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ABSTRACT
Purpose  Multiple sclerosis (MS) is a chronic neurological 
condition that affects approximately 150 000 people in 
the UK and presents a significant healthcare burden, 
including the high costs of disease-modifying treatments 
(DMTs). DMTs have substantially reduced the risk of 
relapse and moderately reduced disability progression. 
Patients exhibit a wide range of responses to available 
DMTs. The Predicting Optimal INdividualised Treatment 
response in MS (POINT-MS) cohort was established to 
predict the individual treatment response by integrating 
comprehensive clinical phenotyping with imaging, 
serum and genetic biomarkers of disease activity and 
progression. Here, we present the baseline characteristics 
of the cohort and provide an overview of the study design, 
laying the groundwork for future analyses.
Participants  POINT-MS is a prospective, observational 
research cohort and biobank of 781 adult participants 
with a diagnosis of MS who consented to study enrolment 
on initiation of a DMT at the Queen Square MS Centre 
(National Hospital of Neurology and Neurosurgery, 
University College London Hospital NHS Trust, London) 
between 01/07/2019 and 31/07/2024. All patients were 
invited for clinical assessments, including the expanded 
disability status scale (EDSS) score, brief international 
cognitive assessment for MS and various patient-reported 
outcome measures (PROMs). They additionally underwent 
MRI at 3T, optical coherence tomography and blood tests 
(for genotyping and serum biomarkers quantification), at 
baseline (i.e., within 3 months from commencing a DMT), 
and between 6–12 (re-baseline), 18–24, 30–36, 42–48 
and 54–60 months after DMT initiation.
Findings to date  748 participants provided baseline 
data. They were mostly female (68%) and White (75%) 
participants, with relapsing–remitting MS (94.3%), and 
with an average age of 40.8 (±10.9) years and a mean 
disease duration of 7.9 (±7.4) years since symptom 
onset. Despite low disability (median EDSS 2.0), cognitive 
impairment was observed in 40% of participants. Most 
patients (98.4%) had at least one comorbidity. At study 

entry, 59.2% were treatment naïve, and 83.2% initiated 
a high-efficacy DMT. Most patients (76.4%) were in 
either full- or part-time employment. PROMs indicated 
heterogeneous impairments in physical and mental 
health, with a greater psychological than physical impact 
and with low levels of fatigue. When baseline MRI scans 
were compared with previous scans (available in 668 
(89%) patients; mean time since last scan 9±8 months), 
26% and 8.5% of patients had at least one new brain or 
spinal cord lesion at study entry, respectively. Patients 
showed a median volume of brain lesions of 6.14 cm3, with 
significant variability among patients (CI 1.1 to 34.1). When 
brain tissue volumes z-scores were obtained using healthy 
subjects (N=113, (mean age 42.3 (± 11.8) years, 61.9% 
female)) from a local MRI database, patients showed a 
slight reduction in the volumes of the whole grey matter 
(−0.16 (−0.22 to –0.09)), driven by the deep grey matter 
(−0.47 (−0.55 to –0.40)), and of the whole white matter 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This is a large, prospective, real-world cohort of pa-
tients starting a disease-modifying treatment (DMT) 
in clinical practice, being followed up regularly over 
5 years.

	⇒ All clinical, neuropsychological, imaging and patient-
reported outcome data are being collected using 
standardised protocols consistent with standard-of-
care in the NHS.

	⇒ Blood and serum samples were biobanked at each 
visit, enabling future biomarker and both genetic 
(i.e., at baseline) and epigenetic analyses.

	⇒ Single-centre recruitment may limit the gener-
alisability of findings to other multiple sclerosis 
populations.

	⇒ Most participants started high-efficacy DMTs, re-
flecting current clinical practice in the UK, but lim-
iting our ability to evaluate treatment response in 
lower efficacy drugs.
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(−0.18 (−0.28 to –0.09)), but normal cortical grey matter volumes (0.10 
(0.05 to 0.15)). The mean upper cervical spinal cord cross-sectional area 
(CSA), as measured from volumetric brain scans, was 62.3 (SD 7.5) mm2. 
When CSA z-scores were obtained from the same healthy subjects used 
for brain measures, patients showed a slight reduction in CSA (−0.15 
(−0.24 to –0.10)).
Future plans  Modelling with both standard statistics and machine 
learning approaches is currently planned to predict individualised 
treatment response by integrating all the demographic, socioeconomic, 
clinical data with imaging, genetic and serum biomarkers. The long-term 
output of this research is a stratification tool that will guide the selection 
of DMTs in clinical practice on the basis of the individual prognostic 
profile. We will complete long-term follow-up data in 4 years (January 
2029). The biobank and MRI repository will be used for collaborative 
research on the mechanisms of disability in MS.

INTRODUCTION
Multiple sclerosis (MS) is a chronic neurological condi-
tion primarily of young adults,1 posing a substantial 
healthcare challenge, particularly in regions with high 
prevalence, such as the UK.2 MS incurs significant direct 
and indirect medical costs due to high costs of disease-
modifying treatments (DMTs) and its progressive nature, 
often leading to long-term irreversible disability.3

The introduction of highly effective DMTs has improved 
the natural history of MS by dramatically reducing the risk 
of relapses and the presence of new lesions in follow-up 
MRI investigations. For example, ocrelizumab, which is a 
high-efficacy DMT, reduces the annualised relapse rate by 
approximately 46% and the number of new T2 lesions by 
94%, when compared with interferon beta-1a in patients 
with relapsing–remitting MS (RRMS).4 The early use of 
high-efficacy therapies has been associated with improved 
outcomes in the long term.5–7 Although the impact of 
high-efficacy DMTs on the progression of disability has 
been moderate, continued treatment with immunother-
apies reduces the risk of disability accrual in RRMS by 
19%–44% over a period of 15 years.8

Patients show varied responses to DMTs, and complete 
disease control—defined as the absence of relapses, 
new lesions and disability progression—is not seen in 
all patients, even with high-efficacy treatments. A study 
in patients with RRMS treated with a high-efficacy DMT 
found that approximately 26% of patients did not achieve 
a complete disease control after 1 year9 and 34% after 
3 years.10 Up to 12% of patients with RRMS develop 
disability progression independently of relapse activity 
(PIRA) every year.11 This suggests that acute inflammation 
is not the sole driver of disability accumulation and other 
mechanisms, which can be studied using imaging and 
serum biomarkers, can contribute to that.11 Individual 
patients’ characteristics, as defined by demographic vari-
ables, clinical, socioeconomic, lifestyle, imaging, genetic 
factors and serum biomarkers, may shape the individual 
response to a DMT and clinical outcomes.12–15

The primary aim of the Predicting Optimal INdivid-
ualised Treatment response in MS (POINT-MS) cohort 
is to develop a model that predicts the individualised 

treatment response to inform decision-making. This 
involves deeply phenotyping and genotyping a cohort of 
patients with MS initiating a DMT and using advanced 
statistical modelling and machine learning to predict 
the probability of responding to a DMT. Secondary aims 
are as follows: (1) improve our understanding of disease 
pathobiology by defining responders’ profile, which will 
enable a ‘reverse translation’ to more basic research; (2) 
understand the determinants of PIRA and (3) set up a 
biorepository to allow the discovery of new biomarkers of 
progression and further research studies on the mecha-
nisms of disability. In this article, we describe the cohort’s 
profile at baseline and provide an overview of the study 
design.

COHORT DESCRIPTION
Study design and eligibility criteria
This is a single-centre longitudinal observational cohort 
study including blood sample collection, brain and spinal 
cord MRI, clinical and neuropsychological evaluations 
and patient-reported outcomes. 2039 adult patients who 
were due to start a new DMT at the Queen Square MS 
Centre (University College London Hospital (UCLH) 
NHS Trust) between 01/07/2019 and 31/07/2024 were 
approached by the study team; 781 individuals met the 
inclusion criteria and consented to the study. Figure  1 
details the participants’ flowchart.

The minimum required sample size was approxi-
mately 400 patients, determined by aiming for sensitivity 
and specificity estimates of~80% (±10%) for predicting 
NEDA. Calculations assumed NEDA rates of 45% for 
high-efficacy therapies (≥142 patients) and 25% for low-
efficacy therapies (≥256 patients). Accounting for an 
expected dropout of approximately 5%–10% per year 
and to ensure representativeness, our desired target was 
~700 patients. Recruitment ended pragmatically 6 months 
prior to funding completion.

The first study protocol, approved on 21/06/2019 
(19/WA/0157), included three time points: a baseline 
visit (within 3 months from the initiation of a DMT), a 
rebaseline visit between 6 and 12 months and a final visit 
between 18 and 24 months. An optical coherence tomog-
raphy (OCT) substudy was approved in 2021 via a substan-
tial amendment (Sub_Amend_3) to invite participants to 
undergo OCT at baseline and then after 6–12 months 
and 18–24 months. While the original ethical approval in 
2019 was to follow-up patients for 24 months after DMT 
initiation, in 2022, we obtained a new approval, through 
a non-substantial amendment (NSAmend6) to follow-up 
participants up to 54–60 months, if they reconsented to 
the study team accessing their clinical and imaging data 
collected during standard hospital visits. A subsequent 
ethics approval in 2023 (23/WS/0008) allowed further 
collection of participant data available from hospital 
electronic health records (independently of partici-
pants’ consent), which facilitated further data gathering, 
including filling in missing data points retrospectively.
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Figure 1  Participant flowchart. BICAMS, brief international cognitive assessment for MS; BL, baseline; BVMT-R, brief 
visuospatial memory test-revised; CVLT-II, California verbal learning test second edition; DMT, disease-modifying therapy; 
EDSS, expanded disability status scale; FLAIR, fluid-attenuated inversion recovery; MFIS, modified fatigue impact scale; 
MSIS-29, multiple sclerosis impact scale-29; MSQoL-54, multiple sclerosis quality of life scale-54; OCT, optical coherence 
tomography; SDMT, symbol digit modalities test.
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Therefore, the final study design of the POINT-MS 
study included five time points: baseline, 6–12, 18–24, 
30–36, 42–48 and 54–60 months after treatment initia-
tion. At each visit, clinical assessments, blood samples 
and patient-reported outcome measures (PROMs) were 
collected. At their first three time points, patients were 
invited to undergo a brain and spinal cord MRI on the 
3T research scanner at the Queen Square MS Centre 
and OCT. Clinical and MRI assessments at 30–36, 42–48 
and 54–60 months are currently ongoing and integrated 
within the NHS clinical pathways as follows. (1) MRI 
scans are being acquired in the NHS with standardised 
sequences. (2) PROMs are electronically sent to patients 
2 weeks prior to their hospital appointments. (3) The 
expanded disability status scale (EDSS) is scored by the 
treating neurologist during the appointments in the MS 
specialist clinics. (4) Blood samples are being collected 
on the day of the MRI and stored at −80 °C.

Inclusion criteria for the POINT-MS cohort were as 
follows: (1) a diagnosis of MS as per the 2017 McDonald 
criteria16 and (2) initiation of a new DMT within 3 
months. Exclusion criteria were applied to specific tests; 
for cognitive assessment, the exclusion criteria were as 
follows: (1) use of steroid therapy in the last 3 months; 
(2) history of learning disability or major neurological or 
psychiatric condition and (3) use of cognitively altering 
drugs. For OCT, the exclusion criteria were as follows: (1) 
known ophthalmological diseases as per the OSCAR-IB 
criteria17; (2) refractive errors >6 or <−6 dioptres and (3) 
optic neuritis (ON) within the last 6 months.

Patients were identified through MS DMT initiation 
clinics and day-care unit. Participants were given an infor-
mation sheet with the details of the POINT-MS study and 
separate invitations to participate in the main study and 
OCT substudy.

Baseline visits
Baseline visits were carried out in-person. Clinical and 
demographic data, including disease onset, relapse 
history, DMT, lifestyle (smoking and illicit drug use) and 
socioeconomic (ie, income, occupational levels and years 
of education) data and comorbidities, were collected by 
patient interviews, review of medical records and use of 
study-specific digital tablets. Patients underwent phys-
ical examination, cognitive testing, MRI and had bloods 
drawn. OCT was only performed in those who consented 
to the OCT substudy. All clinical data and MRI reports 
were recorded using the REDCap platform hosted at the 
University College London (UCL) Queen Square Insti-
tute of Neurology, UCL.18 19 PROMs via questionnaires 
were collected during study visits20 or via email. Study 
visits were coordinated to occur on days when patients 
were, otherwise, coming to the hospital for clinic visits or 
infusion appointments to minimise participant burden. 
Where this was not possible, patients were reimbursed for 
travel expenses.
1.	 Clinical assessments

EDSS was performed by a trained neurologist.21 
Cognitive performance was assessed using the Brief 
International Cognitive Assessment for MS (BICAMS)22 
comprising the written Symbol Digit Modalities Test 
(SDMT) as a measure of processing speed, the first three 
recall trials of the Brief Visuospatial Memory Test-Revised 
(BVMT-R) as a measure of visuospatial learning and 
memory and the first five recall trials of the California 
Verbal Learning Test Second Edition (CVLT-II) as a 
measure of verbal learning and memory. Healthy controls 
were recruited as a part of a larger longitudinal study on 
cognitive function in MS, approved by the UCL Research 
Ethics Committee (Ethics number: 28405/002), and 
written consent was obtained from all participants. Age, 
sex and years of education were used to generate demo-
graphically adjusted z-scores for each patient based on 
our own healthy control sample (N=53; mean age 30 years 
(SD 13), years of education 15.21 (SD 2.44) and 57% 
female (see online supplemental material S1 for proce-
dure and online supplemental table S1) for descriptive 
statistics). A test score was classified as impaired if it fell 
below≥1.5 SD from the mean. All patients who consented 
to the OCT substudy were also assessed for best-corrected 
visual acuity (VA). High-contrast VA was assessed monoc-
ularly with and without pinhole correction using the loga-
rithm of the minimum angle of resolution acuity chart. 
Low-contrast VA was assessed using a lightbox LCVA chart 
at 2.5% and 1.25% contrast levels.
2.	 MRI scans

All patients were invited to undergo an MRI scan on 
the MS Research scanner, a 3-Tesla Philips Ingenia CX 3T 
MRI System (Philips Medical Systems, Best, Netherlands), 
equipped with a neurovascular 16-channel coil for brain 
imaging, integrated with total spine coils. Acquisition 
parameters for the brain and spinal cord MRI are shown 
in online supplemental table S2. All scans were uploaded 
to an open-source imaging informatics platform, XNAT 
(https://www.xnat.org/), under a pseudoanonymised 
study ID. All POINT-MS MRI scans were donated to 
UCLH to support patient care and were reported by the 
study radiology team. For patients who were not able 
to attend the research unit for their study MRIs, NHS 
hospital MRIs acquired with a standardised protocol were 
retrieved from the hospital PACS system and transferred 
to XNAT for analysis. The images were preprocessed as 
follows. (1) Lesions were identified using the automated 
lesion delineation software, nicMS,23 with 3-D T2-fluid-
attenuated inversion recovery (FLAIR) images as input; 
all lesion masks were manually reviewed and adjusted 
as needed by trained analysts under the supervision of a 
senior neuroradiologist (FB), and lesion load was calcu-
lated as the total volume of focal lesions. (2) Next, lesion 
filling was applied to 3D T1-turbo field echo images. (3) 
Then, the images were segmented into grey matter (GM) 
and white matter (WM) using the Geodesic Informa-
tion Flow software,24 and tissue volumes were extracted 
using NiftySeg software. All tissue volumes were adjusted 
by total intracranial volume. (4) Brain volumes, already 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at U
C

L
 L

ib
rary S

ervices
 

o
n

 O
cto

b
er 31, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 S

ep
tem

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-103440 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://dx.doi.org/10.1136/bmjopen-2025-103440
https://dx.doi.org/10.1136/bmjopen-2025-103440
https://dx.doi.org/10.1136/bmjopen-2025-103440
https://www.xnat.org/
http://bmjopen.bmj.com/


5Christensen R, et al. BMJ Open 2025;15:e103440. doi:10.1136/bmjopen-2025-103440

Open access

normalised for intracranial volume, and upper cervical 
spinal cord cross-sectional area (CSA) were standardised 
using a linear regression model based on age and sex, 
derived from a dataset of 113 healthy controls (mean age 
42.3 (SD 11.8) and 61.9% female) (online supplemental 
table S3) whose scans were available in the MRI database 
of the Queen Square MS Centre, Department of Neuroin-
flammation, UCL. Z-scores were computed by subtracting 
the model-predicted value from the observed value and 
dividing by the SD of the residuals in healthy controls. 
(5) For the computation of upper cervical spinal cord 
CSA, 3D-T1 images of the brain were used;25 in brief, the 
top of C2 vertebral body and the bottom of C3 vertebral 
body were first manually marked by trained analysts and 
the CSA was subsequently segmented automatically using 
the DeepSeg algorithm available with the Spinal Cord 
Toolbox.25

Blood samples collection
Blood was drawn by one of the doctors and/or nurses 
who were trained in phlebotomy. Two 6 mL EDTA tubes 
and one 5 mL serum tube (SST II advance) of blood were 
drawn from each patient at baseline. The serum tube and 
one EDTA tube were centrifuged using the Eppendorf 
Centrifuge 5810R at 3000 x g at room temperature for 
5 min. Following this, 500 µL were pipetted into each of 
6×2 mL PCR-PT Sarstedt aliquots. The second EDTA tube 
was frozen unprocessed. Samples were processed and 
frozen in an onsite freezer at −80° for future analyses.
3.	 Questionnaires

PROMs were collected using five validated question-
naires. (1) The MS quality of life (MSQOL-54) comprising 
54 items related to subjective health-related quality of 
life.26 (2) The MS impact scale (MSIS-29) comprising 29 
questions regarding the physical and psychological impact 
of MS27. (3) The EQ-5D-5L measuring mobility, self-care, 
usual activities, pain/discomfort and anxiety/depres-
sion28. (4) The modified fatigue impact scale (MFIS) 
assessing the impact of fatigue on physical, cognitive and 
psychosocial functioning29. (5) The work productivity and 
activity Impairment assessing health-related absenteeism, 
presenteeism and impairments in unpaid activities.30 
In addition, all female participants were asked targeted 
women’s health questions cross sectionally, including age 
of menarche/menopause, pregnancy history, miscarriage 
history, Hormone Replacement Therapy (HRT) and 
contraceptive use.
4.	 Optical Coherence Tomography

OCT was performed on a Heidelberg Spectralis OCT2 
machine with non-invasive angiography capabilities and 
Spectralis software V.7.0.1. The instrument used 1024 
A-scan points with a 3.45 mm circle centred on the optic 
disc. The acquisition rate was 40 000 A-scans per second 
at an axial resolution of 3.9 μm. A peripapillary retinal 
nerve fibre layer scan was performed using the axial 
protocol centred around the optic nerve head, with ART 
set to 100. A volumetric (20° × 20° volume) scan of the 
macula centred on the fovea was then performed (73 

B-scans covering a superior–inferior distance of 4.6 mm). 
Macular thicknesses were obtained from the 6 mm ring 
of a 1, 3 and 6 mm early treatment diabetic retinopathy 
study circular grid map.

OCT scans were quality checked using the OSCAR-IB 
criteria before extraction.17 Scans that did not meet the 
criteria, or had a signal strength of<25, were excluded 
from the analysis. Eyes affected by a recent episode of 
ON (within 6 months of the OCT scan, severe refractive 
error (> + or <− 6 dioptres)) or had significant retinal 
pathology as per the OSCAR-1B criteria, which may affect 
interpretation of the OCT, were excluded.

Patient and public involvement (PPI)
PPI has been integral to the design and implementation 
of this study, ensuring that the research aligns with the 
priorities and experiences of individuals living with MS. A 
small PPI group has contributed to draft the patient infor-
mation sheet. Regular PPI (virtual) meetings have been 
held throughout the study period to discuss the progress 
and the preliminary results of our research.

FINDINGS TO DATE
We present some descriptive results of the baseline data 
for the purpose of introducing the cohort and illustrated 
the data available to the research community.

Characteristics of study participants
Demographic and clinical characteristics of the patients at 
study entry are reported in table 1. The cohort consisted 
of 748 participants (mean age 40.8 (SD 10.9) years), most 
of whom were females (68%), White (75.1%) and with 
RRMS (94.3%). Patients had a relatively short disease 
duration (mean 7.9, SD 7.4, years since symptom onset). 
Of the total sample, 38.64% (N=289) were ex-smokers, 
while 10.96% (N=82) were current smokers. Most patients 
(98.4%) had at least one comorbidity. Median EDSS at 
baseline was 2 (IQR 2), indicating generally mild but vari-
able levels of disability.

On BICAMS test of cognitive performance, 301 
(40.2%) of the participants showed impairment in at least 
one test (table 1); 28% were classified as impaired on the 
SDMT, 24% on the BVMT-R, while 17.6% scored below 
the cut-off on the CVLT-II. When comparing impairments 
between the BICAMS subtests, 10.7% of participants were 
impaired only on the SDMT, 7.1% on BVMT-R and 4.1% 
(N=31) on CVLT-II, while 5.8% were impaired on both 
SDMT and BVMT-R, 2.5% (N=19) on both SDMT and 
CVLT-II, while 2.7% (N=20) impaired on both BVMT-R 
and CVLT-II (figure 2).

At study entry, 59.2% of participants were treatment 
naïve, and 83.2% initiated a high-efficacy DMT. The drug, 
which was most frequently initiated, was ocrelizumab 
(51.4%), followed by ofatumumab (30.1%) (figure  3). 
At baseline, participants had spent an average of 22.7% 
(SD 31.6%) of their disease duration (calculated from 
symptom onset until day of baseline visit) on any DMT. 
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The average proportion of time spent on high-efficacy 
DMTs was 3.9% (SD 12.1%), while 18.8% (SD 30.3%) of 
disease duration was spent on non-high-efficacy DMTs 
(table 1).

Employment and education are reported in table  2. 
Of the 725 patients who provided information about 
their current employment during the baseline interview, 
76.4% were employed, with mean 35.1 (SD 12.8) hours 
worked per week. For the remaining 23.6% who reported 
no employment, 66 (38.4%) defined themselves as unem-
ployed, 22 (12.8%) were permanently sick/disabled, 18 
(10.5%) were temporarily sick/disabled, 28 had retired 
(16.3%), 13 (7.6%) were in formal education, 20 (11.6%) 
were looking after home/family, 4 (2.3%) were on mater-
nity leave and 1 reported voluntary redundancy.

PROMs are reported in table  3. The group of 673 
patients who completed the MSQoL-54 questionnaires 
reported moderate levels of physical health, emotional 
well-being and mental health, although with large vari-
ance.26 Similarly, scores on MFIS fatigue (MFIS total) 

Table 1  Baseline clinical and demographic statistics

N=748

Age, years, mean (SD) 40.8 (10.9)

Sex, N (%) females 509 (68%)

Ethnic/racial groups

 � White 561 (75%)

 � Black 46 (6.1%)

 � Asian 60 (8%)

 � Mixed 40 (5.3%)

 � Other 41 (5.5%)

Phenotypes

 � RRMS 705 (94.3%)

 � SPMS 7 (0.9%)

 � PPMS 36 (4.8%)

Disease duration, months (SD)* 95.2 (88.5)

Years of education, mean (SD) 15.3 (2.5)

Lifestyle

 � Smoking, n (%)

 � Current 82 (10.96%)

 � Ex-smoker 289 (38.64%)

 � Illicit drug use, n (%) 52 (6.9%)

No of comorbidities

 � 0 12 (1.6%)

 � 1 544 (72.7%)

 � 2 177 (23.7%)

 � 3 13 (1.7%)

 � 4 2 (0.3%)

Clinical relapses in the past 2 
years, mean (SD)

1.2 (1.1)

EDSS, median (range) 2 (0–8)

BICAMS, mean (SD)(% impaired)

 � SDMT 51.6 (13.9)(28%)

 � BVMT-R 24.4 (7.5)(24%)

 � CVLT-II 51.9 (11.5)(17.6%)

Treatment-naïve patients 443 (59.2%)

Number of patients with previous DMTs (%)

 � 1 171 (22.9%)

 � 2 83 (11.1%)

 � 3 35 (4.7%)

 � 4 11 (1.5%)

 � 5 5 (0.7%)

DMT history, mean (SD)

 � Proportion of DD on DMT 0.23 (0.32)

 � Proportion of DD on HE-
DMT

0.04 (0.12)

 � Proportion of DD on NHE-
DMT

0.19 (0.30)

New DMT

Continued

N=748

 � Non-high efficacy 126 (16.8%)

 � Glatiramer acetate 30 (4%)

 � Interferon 11 (1.5%)

 � Dimethyl fumarate 24 (3.2%)

 � Fingolimod 5 (0.7%)

 � Siponimod 5 (0.7%)

 � Teriflunomide 2 (0.3%)

 � Cladribine 49 (6.5%)

 � High efficacy 622 (83.2%)

 � Ocrelizumab 386 (51.5%)

 � Ofatumumab 226 (30.1%)

 � Natalizumab 9 (1.2%)

 � Alemtuzumab 1 (0.1%)

Women’s health information† (N=256)

 � Age at menarche, mean (SD) 12.86 (3.49)

 � Number of women ever 
pregnant, N (%)

134 (52.34%)

 � Number of live births, mean 
(SD)

1.46 (1.05)

 � Menopause, N (%) 38 (14.84%)

 � Age at menopause, mean 
(SD)

48.07 (9.31)

*Since symptom onset.
†Collected using a patient-reported questionnaire.
BICAMS, brief international cognitive assessment for MS; BVMT-R, 
brief visuospatial memory test-revised; CVLT-II, California verbal 
learning test second edition; DD, disease duration; DMT, disease-
modifying therapy; EDSS, expanded disability status scale; PPMS, 
primary progressive MS; RRMS, relapsing–remitting MS; SDMT, 
symbol digit modalities test; SPMS, secondary progressive MS.

Table 1  Continued
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indicate a level of fatigue comparable with other studies 
in RRMS,31 32 however again with large variation. On the 
MSIS, the psychological impact of MS was greater than 
the physical impact, indicating a stronger emotional 
burden. In the overall EQ-5D-5L index, participants had 

(on average) a favourable health perception, although 
a substantial number experienced significant disease-
related impairments.

MRI characteristics are summarised in table  4. Most 
patients (N=603, 80.6%) underwent MRI scans on the 3T 

Figure 2  Impairment combinations for BICAMS subtests. BICAMS, brief international cognitive assessment for MS; BVMT-R, 
brief visuospatial memory test-revised; CVLT-II, California verbal learning test-second edition; SDMT, symbol digit modalities 
test.

Figure 3  Distribution of initiated disease-modifying therapies in the POINT-MS cohort. POINT-MS, Predicting Optimal 
INdividualised Treatment response in MS.
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research scanner. Of the remaining patients, 122 (16.3%) 
were scanned on a 3T NHS scanner, while 23 (3.1%) did 
not have FLAIR scan available. Previous imaging was avail-
able for comparison in 668 patients (89.3%). At baseline, 
26% of patients had new brain lesions and 8.5% had new 
spinal cord lesions compared with their previous most 
recent clinical scans. The mean interval since the prior 
scan was 9 months (SD 8.2, range: 0–80 months). Among 
patients with new brain lesions, the mean interval was 
10.4 months (SD 9.4), compared with 9 months (SD 7.4) 
for those without new lesions. Similarly, patients with new 
spinal cord lesions had a mean scan interval of 10.8 months 
(SD 9.9) versus 9 months (SD 8.0) for those without. The 
majority (642 patients; 86%) showed at least one cervical 
spinal cord lesion at baseline. We obtained volumetric 
brain measures using only the 3D-T1 research scans 
(N=599, since in 4 subjects, the analysis failed because 
of movement artefacts); none of the NHS scans include 
3D-T1 (online supplemental figure 1). The volumetric 
measures were standardised using a reference healthy 
population composed of 113 healthy controls (mean age 
42.3 (SD 11.8) and 61.9% female) (online supplemental 
table 3). The resulting z-scores indicated that the median 
z-score of the whole WM volume was −0.18 (95% CI 
(−0.28 to −0.11)), which was similar to that of the whole 
GM volume (−0.16 (95% CI (−0.22 to −0.09)) indicating 
that both the whole WM and GM volumes were almost at 
the mean of those of the reference healthy population. 
The deep grey matter (DGM) volume was smaller than 

Table 2  Employment and occupations (N=725)

Income, £/month before deductions, 
mean (SD)

3161.3 
(1487.3)

Occupational status, employed, N% 554 (76.4%)

Hours worked per week, mean (SD) 35.1 (12.8)

Current occupational levels*

Administrative and 
secretarial occupations

60 (10.8%)

Associate professional 
and technical 
occupations

50 (9%)

Caring, leisure and other 
service occupations

20 (3.6%)

Elementary occupations 7 (1.3%)

Managers, directors and 
senior officials

171 (30.9%)

Process plant and 
machine operatives

1 (0.2%)

Professional occupations 176 (31.8%)

Sales and customer 
service occupations

29 (5.2%)

Skilled/trade occupations 26 (4.7%)

Not applicable 14 (2.5%)

*Patients currently employed.

Table 3  PROMs at baseline

MSQOL-54, mean (SD) N=673

 � Physical health 73.31 (29.39)

 � Role limitations due to physical 
problems

55.33 (43.98)

 � Role limitations due to emotional 
problems

65.07 (41.68)

 � Pain 74.09 (25.29)

 � Emotional well-being 63.41 (20.42)

 � Energy 43.58 (21.18)

 � Health perceptions 51.25 (20.99)

 � Social function 70.17 (24.51)

 � Cognitive function 66.39 (26.22)

 � Health distress 50.13 (27.45)

 � Sexual function 57.19 (21.69)

 � Change in health 42.85 (23.09)

 � Satisfaction with sexual function 57.06 (31.68)

 � Overall quality of life 68.00 (18.41)

 � Physical health composite 63.48 (20.33)

 � Mental health composite 64.52 (22.58)

MSIS-29, mean (SD) N=674

 � Physical impact 24.71 (23.69)

 � Psychological impact 34.91 (23.65)

 � Total 27.69 (21.82)

MFIS, mean (SD) N=664

 � Physical 16.86 (10.80)

 � Cognitive 15.31 (10.33)

 � Psychosocial 3.02 (2.45)

 � Total 33.27 (20.83)

EQ-5D-5L values, mean (SD) N=692

 � Mobility 0.04 (0.06)

 � Self-care 0.02 (0.03)

 � Activities 0.04 (0.05)

 � Pain 0.06 (0.07)

 � Anxiety/depression 0.08 (0.08)

 � EQ index (0 death to 1 perfect 
health)

0.76 (0.21)

 � EQ-VAS 72.07 (19.13)

WPAI, mean (SD) N=624

 � Working, yes N(%) 480 (74.21%)

 � Percent work missed 9.72 (24.91)

 � Percent impairment while 
working

51.26 (35.77)

 � Percent overall work impairment 52.08 (35.42)

 � Percent activity impairment 46.49 (33.28)

MFIS, modified fatigue impact scale; MSIS-29, multiple sclerosis 
impact scale-29; MSQOL-54, multiple sclerosis quality of life 
scale-54; PROMs, patient-reported outcome measures; WPAI, 
work productivity and activity impairment.
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the reference healthy population (median z-score: −0.47, 
95% CI (−0.55 to –0.40)). Surprisingly, the cortical grey 
matter volume was normal (median z-score: 0.10, 95% CI 
(0.05 to 0.15)). The total lesion volume and the total 
number of lesions were calculated on the baseline 3-D 
FLAIR sequences (considering all together research and 
NHS scans) in 715 patients (online supplemental figure 
1); the median total lesion volume was 6.14 cm3 (95% CI 
(1.17 to 34.10)), and the median number of lesions was 
42 (95% CI (10 to 196)), with considerable variability 
among patients (table 4). Cervical spinal cord showed a 
CSA of 62.3 (7.5), which, when z-scored according to the 
same healthy controls used for brain volumetrics, showed 
a slightly reduced CSA (median z-score: −0.15 (−0.24 to 
–0.10)).

The OCT data are summarised in table  5. Of 287 
eligible patients, a total of 253 patients underwent OCT 
at study entry. They contributed 501 eyes that passed 
criteria. There were 114 ON eyes based on clinical history.

June 2025 update on the POINT-MS cohort
Of these, 704 (94%) have been seen at 6–12 months, 544 
(73%) at 18–24 months and 84 (11.2%) at 54–60 months 
(the latter two time points are still ongoing). Reasons 

for missed visits are being recorded and reviewed by the 
study team. As previously noted, ethical approval (REC 
23/WS/0008) allows retrospective access to electronic 
health records, enabling us to fill in data gaps (eg, EDSS 
scores from clinical appointments and NHS-acquired 
MRIs) and extract additional clinical outcomes (eg, 
serious infections, hospital admissions or cause of death) 
for participants who remain under the care of our NHS 
Trust but do not attend study visits. For participants truly 
lost to follow-up—such as those who move abroad or 
transfer to a different NHS Trust—appropriate methods 
for handling missing data will be selected based on the 
study’s analytical objectives, and sensitivity analyses will be 
conducted accordingly.

DISCUSSION
The baseline characteristics of the POINT-MS cohort 
revealed interesting observations and align closely with 
those of some single-centre or multicentre (national) 
cohorts and anti-CD20 trials in RRMS. In particular, 
patients’ age (mean 48.8 years (SD 10.9) in our cohort) 
was similar to that of the EPIC (UCSF, USA) cohort 

Table 4  MRI baseline characteristics

N=748

Time since previous scan, months, mean (SD) (N=668) 9.01 (8.17)

Number of new brain lesions, number (%) (N=748)
Number of brain enlarging lesions, number (%) (N=748)
Patients with at least one cervical spinal cord lesion, number (%) (N=748)
Number of new spinal cord lesions, number (%) (N=748)

196 (26%)
21 (2.8%)
642 (86%)
64 (8.5%)

3D-T1 cervical CSA, mean (SD), SD as percentage of cervical CSA (N=597)
3D-T1 cervical CSA, z-score, median (CI) (N=597)

62.3 (7.5) (12%)
−0.15 (−0.24 to −0.10)

FLAIR brain measures (N=715)

Total lesion volume, cm3, median (CI) 6.14 (1.1 to 34.1)

Total number of lesions, number, median (CI) 42 (10 to 196)

3D-T1 brain measures, z-scores, median (CI) (N=599)

WMn −0.18 (−0.28 to −0.11)

GMn −0.16 (−0.22 to −0.09)

CGMn
DGMn

0.10 (0.05 to 0.15)
−0.47 (−0.55 to −0.40)

CGMn, normalised cortical grey matter; CSA, cross-sectional area; DGMn, normalised deep grey matter; FLAIR, fluid-
attenuated inversion recovery; GMn, normalised grey matter; WMn, normalised white matter.

Table 5  Summary statistics for OCT measures

OCT layer (microns)
All MS eyes
(N=501)

ON eyes
(N=114 eyes)

NON eyes
(N=387 eyes)

GCIPL, mean (range) 74.12 (66.88–79.50) 63.88 (55.78–71) 75.88 (70.88–80.81)

pRNFL, mean (range) 92 (83–102) 80 (69–91) 95 (87–104)

INL, mean (range) 37.25 (35.50–39.12) 37.81 (35.41–39.78) 37.25 (35.50–38.88)

GCIPL, ganglion cell-inner plexiform layer; INL, inner nuclear layer; MS, multiple sclerosis; NON, non-optic neuritis; OCT, optical coherence 
tomography; ON, optic neuritis; pRNFL, peripapillary retinal nerve fibre layer.
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(mean 41.6 years (SD 9.7),33 FutureMS (Scotland) cohort 
(mean age at diagnosis 37.7 years)34 and anti-CD20 trials 
(37.1 years in the ocrelizumab trial4 and 38.9 years in the 
ofatumumab trial).35 The percentage of female patients 
was also similar (68% in our cohort, 70.4% in the EPIC 
cohort and 75.4% in the FutureMS cohort). POINT-MS 
patients’ disability was mild (median EDSS=2), which was 
the same as that of patients in the FutureMS cohort, and 
similar to that of patients enrolled in the EPIC cohort 
(median EDSS 1.5), ocrelizumab (mean 2.86) and ofatu-
mumab (mean 2.97) trial, although the EDSS range in 
the POINT-MS cohort was wider (up to EDSS 8).

The POINT-MS cohort showed a 40% rate of cognitive 
impairment, defined as failure on a single test. This agrees 
with previous reports36 37 and underscores the substantial 
cognitive burden even among patients with relatively mild 
physical disability (as assessed by the EDSS). We found the 
biggest impairment on the SDMT, followed by BVMT-R, 
while the CVLT-II was relatively unimpacted. The finding 
that such impairment was detected in subtests other than 
the SDMT confirms the importance of administering the 
entire BICAMS battery to capture key components of 
cognitive dysfunction in MS, with a minimum of SDMT-
BVMT-R, as previously suggested.38 Despite cognitive 
impairment, the percentage of patients in employment 
is 76.4%, which is on par with the employment rate for 
people aged 16–64 in the UK (2024 data from the Office 
for National Statistics). This rate of employment is slightly 
higher than previous reports, where employment ranges 
from 54% at EDSS 3 to 77% at EDSS 1.39 One possible 
explanation for this result may lie in the relatively short 
disease duration (mean 7.9 years) and the large propor-
tion of patients (83.2%) who initiated MS treatment with 
high-efficacy DMTs, in line with National Guidelines,40 
compared with just 16.8% on moderate and low-efficacy 
treatments. Several studies have demonstrated that starting 
with high-efficacy DMTs can reduce disability accrual 
over time, resulting in significantly better outcomes for 
patients and significant reductions in healthcare costs.41 
Combining the current and ex-smokers of our cohort 
comes to 49.6%, highlighting a notably greater histor-
ical exposure to smoking compared with the UK general 
population (24.9%).42 This is a concerning trend, given 
the well-documented impact of smoking on the overall 
health, and its association with disease progression.43 
Encouragingly, only 10.96% were still smokers at the time 
of data collection, which is a positive finding, as smoking 
cessation may slow disease progression to a rate compa-
rable with that of never smokers.44

The racial/ethnic diversity of the cohort reflects the 
clinical catchment of central London. Of the partici-
pants, 189 (24.9%) identified themselves as belonging to 
a non-White ethnic group, with Asian and Black individ-
uals being the most represented among them.

Most of the POINT-MS patients were treatment naïve 
(59.2%) and initiated a high-efficacy DMT (83.2%), 
despite low to moderate physical disability, indicative of a 
growing tendency for clinicians to prescribe high-efficacy 

medications.5 Nonetheless, over 40% of patients were 
enrolled when switching from another DMT, and nearly, 
20% had yet to find a suitable treatment after trying two 
or more DMTs, highlighting the critical need for predic-
tive tools based on deeply phenotyped patients to guide 
individualised treatment decisions and improve long-
term outcomes.

MRI characteristics also offer numerous interesting 
insights. At baseline, 26% of participants showed new 
T2 lesions in the brain and 8.5% in the spinal cord, 
compared with previous scans, mostly performed in the 
NHS, which indicates a moderately high level of radio-
logical activity, as expected to be seen in patients initi-
ating a new DMT, although smaller than the proportion 
of patients showing gadolinium enhancing lesions in the 
ocrelizumab (42.5%)4 and ofatumumab (37.8%)35 trials. 
The brain lesion load of POINT-MS patients was slightly 
lower than those of patients recruited in the anti-CD20 
clinical trials (6.14 cm3 vs 10 cm3 and 13 cm3), with a high 
variability among patients,4 35 although comparisons 
should be taken with caution as different MRI acquisition 
and analysis methods were used.

The analysis of brain lesions and tissue volumes revealed 
that the POINT-MS cohort showed a very mild atrophy 
in the whole brain WM and a mild atrophy in the DGM, 
which has been reported before in patients with RRMS.45

Interestingly, the percentage of patients with cervical 
spinal cord lesions was 86%, which is slightly higher than 
previously seen in RRMS cohorts,46 despite a relatively 
low level of disability (median EDSS 2.0). In addition, we 
found that spinal cord CSA was relatively homogeneous 
across the studied population, with an SD of 7.5 (approxi-
mately 12% of the mean cervical CSA of 62.33 mm2). This 
suggests low intersubject variability, particularly when 
compared with the wide 95% CIs for lesion load (1.1 to 
34.1 cm³) and lesion number (10 to 196) in our popula-
tion. While this CSA appears lower than those reported in 
previous similar studies,47 comparisons should be made 
cautiously due to differences in cervical cord levels and 
analysis pipelines. Additionally, the CSA z-score analysis 
suggested a minimal degree of spinal cord atrophy across 
the cohort.

This study has several methodological strengths. 
The prospective, standardised design across a large 
sample enables robust, longitudinal analyses of treat-
ment outcomes and disease progression. Multimodal 
data were collected in a real-world clinical setting by a 
trained team using consistent and standardised protocols. 
Blood and serum samples were biobanked at each visit, 
enabling future biomarker and genetic studies. Addition-
ally, patients were involved in the design of this cohort. 
However, our study is not without limitations. First, recruit-
ment from a single specialist centre may limit generalis-
ability to broader MS populations or healthcare systems, 
although the single-centre designs allowed selection of a 
more homogeneous (highly selected) population than 
in multicentre studies, which is expected to contribute 
to a larger intervention effect than that observed in 
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multicentre studies. Treatment choice was discussed in 
multidisciplinary meetings, and this mitigated the risk 
of idiosyncrasy in the prescription of DMTs. Second, the 
predominance of patients starting high-efficacy DMTs 
constrains our ability to evaluate treatment response in 
low- and moderate-efficacy drugs.

While many MS data cohorts exist globally, including 
large-scale (inter)national registries (eg, MSBase, the 
Danish, Italian and Swedish MS Registries), these are typi-
cally retrospective and often rely on opportunistic and 
variable clinical data. In contrast, POINT-MS includes a 
deeply phenotyped, prospective cohort with harmonised 
clinical, imaging and blood/serum collection protocols 
across follow-up. This design aligns more closely with 
other prospective single-centre research cohorts, such as 
the EPIC, CLIMB and FutureMS cohorts. Compared with 
these, POINT-MS is unique in its systematic multimodal 
integration, real-world treatment setting and prevalence 
of high-efficacy DMT initiators. Importantly, POINT-MS 
provides complementary data to clinical trial popula-
tions, particularly those in anti-CD20 studies, while still 
reflecting real-world diversity and treatment patterns.

In conclusion, the study design, large sample size and 
high-quality data collected within the POINT-MS cohort 
provide a valuable resource for gaining deeper insights 
into the characteristics and disease trajectories of patients 
with MS. In this evolving landscape, characterised by a 
diverse range of drugs with distinct mechanisms of action, 
future research will play a pivotal role in personalising 
treatment and identifying the optimal therapy for each 
patient.

COLLABORATION
We welcome potential collaborators to engage with the 
POINT-MS study or related research on individualised 
treatment response and mechanisms of disability in MS. 
This includes opportunities for data sharing, pooled or 
harmonised analyses and hypothesis-driven substudies, 
as well as collaborative contributions to imaging, clin-
ical and biomarker research. Anonymised and tabulated 
data from the POINT-MS cohort can be requested by 
contacting the principal investigator (OC).

Author affiliations
1UCL Queen Square Institute of Neurology, UCL, London, UK
2Queen Square MS Centre, Department of Neuroinflammation, UCL, London, UK
3Department of Medicine and Surgery, Università Campus Bio-Medico di Roma, 
Rome, Italy
4Operative Research Unit of Neurology, Policlinico Universitario Campus Bio-Medico, 
Rome, Italy
5NIHR University College London Hospitals Biomedical Research Centre, London, UK
6Department of Human Neurosciences, University of Rome La Sapienza, Rome, Italy
7Department of Molecular Medicine and Medical Biotechnology, University of Naples 
Federico II, Naples, Italy
8Multiple Sclerosis Unit, Federico II University Hospital, Naples, Italy
9Department of Neurology, Great Ormond Street Hospital for Children, London, UK
10Hawkes Institute, Medical Physics and Biomedical Engineering Department, UCL, 
London, UK
11e-Health Centre, Universitat Oberta de Catalunya, Barcelona, Spain
12Cleveland Clinic London Ltd, London, UK

13Brain Repair and Rehabilitation, Institute of Neurology, UCL, London, UK
14Hawkes Centre, Faculty of Engineering, UCL, London, UK
15Radiology and Nuclear Medicine, Amsterdam University Medical Centres, 
Amsterdam, The Netherlands

Collaborators  Collaborator group name: Predicting Optimal INdividualised 
Treatment response in MS (POINT-MS**) group. **POINT-MS Group: Anuriti Aojula 
(UCL Queen Square Institute of Neurology, UCL, London, UK), Dimitrios Champas, 
Sara Collorone, Arman Eshagi, Olivia Goodkin, Mohammad Kurd, Elena Panella, 
Fatima Pansari, Jonathan Stutters, Alyssa Toorop, Le Zhang, Wallace Brownlee, 
Jeremy Chataway, Karen Chung (Queen Square MS Centre, Department of 
Neuroinflammation, UCL, London, UK), Floriana De Angelis (UCL Queen Square 
Institute of Neurology, UCL, London, UK), Siobhan Leary, Zhaleh Khaleeli, Sarah 
Wright, Josephine Swanton, Anand Trip, Claudia Angela Gandini Wheeler-Kingshott, 
Bhavana Solanky (Queen Square MS Centre, Department of Neuroinflammation, 
UCL, London, UK), Chloe Parker, Michaela Stuart, Hanne Haagenrud (The University 
of Edinburgh, Edinburgh, UK), Heather Wilson (Queen Square MS Centre, 
Department of Neuroinflammation, UCL, London, UK).

Contributors  RC and AC contributed equally to this article, analysing the data, 
preparing the first draft and subsequent versions of the manuscript, under 
supervision of OC, and in collaboration with FP, MY, AT, FB and OC. OC conceived 
the original study design, obtained funding and acted as principal investigator, 
in collaboration with DC, BK, MM, FP, MY, AT, AJT, YH and FB, who also provided 
senior scientific input. SM was the study coordinator. RC, AC, SA-A, AB, SF, WH, 
AHa, AHe, DM, SM, RN, AP, VP, ES, JS, JW and CY were research staff who helped 
with recruitment and data collection, and/or data processing and analysis. The 
POINT-MS study group (AA, DCham, SC, AE, OG, MK, EP, FP, JSt, AToor, LZ, WB, JC, 
KC, FDA, SL, ZK, SW, JSw, ATr, CAGW-k, BS, CP, MS, HH and HW) contributed to data 
collection, local approvals and site set up. RC is responsible for the overall content 
as a guarantor. All authors critically reviewed the manuscript and gave approval for 
the publication.

Funding  This study was funded by Prof Ciccarelli’s National Institute for Health and 
Care Research (NIHR) Research Professorship award (RP-2017-08-ST2-004); the 
views expressed are those of the author(s) and not necessarily those of the NIHR or 
the Department of Health and Social Care. Additional support was received by the 
UK MS Society grant (Grant Code 92) and NIHR UCLH Biomedical Research Centre.

Competing interests  AC has received travel grants and/or speaking honoraria 
from Merck, Brystol Meyer-Squib and Sanofi. SA-A has received sponsorship from 
Sanofi to attend ECTRIMS and speaker honoraria from Roche. AB has received 
a research grant from the Italian Society of Neurology; she has been awarded 
a MAGNIMS-ECTRIMS fellowship in 2023 and she received speaking honoraria/
travel support from Merck Serono and Biogen. DChar is a consultant for Hoffmann-
La Roche. In the last 3 years, he has received research funding from Hoffmann-La 
Roche, the MS Society, the Medical Research Council (MRC) and the National 
Institute for Health Research (NIHR) University College London Hospitals (UCLH) 
Biomedical Research Centre (BRC). He has cosupervised a clinical fellowship 
at the National Hospital for Neurology and Neurosurgery, London, which was 
supported by Merck. SF has previously been employed in a clinical fellowship at 
the National Hospital for Neurology and Neurosurgery, London, in a post, which 
was supported by Merck. AHe has received speaker and consulting honoraria from 
Merck. MM has received financial support by the MUR PNRR Extended Partnership 
(MNESYS no. PE00000006 and DHEAL-COM no. PNC-E3-2022-23683267); 
research grants from the ECTRIMS-MAGNIMS, the UK MS Society and Merck; 
honoraria from Abbvie, Biogen, BMS Celgene, Ipsen, Jansenn, Merck, Novartis, 
Roche and Sanofi-Genzyme and serves as an editorial board member in Neurology 
and Multiple Sclerosis Journal. CY’s PhD fellowship is funded by the UCL Queen 
Square Institute of Neurology and Cleveland Clinic London PhD Neuroscience 
Fellowship. AJT chairs the ‘Stop MS’ appeal board for the UK MS Society; is 
the research and academic counsellor for Fundació Privada Cemcat; is a board 
member of the European Charcot Foundation; has received support from UCL/
UCLH NIHR BRC; is cochair at UCL-Eisai Steering Committee drug discovery 
collaboration and is an editorial board member of the Lancet Neurology. AToos has 
received speaker honoraria from Merck, Biomedia, Sereno Symposia International 
Foundation, Bayer and at the limits and meeting expenses from Merck, Biogen 
Idec and Novartis. He was the UK PI for two clinical trials sponsored by MEDDAY 
pharmaceutical company. He is an associate editor for Frontiers in Neurology–
Neuro-ophthalmology section and on the editorial board for Neurology and 
Multiple Sclerosis Journal. He has been supported by recent grants from the MRC 
(MR/S026088/1), NIHR BRC (541/CAP/OC/818837) and RoseTrees Trust (A1332 
and PGL21/10079). YH acts as a consultant for Roche. FB is a member of the 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at U
C

L
 L

ib
rary S

ervices
 

o
n

 O
cto

b
er 31, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 S

ep
tem

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-103440 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


12 Christensen R, et al. BMJ Open 2025;15:e103440. doi:10.1136/bmjopen-2025-103440

Open access�

Steering Committee or Data Safety Monitoring Board for Biogen, Merck, Eisai 
and Prothena; serves on the advisory board for Combinostrics, Scottish Brain 
Sciences and Alzherimer Europe and acts as a consultant for Roche, Celltrion, 
Rewind Therapeutics, Merck and Bracco. He has research agreements with ADDI, 
Merck, Biogen, GE Healthcare and Roche. He is also a cofounder and shareholder 
of Queen Square Analytics Ltd. OC is an NIHR Research Professor (RP-2017-08-
ST2-004); acts as a consultant for Biogen, Merck, Novartis, Roche and Lundbeck 
and has received research grant support from the MS Society of Great Britain and 
Northern Ireland, the NIHR UCLH BRC, the Rosetree Trust, the National MS Society 
and the NIHR-Health Technology Assessment (HTA). SC is funded by Rosetrees 
Trust (PGL21/10079) and UK MS Society (200), and has received speaker 
honoraria and travel reimbursements from Merck and Neuraxapharm. AE has 
received research grants from the MRC, National Institute for Health and Social 
Care Research (NIHR), Innovate UK, Biogen, Merck, Roche, IXICO and Icometrix. 
He has served as an advisory board member of Merck Serono and Bristol Myers 
Squib. He is the founder and equity stakeholder in Queen Square Analytics 
Limited. He serves on the editorial board of Neurology (American Academy of 
Neurology). He has received speaker’s honorarium from Roche and Neuraxapharm 
for educational sessions. OG is a current employee of Bayer Plc. WB has received 
speaker honoraria and/or acted as a consultant for Astra-Zeneca, Biogen, Juvise, 
Merck, Neuraxpharm, Novartis, Roche, Sanofi-Genzyme and Sandoz. In the last 
3 years, JC has received support from the HTA Programme (National Institute 
for Health and Care Research, NIHR), the UK MS Society, the US National MS 
Society and the Rosetrees Trust. He is supported in part by the National Institute 
for Health and Care Research, UCLH and BRC, London, UK. He has been a local 
principal investigator for a trial in MS funded by MS Canada. A local principal 
investigator for commercial trials funded by Ionis and Roche; and has taken part 
in advisory boards/consultancy for Biogen, Contineum Therapeutics, FSD Pharma, 
InnoCare, Pheno Therapeutics and Roche. KC has received speaking honoraria and 
honoraria for participation at educational events from Roche, Novartis, Biogen, 
Sanofi Genzyme and Merck. KC has received honoraria for consultancy work from 
Novartis, Biogen, Merck and Viatris. FDA has received speaker honoraria from 
Neurology Academy, Coloplast, Janssen, Merck, Novartis, Sanofi and served in an 
advisory board for Novartis, Roche and Sanofi. She has received congress fees 
from Janssen, Novartis, Roche and Merck. She is a regional coordinator for the 
Oratorio Hand Trial (Hoffmann-La Roche) and PI of commercial and academic trials 
included CHARIOT-MS, ALITHIOS (Novartis) and O’HAND (Roche). She had received 
a research grant from the Multiple Sclerosis Society of Great Britain and Northern 
Ireland and funding from National Brain Appeal—Small Acorns fund. She is 
supported by BRC, National Institute for Health and Care Research, UCLH. SL has 
received speaker fees from Merck Serono and Novartis, and sponsorship to attend 
educational meetings from Roche and Sanofi-Genzyme. ZK received speaking 
honoraria and conference support from Merck, Novartis and Roche. JSw has 
received sponsorship from Roche, Teva and Merck to attend ECTRIMS. ATr reports 
honoraria for consultancy work or support to attend educational events from 
Roche, Merck, Novartis, Sanofi-Genzyme and Biogen. Investigator on trials funded 
by Biogen and Sanofi-Genyme and cosupervised a clinical fellowship supported by 
Merck. CGW-k receives grant funds from BRC (#BRC704/CAP/CGW), MRC (#MR/
S026088/1), Ataxia UK and Rosetrees Trust (#PGL22/100041 and #PGL21/10079). 
CGW-k is a shareholder in Queen Square Analytics Ltd. All other authors declare no 
competing interests.

Patient and public involvement  Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants. Ethical approval for the 
study was granted by the Health Research Authority and Health and Care Research 
Wales on 21 June 2019 (19/WA/0157; IRAS code: 257366, EDGE number: 121353). 
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available on reasonable request. Fully 
anonymised tabulated data will be available from the corresponding author on 
reasonable request.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 

of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Ronja Christensen http://orcid.org/0000-0002-5101-0896
Anestis Passalis http://orcid.org/0009-0008-9031-1107

REFERENCES
	 1	 Thompson AJ, Baranzini SE, Geurts J, et al. Multiple sclerosis. The 

Lancet 2018;391:1622–36. 
	 2	 Walton C, King R, Rechtman L, et al. Rising prevalence of multiple 

sclerosis worldwide: Insights from the Atlas of MS, third edition. Mult 
Scler 2020;26:1816–21. 

	 3	 Thompson A, Kobelt G, Berg J, et al. New insights into the burden 
and costs of multiple sclerosis in Europe: Results for the United 
Kingdom. Mult Scler 2017;23:204–16. 

	 4	 Hauser SL, Bar-Or A, Comi G, et al. Ocrelizumab versus 
Interferon Beta-1a in Relapsing Multiple Sclerosis. N Engl J Med 
2017;376:221–34. 

	 5	 Filippi M, Amato MP, Centonze D, et al. Early use of high-efficacy 
disease‑modifying therapies makes the difference in people with 
multiple sclerosis: an expert opinion. J Neurol 2022;269:5382–94. 

	 6	 Selmaj K, Cree BAC, Barnett M, et al. Multiple sclerosis: time for 
early treatment with high-efficacy drugs. J Neurol 2024;271:105–15. 

	 7	 He A, Merkel B, Brown JWL, et al. Timing of high-efficacy therapy for 
multiple sclerosis: a retrospective observational cohort study. Lancet 
Neurol 2020;19:307–16. 

	 8	 Kalincik T, Diouf I, Sharmin S, et al. Effect of Disease-Modifying 
Therapy on Disability in Relapsing-Remitting Multiple Sclerosis Over 
15 Years. Neurology (ECronicon) 2021;96:e783–97. 

	 9	 Rodríguez-Jorge F, Fernández-Velasco JI, Villarrubia N, et al. 
Biomarkers of response to ocrelizumab in relapsing–remitting 
multiple sclerosis. Front Immunol 2024;15. 

	10	 Signoriello E, Signori A, Lus G, et al. NEDA-3 achievement in 
early highly active relapsing remitting multiple sclerosis patients 
treated with Ocrelizumab or Natalizumab. Mult Scler Relat Disord 
2024;87:105594. 

	11	 Benkert P, Maleska Maceski A, Schaedelin S, et al. Serum Glial 
Fibrillary Acidic Protein and Neurofilament Light Chain Levels Reflect 
Different Mechanisms of Disease Progression under B‐Cell Depleting 
Treatment in Multiple Sclerosis. Ann Neurol 2025;97:104–15. 

	12	 Jokubaitis VG, Campagna MP, Ibrahim O, et al. Not all roads lead to 
the immune system: the genetic basis of multiple sclerosis severity. 
Brain (Bacau) 2023;146:2316–31. 

	13	 Guillemin F, Baumann C, Epstein J, et al. Older Age at Multiple 
Sclerosis Onset Is an Independent Factor of Poor Prognosis: 
A Population-Based Cohort Study. Neuroepidemiology 
2017;48:179–87. 

	14	 Magyari M, Koch-Henriksen N. Quantitative effect of sex on disease 
activity and disability accumulation in multiple sclerosis. J Neurol 
Neurosurg Psychiatry 2022;93:716–22. 

	15	 He A, Manouchehrinia A, Glaser A, et al. Premorbid 
Sociodemographic Status and Multiple Sclerosis Outcomes in a 
Universal Health Care Context. JAMA Netw Open 2023;6:e2334675. 

	16	 Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis of multiple 
sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol 
2018;17:162–73. 

	17	 Tewarie P, Balk L, Costello F, et al. The OSCAR-IB consensus criteria 
for retinal OCT quality assessment. PLoS One 2012;7:e34823. 

	18	 Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: 
Building an international community of software platform partners. J 
Biomed Inform 2019;95:103208. 

	19	 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture 
(REDCap)--a metadata-driven methodology and workflow process 
for providing translational research informatics support. J Biomed 
Inform 2009;42:377–81. 

	20	 Harris PA, Delacqua G, Taylor R, et al. The REDCap Mobile 
Application: a data collection platform for research in regions or 
situations with internet scarcity. JAMIA Open 2021;4:ooab078. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at U
C

L
 L

ib
rary S

ervices
 

o
n

 O
cto

b
er 31, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 S

ep
tem

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-103440 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-5101-0896
http://orcid.org/0009-0008-9031-1107
http://dx.doi.org/10.1016/S0140-6736(18)30481-1
http://dx.doi.org/10.1016/S0140-6736(18)30481-1
http://dx.doi.org/10.1177/1352458520970841
http://dx.doi.org/10.1177/1352458520970841
http://dx.doi.org/10.1177/1352458517708687
http://dx.doi.org/10.1056/NEJMoa1601277
http://dx.doi.org/10.1007/s00415-022-11193-w
http://dx.doi.org/10.1007/s00415-023-11969-8
http://dx.doi.org/10.1016/S1474-4422(20)30067-3
http://dx.doi.org/10.1016/S1474-4422(20)30067-3
http://dx.doi.org/10.1212/WNL.0000000000011242
http://dx.doi.org/10.3389/fimmu.2024.1480676
http://dx.doi.org/10.1016/j.msard.2024.105594
http://dx.doi.org/10.1002/ana.27096
http://dx.doi.org/10.1093/brain/awac449
http://dx.doi.org/10.1159/000479516
http://dx.doi.org/10.1136/jnnp-2022-328994
http://dx.doi.org/10.1136/jnnp-2022-328994
http://dx.doi.org/10.1001/jamanetworkopen.2023.34675
http://dx.doi.org/10.1016/S1474-4422(17)30470-2
http://dx.doi.org/10.1371/journal.pone.0034823
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1093/jamiaopen/ooab078
http://bmjopen.bmj.com/


13Christensen R, et al. BMJ Open 2025;15:e103440. doi:10.1136/bmjopen-2025-103440

Open access

	21	 Kurtzke JF. Rating neurologic impairment in multiple sclerosis. 
Neurology (ECronicon) 1983;33:1444. 

	22	 Langdon DW, Amato MP, Boringa J, et al. Recommendations for 
a Brief International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Mult Scler 2012;18:891–8. 

	23	 Valverde S, Cabezas M, Roura E, et al. Improving automated multiple 
sclerosis lesion segmentation with a cascaded 3D convolutional 
neural network approach. Neuroimage 2017;155:159–68. 

	24	 Cardoso MJ, Modat M, Wolz R, et al. Geodesic Information Flows: 
Spatially-Variant Graphs and Their Application to Segmentation and 
Fusion. IEEE Trans Med Imaging 2015;34:1976–88. 

	25	 Mongay-Ochoa N, Pareto D, Alberich M, et al. Validation of a New 
Semiautomated Segmentation Pipeline Based on the Spinal Cord 
Toolbox DeepSeg Algorithm to Estimate the Cervical Canal Area. 
AJNR Am J Neuroradiol 2023;44:867–72. 

	26	 Vickrey BG, Hays RD, Harooni R, et al. A health-related quality of life 
measure for multiple sclerosis. Qual Life Res 1995;4:187–206. 

	27	 Hobart J. The Multiple Sclerosis Impact Scale (MSIS-29): A new 
patient-based outcome measure. Brain (Bacau) 2001;124:962–73. 

	28	 Herdman M, Gudex C, Lloyd A, et al. Development and preliminary 
testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life 
Res 2011;20:1727–36. 

	29	 Guidelines MSC for CP. Fatigue and multiple sclerosis: evidence-
based management strategies for fatigue in multiple sclerosis: clinical 
practice guidelines. The Council, 1998.

	30	 Reilly MC, Zbrozek AS, Dukes EM. The validity and reproducibility 
of a work productivity and activity impairment instrument. 
Pharmacoeconomics 1993;4:353–65. 

	31	 Marchesi O, Vizzino C, Meani A, et al. Fatigue in multiple sclerosis 
patients with different clinical phenotypes: a clinical and magnetic 
resonance imaging study. Eur J Neurol 2020;27:2549–60. 

	32	 Novo AM, Batista S, Alves C, et al. The neural basis of fatigue in 
multiple sclerosis. Neur Clin Pract 2018;8:492–500. 

	33	 University of California, San Francisco MS-EPIC Team, Cree BAC, 
Hollenbach JA, et al. Silent progression in disease activity-free 
relapsing multiple sclerosis. Ann Neurol 2019;85:653–66. 

	34	 Kearns PKA, Martin SJ, Chang J, et al. FutureMS cohort profile: a 
Scottish multicentre inception cohort study of relapsing-remitting 
multiple sclerosis. BMJ Open 2022;12:e058506. 

	35	 Hauser SL, Bar-Or A, Cohen JA, et al. Ofatumumab versus 
Teriflunomide in Multiple Sclerosis. N Engl J Med 2020;383:546–57. 

	36	 Potticary H, Langdon D. A Systematic Review and Meta-Analysis 
of the Brief Cognitive Assessment for Multiple Sclerosis (BICAMS) 
International Validations. J Clin Med 2023;12:703. 

	37	 Chiaravalloti ND, DeLuca J. Cognitive impairment in multiple 
sclerosis. Lancet Neurol 2008;7:1139–51. 

	38	 Baetge SJ, Filser M, Renner A, et al. On the validity of single tests, 
two-test combinations and the full Brief International Cognitive 
Assessment for Multiple Sclerosis (BICAMS) in detecting patients 
with cognitive impairment. Mult Scler 2020;26:1919–28. 

	39	 Kobelt G, Thompson A, Berg J, et al. New insights into the 
burden and costs of multiple sclerosis in Europe. Mult Scler 
2017;23:1123–36. 

	40	 Rashid W, Ciccarelli O, Leary SM, et al. Using disease-modifying 
treatments in multiple sclerosis: Association of British Neurologists 
(ABN) 2024 guidance. Pract Neurol 2025;25:18–24. 

	41	 Filippi M, Danesi R, Derfuss T, et al. Early and unrestricted access 
to high-efficacy disease-modifying therapies: a consensus to 
optimize benefits for people living with multiple sclerosis. J Neurol 
2022;269:1670–7. 

	42	 Office for National Statistics. Smoking habits in the UK and its 
constituent countries. n.d. Available: https://www.ons.gov.uk/peop​
lepopulationandcommunity/healthandsocialcare/healthandlifeexp​
ectancies/datasets/smokinghabitsintheukanditsconstituentcountries

	43	 Healy BC, Ali EN, Guttmann CRG, et al. Smoking and disease 
progression in multiple sclerosis. Arch Neurol 2009;66:858–64. 

	44	 Rodgers J, Friede T, Vonberg FW, et al. The impact of smoking 
cessation on multiple sclerosis disease progression. Brain (Bacau) 
2022;145:1368–78. 

	45	 Eshaghi A, Prados F, Brownlee WJ, et al. Deep gray matter volume 
loss drives disability worsening in multiple sclerosis. Ann Neurol 
2018;83:210–22. 

	46	 Eden D, Gros C, Badji A, et al. Spatial distribution of multiple 
sclerosis lesions in the cervical spinal cord. Brain (Bacau) 
2019;142:633–46. 

	47	 Liu Z, Yaldizli Ö, Pardini M, et al. Cervical cord area measurement 
using volumetric brain magnetic resonance imaging in multiple 
sclerosis. Mult Scler Relat Disord 2015;4:52–7. 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

at U
C

L
 L

ib
rary S

ervices
 

o
n

 O
cto

b
er 31, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 S

ep
tem

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-103440 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://dx.doi.org/10.1212/WNL.33.11.1444
http://dx.doi.org/10.1177/1352458511431076
http://dx.doi.org/10.1016/j.neuroimage.2017.04.034
http://dx.doi.org/10.1109/TMI.2015.2418298
http://dx.doi.org/10.3174/ajnr.A7899
http://dx.doi.org/10.1007/BF02260859
http://dx.doi.org/10.1093/brain/124.5.962
http://dx.doi.org/10.1007/s11136-011-9903-x
http://dx.doi.org/10.1007/s11136-011-9903-x
http://dx.doi.org/10.2165/00019053-199304050-00006
http://dx.doi.org/10.1111/ene.14471
http://dx.doi.org/10.1212/CPJ.0000000000000545
http://dx.doi.org/10.1002/ana.25463
http://dx.doi.org/10.1136/bmjopen-2021-058506
http://dx.doi.org/10.1056/NEJMoa1917246
http://dx.doi.org/10.3390/jcm12020703
http://dx.doi.org/10.1016/S1474-4422(08)70259-X
http://dx.doi.org/10.1177/1352458519887897
http://dx.doi.org/10.1177/1352458517694432
http://dx.doi.org/10.1136/pn-2024-004228
http://dx.doi.org/10.1007/s00415-021-10836-8
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandlifeexpectancies/datasets/smokinghabitsintheukanditsconstituentcountries
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandlifeexpectancies/datasets/smokinghabitsintheukanditsconstituentcountries
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandlifeexpectancies/datasets/smokinghabitsintheukanditsconstituentcountries
http://dx.doi.org/10.1001/archneurol.2009.122
http://dx.doi.org/10.1093/brain/awab385
http://dx.doi.org/10.1002/ana.25145
http://dx.doi.org/10.1093/brain/awy352
http://dx.doi.org/10.1016/j.msard.2014.11.004
http://bmjopen.bmj.com/

	Single-­centre, prospective cohort to predict optimal individualised treatment response in multiple sclerosis (POINT-­MS): a cohort profile
	Abstract
	Introduction﻿﻿
	Cohort description
	Study design and eligibility criteria
	Baseline visits
	Blood samples collection
	Patient and public involvement (PPI)

	Findings to date
	Characteristics of study participants
	June 2025 update on the POINT-MS cohort

	Discussion
	Collaboration
	References


