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TherapeuTic advances in 
neurological disorders

Introduction
Disease-modifying therapy (DMT) for multiple 
sclerosis (MS) aim to modulate or selectively sup-
press the immune system to slow down or stop 
injury to the central nervous system (CNS) driv-
ing relapses and disability progression.1 The 
number of DMTs available has grown over time 
with a steep increase since 2013,2,3 predominantly 
for people with MS (PwMS) with relapsing forms 

(RMS). Studies in PwMS following the first clini-
cal episode suggestive of an inflammatory demy-
elinating event in the CNS, also termed clinically 
isolated syndrome, and retrospective real-world 
data suggest that early DMT initiation may have 
beneficial long-term effects.2,4,5 Furthermore, 
early application of DMT with higher efficacy, for 
example, within the first 2 years of diagnosis, may 
result in positive effects on disability progression, 
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Abstract
Background: Treatment guidelines recommend early disease-modifying therapy (DMT) 
initiation after diagnosis of multiple sclerosis (MS). Multinational comparative studies that 
assess time to DMT initiation in MS may allow detection of barriers inherent to healthcare 
systems to explain potential adverse systematic delays in commencing DMTs.
Objectives: To investigate and compare the time to first DMT and its association with 
sociodemographic and clinical variables after MS diagnosis in three large MS registries.
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(GMSR), the North American Research Committee on MS Registry (NARCOMS, US data only), 
and the United Kingdom MS Registry (UKMSR, both self- and clinician-reported).
Methods: Data from relapsing people with MS (PwMS), with a diagnosis of MS between 2014 
and 2019, and available DMT and disability status were pooled using a meta-analytic approach.
Results: A total of 5395 PwMS were included in the analysis (GMSR: n = 2658; NARCOMS: 
n = 447; UKMSR: n = 2290). Kaplan–Meier estimates for the time to first DMT [median months 
(95% CI)] were 2.0 (1.9–2.0), 3.0 (2–4), and 9.0 (7.7–10.6) for GMSR, NARCOMS, and UKMSR, 
respectively. Pooled multivariable Cox regression demonstrated shorter time to first DMT for 
PwMS diagnosed after 2017 [1.65 (1.42–1.92), p < 0.01], and longer time to DMT when a higher-
efficacy DMT was selected (0.69 (0.54–0.90), p < 0.0001].
Conclusion: Time to DMT initiation differs across the populations studied, indicating that 
barriers may exist in early access to DMT, particularly in the United Kingdom. However, a 
consistent decrease in time to DMT initiation was noted since 2017 across all registries. 
Further studies are warranted comparing the effects of time to DMT and time to higher-
efficacy DMT on long-term outcome.
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supporting a ‘hit hard and early’ concept favored 
by a growing number of MS clinicians.6–8

Consensus guidelines from the European 
Academy of Neurology (EAN) and the European 
Committee for Treatment and Research in MS 
(ECTRIMS)9 recommend the early introduction 
of DMT. Additionally, the case definition for MS 
has been repeatedly revised resulting in shorter 
times from initial symptoms to clinical diagnosis, 
facilitating earlier DMT initiation.10,11 However, 
in clinical practice, barriers (e.g. related to health-
care systems or with regard to dissemination of 
knowledge) might exist that hamper early DMT 
initiation, despite the recommendations and the 
evolution of MS diagnostic criteria described 
above.

Thus, we investigated and compared the time to 
first DMT and its association with sociodemo-
graphic and other clinical patient characteristics 
after MS diagnosis in three large MS registries.

Materials and methods

MS registries and healthcare systems
This observational study was conducted using 
data from voluntary MS registries spanning three 
different healthcare systems, including the 
German MS Registry (GMSR),12 the North 
American Research Committee on MS Registry 
(NARCOMS),13 and the United Kingdom MS 
Registry (UKMSR).14

The total number of PwMS in Germany is esti-
mated to be at around 280,000.15 Since its incep-
tion in 2001, the GMSR has collected data on 
more than 80,000 PwMS in Germany, thus cover-
ing around 29% of the total estimated patient 
population. Data for the GMSR, including data 
on diagnosis of MS according to the MS diagnos-
tic criteria, are provided by clinical MS centers 
(members of the medical staff) via a web-based 
electronic data capture system.12 The GMSR rep-
resents the German healthcare system and 
includes patients covered by statutory health 
insurance (SHI covers ~87% of the German gen-
eral population), private health insurance, and 
other reimbursements. In insured people, the SHI 
reimburses the cost of all DMT approved for the 
respective indication. In eligible individual cases, 
the costs of drugs used as off-label therapy will 
also be reimbursed.16

In the United States, the number of PwMS has 
been estimated based on claims data at approxi-
mately 914,000.15 The NARCOMS Registry has 
since 1996 captured data on more than 42,000 
PwMS, covering around 5% of the total estimated 
patient population. The NARCOMS Registry is 
based on self-reports of PwMS and is heterogene-
ous with respect to demographic and clinical 
characteristics, location of MS care, and insur-
ance coverage of DMT.13 For this analysis, only 
data of NARCOMS-participants residing in the 
United States were included. The US health sys-
tem is made up of multiple types of coverage 
including public, private, for profit and nonprofit 
insurers, and healthcare providers. The estimated 
uninsured rate is 8.5% of the population in the 
United States.17 Within the study population less 
than 8% of participants were uninsured. A health-
care provider can prescribe DMT, but the cost of 
the DMT vary by insurance type and availability 
of patient assistance programs.

In the United Kingdom, the number of PwMS is 
estimated to be about 134,000.15 The UKMSR 
since 2011 has captured data on more than 
42,000 PwMS (web: 26,000; clinical: 16,000), 
thus covering around 31% of the total estimated 
patient population. Data have been collected 
directly from PwMS via web (portal data) and 
from treating clinicians in MS specialist treat-
ment centers (clinical data). For this study, data 
were analyzed from the core dataset collected at 
both UKMSR-clinical (by clinical team) and 
UKMSR-web (patient-reported). In addition, 
there are data that are only collected at UKMSR-
web but not at UKMSR-clinical, for example, 
EQ-5D or Fatigue Severity Scale. The compari-
son and validation (e.g. of MS diagnoses) of the 
two data sources is described in detail in the arti-
cle by Middleton et al.14 The UKMSR includes 
PwMS eligible for treatment through the National 
Health Service (NHS) approved by the National 
Institute of Clinical Excellence (NICE). 
Treatments are free at the point of delivery but 
can only be prescribed at specialist NHS treat-
ment centers by Consultant Neurologists. 
Treatment audit guidelines are strict, with treat-
ment only being dispensed in line with NICE 
guidance for particular disease forms with 
Expanded Disability Status Scale (EDSS) scores 
in a set range. If treatment is given outside of 
these parameters, then centrally funded drug 
costs are not refunded by NHS England to the 
treating center.
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Further information on the technical infrastruc-
ture and data acquisition of the registries have 
been previously published in articles by Ohle  
et  al. (GMSR),12 Marrie et  al. (NARCOMS),13  
Jones et  al (UKMSR),18 and Middleton et  al. 
(UKMSR).14

Classification of DMTs
For this study, we divided DMTs into two groups. 
Higher-efficacy DMT included alemtuzumab, 
cladribine, daclizumab, fingolimod, mitox-
antrone, natalizumab, ocrelizumab, and rituxi-
mab. Lower-efficacy DMT included azathioprine, 
dimethyl fumarate, glatiramer acetate, (peg-)
interferon beta-1a/1b, and teriflunomide.

Data harmonization
Following the Maelstrom guidelines,19 representa-
tives from each registry formed a working group, 
who met virtually to develop a protocol. Data 
management and quality measures were con-
ducted at registry level. Aggregated results based 
on the data elicited in the protocol were then 
shared and analyzed across registries. The feasibil-
ity of this type of data harmonization was demon-
strated in a methodological article by Salter et al.20

For harmonization purposes, a fixed set of varia-
bles was selected following reviews of design, ques-
tionnaire format, and the data dictionary for each 
registry, ensuring all variables required for the 
analysis would be consistent across registries. 
Furthermore, the protocol included specific details 
regarding variable stratification, mapping variables 
between cohorts and statistical methods.

Because data collection started at different time-
points for the registries, we identified a common 
date for study inclusion (2014), partly due to data 
availability. NARCOMS began enrolling partici-
pants in 1996. However, the GMSR only included 
data from the new infrastructure launched in 
2014 and the UKMSR from 2011.

Study population
Each registry selected participants with RMS 
diagnosed during 2014–2019 with available data 
on onset date, DMT use or treatment-naïve, and 
disability status. PwMS are required to be 18 years 

of age at time of informed consent although DMT 
could have been initiated before the age of 
18 years. Each registry had additional specific 
inclusion criteria for the purpose of this study.

The GMSR included PwMS with a clinic visit 
between 2014 and 2019 and relapsing-remitting 
disease course (RRMS) during the corresponding 
visit. Patients with primary or secondary progres-
sive MS as diagnosed by the treating physician 
were excluded from this analysis. Data on previ-
ous DMT can be captured. Data used for the 
analysis were captured through a standardized 
electronic case report form or via prespecified 
interfaces.12

NARCOMS included RMS patients, resident in 
the United States, who completed a semi-annual 
update survey after the enrollment. Patients with 
progressive MS were excluded. RMS was self-
determined by the participant reporting relapses 
in their enrollment or semi-annual update sur-
veys. In a large proportion of >98% of partici-
pants diagnoses were confirmed based on 
records review, physician survey, or telephone 
interview.21

UKMSR selected participants with RRMS diag-
nosis and at least one clinical visit between 2014 
and 2019. The UKMSR collects patient-reported 
outcome data via a web portal (UKMSR-web) as 
well as clinical data from more than 45 NHS sites 
(UKMSR-clinical). Most sites use the UKMSR 
electronic case report form that is secure, acces-
sible from within the NHS, and incorporates 
standard validation rules. RRMS was determined 
at the date of diagnosis by a neurologist and 
recorded by the clinical practitioner at the corre-
sponding practice visit.

Time to first DMT use
We calculated time to first DMT by using date of 
diagnosis and start time of first recorded DMT. 
In both date cases, day, month, and year were 
considered. If day was missing, then the calcula-
tion was made from the 15th of the month. If no 
DMT use was reported for the available data 
(until the end of the follow-up), then the partici-
pant was censored at the date of the last update 
(either the last visit recorded or the last follow-up 
questionnaire).
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Covariates
Across all registries, covariates were grouped as 
follows: age at diagnosis (17–30, 31–40, 41–50, 
51–60, ⩾61 years), year of diagnosis (2014–2016, 
2017–2019), time to diagnosis (0–5, 6–10, 11–
15, >15 years), sex (males, females), type of 
DMT, and comorbidities (no comorbidity or at 
least one comorbidity) (Table 1). Within the 
GMSR, comorbidities are collected as ICD-10 
codes entered by the treating centers participating 
in the pharmacovigilance module of the GMSR,12 
at the time of data export covering 18.7% of the 
GMSR population analyzed. NARCOMS-
participants report their comorbidity status (pres-
ence/absence) using the following validated 
question format: ‘Has a doctor ever told you that 
you have. . .?’ and, if present, the year of diagno-
sis.22 In the UKMSR, participants are given an 
explanation of other illnesses they may have and 
are asked if they have no other medical conditions 
but MS. If the UK patients report the presence of 
comorbidities, they are given help in specifying 
comorbidities, based on the work by Marrie 
et al.23 For education, all categories were mapped 
to the international standard classification of edu-
cation 2011, and levels were adopted as previ-
ously described.20 Disability measures were 
recorded differently between registries. The 
GMSR uses the EDSS, NARCOMS uses Patient-
Determined Disease Steps (PDDS), and UKMSR 
uses either EDSS (clinical sites) or a webEDSS.24 
The EDSS is an eight-domain, physician-scored 
assessment of disability.25 Mobility milestones are 
linked with EDSS scores of at least 4. The PDDS 
and EDSS are strongly correlated.26 We catego-
rized disability as mild, moderate, or severe. Mild 
disability was defined as an EDSS score of 0.0–
2.5, moderate disability as 3.0–5.5, and severe 
disability as ⩾6.0. The PDDS levels were mapped 
to mild (0–1), moderate (2–4), and severe (5–8) 
categories using PDDS levels that corresponded 
to specific EDSS levels.

Data processing and analysis
To adhere to the ethical and legal standards of 
each registry, a template was formed to combine 
summary level results separately; the individual-
level data were not shared. Harmonization quality 
was evaluated by the comparison of descriptive 
statistics for each of the covariates listed above 
(see Table 1). Descriptive statistics included 
mean and standard deviation (SD)/median and 
quantiles when appropriate for the continuous 

variables and frequency/percentages for the cate-
gorical variables of the study population. The 
median (25%, 75% quantile) time to the first 
DMT use was estimated using the Kaplan–Meier 
method (Table 2). For univariable and multivari-
able analyses on covariates, Cox proportional 
hazards regression models with DMT initiation 
as event were performed. Hazard ratios (HRs) 
and 95% confidence intervals (CIs) are reported. 
Data regarding comorbidities at diagnosis were 
only available for NARCOMS and sparsely avail-
able in UKMSR-web and GMSR data. Therefore, 
this covariate was not considered in the multivari-
able models. As the education level was not cap-
tured in the UK clinical sites, this variable was 
also not considered in the multivariable model.

To account for potential differences within the 
higher-efficacy DMT group, we conducted a 
complementary analysis investigating the time to 
the first DMT for PwMS treated with higher-effi-
cacy DMT without fingolimod and the fingoli-
mod-treated PwMS as a separate group within 
the GMSR.

A meta-analytic approach was taken to produce 
pooled overall and factor-specific estimates since 
HRs and CIs were reported for each registry. 
Random effect models were utilized to compute 
pooled estimates using restricted maximum likeli-
hood for estimating variances to account for data 
sources being possibly heterogeneous.27 
Heterogeneity of the pooled estimates was 
assessed using the I2 quantity with values <30% 
considered as mild and >50% as substantial.28

Analysis for GMSR and UKMSR was conducted 
in R 4.0 (R Foundation for Statistical Computing, 
Vienna, Austria) including the packages ‘survival 
3.2-10’ for time-to-event analyses and ‘metafor 
v3.0-2’ for meta-analyses. NARCOMS con-
ducted analyses in SAS v9.4 (SAS Institute Inc., 
Cary, NC, USA).

Results

Cohort comparability
Comparisons of the demographic and clinical 
characteristics of the participants in all three regis-
tries included in the analysis (GMSR n = 2658, 
NARCOMS n = 447, UKMSR-web n = 1143, 
UKMSR-clinical n = 1147) are presented in Table 
1. Greater similarities were identified between the 
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Table 1. Characteristics of registry participants included in the analysis.

Variables GMSR (n = 2658) NARCOMS (n = 447) UKMSR-clinical 
(n = 1147)

UKMSR-web 
(n = 1143)

Female, n (%) 1909 71.8% 360 80.5% 846 73.8% 925 80.9%

Age at onset (years), mean (±SD) 33.7 ±10.8 32.8 ±11.4 35.5 ±10.6 35.1 ±9.9

Time from first MS symptom to 
diagnosis (months), mean (±SD)

24.5 ±49.3 90.3 ±93.2 48.4 ±70.0 45.7 ±68.0

Time from first MS symptom to 
diagnosis (months), median (Q25, 75)

3.0 (0.2, 
24.0)

60.0 (24.0, 132.0) 19.0 (7.1, 
60.0)

17.0 (6.1, 
57.0)

Age at diagnosis (years), mean (±SD) 35.7 ±11.1 40.3 ±11.2 39.6 ±11.1 38.9 ±9.9

Year of diagnosis, mean (±SD) Sep 2016 1.6 May 2015 1.6 Oct 2016 1.6 Sep 2016 1.7

Year of diagnosis, n (%)

 2014–2016 1536 57.8% 335 74.9% 599 52.2% 642 56.2%

 2017–2019 1122 42.2% 112 25.1% 548 47.8% 501 43.8%

Time to registry enrollment (years), 
mean (±SD)

1.4 ±1.4 1.6 ±1.3 1.6 ±1.3 1.6 ±1.4

Disability status (closest to diagnosis), n (%)

 Mild 2453 92.3% 232 53.6% 419 72.0% 256 35.1%

 Moderate 202 7.6% 171 39.5% 111 19.1% 327 44.9%

 Severe 3 0.1% 30 6.9% 52 8.9% 146 20.0%

 Missing 0 N/A 14 N/A 565 N/A 414 N/A

Comorbidity status, n (%)

 No comorbidity 234 46.9% 125 28.0% N/A N/A 85 14.0%

 ⩾1 comorbidity 265 53.1% 322 72.0% N/A N/A 520 86.0%

 Missing 2159 N/A 0 N/A 1147 N/A 538 N/A

Education level

 Secondary or less 179 8.5% 84 25.5% N/A N/A 145 15.2%

  Higher education (technical or 
associates)

1424 67.2% 63 19.1% N/A N/A 293 30.8%

 Higher education (university) 514 24.3% 183 55.5% N/A N/A 515 54.0%

 Missing 541 N/A 117 N/A 1147 N/A 190 N/A

Care setting, n (%)

 Academic center 405 15.2% 110 36.2% 373 32.5% 689 69.0%

 Non-academic center 2253 84.8% 194 63.8% 774 67.5% 310 31.0%

 Missing 0 N/A 143 N/A 0 N/A 144 N/A

(Continued)
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Variables GMSR (n = 2658) NARCOMS (n = 447) UKMSR-clinical 
(n = 1147)

UKMSR-web 
(n = 1143)

Started DMT, n (%)

 Yes 2318 87.2% 363 81.2% 682 59.5% 994 87.0%

 No 340 12.8% 84 18.8% 465 40.5% 149 13.0%

Type of first DMT, n (%)

 Lower-efficacy therapies 1862 69.3% 286 79.4% 466 68.3% 670 67.4%

  Azathioprine 1 0.0% 0 0.0% 0 0.0% 0 0.0%

  Dimethyl fumarate 511 19.2% 88 19.7% 272 23.7% 387 33.9%

  Glatiramer acetate 562 21.1% 125 28.0% 80 7.0% 147 12.9%

  Interferon beta (-1a/-1b/peg-) 572 21.5% 50 11.2% 90 7.9% 112 9.8%

  Teriflunomide 216 8.1% 23 5.2% 24 2.1% 24 2.1%

 Higher-efficacy therapies 456 17.0% 74 20.6% 216 31.7% 324 32.6%

  Alemtuzumab 45 1.7% 0 0.0% 79 6.9% 76 6.7%

  Cladribine 27 1.0% 0 0.0% 10 0.9% 38 3.3%

  Daclizumab 26 1.0% 0 0.0% 0 0.0% 0 0.0%

  Fingolimod 130 4.9% 22 4.9% 8 0.7% 27 2.4%

  Mitoxantrone 3 0.1% 0 0.0% 1 0.1% 0 0.0%

  Natalizumab 125 4.7% 22 4.9% 83 7.2% 104 9.1%

  Ocrelizumab 92 3.5% 21 4.7% 34 3.0% 79 6.9%

  Rituximab 8 0.3% 9 2.0% 1 0.1% 0 0.0%

 Other therapeutics (e.g. special situations)

  Multiple 0 N/A 3 0.7% 0 N/A 0 N/A

DMT, disease-modifying therapy; GMSR, German MS Registry; MS, multiple sclerosis; n, number of patients; N/A, not applicable; NARCOMS, 
North American Research Committee on MS; Q25, 75, 25% and 75% quantiles; SD, standard deviation; UK, United Kingdom; UKMSR, United 
Kingdom MS Registry; %, proportion of patients.

Table 1. (Continued)

two patient-reported data sources (NARCOMS 
and UKMSR-web), and between the two clinical 
data sources (GMSR and UKMSR-clinical), 
especially with respect to the proportion of females 
and the age at MS symptom onset.

The mean time to registry enrollment, measured 
from the date of diagnosis, was comparable in all 
four data sources (range: 1.45–1.61 years). The 
mean year of diagnosis was comparable between 

the UKMSR (both data sources) and the GMSR 
(August 2016 versus October 2016) whereas in 
NARCOMS participants, the mean year of diag-
nosis was around 1 year earlier (March 2015). 
Median time to diagnosis differed between the 
data sources (GMSR: 3 months | UKMSR-
clinical: 19 months | UKMSR-web: 17 months | 
NARCOMS: 60 months). Cohorts differed 
regarding the percentage of mild (GMSR  
92.3% versus NARCOMS 53.6% versus 
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Table 2. (Kaplan–Meier) median (95% CI) time to first DMT use (in months), stratified by the data sources.

Variables GMSR (n = 2658) NARCOMS 
(n = 447)

UKMSR-clinical 
(n = 1147)

UKMSR-web 
(n = 1143)

Overall 2.0 1.9–2.0 3 2–4 9.0 7.7–10.6 7.1 6.2–7.9

Sex

 Female 2.0 1.9–2.1 3 2–5 9.2 8.0–11.7 7.2 6.3–8.2

 Male 2.0 1.7–2.3 2 2–4 7.7 6.0–10.2 6.1 5.0–9.0

Care setting

 Academic 2.5 2.0–3.0 4 2–8 10.2 7.0–12.0 8.1 7.2–9.7

 Other 1.9 1.8–2.0 3 2–6 8.6 7.1–10.2 7.0 5.7–9.6

 Missing N/A N/A 2 2–4 N/A N/A 4.0 3.4–5.2

Age at diagnosis (years)

 17–30 1.8 1.6–2.0 2 1–3 6.5 5.4–9.0 6.0 5.0–7.6

 31–40 2.0 1.8–2.6 3 2–6 8.4 6.7–12.0 7.0 5.8–8.9

 41–50 2.0 1.9–2.6 3 2–6 8.2 6.3–11.0 7.2 5.9–9.2

 51–60 2.5 2.0–3.6 5 2–12 18.7 9.5–N/A 10.2 7.1–15.3

 ⩾61 4.7 2.2–20.5 4 2–30 40.3 40.3–N/A 4.0 2.3–N/A

Time from first MS symptom to diagnosis (years)

 0–5 1.9 1.8–2.0 2 2–4 7.0 6.1–8.1 6.2 5.5–7.1

 6–10 2.7 2.2–3.8 3 2–6 13.0 9.0–20.0 11.0 8.7–15.1

 11–15 3.0 2.0–5.4 3 2–4 22.0 9.5–N/A 9.2 6.0–18.0

 >15 3.0 1.9–8.4 5 2–15 N/A N/A 12.1 6.0–29.0

Year of diagnosis

 2014–2016 2.0 1.9–2.5 3 3–5 11.3 9.2–13.7 8.2 7.2–10.0

 2017–2019 1.9 1.8–2.0 2 2–3 6.5 5.9–8.1 5.7 5.0–7.0

Disability status (closest to diagnosis)

 Mild 2.0 1.8–2.0 2 2–3 6.1 5.4–7.7 6.0 5.3–8.3

 Moderate 3.1 2.4–5.0 5 2–8 8.1 5.2–12.0 7.0 5.4–8.4

 Severe 3.2 0.4–N/A 4 2–12 13.0 6.0–N/A 15.8 11.5–
19.2

 Missing N/A N/A 60 2–64 13.0 10.2–18.7 6.7 5.8–7.8

Comorbidity status

 No comorbidities 2.6 2.0–3.0 2 2–3 N/A N/A 7.5 5.0–12.9

(Continued)

https://journals.sagepub.com/home/tan


TherapeuTic advances in 
neurological disorders Volume 17

8 journals.sagepub.com/home/tan

Variables GMSR (n = 2658) NARCOMS 
(n = 447)

UKMSR-clinical 
(n = 1147)

UKMSR-web 
(n = 1143)

 ⩾1 comorbidity 2.5 1.9–3.1 3 2–6 N/A N/A 7.6 6.1–9.0

 Missing 1.9 1.8–2.0 N/A N/A N/A N/A 6.9 5.9–7.7

Education level

 Secondary or less 2.0 1.7–2.8 4 2–14 N/A N/A 8.0 5.6–13.0

  Higher education 
(technical or associates)

1.9 1.6–2.0 8 3–15 N/A N/A 8.1 6.8–12.0

  Higher education 
(university)

2.0 1.9–2.7 3 2–5 N/A N/A 6.1 5.6–7.3

 Missing 2.2 2.0–3.0 2 2–3 N/A N/A 7.5 5.6–8.7

Type of DMT

 Lower-efficacy therapies 1.2 1.1–1.4 2 N/A 4.0 3.5–4.4 4.7 4.2–5.2

 Higher-efficacy therapies 4.0 3.3–4.7 3 2–4 4.8 4.0–5.4 8.0 7.2–9.5

 Other/special situations N/A N/A 6 1–9 N/A N/A N/A N/A

CI, confidence interval; DMT, disease-modifying therapy; GMSR, German Multiple Sclerosis Registry; MS, multiple 
sclerosis; n, number of patients; N/A, not applicable (if there were no patients in the respective category); NARCOMS, 
North American Research Committee on MS; UK, United Kingdom; UKMSR, United Kingdom MS Registry.

Table 2. (Continued)

UKMSR-clinical 72% versus UKMSR-web 
35.1%; p < 0.0001), moderate (GMSR 7.6% ver-
sus NARCOMS 39.5% versus UKMSR-clinical 
19.1% versus UKMSR-web 44.9%; p < 0.0001), 
and severely (GMSR 0.1% versus NARCOMS 
6.9% versus UKMSR-clinical 8.9% versus 
UKMSR-web 20%; p < 0.0001) disabled PwMS 
at diagnosis.

Time to DMT initiation
Figure 1 presents the Kaplan–Meier curves for 
time to DMT initiation in each data source. 
Within 9 months of diagnosis, more than 50% of 
the patients had initiated a DMT. However, there 
were differences between the cohorts: In GMSR, 
the median time for initiating a DMT was the 
shortest [2.0 (1.9–2.0) months], longer in the 
NARCOMS population [3 (2–4) months; p = 0.02 
compared to GMSR] and was longest in the 
UK-clinical and UK-web populations [9.0 (7.7–
10.6) and 7.1 (6.2–7.9) months (global p value 
<0.001), respectively, Table 2].

Association between the time to first DMT and 
patient characteristics
Findings from a Cox-regression model using a 
univariable approach for each data source are 
shown in Table 3. A shorter time to first DMT 
was associated with younger age (NARCOMS, 
UKMSR-clinical/web, GMSR), lower disability 
level (UKMSR-clinical/web, GMSR), shorter 
time to MS diagnosis (UKMSR-clinical/web, 
GMSR), diagnosis after 2017 (UKMSR-clinical/
web, GMSR), lower-efficacy treatment as first 
DMT (UKMSR-web, GMSR), and treatment at 
clinical centers that were not academic centers 
(GMSR). The complementary analysis looking at 
fingolimod-treated PwMS separately in the 
GMSR did not result in significant changes (see 
Supplemental Figure S1).

The pooled results from the univariable models 
are shown in Figure 2 and Supplemental Table 
S1. Higher-efficacy treatment as first DMT [0.74 
(0.55–1.00), p < 0.0001] as well as time to  
MS diagnosis of more than 15 years [0.58 
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Figure 1. Kaplan–Meier curves for time to DMT initiation in years for each data source. The median time is 
shown by vertical lines. Number of patients at risk after full years are given in the lower panel of the figure. 
About 50% of the patients initiated a DMT within 9 months of diagnosis. German patients showed the shortest 
time to first DMT initiation of the majority of PwMS [2.0 (1.9–2.0) months], followed by the US patients [3 
(2–4) months] and the UK-clinical as well as UK-web populations [9.0 (7.7–10.6) and 7.1 (6.2–7.9) months].
DMT, disease-modifying therapy; PwMS, patients with multiple sclerosis.

(0.39–0.87), p < 0.01; reference: 0–5 years] were 
associated with longer times to first DMT. There 
were nonsignificant trends for a shorter time to 
first DMT with younger age at diagnosis [17–
30 years – HR (95% CI): 1.14 (1.00–1.29), 
p = 0.11; reference: 41–50 years], male sex [1.06 
(0.99–1.13), p = 0.76], visit of non-academic 
centers [1.08 (1.00–1.16), p = 0.53], and higher 
educational level [university: 1.02 (0.90–1.17), 
p = 0.38; reference: secondary or less education].

In multivariable Cox-regression models, MS 
diagnosis after 2017 (NARCOMS, UKMSR-
web, GMSR), shorter time to diagnosis (UKMSR-
web), age ⩾61 years (UKMSR-web), and a 
lower-efficacy treatment as first DMT (UKMSR-
web, GMSR) were predictors of shorter time to 
first DMT (Table 3). The pooled multivariable 
analysis indicated that MS diagnosis after 2017 
[1.65 (1.42–1.92), p < 0.01] was associated with 
a shorter time to the first DMT, whereas treat-
ment initiation with a higher-efficacy DMT had a 
higher hazard for a longer time to first DMT 
[0.69 (0.54–0.90), p < 0.0001], see Figure 3 and 
Supplemental Table S2.

Discussion
In this study we built upon our prior successful 
application of the Maelstrom framework.20 We 
found that the median time to initiate a DMT was 
the shortest in the German registry population, 
followed by the United States, and the UK regis-
tries population. Factors associated with a shorter 
time to initiating a DMT were a MS diagnosis 
after 2017 while treatment with a higher-efficacy 
DMT was associated with a longer time to initiat-
ing the first DMT. These factors were generally 
consistent across health systems. A matter of dis-
cussion is the attribution of DMTs into the two 
groups, as for example, in Germany the 2021 revi-
sion of the national MS guideline divided the 
DMT spectrum into three groups. Resulting in an 
additional group including sphingosine-1-phos-
phate receptor modulators (S1Ps) and cladribine 
seen as a category of medium efficacy between tra-
ditional baseline therapies (interferons, glatiramer 
acetate, dimethyl fumarate/diroximel fumarate, 
and teriflunomide) and high efficacy (alemtu-
zumab, anti-CD20 monoclonal antibodies, natali-
zumab). While creating the protocol for this 
analysis, this separation in three categories was not 
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Figure 2. Graphical representation of the pooled univariable models. This forest plot shows the associations of 
the time to the first DMT with the pooled sociodemographic and clinical data from three MS registries (GMSR, 
NARCOMS, UKMSR) in a univariable Cox-regression model. The colored boxes show the values of the hazard 
ratios on the x-axis. The whiskers emanating from the boxes indicate the 95% CI of the HRs. For example, 
the time to first DMT was significantly longer in patients with time to diagnosis of more than 15 years [0.58 
(0.39–0.87), p < 0.01] and treatment initiation with higher-efficacy DMT [0.74 (0.55–1.00), p < 0.0001].
CI, confidence interval; DMT, disease-modifying therapy; GMSR, German Multiple Sclerosis Registry; HR, hazard ratio;  
MS, multiple sclerosis; NARCOMS, North American Research Committee on MS; ref, reference; UKMSR, United Kingdom  
MS Registry.

Figure 3. Graphical representation of the pooled multivariable models. This forest plot shows the associations 
of the time to the first DMT with the pooled sociodemographic and clinical data from three MS registries 
(GMSR, NARCOMS, UKMSR) in a multivariable Cox-regression model. Diagnosis between 2017 and 2019 
was significantly associated with a shorter time to first DMT [1.65 (1.42–1.92), p < 0.01], whereas the use of 
a higher-efficacy treatment as first DMT was significantly associated with a longer time to first DMT [0.69 
(0.54–0.90), p < 0.0001].
CI, confidence interval; DMT, disease-modifying therapy; GMSR, German Multiple Sclerosis Registry; MS, multiple sclerosis; 
NARCOMS, North American Research Committee on MS; ref, reference; UKMSR, United Kingdom MS Registry.
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available, and we judged, for example, cladribine 
and fingolimod based on the label by EMA for 
highly active MS and also according to the then 
published EAN/ECTRIMS guidelines.

In Germany, most citizens are insured by one of 
the SHIs. DMT is available and reimbursed 
already after the first clinical episode, and no disa-
bility threshold needs to be reached prior to allow-
ing the prescription. Furthermore, DMT can be 
prescribed by any outpatient neurologist not nec-
essarily specialized in MS, and even, although a 
rare event, by general practitioners not specialized 
in neurology. Overall, the prescription of DMT is 
not limited to specialized hospitals or MS centers, 
facilitating easy and early access even in remote 
and rural areas. This illustrates the regulatory dif-
ferences between the countries that may affect the 
time to DMT and also allows for discussing DMT 
options already during the first consultations at 
time of diagnosis with a PwMS. In several aspects, 
for example, with regard to optimal patient care 
and pharmaco-economics, minimal barriers for 
DMT prescription could also have disadvantages, 
but may lead to shorter times to DMT, however 
not necessarily the optimal DMT.

The NARCOMS data suggest a 1 month longer 
median time to DMT start in the United States as 
compared to in Germany. With a dataset of only 
447 individuals analyzed from the NARCOMS 
Registry, the data may not be representative for 
early access to DMT in all areas of the United 
States. However, on average, this possibly reflects 
a heterogeneous healthcare system with respect to 
insurance coverage and cost of DMTs being pos-
sible barriers for early DMT start in a proportion 
of PwMS in the United States.13

The UKMSR data also suggested a delay of 
6 months on average in initiating DMT in the 
United Kingdom compared to Germany. This 
possibly is explained by the process of being diag-
nosed in the United Kingdom. General practition-
ers act as gatekeepers for specialist neurologists. If 
MS is suspected, patients are referred to a waiting 
list, picked up by a specialist treatment center at 
which point the process of confirming the diagno-
sis (MRI Scan per McDonald Criteria) begins and 
may account for some of the lag in diagnosis and 
thus treatment.

Among international MS specialists, there is a 
large consensus that early use of DMT, ideally 

after the first clinical episode suggestive of MS, 
may have beneficial impact on longer-term out-
come.9 This view is supported by studies in 
patients with clinically isolated syndrome, and 
retrospective real-world registry data.2,4,5,29,30 A 
registry-based cohort study of PwMS from two 
nationwide MS registries investigated long-term 
effectiveness outcomes in dependence of early 
versus late DMT initiation.29 Early starters initi-
ated the first DMT within 2 years after MS symp-
tom onset (n = 2316) and late starters during 
2–8 years after symptom onset (n = 1479). 
Median time from symptom onset to initial DMT 
was 1 year in early starters and 5 years in late 
starters. However, the majority of early (83.4%) 
and late starters (61.3%) initiated DMT within 
1 year after MS diagnosis.29 This is also reflected 
by our data, as median time to first DMT after 
MS diagnosis ranged from 2 to 9 months across 
the registries analyzed. Regarding the long-term 
outcome of the Danish cohort of PwMS, early 
DMT initiation was associated with longer period 
to reach an EDSS score of 6 (particularly in 
women) and lower risk of mortality (reference: 
late starters).29 Furthermore, an observational 
study of 2648 RMS patients from the Swedish 
MS Registry revealed that per year of DMT 
delay, MS Impact Scale (MSIS) physical score 
worsened by 2.75 (95% CI: 1.29–4.20) points 
and MSIS psychological score by 2.02 (0.03–
3.78) points, whereas there was no significant 
association between quality of life and earlier 
DMT start.

In recent years, the arsenal to combat MS has 
grown, with registration of DMT that have proven 
higher efficacy compared to the DMT tested in 
the early clinically isolated syndrome studies. 
Besides the higher-efficacy DMT listed above – 
such as alemtuzumab, cladribine, fingolimod, 
natalizumab, and ocrelizumab – newer S1Ps (oza-
nimod, ponesimod) and a subcutaneous B-cell 
targeting therapy (ofatumumab) have become 
available, tested against active comparators in 
phase III clinical trials.31–33 Therefore, not only 
the early application of any DMT, but in particu-
lar the early application of DMT with higher effi-
cacy, for example, within the first 2 years of 
diagnosis, may result in added positive effects on 
the long-term disease course.6–8

The mean delay from symptom onset to first 
DMT initiation among these Swedish PwMS 
with at least one MSIS recording was 0.7 years in 
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early starters (started within 2 years, n = 1913) 
and 2.6 years in later starters (start during 
2–4 years, n = 130).30 The observation that early 
DMT initiation is becoming common in PwMS is 
reflected in a positive trend also in our datasets: 
across all three registries analyzed, PwMS diag-
nosed after 2017 were more likely to initiate 
DMT earlier compared to PwMS diagnosed 
between 2014 and 2016. Another issue that may 
contribute to the prolongation of time to first 
DMT is the diagnostic delay of MS. A cross-sec-
tional multi-center study of 285 Portuguese 
PwMS presented significant associations between 
diagnostic delay and older age, increased relapse 
activity prior to diagnosis, symptoms of motor 
deficit at MS onset, primary progressive MS, and 
previous wrong diagnosis.34

Measures to reduce the time to MS diagnosis may 
be generating more attention to MS and thus 
increasing the health literacy of the general popu-
lation, raising the alertness of general practition-
ers and improving access to neurologists.35 This 
may reflect increasing awareness for the relevance 
of early diagnosis as well as DMT initiation and 
could be a result of (multi-)national guidelines in 
favor of early DMT start.36,37 Interestingly, we 
noted a prolonged time to initiate DMT in 
patients who started with a higher-efficacy treat-
ment compared to traditional lower-efficacy ther-
apies. This may reflect the need to complete 
additional tests to reduce (higher-efficacy) treat-
ment associated risks. However, several labora-
tory assessments to exclude pregnancy, chronic 
viral or bacterial infections (such as serology tests 
for varicella zoster, HIV, hepatitis, or tuberculosis 
T-cell tests), or anti-JC virus antibody testing – 
for one of the three progressive multifocal leu-
koencephalopathy risk factors assessment – in 
patients who intent to undergo natalizumab ther-
apy, may explain delays only by days or a couple 
of weeks. In contrast, the need for vaccinations 
prior to higher-efficacy treatment initiation may 
play a relevant role, as vaccinations should be 
completed 4–6 weeks prior to certain higher-effi-
cacy DMT. In the light of recent discussions on 
SARS-CoV-2 vaccinations’ effectiveness in 
PwMS treated with S1Ps as well as anti-CD20 
DMT, the timing of vaccinations before initiating 
high-efficacy treatments has become a prominent 
discussion point amongst neurologists.38–41 
Overall, risk mitigation measures may explain the 
delay noted when higher-efficacy treatments are 
selected as initial DMT option. The comparison 

across the different registries and healthcare sys-
tems showed that in the United States the time to 
initiate higher-efficacy DMTs is shortest followed 
by Germany and United Kingdom.

A trend across all three registries was a shorter 
time to first DMT in male PwMS. We can only 
speculate about the possible reasons. Although 
the effect was small, a possible explanation is that 
male sex is considered to be associated with worse 
prognosis in PwMS.36,37 This assumption may 
lead to a shorter delay to first DMT as soon as 
MS is confirmed. Another possible explanation 
may be that a proportion of female PwMS may be 
hesitant with regard to starting a DMT due to 
childbearing wishes and plans, albeit several 
DMTs can be applied until awareness of preg-
nancy, or with recent approval even throughout 
pregnancy (interferons and glatiramer acetate42).

One trend that may be unexpected is that PwMS 
treated with DMT in non-academic centers were 
initiated within a shorter time after diagnosis 
compared to patients in academic centers. A pos-
sible explanation could be that patients initiating 
treatment in academic centers might be individu-
als referred for a second or a third opinion, either 
because these patients are unsure about (the most 
eligible) treatment or for example, comorbidities 
or other factors complicate the selection of suita-
ble DMT. Furthermore, academic centers usu-
ally deal with larger patient populations, which 
might result in longer turnaround times. However, 
considering the nature of our registry-based study 
and possible heterogeneity with regard to data 
acquisition at the different registry sites and cent-
ers, we cannot exclude a methodological explana-
tion for this observation.

Pooling patient-level data has become less feasi-
ble, especially for European data partners under 
General Data Protection Regulation (GDPR)-
legislation. Following joint work on employment 
in MS,20 other registry consortia43 have also col-
laborated using the approach we employed. Our 
analysis provides unique insights into the time it 
takes for the first DMT to be introduced to 
PwMS. By including the United States and 
German regions in our baseline population, we 
can capture changes in the landscape of available 
treatments once market authorization is granted. 
This situation is relatively unique to these two 
countries as in almost all other countries the treat-
ments are not available until price negotiations 
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(reimbursement decisions) are finished. By 
including more than 5000 people with MS in this 
study who were diagnosed after 2014, subject to 
modern diagnostic criteria (McDonald 2015 and 
2017) and have access to a wide range of DMT 
options, we were able to provide data on factors 
influencing time to first DMT in a large sample of 
people with relatively short disease duration, ena-
bling to detect possible barriers to DMT access.

However, our registry-based study has obvious 
limitations. PwMS included in the registries may 
not represent all individuals in the respective 
healthcare system (e.g., differences in DMT pre-
scribing related to health care environment and 
limitations in access),44 already reflected by dif-
ferent relative coverage of the total estimated 
PwMS population in the registries studied 
(UKMSR > GMSR > NARCOMS). In addition, 
there is potential for selection bias in the clinical 
registries (e.g. the GMSR recruits PwMS solely 
from centers awarded a certificate by the German 
MS Society after fulfilling certain criteria defined 
by the Society) and low numbers of participants 
meeting the inclusion criteria in the NARCOMS 
Registry. However, the NARCOMS and UKMSR 
are both online accessible and include PwMS, 
regardless of participation in documentation of 
their treating center. Furthermore, the UKMSR-
clinical in recent years has increased recruitment 
in more community led sites. As another limita-
tion, we were unable to include factors such as 
socioeconomic status, comorbidities, race, and 
ethnicity in our multivariable analyses due to data 
not being available in all of the datasets. 
Conducting research with heterogenous data 
sources generally is challenging. The data from 
two patient-reported registries (NARCOMS and 
the portal population of the UKMSR) were used, 
and two registries relied on clinical sites to report 
patient data showed comparable results with 
regard to female-to-male ratio, disability status at 
diagnosis, and educational status (Table 1). For 
both NARCOMS and the UKMSR, validation 
efforts have been published to ascertain the usa-
bility of patient-reported data.14,45–48 The 
UKMSR also has a link between patient-reported 
data (portal data) and clinician-reported data for 
an increasing proportion of its population. The 
study included PwMS initiating both cladribine 
and ocrelizumab as the last approved DMTs. 
However, DMTs approved later on, for example, 
ofatumumab and further S1Ps, are not covered 
by our work due to the data cut that applies for 

this analysis. Future work will investigate possibly 
changed treatment initiation patterns following 
the approval of additional DMTs since 2019, 
which offer inter alia new routes of application. 
We also know that a dichotomic classification in 
higher- and lower-efficacy drugs are not strictly 
evidence-based, considering the limited number 
of head-to-head studies performed. However, as 
we focused primarily on time to any first DMT 
we believe that this has not affected our main 
findings.

Moreover, analyzing EDSS progression or fur-
ther indicators of therapy effectiveness after 
DMT initiation to assess the benefit of early 
DMT initiation would be a valuable follow-up 
investigation.

Conclusion
Differences in healthcare systems with probably 
the lowest barriers to (a) diagnosis and (b) DMT 
initiation in Germany followed by the United 
States may account for some of our findings, 
highlighting the need to advocate for better access 
to diagnosis and treatment still. Provided that 
early DMT use is beneficial for the long-term 
outcome of PwMS, it is reassuring that a consist-
ent decrease in time to DMT was noted since 
2017 across all registries in our study. However, 
to inform on beneficial effects for PwMS, time to 
(higher-efficacy) DMT needs to be linked to clin-
ical effectiveness outcomes for future studies.
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