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Abstract 

Background: Annualized Relapse Rate (ARR) is used as an outcome measure in multiple sclerosis (MS) clinical 

trials. Previous studies demonstrated that ARR has reduced in placebo groups between 1990 and 2012. This 

study aimed to estimate real world ARRs from contemporary MS clinics in the UK, in order to improve the 

feasibility estimations for clinical trials and facilitate MS service planning.   

Methods: A multicentre observational, retrospective study of patients with MS from 5 tertiary neuroscience 

centres in the UK. We included all adult patients with a diagnosis of MS that had a relapse between 01/04/2020-

30/06/2020. 

Results: 113 out of 8783 patients had a relapse during the 3-month study period. 79% of the patients with a 

relapse were female, the mean age was 39 years, and the median disease duration was 4.5 years; 36% of the 

patients that had a relapse were on disease modifying treatment. The ARR from all study sites was estimated at 

0.05. The ARR for relapsing remitting MS (RRMS) was estimated at 0.08, while the ARR for secondary progressive 

MS (SPMS) was 0.01. 

Conclusions: We report a lower ARR compared to previously reported rates in MS.   

Keywords: Relapse, Annualized Relapse Rate (ARR), Multiple Sclerosis, RRMS, SPMS 
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1. Introduction  

Relapses are one of the clinical hallmarks of multiple sclerosis (MS) that can affect disability at least in the short-

term [1]. Although relapses are the cardinal feature of relapsing remitting MS (RRMS), they are also present in 

progressive MS. Understanding the role of MS relapses has been challenging, as they are not constant over time 

[2]; they tend to be more common at the early stages of the disease and in younger female patients [1, 3]. The 

most robust estimation of relapse incidence originates from clinical trials. In most of the clinical phase-3 placebo-

controlled trials in MS, relapse incidence, measured by the annualized relapse rate (ARR) is used as the primary 

or secondary efficacy outcome measure [4-10]. ARR is a critical component in calculating sample size estimation, 

and hence feasibility of clinical trials [9, 10]. Between 1990 and 2012, a trend of lower ARR over time has been 

reported in previous studies [4-7, 9, 11].  

The aim of this study was to estimate the real-world ARRs from contemporary MS clinics in the UK, in order to 

improve the feasibility estimations for clinical trials [7] and facilitate MS service planning [12]. 

2. Materials and Methods 

2.1 Patients and methods 

This was a multicentre observational, retrospective study of patients with MS from 5 tertiary neuroscience 

centres in the UK; this provided a geographical spread of hospital clinics across England and Wales. The study 

received a favourable ethical opinion from the East Midland – Derby Research Ethics Committee (21/EM/0133).  

We included patients with the following criteria: (i) diagnosis of clinically definite MS according to the revised 

McDonald criteria [13], (ii) age above 18 years. All relapses between 01/04/2020 and 30/06/2020 were included. 

In order to exclude any bias caused by the COVID-19 pandemic, we validated the results, by also recording all 

relapses occurring in the same quarter of 2019. A relapse was defined as a significant worsening of symptoms 

or the appearance of new neurological symptoms, lasting more than 24 hours and occurring at least 30 days 

after the onset of a preceding event, in the absence of fever or infection [14, 15].  

 

2.2 Data collection   

Demographic details and clinical characteristics were obtained from hospital medical records. Data was collected 

for patient sex, age at the time of relapse, MS subtype, disease duration and Disease Modifying Treatment (DMT) 
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exposure. The methods of data collection for each study site are listed below. All possible relapses detected at 

each site were reviewed by a neurology consultant with expertise in MS to determine whether it was an actual 

relapse or not. 

 

2.2.1 Nottingham University Hospitals NHS Trust 

We screened by alphabetical order the first 850 out of total 3684 (25.12%) patients that were registered on the 

Nottingham University Hospitals MS clinic (using iMED MS database). For these patients, we reviewed all 

hospital medical records, emergency department visits and MS nurse telephone records for any indication of a 

possible relapse during the study period. Medical records were screened from April 2019 until December 2020, 

to identify relapses which occurred during the study period, but were reported in later clinic appointments.   

2.2.2 University Hospitals Coventry and Warwickshire NHS Trust 

We screened the total MS population (2779 patients) that were registered on the Dendrite MS database and 

extracted all the patients that had a ‘relapse assessment’ entry on the database during the study period. We 

also screened nursing notes and identified patients that contacted the MS nurse with a ‘possible relapse’, 

marked as the reason for nursing contact.  

2.2.3 Aneurin Bevan University Health Board (Newport) 

We extracted all phone call encounters from the entire MS population (1316 patients) that were registered on 

the PatientCare database during the study period. Phone call records were searched using the terms “relapse”, 

“relapsing”, and “steroid”.  Relapses already recorded on the database during the study period were also 

extracted. We reviewed the medical records of all patients picked up by this search, as well as patients that 

attended the relapse clinic.  

2.2.4 Cardiff and Vale University Health Board 

We extracted all phone call encounters from the entire MS population (1834 patients) that were registered on 

the PatientCare database during the study period. Phone call records were searched using the terms “relapse”, 

“relapsing”, “Rapid Access Clinic (RAC)” and “steroid”. Relapses already recorded on the database during the 

study period were also extracted. We reviewed the medical records of all patients picked up by this search, as 

well as patients that attended the RAC.  

2.2.5 Swansea Bay University Health Board 
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We reviewed the medical records from all relapse clinics during the study period for the entire MS population 

(2004 patients). Telephone logs, email trails and multidisciplinary team discussions relating to possible relapses 

or hospital admissions were also reviewed. 

 

2.3 Statistical analysis  

MS populations across sites were reviewed for confirmed relapses within the same 3-month follow-up period. 

The estimated number of relapses per year were calculated by quadrupling the 3-month figures; crude ARR were 

generated using the person-years method, by dividing the yearly number of relapses by the total MS population 

in each centre [16]. .  

Summary statistics are reported as means or medians with standard deviation or range as appropriate. For 

statistical estimates 95% confidence intervals are provided. Two-sided p-values <0.05 were considered 

statistically significant. In order to explore the effect of a) the study year, b) the study site and c) the MS subtype 

on relapses, we performed a negative binomial regression analysis. We modelled ARRs using negative binomial 

regression and have reported the incidence (relapse) rate ratio for the groups: year, disease subtype and 

location. We selected a negative binomial distribution model because data were over-dispersed when we 

applied a Poisson distribution [16]. All analysis was conducted in the software for statistics and data science, 

Stata 14 [17]. 

3. Results   

Table 1 shows the MS subtypes and number of patients on DMT for the entire population screened for this study.  

 

We screened in total 8783 patients with MS from all sites. 27% of the total number of patients were on DMT 

[44% of RRMS, 9% of Secondary Progressive MS (SPMS), 4% of Primary Progressive MS (PPMS) and 1% of 

Clinically Isolated Syndrome (CIS)]. Between study sites, 70% of RRMS patients in Nottingham were on DMT, 

followed by 46% in Swansea, 42% in Cardiff, 40% in Coventry, and 29% in Newport. The relatively small 

percentage of RRMS patients on DMT, can be (at least partly) explained by the strict DMT initiation criteria 

that apply in the UK (e.g. for first line DMTs, patients should have 2 clinically significant relapses within a 2 year 

period).   

We identified 113 patients that had a relapse during the 3 months study period in 2020.
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Table 1. Number (%) in study population, overall, by location, by MS subtypes and patients on DMT  

        
 

  Total Nottingham Cardiff Swansea  Coventry  Newport 
        
        
Overall study population  8783 (100) 850 (100) 1834 (100) 2004 (100) 2779 (100) 1316 (100) 
        
Disease subtypes CIS 486 (6) 30 (4) 220 (12) 154 (8) 41 (1) 41 (3) 
 RRMS 4783 (54) 510 (60) 917 (50) 920 (46) 1910 (69) 526 (40) 
 SPMS 2491 (28) 191 (22) 532 (29) 647 (32) 513 (18) 608 (46) 
 PPMS 1023 (12) 119 (14) 165 (9) 283 (14) 315 (11) 141 (11) 
        
Study population on DMT  2367 (27) 402 (47) 435 (24) 462 (23) 836 (30) 232 (18) 
 CIS 6 (1) 0 (0) 0 (0) 0 (0) 6 (15) 0 (0) 
 RRMS 2087 (44) 357 (70) 385 (42) 427 (46) 764 (40) 154 (29) 
 SPMS 231 (9) 32 (17) 48 (9) 33 (5) 43 (8) 75 (12) 
 PPMS 43 (4) 13 (11) 2 (1) 2 (1) 23 (7) 3 (2) 
        

 CIS = Clinically Isolated Syndrome; DMT = Disease Modifying Treatment; PPMS = Primary Progressive MS; RRMS= Relapsing Remitting MS; SPMS= Secondary Progressive MS 
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Table 2 demonstrates the demographic and clinical characteristics of patients that had a relapse, with the 

estimated ARRs.  
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Table 2. Demographic, clinical characteristics and estimated ARRs of patients with a relapse 

 

             
 2020 2019 
 Total  Nottingham Cardiff Swansea Coventry  Newport Total  Nottingham Cardiff Swansea Coventry Newport 
             
             
Number (%) of patients with a 
relapse 

113 (100) 30 (100) 27 
(100) 

14 (100) 26 (100) 16 (100) 135 (100) 21 (100) 40 (100) 16 (100) 36 (100) 22 (100) 

 CIS 11 (10) 4 (13) 5 (19) 2 (14) 0 (0) 0 (0) 7 (5) 3 (14) 2 (5) 0 (0) 0 (0) 2 (9) 
 RRMS 90 (80) 23 (77) 18 (67) 11 (79) 25 (96) 13 (81) 110 (81) 15 (71) 31 (78) 15 (94) 35 (97) 14 (64) 
 SPMS 9 (8) 3 (10) 2 (7) 1 (7) 1 (4) 2 (13) 16 (12) 2 (10) 7 (18) 0 1 (3) 6 (27) 
 PPMS 3 (2) 0 (0) 2 (7) 0 (0) 0 (0) 1 (6) 2 (1) 1 (5) 0 (0) 1 (6) 0 (0) 0 (0) 
Mean age, in years (SD) 39 (11.4) 39 (10.4) 38 

(11.1) 
39 
(13.8) 

40 (13.8) 39 (7.8) 42 (11.5) 41 (10.1) 43 (11.8) 45 (15.6) 40 (10.5) 42 (10.2) 

Number (%) female 89 (79) 24 (80) 21 (78) 10 (71) 19 (73) 15 (94) 96 (71) 18 (86) 27 (68) 11 (69) 26 (72) 14 (64) 
Median (IQR) years disease 
duration  

4.5 (1-12) 7 (2-13) 1 (0-
10) 

6 (0-14) 7 (2–11) 2 (0-11) 8 (2-15) 8 (0-20) 7.5(0-19) 7.5(1-13) 7.5(2-11) 8 (2-18) 

             
Number (%) patients on DMT 
at relapse 

41 (36) 13 (43) 4 (15) 5 (36) 19 (73) 0 (0) 50 (37) 5 (24) 12 (30) 5 (31) 23 (64) 5 (23) 

 CIS 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
 RRMS 38 (49) 11 (48) 4 (20) 5 (45) 18 (72) 0 (0) 45 (41) 5 (30) 8 (26) 5 (30) 23 (66) 4 (29) 
 SPMS 3 (43) 2 (60) 0 (0) 0 (0) 1 (100) 0 (0) 4 (25)  0 (0) 4 (57) 0 (0) 0 (0) 1 (16) 
 PPMS 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
             
Number of estimated annual 
relapses 

452 120 108 56 104 64 540 84 160 64 144 88 

Estimated ARR (95% CI) 0.05 
(0.04-
0.06) 

0.14 
(0.1-0.2) 

0.06 
(0.04-
0.09) 

0.03 
(0.02-
0.05) 

0.04 
(0.02-0.05) 

0.05 
(0.03-
0.07) 

0.06 
(0.05-0.07) 

0.1 
(0.06-0.15) 

0.09 
(0.06-
0.12) 

0.03 
(0.02-
0.05) 

0.05 
(0.04-
0.07) 

0.07 
(0.04-
0.1) 

 
CI = Confidence Interval; CIS = Clinically Isolated Syndrome; DMT = Disease Modifying Treatment; IQR = Interquartile Range; PPMS = Primary Progressive MS; RRMS = Relapsing Remitting MS; 

SD = Standard Deviation; SPMS= Secondary Progressive MS. 
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The total ARR from all study sites was estimated at 0.05, which was similar (0.06) to the 2019 group. The 

highest ARR was reported for Nottingham (0.14). Cardiff had an ARR of 0.06, followed by Newport (0.05), 

Coventry (0.04) and Swansea (0.03). While there appears to be a decreased number of relapses in 2020 

compared to 2019, the regression analysis (Table 3) did not reveal any effect of the year to the relapses. 

Therefore, it seems unlikely that the reported relapses were increased during the COVID-19 pandemic. Using 

the same statistical model, we found that all study sites recorded significantly lower relapses compared to 

Nottingham (Table 3). Patients with RRMS had a significant higher risk of relapse compared to PPMS and 

SPMS, but not compared to CIS (Table 3).  
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Table 3. Incidence rate ratio (95% confidence interval) and p values from negative binomial regression modelling of the number of patients with relapse by year, location 

and disease subtype  

   
Variable                                                                                                                                                                                                                                                                                   IRR                           p value 

   
   Disease subtype CIS 0.93 (0.55-1.59)      0.797 

0.797nvalue. 
 PPMS 0.12 (0.05-0.29)      0.000 

 RRMS 1 (base)                    n/a 

 SPMS 0.30 (0.20-0.45)      0.000  

   
Location Nottingham 1 (base)                     n/a 

 Cardiff 0.65 (0.42-1.00)       0.048 

 Swansea 0.29 (0.18-0.49)       0.000 

 Coventry 0.47 (0.30-0.73)       0.001 

 Newport 0.59 (0.36-0.97)       0.039 

   

Year 2019 1 (base)                     n/a 

 2020 0.84 (0.63-1.11)       0.211 

   
IRR= Incidence Rate Ratio; n/a= non-applicable; CIS = Clinically Isolated Syndrome; PPMS = Primary Progressive MS; RRMS = Relapsing Remitting MS; 

 SPMS= Secondary Progressive MS 

 

  

 

 



10 
 

Table 4 demonstrates the estimated ARRs for the total number of RRMS and SPMS patients, including patients 

on DMTs. 

The ARR for all RRMS patients and for RRMS patients on DMT was 0.08; both results were comparable to 2019. 

The ARR for all SPMS patients was estimated at 0.01, while the ARR for SPMS patients on DMT was 0.16.  
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Table 4. ARRs for all RRMS and SPMS patients, including patients specifically on DMT     

n= number; CI = Confidence Interval; DMT = Disease Modifying Treatment; RRMS = Relapsing Remitting MS; SD = Standard Deviation; SPMS= Secondary       Progressive MS; 
n/a= no relapses reported for this cohort within the 3-month study period so an estimated ARR could not be calculated.  

 

 

 

 

 2020  2019   

 Total Nottingham Cardiff Swansea Coventry Newport Total Nottingham Cardiff Swansea Coventry Newport 
ARR in RRMS,  
(95% CI) 

0.08 
 (0.06-
0.09) 

0.18  
(0.12-0.27) 

0.08 
 (0.05-0.12) 

0.05  
(0.02-0.09) 

0.05 
 (0.03-0.08) 

0.10 (0.05-
0.17) 

0.09  
(0.08-0.11) 

0.12 
 (0.07-0.19) 

0.14 
(0.09-0.19) 

0.07 
 (0.04-0.11) 

0.07 
 (0.05-0.1) 

0.11 (0.06-
0.18) 

ARR in SPMS,  
(95% CI) 

0.01  
(0.007 
– 0.03) 

0.06 
 (0.01-0.18) 

0.02  
(0.002-
0.05) 

0  
(0-0.03) 

0.01  
(0-0.04) 

0.01 
(0.002-
0.05) 

0.03  
(0.02-0.06) 

0.04 
 (0.01-0.15) 

0.05 
(0.02-0.11) 

n/a 0.01 
 (0-0.04) 

0.04 (0.01-
0.09) 

ARR in RRMS 
on DMT,  
(95% CI) 

0.08 
(0.06-
0.11) 

0.12  
(0.06-0.22) 

0.04  
(0.01-0.11) 

0.05  
(0.02-0.11) 

0.09  
(0.06-0.15) 

n/a 0.09  
(0.06-0.11) 

0.06  
(0.02 – 0.13) 

0.08  
(0.04-0.16) 

0.05  
(0.02-0.11) 

0.12 
(0.08-0.18) 

0.10 (0.03-
0.26) 

ARR in SPMS 
on DMT,  
(95% CI) 

0.16 
(0.03-
0.45)  

0.25  
(0.03-0.83) 

n/a n/a 0.09  
(0-0.49) 

n/a 0.16 (0.05-
0.37)  

n/a 0.33  
(0.09-0.8) 

n/a n/a 0.05 (0.001-
0.29) 
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4. Discussion     

In this observational real world multicentre UK study, we found a lower ARR compared to current knowledge 

for ARRs in MS. Despite many MS clinical trials incorporating additional measures of disability progression into 

their study endpoints like MRI lesions, brain atrophy, disability progression and cognitive decline, the ARR 

remains important for feasibility estimations of clinical trials. The overall ARR of 0.05 is much lower compared 

to the ARRs reported in two previous UK studies 7-8 years ago [12, 18]. Duddy et al reported a rate of 0.36, but 

this relied on patient reported questionnaires, rather than clinician confirmed relapses [18]. Nevertheless, 

another UK study based on commissioning data from Cardiff and Vale population in Wales, estimated a very 

similar ARR of 0.37 [12]. A further study based on a patient survey in 2017 across the USA revealed that 44.1% 

of MS patients had <1 relapse per year, 35.5% had 1-2 relapses and 20.2% had > 2 relapses per year [2]. 

The ARR for RRMS patients (0.08) as well as the ARR for RRMS patients on DMT (0.08) was also lower compared 

to previously reported ARRs from randomised controlled trials in RRMS [19]. It was first noted that the ARRs for 

the placebo group in the fingolimod and cladribine trials from 2010 were 0.4 and 0.33 respectively, which was 

significantly lower compared to the 0.9 and 1.28 that were found in interferon beta-1a trials in 1990’s [11]. This 

finding attracted further research; a comprehensive literature review by Inusah et al found a mean ARR of 0.68 

for the treatment group, while the mean ARR for the placebo group was 1.005 [6]. It also demonstrated a 

sustained reduction of the ARR by 0.36 relapses per year over a 10-year study period for the placebo group and 

0.37 for the treatment group [6]. Similarly, Nicholas et al, found that the ARR for the placebo group decreased 

by 6.2% per year, translating to a reduction of almost 50% over 10 years [7]. Comparable results were found by 

Steinvorth et al, with a reduction in the ARR of the placebo group by 4.5% per year [9].  

Higher ARRs compared to our findings were also reported in a recent meta-analysis of the efficacy and safety of 

monoclonal antibody therapies for RRMS; it showed an ARR of 0.45 for the patients that were on interferon 

beta-1a, which was the most common comparison treatment [20]; the ARRs for the preceding year varied from 

1.2 to 3.0 [20]. Equally high ARR (>1) was noted for RRMS patients in the year before enrolment to ofatumumab 

trials [21]. The ARRs in the ofatumumab and teriflunomide groups were 0.11 and 0.22 in trial 1 and 0.10 and 

0.25 in trial 2 [21]. 
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Our study findings suggest that the previously noted trend of reducing ARRs in RRMS [4, 6, 7, 9, 10] continues. 

It is plausible that the recent increased availability of higher efficacy DMTs can explain the reduced ARRs for the 

RRMS patients.  Moreover, the ARR in all our RRMS patients versus RRMS patients on DMT was the same (0.08), 

supporting the findings from another study, which reported that prior DMT use did not influence on-trial ARRs 

[11]. Previous studies found that age, disease duration, pre-trial ARR, number of years used to calculate pre-trial 

ARR, and study duration were the main determinants of the on-study ARRs [4, 6, 9, 11].  Mean disease duration 

and age were comparable with previous studies [4, 6, 9, 11, 20], hence we do not feel that they have influenced 

the low ARRs in this cohort. 

We found differences in the relapse rates between different study sites. Nottingham had a higher ARR compared 

to other sites. This is more likely to be due to our data extraction methodology. Nottingham was the only centre 

that screened all medical records from April 2019 until the end of December 2020 to capture all relapses, 

including the relapses that were reported retrospectively in future clinic appointments. All other sites extracted 

their data from databases/phone call encounters/relapse clinics from April to June 2020 and for the same period 

in 2019.  

In contrast to RRMS [4, 6-9, 11], there have not been many studies reporting the relapse rates of SPMS patients; 

this is at least partly due to the small number of randomised controlled trials for DMTs in SPMS. The ARR 

reported in the Expand study for SPMS patients at baseline was 0.16 on the placebo group versus 0.07 on 

siponimod [22]; in the year before screening, the ARR was 0.2 for patients randomised for siponimod and 0.3 

for placebo [22]. The previous European interferon beta-1b study in SPMS found an on-study ARR of 0.64 for the 

placebo group [23], while the US study reported an ARR of 0.28 [23]. A recent study from Switzerland analysing 

the cost-effectiveness of siponimod compared to interferon beta-1a in SPMS patients estimated that the annual 

relative risk of a relapse was 0.5 for siponimod versus placebo and 0.69 for interferon beta-1a versus placebo 

[24].  Another recent study of SPMS patients from France found that 10-15% of patients had at least one relapse 

in a year, during the first 5 years of progression [25].  

Total ARR for our SPMS patients was estimated at 0.01, which is lower compared to previous studies [22-25]. 

However, the total ARR for SPMS patients on DMT was 0.16 with Nottingham reporting an ARR of 0.25, which 

are comparable with the ARRs reported in the Expand study [22].  
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This study has the limitations of a retrospective design and a relatively small sample, especially for the SPMS 

patients; this resulted in three of the study sites (Cardiff, Swansea and Newport) not detecting any relapses in 

their SPMS patients on DMT during the 3-month study period. Unfortunately, due to the lack of availability 

across all centres, we were unable to report the type of DMTs that could have provided a possible explanation 

of the differences between centres. Moreover, there were differences in the data collection methodology 

between study sites. Our methodology would have captured all relapses reported to the MS clinics but would 

have missed any mild relapses which were unreported to secondary care. Finally, while we report the crude ARR, 

we a-priori decided not to calculate the adjusted ARRs, due to unavailability of clinically meaningful data, 

although this would have been advantageous in order to directly assess additional factors influencing relapse 

frequencies.In conclusion, we report a multicentre UK study that estimated real world ARRs from contemporary 

MS clinics and provided a broader and different perspective to current knowledge derived from clinical trials.  

We found that the previously reported trend of reducing ARRs in RRMS 10 years ago [4, 6, 7, 9, 11], continues 

to decline. Moreover, the recent UK approval of siponimod in SPMS [26] increased the need of obtaining a 

contemporary ARR for SPMS patients, which we tried to address in this study; we report a reduced ARR in SPMS 

compared to previous studies [22-25]. Further larger prospective studies are needed with real-world data, to 

improve the feasibility estimations of future clinical trials and facilitate MS service planning.   
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