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Abstract 

 

To assess the predictive value of T2 lesions on the rate of progression of disability in 

multiple sclerosis (MS), we reanalyzed T2 lesion number and load on brain MRI scans 

performed before 1997 of 186 MS patients, who were clinically followed. There were 90 

patients with progressive MS (35 secondary progressive and 55 primary progressive), and 

96 with relapsing remitting MS. The rate of progression of disability was measured by the 

Multiple Sclerosis Severity Scale (MSSS), and by time to progression of disability (defined 

as an increase in ≥ 1 point when the EDSS was 5.5 or less and an increase in EDSS of ≥ 

0.5 point when the EDSS was 6.0 or higher). During follow-up (median 15 years, IQR 12 – 

17 years) 94% of the patients with progressive MS and 50% of the patients with relapsing 

remitting MS had progression of disability. Higher T2 lesion number and load were 

associated with a higher rate of disease progression on the MSSS and a shorter time to 

progression of disability in relapsing remitting MS, but not in progressive MS. Our 

findings indicate that the amount of T2 lesions has a small predictive value for progression 

of disability in relapsing remitting MS, but has no influence on the rate of progression in 

progressive MS. 
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Introduction 

 

Inflammation in white matter tracts of the central nervous system (CNS) is responsible for 

the relapses in patients with multiple sclerosis (MS).1 Twenty years after the first symptom 

around 70% of the patients with a relapsing remitting disease course have gradual 

progression of their symptoms, which is termed secondary progressive MS.2,3 Ten to 

twenty percent of MS patients experience a gradual progression of symptoms from the 

onset of their disease, which is called primary progressive MS. Both the secondary and 

primary progressive phase of MS is caused by a slowly progressive axonal degeneration. 

Predicting the rate of progression of disability in an individual MS patient is difficult on 

clinical grounds.4,5 In patients with clinically isolated syndromes, a higher number of T2 

lesions, which can represent current or past episodes of inflammation, is associated with a 

more severe disease course.6,7,8 Previously, we have shown in patients with relapsing 

remitting MS that a higher number of T2 lesions is associated with a higher risk of 

becoming secondary progressive.9 Since epidemiological and pathological studies, as well 

as clinical trials with immunomodulatory and immunosuppressive drugs, indicate that the 

progressive phase of MS runs quite independently from inflammation,3,10,11,12,13 we 

interpreted this association as an earlier clinical expression of the ongoing axonal 

degeneration due to a decreased CNS reserve capacity.9 However, in view of this 

hypothesis, we would also expect an effect of the amount of T2 lesions on the rate of 

progression of disability in patients with progressive MS. 

The aim of this study was to investigate the influence of T2 lesion number and load on the 

rate of progression of disability in patients with relapsing remitting and progressive MS.  

 

Methods 

 

Patients 

The Groningen MS database was established in 1985. Data from all patients attending the 

Groningen MS clinic are systematically entered in the database at first visit and after each 

follow-up visit (at regular intervals between 3 and 12 months). We retrospectively 

collected the available cerebral MRI scans of all MS patients performed between 1987 

(installation of the first MRI scanner in Groningen) and 1997.   

Disability was measured with the Expanded Disability Status Scale (EDSS; scores range 

from 0 to 10 with higher scores indicating more disability).14 Progression of disability was 

defined as an increase in ≥ 1 point when the EDSS at scanning was 5.5 or less and as an 

increase in EDSS of ≥ 0.5 point when the EDSS at scanning was 6.0 or higher. This 

definition is commonly used in clinical trials evaluating effects of medication in the 

progressive phase of the disease.15,16,17  
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Rate of progression of disability was measured with time to progression of disability (in 

years) and with Multiple Sclerosis Severity Scale (MSSS).18 This score is based on the 

combination of EDSS and disease duration, and ranges from 0 to 10. Higher scores 

indicate a faster progression of disability. The MSSS was calculated at time of scanning 

and at last follow-up. 

A progressive disease course (primary or secondary) was defined as a slowly progressive 

neurological worsening for at least 12 months. EDSS, disease duration and age at time of 

scanning, gender, time to progression (in years), and use of immunomodulating therapy 

(either interferon beta or glatiramer acetate; duration of therapy) were extracted from the 

database. 

MRI 

MRI was performed on a 1.5 Tesla scanner (Philips Gyroscan S15) in 179 patients and on a 

1.0 Tesla scanner (Magneton Expert) in 7 patients. Slice thickness was 5 mm in most 

patients (n=126), and 3, 6, 7, 9 and 10 mm in the remainder (1, 8, 1, 11 and 39 patients, 

respectively). The hardcopies of all scans were analyzed by an experienced 

neuroradiologist (J.C. de G.), who was unaware of the clinical data. Lesions were classified 

by region (supratentorial, infratentorial) and by size (small < 5mm; medium 5 – 10 mm; 

large >10 mm, or confluent). Confluent lesions were defined as single T2 lesions larger 

than 20 mm typically located in the periventricular region, or as two or more T2 lesions 

connected at one or more margins.19 We estimated the total lesion volume by assuming the 

lesions were spherical with a fixed diameter size per category as described previously.20  

 

Statistical analyses 

To estimate the predictive value of brain MRI findings on progression of disability, we 

performed Cox proportional-hazards regression analyses to calculate hazard ratios with 

adjustment for age at time of scanning, disease duration at time of scanning, EDSS at time 

of scanning, and gender. We analysed the relapsing remitting and progressive disease 

courses separately. T2 lesion number and T2 lesion load were entered as continuous 

variables. We also studied the presence of confluent lesions and infratentorial lesions. The 

time-to-event was the time between the MRI scan and progression of disability or to the 

date of the last follow-up visit if progression had not developed.  

Between group comparisons were analyzed using Mann-Whitney tests, Kruskal-Wallis 

tests or Chi-Square tests where appropriate. Correlation coefficients were calculated with 

Spearman’s rank correlation test. Significance was taken at a p value < 0.05. All analyses 

were performed with the Statistical Package for the Social Sciences (SPSS 14.0 for 

Windows, SPSS Inc., Chicago, Illinois, USA). 
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Results 

 

Patients 

The MRI scans of 200 patients were available for analysis. Fourteen patients were 

excluded because no T2 scan was available (n=4) or follow-up was lacking (n=10). The 

characteristics of the remaining 186 patients are shown in table 1. During a median follow-

up time of 15 years, 134 patients had progression of disability. Compared to patients with 

PPMS, patients with SPMS were younger at the time of their first MRI scan (p=0.033), had 

longer disease duration (p=0.006) and experienced more disability as measured with the 

EDSS (p=0.014). Of the 96 patients with relapsing remitting MS, 48 (50%) had 

progression of disability.  

  

Table 1 Characteristics of the participating patients (median, IQR). 

Characteristics All patients Relapsing 

Remitting 

Secondary 

Progressive  

Primary 

Progressive  

Number of patients 186 96 35 55 

Gender: male (%)/ female 

(%) 

62 (33%)/ 124 

(67%) 

29 (30%) / 67 

(70%) 

15 (43%) / 20 

(57%) 

18 (32%) / 37 

(67%) 

Age at time of the MRI 

scan (years) 

39 (31 – 48) 34 (27 – 41) 41 (32 – 49) 48 (39 – 55) 

Disease duration at time of 

scanning (years) 

4 (1 – 9) 2 (0 – 7) 10 (3 – 21) 4 (2 – 9) 

Follow-up after the MRI 

scan (years) 

15 (12 – 17) 15 (13 – 17) 15 (10 – 18) 15 (11 – 18) 

EDSS at time of scanning 3.0 (2.0 – 4.5) 2.0 (1.0 – 2.5) 5.0 (4.0 – 6.0) 4.0 (3.0 – 6.0) 

EDSS at last follow-up 6.0 (3.0 – 7.5) 3.3 (2.0 –6.0) 7.5 (7.0 – 9.0) 6.5 (6.0 – 8.0) 

MSSS at time of scanning 5.8 (3.3 – 8.0) 4.3 (2.4 – 6.1) 6.9 (5.1 – 8.8) 7.7 (5.9 – 8.6) 

MSSS at last follow-up 5.6 (2.2 – 8.2) 2.3 (1.0 – 5.3) 8.0 (6.7 – 9.9) 7.5 (5.7 – 9.5) 

Progression of disability 

during follow-up: N (%) 

134 (72%) 48 (50%) 33 (94%) 52 (95%) 

Time to progression (years) 3 (1 – 5) 3 (2 – 7) 2 (1 – 4)  3 (2 – 5)  

  

 

Brain MRI 

Double reading was performed for a random set of 24 scans. Intra-class correlation 

coefficients were excellent or good for T2 lesion load (r = 0.96; p < 0.001) and T2 lesion 

number (r = 0.95; p < 0.001).  
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Table 2 MRI characteristics of the participating patients (median, IQR). 

Characteristics All patients Relapsing 

Remitting 

Secondary 

Progressive  

Primary 

Progressive  

Number of patients 186 96 35 55 

T2 lesion load (ml) 2.0 (0.4 – 4.5) 1.5 (0.3 – 3.7) 4.1 (1.2 – 6.0) 1.8 (0.3 – 4.5) 

Total number of T2 lesions 11 (5 – 24) 9 (4 – 19) 20 (10 – 38) 13 (4 – 26) 

Confluent lesions: yes  

Number (%) 

51 (27%) 26 (27%) 10 (29%) 15 (27%) 

Infratentorial lesions: yes  

Number (%)*  

28 (16%) 13 (14%) 10 (29%) 5 (10%) 

* N=177 

 

MRI characteristics of all patients and per disease course are presented in table 2.  

Compared to patients with PPMS, those with SPMS had a higher T2 lesion load (p=0.011), 

higher T2 lesion number (p=0.034), and more frequent infratentorial lesions (p=0.02). 

In relapsing remitting MS the 48 patients with progression of disability had a slightly 

higher T2 lesion load compared to the 48 patients with no progression of disability (median 

2.4 ml versus 1.3 ml, p = 0.06). The follow-up time was similar (median of 15 years in 

both groups). 

 

Influence of T2 lesions on the rate of progression of disability 

In patients with relapsing remitting MS, but not with progressive MS, T2 lesion load and 

T2 lesion number correlated with the MSSS at follow-up (table 3).  

 

Table 3 Correlations of T2 lesion load and T2 lesion number with MSSS scores. 

  MSSS at scanning MSSS at last follow-up 

PMS T2 lesion load 0.06 0.19 

 T2 lesion number 0.04 0.04 

RRMS T2 lesion load 0.02 0.29# 

 T2 lesion number 0.10 0.32# 

# p < 0.01; PMS = progressive MS; RRMS = relapsing remitting MS. 

 

In relapsing remitting patients a higher number of T2 lesions, a higher T2 lesion load and 

the presence of confluent lesions increased the risk of progression of disability (table 4). 

No other clinical variable predicted the time to progression of disability (all p-values > 

0.24). In contrast, in patients with progressive MS, MRI and clinical variables did not 

predict progression of disability (table 5).  

Analysis of PPMS and SPMS separately did not show any significant correlation with 

MSSS and any significant predictor for progression of disability either (data not shown). 
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Table 4 Cox regression analyses for progression of disability of the separate MRI variables 

in patients with relapsing remitting MS controlled for EDSS at time of scanning, age at 

time of scanning, disease duration at time of scanning and gender. 

Variable  Hazard Ratio 95% CI p-value 

T2 lesion load  per ml increase 1.16 1.06 – 1.26 0.001 

T2 lesion number per number 

increase  

1.02 1.003 – 1.03 0.026 

Confluent lesions  No 1.0 (reference)   

  Yes 2.58 1.41 – 4.73 0.002 

Infratentorial lesions No 1.0 (reference)   

 Yes 0.72 0.27 – 1.90 0.51 

 

Table 5 Cox regression analyses for progression of disability of the separate MRI variables 

in patients with progressive MS controlled for EDSS at time of scanning, age at time of 

scanning, disease duration at time of scanning and gender. 

Variable  Hazard Ratio 95% CI p-value 

T2 lesion load  per ml increase 1.01 0.94 – 1.08 0.84 

T2 lesion number per number 

increaese 

1.002 0.99 – 1.011 0.73 

Confluent lesions  No 1.0 (reference)   

  Yes 1.16 0.69 – 1.95 0.58 

Infratentorial lesions No 1.0 (reference)   

 Yes 1.21 0.65 – 2.27 0.53 

 

 

Influence of immunomodulating treatment on progression of disability 

Five patients with secondary progressive MS (mean time of treatment 5 years, sd 1.9), 3 

patients with primary progressive MS (mean time of treatment 4 years, sd 1), and 23 out of 

the 96 (24%) patients with relapsing remitting MS received interferon-beta (mean time of 

treatment: 7.13 years, sd 3.4). Only 8 patients received immunomodulating therapy before 

progression of disability had occurred. In the other patients progression of disability was 

the reason for starting treatment. The numbers were too low to evaluate the effect of 

immunomodulating therapy on the time to progression of disability.  

In patients with relapsing remitting MS MSSS scores at last follow-up were higher in 

patients who had used immunomodulating therapy compared to patients that had not (mean 

4.5 and 3.0 respectively, p = 0.009).  This difference was not found for patients with 

progressive MS.  
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Discussion 

 

In relapsing remitting patients a higher T2 lesion load and number increased the risk for 

earlier and faster progression of disability. In contrast, we found no relationship between 

the amount of T2 lesions and rate of progression of disability in patients with progressive 

forms of MS.  

 

T2 lesions represent a diverse pathological substrate, ranging from blood-brain barrier 

breakdown and inflammatory demyelination to fibrillary astrocytosis and remyelination.21 

T2 lesions are considered to result from inflammatory disease activity, whereas 

progression in progressive forms of MS is caused by relentless axonal degeneration. The 

lack of a relation between T2 lesion load and number on progression of disability in the 

progressive phase indicates that this process of axonal degeneration is largely independent 

from the focal inflammatory disease activity. This is in agreement with several studies 

showing a lack of effect of immunomodulatory and immunosuppressive treatment on the 

progressive phase of the disease,3 lack of an association between the number of clinical 

relapses and progression,10 and a dissociation of axonal loss from lesion load in patients 

with early multiple sclerosis.11 

 

The predictive value of T2 lesions for progression of disability in relapsing remitting 

patients is in agreement with follow-up studies of different cohorts of patients with 

clinically isolated syndromes showing a higher level of disability after 5 years, 13 years 

and 20 years of follow-up in patients with more T2 lesions at baseline MRI.6,7,8 It also 

supports our finding that more T2 lesions in relapsing remitting MS are associated with a 

higher risk of becoming secondary progressive.9 It is important to mention that the 

predictive value of T2 lesions for progression of disability in relapsing remitting MS is 

modest and not absolute.6,22 

 

How can we explain that T2 lesions predict progression of disability in relapsing remitting 

MS but not in progressive MS? In RRMS progression of disability is mainly caused by 

axonal injury in the context of focal inflammatory demyelination. Assuming that every MS 

patient has a gradual progressive axonal degeneration and that every MS patient has some 

clinically silent inflammatory demyelination, decreased CNS reserve capacity due to more 

T2 lesions can lead to an earlier clinical expression of progression of disability.9 Once 

patients have reached a critical threshold of axonal degeneration, they enter the progressive 

phase of the disease, and from that time the rate of subsequent progression is no longer 

influenced by the existing reduction in reserve capacity.23  
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The main strength of this study is the fact that we have a large cohort of patients with well-

documented clinical follow-up. Since we used Cox-regression models we could include all 

patients with an available MRI-scan and at least one year of follow-up. Limitations of our 

study were the lack of follow-up MRI-scans, and the difference in slice thickness and MR 

field strength between the scans. The EDSS has many limitations, like a poor 

reproducibility and a tendency to measure mainly pyramidal dysfunction, especially in its 

higher ranges. Nevertheless, the EDSS is the most frequently used scale to assess disability 

and alternative scales are currently lacking. 

The MSSS is a scale derived from the EDSS with a correction for disease duration. It is 

relatively unreliable in the first two years of the disease,18 which might explain the lack of 

a relationship between the amount of T2 lesions and MSSS at time of scanning in relapsing 

remitting MS. The similar results of the time to progression of disability and MSSS 

analyses provide further support that the MSSS is suitable to measure rate of progression 

of disability in MS. 

 

Studies with follow-up measurements of T2 lesion load should be performed to further 

investigate whether changes in the amount of T2 lesion load over time are associated with 

progression of disability in progressive MS.  

 

Our study is of pathophysiological interest and may have practical implications with regard 

to counselling, in so far that the amount of T2 lesions is a prognostic factor for progression 

of disability in relapsing remitting MS, but seems to have no prognostic significance in the 

progressive forms of MS. 
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