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Background: Pathologically, multiple sclerosis (MS) is characterized by focal tissue injury of the brain and spinal cord. Alemtuzumab is an MS 
therapy designed to inhibit inflammation and prevent the accumulation of disability by reducing relapse rate1. To test the potential neuroprotective 
properties of the drug, we used advanced MRI techniques to measure water content, demyelination and remyelination in vivo. 
Purpose: To monitor changes in myelin water fraction (MWF, a marker of myelin2), geometric mean T2 (GMT2, related to tissue microstructure)  
and T1 (related to water content) within lesions and normal-appearing white matter (NAWM) over 2 years in MS patients treated with alemtuzumab.  

Methods: Subjects Nineteen patients with relapsing-remitting MS were imaged every 6 months for 2 years. Patients were treated with 2 courses of 
alemtuzumab at baseline and 12 months. MR Examinations and Analysis MRI was acquired with a Philips 3.0T Achieva MR scanner. The MRI 
protocol consisted of a multi-echo 3D T2 relaxation sequence (32 echoes, TR = 1200ms, 10ms echo spacing, voxel size = 0.94x1.88x5mm, 7 slices)3 
and an inversion recovery sequence (5 TIs (150 - 3000ms), TR/TE=6.4/3.1 ms, TFE = 120, shot interval = 5000 ms, FA = 10o, 13 slices)4. Additional 
scans included a T1-weighted turbo field echo (TFE) and FLAIR for segmentation of NAWM and lesions. T2 data was fit to multiple exponential 
components using a regularized non-negative least-squares algorithm with extended phase graph algorithm5,6. MWF was computed as the area under 
the T2 distribution from 10-40ms divided by the total area, and GMT2 was the mean T2 on a log scale for 40ms<T2< 200ms. T1 was calculated using a 
mono-exponential fit. Myelin water fraction, GMT2 and T1 were measured in NAWM and both new and chronic lesions. 

Results: Forty-six new lesions were detected in 15 patients during the study (28 within the 1st 6 months). NAWM and chronic lesion MR measures 
remained stable over time. New lesions on average showed a decrease in MWF at the time of first appearance (p=0.003). New lesions that appeared 
after 6 months from baseline had a trend for greater MWF recovery compared to lesions that appeared either before or within 6 months of the start of 
treatment. On average, GMT2 showed an increase (p<0.0001) for new lesions at first appearance followed by a recovery to the GMT2 for chronic 
lesions. The increased T1 observed upon lesion appearance was smaller for lesions which appeared after 6 months of treatment compared to lesions 
that appeared within the first 6 months of treatment (p=0.001).  

Discussion and Conclusion: An increase in lesion MWF supports remyelination. Remyelination appears to be more robust possibly due to an 
improved immunologic milieu 6 months post-alemtuzumab. Supporting this was a smaller T1 increase at new lesion appearance that indicates less 
edema and inflammation for lesions formed while under the effects of alemtuzumab. The marked decrease in new lesion formation after 6 months 
supports the enduring beneficial effects of alemtuzumab in MS patients. 

This study was sponsored by Genzyme Corporation. 
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Figure 1: Plots of  average myelin water fraction 
(MWF), geometric mean T2 (GMT2) and T1 for new 
lesions that appeared within 6 months of the baseline 
scan (<6 months), new lesions that appeared after six 
months from the baseline scan (>6 months), normal 
appearing white matter (NAWM) and chronic lesions 
which were present at all time points. New lesion 
data was shifted such that first appearance occurred 
at month 0 and then averaged over all lesions. All 
subjects began treatment with alemtuzumab at the 
time of their baseline scan. 

0.04

0.06

0.08

0.1

-24 -18 -12 -6 0 6 12 18 24

Lesion Age (Months)

M
W

F

0.065

0.075

0.085

0.095

0.105

0.115

-24 -18 -12 -6 0 6 12 18 24

Lesion Age (Months)

G
M

T
2 
(s

)

 

0.9

1

1.1

1.2

1.3

1.4

-24 -18 -12 -6 0 6 12 18 24

Lesion Age (Months)

T
1 

(s
)

<6 months
>6 months
NAWM
chronic

 

Proc. Intl. Soc. Mag. Reson. Med. 23 (2015)    4336.


