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Abstract 

 

Patients with relapsing remitting multiple sclerosis (MS) are at risk of converting to a 

secondary progressive disease course. To assess the relationship between brain MRI 

findings and onset of secondary progression, we reanalysed the initial brain MRI scans of 

90 relapsing remitting MS patients, who were clinically followed for at least 10 years 

(median 14 years) after their scan, for the number and volume of T2 lesions, and for two 

measures of brain atrophy (bicaudate ratio and third ventricle width). The relationship to 

development of secondary progression was studied with Cox regression models and 

Kaplan-Meier survival analyses. At the end of follow-up 36 patients had become 

progressive. The presence of more than 10 T2 lesions more than doubled the risk of 

becoming secondary progressive (hazard ratio: 2.36; 95% CI: 1.19 – 4.66). When at least 

one of the 10 lesions was confluent the risk increased to 3.51 (1.64 – 7.50). The hazard 

ratio for an estimated T2 lesion load of more than 3400* mm3 was 2.11 (1.07 – 4.16). 

Linear brain atrophy measures were not predictive. Our data show a relationship between 

the extent of brain T2 lesions and the onset of secondary progression in MS.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* compared to the published article the T2 lesion load was multiplied by 4/3Π.
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Introduction 

 

The majority of patients with multiple sclerosis (MS) present with relapses, which are 

followed by variable degrees of recovery, spontaneously or in response to corticosteroids. 

Within 10 years after the first clinical manifestation approximately 30-40%, and within 20 

years around 70%, of the patients convert to a secondary progressive phase, which is 

characterized by a steady progression of clinical disability independent of relapses.1,2,3,4 At 

present, there are no established measures to predict the onset of the secondary progressive 

phase.  

 

Relapses of MS are caused by focal lesions in eloquent areas of the CNS, whereas 

secondary progression results from a more diffuse degeneration of axons.5,6 The 

mechanism underlying conversion from a relapsing remitting disease course to secondary 

progressive MS is unknown. The aim of this study was to assess whether findings on the 

base-line brain MRI are related to a more rapid onset of the secondary progressive phase. 

Do patients with early onset of secondary progression have early signs of brain atrophy or 

is there a relationship with the extent of existing white matter lesions? To answer these 

questions we reanalysed a cohort of patients with relapsing remitting MS who had a brain 

MRI scan performed between 1987 and 1995 as part of the diagnostic work-up and who 

were followed up for at least 10 years. 

 

Methods 

 

Patients 

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

Groningen MS clinic are systematically entered when a patient is first seen and at each of 

the regular follow-up visits (from 3 to 12 months).  

 

Of the 454 patients with definite MS with a relapsing disease onset7 in our database, 249 

had a brain MRI-scan before 1996. Seventy-six patients were already progressive at the 

time of scanning, 81 scans had been destroyed, and 2 patients were lost to follow-up within 

10 years, leaving 90 patients for analysis. Patient characteristics were comparable between 

included and not included patients (Table 1).  

 

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

range from 0 to 10, with higher scores indicating more severe disease).8 The onset of the 

secondary progressive phase (the onset of gradual worsening of MS symptoms for at least 

12 months unrelated to relapse4) was available in the database, and was verified.  
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Table 1 Characteristics of the patients with relapsing remitting MS in the Groningen MS 

database (median, IQR). 

Characteristics Participating 

patients 

All other relapsing 

remitting patients in 

database 

All other relapsing 

remitting patients 

with a MRI-scan 

before 1996 

Number of patients 90 364 83 

Gender: male (%)/ 

female (%) 

25 (28%) / 65 

(72%) 

111 (30%) / 253 

(70%) 

26 (31%) / 57 

(69%) 

Age at start disease 29.5 (23.75 – 36) 29 (23 – 26) 29 (23 – 33) 

Age at time of the 

MRI scan (years) 

33 (26 – 40.25)  31 (28 – 38) 

Disease duration at 

time of scanning 

(years) 

1 (0 – 6.25)  2 (0 – 6) 

Number of patients 

that become 

progressive 

36 (40%)  33 (40%) 

 

MRI 

MRI was performed on a 1.5 Tesla scanner which was available in the University Hospital 

Groningen from 1987 (Philips Gyroscan S15). Slice thickness was 5 mm in most patients 

(n=67), and 6, 9 and 10 mm in the remainder (1, 3 and 19 patients respectively). Because 

not all standard sequences were available, only T2-weighted scans were evaluated. 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 < 5 mm; 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.9 We estimated the total lesion volume by assuming the lesions were spherical 

with a fixed diameter size per category.10  

 

Bicaudate ratio and third ventricle width were used as measures of brain atrophy.11,12 The 

bicaudate ratio is the minimal distance between both caudate nuclei divided by the brain 

width at the same level, measured on the axial slice where the caudate nuclei are best 

visible. Third ventricle width is the maximal diameter of the third ventricle. 
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Statistical analyses 

To estimate the predictive value of brain MRI findings on conversion to secondary 

progression, 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, and gender. T2 lesion number, T2 lesion load, third ventricle width and 

bicaudate ratio were entered as continuous variables. We also studied confluent lesions, 

infratentorial lesions, and increasing cut-off points of T2 lesion number, T2 lesion load, 

third ventricle width and bicaudate ratio. The time-to-event was the time between the MRI 

scan and the start of the progressive phase or to the date of the last follow-up visit if 

progression had not developed. Time-to-event curves describing the proportion of patients 

becoming secondary progressive during the whole follow-up period were calculated by the 

Kaplan-Meier method, and compared using log-rank tests. 

Between group comparisons were performed with Mann-Whitney tests or with Chi-Square 

tests when appropriate. Correlation coefficients were calculated with Spearman’s rank 

correlation test. Significance was taken at the two-tailed 0.05 level. Analyses were 

performed with the Statistical Package for the Social Sciences (SPSS 12.0 for Windows, 

Chicago, Illinois). 

 

Results 

 

Patients 

Baseline characteristics of the participating patients are listed in Table 2. 

 

Brain MRI data 

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

coefficients were excellent for T2 lesion load (r = 0.96; p < 0.001), T2 lesion number (r = 

0.95; p < 0.001) and third ventricle width (r = 0.99, p < 0.001), and good for bicaudate 

ratio (r = 0.82; p < 0.001).  

 

The number of T2 lesions ranged from 0 to 80. The EDSS score was not documented at the 

time of the MRI scan in 8 patients and ranged from 0 to 5.0. There was no correlation 

between the EDSS at time of scanning and either T2 lesion load (r = 0.056; p = 0.62) or T2 

lesion number (r = 0.13; p =0.24). Disease duration at time of scanning was not correlated 

to T2 lesion number (r = 0.051; p = 0.63) or T2 lesion load (r = -0.031; p = 0.78). Twenty-

eight patients were already diagnosed with clinically definite MS at the time of scanning; 

the other 62 patients were definitively diagnosed with MS in the year of their initial MRI-

scan or in the years thereafter. In 4 patients, the infratentorial part of the brain was missing 

on the MRI scan. In the analysis the number of infratentorial lesions for these patients was 
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set to 0. Excluding these 4 patients from the analysis did not change the results (data not 

shown). 

 

Table 2 Patient characteristics (median, IQR). 

Characteristics All patients Patients not 

progressive at 

follow-up  

Patients progressive 

at follow-up  

Number of patients 90 54 36 

Gender: male (%)/ female 

(%) 

25 (28%)/ 65 (72%) 13 (24%)/ 41 (76%) 12 (33%)/ 24 (67%) 

Age at time of the MRI 

scan (years) 

33 (26 – 40) 32.5 (25 – 39) 34.5 (29 – 44) 

Disease duration at time of 

scanning (years) 

2.5 (0 – 6.25) 1.5 (0 – 6) 3 (1 – 7) 

Time between scanning and 

diagnosis (years) 

0 (0 – 2) 0 (0 – 2) 0 (0 – 2) 

Follow-up after the MRI 

scan (years) 

14 (12 – 16) 14 (12 – 15) 15 (13 – 16) 

EDSS at time of scanning# 2 (1 – 2.625) 1.5 (1 – 2) 2 (1.5 – 3.5)** 

Bicaudate ratio  0.11 (0.10 – 0.13) 0.11 (0.10 – 0.13) 0.11 (0.10 – 0.14) 

Third ventricle width (mm) 1.00 (0.50 – 1.25) 1.00 (0.50 – 1.00) 1.00 (0.63 – 1.5) 

T2 lesion load (mm³) 1648 (250 – 3636) 1347 (243 – 2879) 2551 (351 – 4366) 

Total number of T2 lesions 9.5 (4 – 19) 7 (4.75 – 14) 14.5 (3.25 – 25.5) 

Number of patients with > 

10 T2 lesions 

40 (44%) 18 (33%) 22 (61%)** 

Number of patients with 

infratentorial lesions$ 

14 (16%) 7 (14%) 7 (21%) 

Number of patients with 

confluent lesions  

24 (27%) 10 (19%) 14 (39%)* 

Number of patients with  > 

10 T2 lesions including at 

least one confluent lesion  

20 (22%) 6 (11%) 14 (39%)** 

 #N = 82, $N = 86 

*p < 0.05, ** p < 0.01: patients progressive at follow-up compared to patients not progressive at follow-up. 
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Thirty-six patients (40%) had become progressive over a median follow-up period of 14 

years. Twenty-three patients (64%) who entered the progressive phase had been treated 

with immunomodulatory therapy (20 with interferon-β, 2 with monthly methylprednisolon 

infusions, and 1 with azathioprine) compared to 8 of 54 patients (15%) who remained 

relapsing remitting (5 with interferon-β, 2 with monthly methylprednisolon infusions, and 

1 with azathioprine). 

 

The results of Cox proportional-hazards regression analyses are shown in Table 3. Higher 

T2 lesion number and load increased the risk of becoming secondary progressive. This risk 

increased with higher cut-off points of T2 lesion number and T2 lesion load. The presence 

of more than 10 T2 lesions, a T2 lesion load of more than 3400 mm³, or the presence of at 

least one confluent lesion more than doubled the risk of becoming secondary progressive. 

The presence of more than 10 T2 lesions, including at least one confluent lesion, more than 

tripled the risk of entering the progressive phase of the disease when compared to patients 

with up to 10 T2 lesions (HR 3.51; 95% CI: 1.64 – 7.50). The presence of infratentorial 

lesions did not increase the risk of becoming progressive. The relationship between T2  

 

Table 3 Hazard ratios of developing secondary progression for several MRI findings. 

 Number of 

subjects 

Hazard 

Ratio 

95% confidence 

interval 

P-value 

Bicaudate ratio  0.079 0 – 2.2*104 0.69 

    Ratio > 0.11 48 0.71 0.34 – 1.45 0.34 

    Ratio > 0.12 34 0.1 0.39 – 1.66 0.56 

    Ratio > 0.14 19 0.89 0.39 – 2.0 0.78 

Third ventricle width   1.10 0.65 – 1.87 0.72 

     > 1.0 mm 21 1.07 0.49 – 2.34 0.87 

Number of T2 lesions  1.02 1.01 – 1.04 0.005 

    > 5 T2 lesions 58 1.49 0.71 – 3.14 0.29 

    > 10 T2 lesions 40 2.36 1.19 – 4.66 0.01 

    > 15 T2 lesions 28 2.57 1.33 – 4.98 0.005 

    > 25 T2 lesions 14 2.99 1.34 – 6.66 0.008 

    Infratentorial lesions 14 1.70 0.70 – 4.10 0.24 

    Confluent lesions 24 2.23 1.13 – 4.39 0.02 

    > 10 T2 lesions including at  

    least one confluent lesion 

20 3.10 1.57 – 6.13 0.001 

T2 lesion load  1.00 1.000 – 1.001 0.04 

    > 400 mm3  63 1.01 0.48 – 2.13 0.98 

    > 2100 mm3 40 1.84 0.94 – 3.59 0.08 

    > 3400 mm3  25 2.11 1.07 – 4.16 0.03 
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lesion number or T2 lesion load and the risk of secondary progression was not altered 

when the EDSS was included as a covariate (data not shown). Brain atrophy measures, 

disease duration, age and gender were not predictive.  

 

Kaplan Meier survival analyses showed that the probability of entering the progressive 

phase was significantly higher in patients with more than 10 T2 lesions than in patients 

with 10 or fewer T2 lesions (P = 0.007, Figure 1A).  

 

 
Figure 1 Kaplan-Meier estimates for secondary progression for patients with up to 10 T2 

lesions (N=50) compared to (A) patients with more than 10 T2 lesions (N=40) and (B) 

patients with more than 10 T2 lesions including at least one confluent lesion (N=20) (B). 
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Of the 50 patients with 10 or fewer T2 lesions, a quarter (13 patients) had become 

progressive at 13 years, and 28% (14 patients) at the end of follow-up. Of the 40 patients 

with more than 10 T2 lesions, a quarter (10 patients) had already become progressive at 3 

years, half (20 patients) at 8 years and 55% (22 patients) at the end of follow-up. The 

probability of entering the progressive phase was even more pronounced when comparing 

patients with more than 10 T2 lesions, of which at least one lesion was confluent, with 

patients who had 10 or fewer T2 lesions (P < 0.001, Figure 1B).  

 

Discussion 

 

In this study we investigated brain MRI characteristics of patients with relapsing remitting 

MS in relation to subsequent onset of secondary progression. We found a strong 

relationship between the extent of T2 lesions and the onset of secondary progression. 

Although signs of brain atrophy can occur early in the disease course of MS,13 we found no 

association between early brain atrophy and onset of secondary progression.  

 

In patients with clinically isolated syndromes suggestive of MS, it has been shown that 

increases in the volume of brain T2 lesions in the first five years correlate with the degree 

of long-term disability as measured with the EDSS.14 In another study of 156 patients with 

clinically isolated syndromes EDSS at 5 years correlated moderately (r = 0.43) with the 

number of baseline T2 lesions.15 A study on 30 relapsing remitting patients found a 

correlation between T2 lesion load and disability 13 years later.16 However, disability can 

develop from both incomplete recovery from relapses and gradual progression. We did not 

focus on disability but investigated the onset of the progressive phase.  

 

Some limitations of our study should be noted. The sample size is relatively small and 

because of the long follow-up it is possible that patients with a benign disease course are 

underrepresented. However, the percentage of patients that became progressive during 

follow-up is similar to that reported in natural history studies.1,3,4 The scans were analysed 

retrospectively, but interpretation bias is unlikely because the neuroradiologist who scored 

the scans had no knowledge of the clinical data. Since our patients were scanned for 

clinical purposes, the scanning protocol was inconsistent and follow-up scans are lacking. 

Our method of manually estimating T2 lesion load and using linear brain atrophy measures 

may be less precise than the current automated methods. On the other hand, the 

measurements performed were highly reproducible. At the time of scanning our cohort had 

variable disease duration, age and EDSS, but we corrected our analyses for these three 

variables. 
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In two studies investigating the conversion of patients with clinically isolated syndromes to 

definite MS, the median number of T2 lesions at the baseline MRI-scan was 4 in the study 

with a low conversion rate and 18 in the study with a high conversion rate.17,18 Thus, the 

median number of lesions of 9.5 in our study is representative for patients with relapsing 

MS at the beginning of their disease. 

 

Focal lesions of MS are primarily due to episodes of T-cell-mediated inflammatory activity 

causing demyelination, axonal injury and gliosis,5,6,19 while the progressive phase of MS 

appears to be driven by relentless axonal degeneration. Several observations indicate that 

different effector mechanisms underlie the development of focal lesions and the 

progressive phase of MS. First, the progression of disability in secondary progressive MS 

is not affected by relapses, neither by those occurring before the onset of the progressive 

phase nor by those occurring during this phase.1,4 Second, medications such as beta 

interferons, glatiramer acetate and immunosuppressive drugs, which reduce relapses and 

suppress the inflammatory component of the disease, are unable to slow down the 

progressive phase.2 Third, MRI and neuropathological investigations found no correlation 

between CNS focal lesion load and the diffuse axonal loss in the spinal cord that 

characterises the progressive phase of MS.20,21  

Our finding that the extent of focal T2 lesions predicts the onset of the progressive phase 

seems in conflict with these observations. A plausible explanation for this apparent 

contradiction is that a higher number of focal white matter lesions facilitates the clinical 

expression of the progressive phase. The CNS has a large functional reserve capacity. Even 

in a tract system with clearly defined and measurable clinical function, as the pyramidal 

tract, permanent clinical deficit is only seen when more than 60% of the axons in the tract 

system are lost.22 If we assume that the slowly progressive axonal degeneration follows a 

similar course in the majority of MS patients, clinical manifestations of progression will 

start earlier in those patients who have lost more reserve capacity due to CNS tissue injury 

in focal lesions. Confluent lesions represent a large area of focal lesions and this might 

explain the striking association between confluent lesions and transition to the progressive 

phase. 

 

There is no consensus on the time when treatment with immunomodulatory drugs should 

be started, or whether every patient should be treated.23,24 Some neurologists begin 

treatment in patients with a clinically isolated syndrome and two or more clinically silent 

lesions suspect for MS on the brain MRI.24 Others do not treat patients at the time of 

diagnosis because there is a chance for a benign disease course.5 The high price, adverse 

effects and unproven long-term efficacy of immunomodulatory drugs for MS are reasons 

to refrain from immediate treatment. In our hospital we always discuss the option of 

immunomodulatory treatment with our patients and many patients decide not to use it.  
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Immunomodulatory therapies do, however, prevent new T2 lesions and the enlargement of 

existing T2 lesions. In view of our results, this effect of immunomodulatory drugs may be 

a worthwhile therapeutic goal. 

 

Our results suggest that the extent of base-line T2 lesions, and their development over 

time, should be taken into consideration when therapeutic decisions in patients with 

relapsing-remitting MS are made. 
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