variability, variability in
lesion counts between clinical raters viewing images was analyzed for each type of image
modification described earlier. The set of images that was not modified provided an
opportunity to compare variability in images modified to simulate clinical practice with
images collected under optimal conditions. Three different methods were used to analyze
this question (details are provided in the eAppendix, http://www.jamaneuro.com). For each
method, variance across the 3 clinical raters for the modified images was compared with
variance across the 3 clinical raters for the unaltered images. Method 1 computed the mean
variance across the 3 clinical raters. Method 2 computed the mean sum of squared
differences between the 3 clinical raters and the neuroradiologist. Method 3 computed the
mean sum of squared differences between the 3 clinical raters and the computer-generated
lesion counts. Mean variance or sum of squared differences was computed for each of the
imaging parameters (eg, new T2 lesions) and for each of the image modification groups (eg,
rotated). VVariance or sum of squared differences from the neuroradiologist or computer
counts were compared between the modified images and the unaltered images. Analysis was
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conducted separately for gadolinium-enhancing lesions, new T2 lesions, and enlarging T2
lesions. For each comparison, mean differences observed for the altered images were
compared with the unaltered images using the #test.

Characteristics of the 85 patients are provided in Table 1. Twenty-seven patients had
clinically isolated syndrome and 58 had relapsing-remitting MS. Fifteen patients (18%) were
classified in the original protocol as being MRI active at 6 months (=3 new or enlarging
lesions measured using image analysis software). Characteristics of the MRI active and MRI
inactive cases were generally similar at baseline, with the exception of more enhancing
lesions and higher T2 lesion volume in the MRI active patients.

Table 2 shows results from new T2 lesion counts and Table 3 shows results from enhancing
lesion counts on the month 6 MRI as determined by the neuroradiologist, clinician raters,
and the computer program. Lin concordance correlation coefficients for enlarging T2 lesions
ranged from 0.00 to 0.14, indicating a very high level of variability in counting enlarging T2
lesions (data not shown).

There was better agreement for new T2 lesions. Lin concordance correlations for new T2
lesions ranged from 0.60 to 0.70. The first column in Table 2 shows results generated by the
neuroradiologist, the next 3 columns show numbers generated by the clinician raters, and the
fourth column shows results using the computer program. Compared with the
neuroradiologist, the neurologist’s counts were identical in 60% of the cases, and the
neurology resident’s and nurse practitioner’s counts were identical in 53%. Counts
generated by the computer program agreed with the neuroradiologist in 71% of the cases.

Reproducibility was best for enhancing lesions. Lin concordance correlation coefficients for
enhancing lesions ranged from 0.80 to 0.96. The number of enhancing lesions on the 6-
month MRI is shown in Table 3. Compared with the neuroradiologist, the neurologist
enhancing lesion counts were identical in 82% of the cases; the neurology resident’s and
nurse practitioner’s enhancing lesion counts were identical in 86% of the cases. Lesion
counts generated by the computer program agreed with the neuroradiologist in 84% of the
cases.

By defining MRI active scans as 3 or more new or enlarging T2 lesions or gadolinium-
enhancing lesions at 6 months, we were able to determine consistency of classifying the
patients across clinical raters. Table 4 shows the number of cases in which the patient was
classified the same by each clinician rater, the neuroradiologist, and the computer program.
Compared with the neuroradiologist, classification by the neurologist was the same in 82%;
classification by the neurology resident was the same in 75%; classification by the nurse
practitioner was the same in 81%; and classification by the computer program was the same
in 88% of the cases. Thus, misclassification by clinician raters compared with the
neuroradiologist ranged from 18% to 25%.

Figure 2 shows the proportion of cases where new T2 or enhancing lesion counts differed by
the clinical raters or computer program compared with the neuroradiologist and the
proportion of misclassified cases. Discrepant results for T2 lesion number were most
common for the neurology resident and nurse practitioner (47%) and least common for the
computer program (28%). Discrepant results for enhancing lesions were lower for all raters
and lowest for the neurology resident and nurse practitioner (12%). Discrepancy for MRI
activity category was highest for the neurology resident (25%) and lowest for the computer
program (12%).
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Detailed results for analyses exploring which image modifications were associated with the
most variability across raters are reported in the eAppendix. All of the image modifications
resulted in more variability across raters than was observed for unaltered image pairs.
Compared with the unaltered images, increased variability with altered images was not
statistically significant, although there were consistent trends indicating that low image
quality and image alignment differences had the highest impact on variability.

COMMENT

It is widely agreed that MRI is more sensitive as a disease activity marker than clinical
assessment. This is commonly observed in clinical practice, where patients with MS often
have new MRI lesions without new clinical symptoms. The sensitivity of MRI for the MS
disease process is the basis for making a diagnosis of MS earlier than would be possible
using relapses.! Similarly, analysis of lesion activity on serial MRI scans is widely used as a
measure of treatment effects. Enhancing lesions indicate foci of active inflammation, while
T2 lesions persist and accumulate; therefore, the presence of enhancing lesions indicates
currently active disease, while the overall T2 disease burden provides a marker for
cumulative disease progression. Early in the disease, T2 disease burden and accumulation of
T2 lesions predict future disease severity.1>-17 Therefore, MRI scanning in patients with MS
is used for diagnosis, counseling patients about disease severity and prognosis, and deciding
the need for disease-modifying drug therapy and as a tool to screen and test new therapies.

While the variability in lesion quantitation as a clinical trial metric has been well studied and
its importance emphasized in the literature,10-12.18 variability in clinical practice has been
less well studied but is increasingly important. The practice of monitoring the effects of MS
drugs in clinical practice is supported by independent studies demonstrating a poor outcome
in patients with MS with new MRI lesions despite treatment with interferon beta.19-22 One
of the first studies to demonstrate this relationship was a post hoc analysis of the phase 3
study of intramuscular interferon beta-1a. In that study, patients were classified as being
responders or nonresponders based on new T2 lesions or enhancing lesions during the 2-year
clinical trial.1° Intramuscular interferon beta-1a recipients who were classified as
nonresponders based on the presence of 3 or more new T2 lesions (the median of placebo-
treated patients) during 2 years of receiving treatment had significantly more worsening on
the Expanded Disability Status Scale and Multiple Sclerosis Functional Composite and more
brain atrophy compared with patients with 2 or fewer new lesions. Other observational
studies also suggested that patients with new T2 lesions or enhancing lesions developing
while taking interferon beta had poor outcomes.2%:21.23 These studies suggested that the
occurrence of MRI lesions in patients receiving disease-modifying drug therapy, particularly
interferon beta, could be used to supplement clinical assessment while monitoring patients
receiving disease-modifying drug therapy for breakthrough disease and possibly allow
earlier treatment decisions.

Recently, the concept of disease activity—free status has been advanced as a therapeutic
target in MS. The definition of disease-free status includes absence of new T2 lesions,
enhancing lesions, relapses, or Expanded Disability Status Scale score worsening. Treatment
with natalizumab increased the proportion of patients with disease activity—free status in the
AFFIRM study,24 oral cladribine increased the proportion in the CLARITY study,226 and
fingolimod increased the proportion in the FREEDOMS study.2’ So far, the concept of
disease-free status has been restricted to analysis of clinical trial results. If the same
definition were to be used as an outcome measure in clinical practice, then lesion analysis
will be increasingly used to monitor the effects of therapy in clinical practice.
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Assuming that MRI disease activity will be increasingly used to decide whether to continue
or change therapy, the reliability of quantifying MRI disease activity in a practice setting
will be increasingly important. Magnetic resonance imaging monitoring in the clinical
setting typically involves comparing image pairs under suboptimal conditions. For example,
patients may have follow-up images acquired at different imaging centers, the image
acquisition protocols likely differ, and serial scans may be stored on different media. In
addition, the neurologist caring for the patient may compare serial images in the middle of a
hectic patient schedule. Under these conditions, the accuracy of new lesion assessment may
be compromised.

This study was designed to simulate these conditions to determine the reliability of counting
lesions and classifying MRI disease activity in the clinical setting. Consistent with results
observed by Molyneux and colleagues, 12 we found strong agreement between clinical raters
and the neuroradiologist for enhancing lesions, moderate agreement for new T2 lesions, and
extremely poor agreement for enlarging T2 lesions. Even for new T2 lesion and enhancing
lesion counts, however, results between the clinical raters and the neuroradiologist were
frequently discrepant (Table 2 and Table 3; Figure 2). Defining MRI active scans as 3 or
more active lesions on the 6-month follow-up scan, 18% to 25% of the patients were
classified differently by the clinical raters compared with the neuroradiologist. This not only
documents variability between clinical raters, but also suggests that a significant number of
patients might be misclassified. This would contribute to variable and suboptimal treatment
decisions, which could degrade outcomes.

Though not the primary purpose of this study, we also noted discrepancy between the
computer program and the expert neuroradiologist. In particular, treatment response
classification was discrepant in 12% of the cases. We have not yet conducted studies to
determine the explanation for the discrepancy.

In exploratory studies, we analyzed which of the image modifications had the maximum
impact on variability across the clinical raters. Not surprisingly, when images were modified
to simulate low image quality or significant differences in head position in the paired
studies, variability across clinical raters increased. These results suggest that special
attention should be paid to achieve reproducible head positioning and acquire images with
high image quality.

This study has a number of limitations and caveats. First, in an attempt to simulate clinical
practice, the clinicians evaluated the MRI scans under contrived conditions. While an
attempt was made to simulate clinical practice by manipulating the images, it is not clear
how closely the images resembled what would normally be encountered in a practice setting.
Variability between the clinician raters and concordance with neuroradiologist ratings would
likely improve with standardized image acquisition conditions, as recommended by the
Consortium of Multiple Sclerosis Centers,28 or with intensive training, as reported by
Barkhof and colleagues.19 Second, the neuroradiologist ratings were done under ideal
conditions, not likely to be replicated in clinical practice, where prior studies may not be
readily available or where different machines or image acquisition parameters were used in
the paired image sets. Also, cross-training for new lesion detection is not common in
radiology practice. Third, about one-third of the cases had clinically isolated syndrome.
Many of these cases had minimal T2 lesion burden. Lesion counting is much easier with low
T2 lesion burden compared with more severe disease. Therefore, the composition of this
cohort may have led to an underestimation of the variability between raters and the
neuroradiologist. Lastly, the most important limitation of this study is that there is no
absolute gold standard for new lesions, the outcome of interest in this study. Careful
inspection of the 10 cases classified differently by the neuroradiologist and computer
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program might be informative. If it were determined that the computer program was
accurate in quantifying new lesions, application of computer software to quantify new
lesions in a practice setting could lead to more reliable patient monitoring and lower the
burden on neuroradiologists.

Despite these limitations, the study documents a significant level of variability across
clinical raters in counting new lesions in a simulated clinic setting and significant
discrepancy when compared with an expert neuroradiologist evaluating paired images under
optimal conditions. Data from controlled clinical trials and rigorous longitudinal studies
document the value of MRI in monitoring treatment effects and identifying breakthrough
disease, which suggests that MRI should be helpful in making treatment decisions in a
practice setting. For consistent treatment decisions, however, practical, reproducible
methods will be required to optimize patient care and allow MRI to reach its potential as a
clinical monitoring tool for personalized use of disease-modifying drugs in MS.
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Patient 1 m00, original Patient 1 m00, added noise Patient 1 m06, original

Patient 2 m00, 3-mm slices

Patient 3 m00, original Patient 3 m06, rotated Patient 3 m06, original

Figure 1.

Examples of image pairs including original and modified images for 3 different subjects.
Pairs that were compared are outlined in red. For patient 1 (A-C), the baseline image (m00)
was modified by adding noise (B). For Patient 2 (D-F), the baseline image was modified by
resampling the data to have a slice thickness of 3 mm instead of 5 mm (E). For Patient 3 (G-
1), the month 6 image (m06) was modified by applying a rigid transformation to rotate the
volume (H).
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Figure 2.
Percentage of discrepant counts for new T2 lesions and gadolinium-enhancing (Gad) lesions

and percentage of discrepant classification for magnetic resonance imaging activity status.
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Table 1

Baseline Characteristics

% P Value
All Patients  Inactive MRI at F/U  Active MRI at F/U (Active
(n = 85) (n =170) (n = 15) vs Inactive)

Age, y, mean (SD) 35.7 (9.7) 36.3 (9.4) 33 (11.2) 30
Duration of symptoms, y, mean (SD) 2.4(2.9) 2.5(3.0) 1.2(1.7) .39
Female 65 69 47 A1
White 91 93 80 14
EDSS score, mean (SD) 1.6 (1) 1.6 (1) 1.6(1.2) 91
Patients with enhancing lesions 29.4 24.3 53.3 .03
T2 volume, mL, mean (SD) 35(3.8) 3.0(.7) 5.8(3.9) .02
T1 volume, mL, mean (SD) 0.61 (0.77) 0.55 (0.75) 0.87 (0.82) 19

Abbreviations: CIS, clinically isolated syndrome; EDSS, Expanded Disability Status Scale; F/U, follow-up; MRI, magnetic resonance imaging;
RRMS, relapsing-remitting multiple sclerosis.
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