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Introduction: Multiple sclerosis (MS) is a major demyelinating disease causing disability in young adults. Scarce data exists on the 
clinical benefits and persistence of disease modifying therapies (DMTs) amongst our local population. The primary aim of this study 
was to investigate the effectiveness, tolerability and discontinuation pattern of various DMTs amongst Hong Kong patients.
Methods: This was a retrospective study of adult MS patients treated in a tertiary hospital in Hong Kong from 1st December 2012 to 
30th November 2022. Demographic, clinical and radiological characteristics were retrieved.
Results: A total of 103 patients were analysed. Interferons (annualised relapse rate (ARR) reduction 0.492, p <0.001) and fingolimod 
(ARR reduction 0.557, p = 0.038) had significant ARR reductions in our cohort. Overall treatment persistence were comparable, but 
teriflunomide had more discontinuation due to side effects and/or intolerance (hazard ratio (HR) 7.50, p = 0.029). Baseline Expanded 
Disability Status Score (EDSS) more than or equal to 4.0 (odds ratio (OR) 4.56, p = 0.045), and presence of brainstem lesions on 
magnetic resonance imaging (OR 3.15, p = 0.039) were associated with greater disability progression, while visual onset symptoms at 
diagnosis (OR 0.14, p = 0.007) were associated with lower risk.
Discussion: This study illustrated the complexity of managing MS patients. Patients’ clinical characteristics, disease activity, risk 
appetite and treatment side effects should be taken in consideration to reach an informed decision on the use of DMTs in our local MS 
patients.
Keywords: multiple sclerosis, DMT, prognostic factors, adverse effects

Introduction
Background
Multiple sclerosis (MS) is a chronic, immune-mediated neurological condition affecting mostly young individuals 
worldwide with a variety of clinical manifestations and trajectories, which can lead to permanent disability as it evolves.

MS among Asians is relatively less prevalent compared to Caucasians. Recent meta-analyses reported the incidence 
and prevalence in Asian and Oceanic regions being 2.4/100,000, and 37.9/100,000, respectively,1 whereas the incidence 
and prevalence in Europe were 2/100,000 and 59/100,000, respectively.2 Local data were sparse with the latest study 
more than 10 years ago estimated the prevalence at 4.8/100,000.3

Current evidence suggested that the pathological hallmark of MS featured demyelination,4 which is caused by 
T-lymphocytes, and with growing evidence, B-lymphocytes5 as well, though the exact mechanism was still largely 
unknown. Several demographic and environmental factors including smoking, vitamin D deficiency, Epstein-Barr virus 
(EBV) infection were recognised to be associated with MS and its prognosis.

McDonald criteria were used for the diagnosis of MS since 2001.6 According to the updated 2017 McDonald criteria 
(Supplementary Table 1),7 the diagnosis of MS requires at least one typical clinical attack with evidence of demyelination 
in the central nervous system, and dissemination in time and space, without other plausible alternative diagnosis.
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An attack typically includes optic neuritis, transverse myelitis, brainstem, and cerebellar syndrome.7 When it occurred 
in an isolated manner, it was termed clinically isolated syndrome (CIS). In relapsing-remitting MS, the patients have 
multiple attacks but remain stable in-between. On the other hand, in progressive MS, there exists progressive worsening 
of disability, with initial remitting relapsing phase present in SPMS and absent in PPMS.8

In the recent 30 years, a growing number of DMTs have become available. While none of them can completely cure 
MS, these were shown to decrease the clinical relapses, and to postpone the progression of this debilitating illness.9

The first DMT was Interferons beta (IFN), approved in the USA and Europe in 1993 and 1995, respectively.10 The 
mechanisms of action were immunomodulatory, for instance, decreasing T cell activation and inflammatory cytokines 
production.11 Azathioprine was a popular therapeutic option historically in MS before specific therapies became widely 
available as it inhibits purine synthesis and induces T cells apoptosis as a purine analogue.12

Fingolimod (FTY) is the first oral DMT used to treat RRMS. It is a sphingosine 1-phosphate receptor modulator,13 

which was shown to influence the mobilisation of lymphocytes, exhibiting its immunomodulatory effect.14 More specific 
therapies emerged with time, including dimethyl fumarate (DMF) and teriflunomide (TFN). DMF exerts its cytoprotec
tive effect in the central nervous system,15 while TFN inhibits B and T cell proliferation through inhibition of dihydro- 
orotate dehydrogenase,16 which is an enzyme used in pyrimidine synthesis for lymphocytes production.

The scientific development of various monoclonal antibodies opened the door further for the newer treatment options. 
One example is alemtuzumab which acts on CD-52 to deplete T and B cells from circulation and has been shown to 
provide an excellent treatment response.17

In Hong Kong, IFNs were the first approved therapies for MS since 2012,18 while the oral DMF and TFN later 
became popular choices as first line DMTs. In general, FTY remained the second line DMT. When the previously used 
DMTs were ineffective, use of high efficacy DMTs, for example, alemtuzumab, natalizumab, and cladribine, was 
considered. This study would like to focus on the more commonly used DMTs in Hong Kong so as to reflect the local 
treatment practice for our MS patients.

Aims and Objectives
Aim
To date, there were only few observational cohort studies in Hong Kong comparing the efficacy, tolerability and 
discontinuation pattern of the rapidly growing number of DMTs, and the prognostic factors for local MS patients. Our 
study aims to provide real-world data on the use of DMT in one of the tertiary hospitals for managing MS patients in HK.

Primary Objectives
To assess the effectiveness, tolerability and discontinuation pattern of various DMTs.

Secondary Objectives
(1) To explore baseline characteristics of MS patients in Hong Kong.
(2) To determine factors leading to DMTs discontinuation.
(3) To assess prognostic factors for MS in terms of worsening of Kurtzke’s Expanded Disability Status Score 

(EDSS)19 (Supplementary Table 2) and annualised relapse rate (ARR).

Method and Material
Inclusion and Exclusion Criteria
Patients with a diagnosis of MS given by the attending clinician were identified by the Clinical Data Analysis and 
Reporting System. Adult patients aged over 18 years, who had follow-up visits in the Queen Elizabeth Hospital 
neurology specialist outpatient clinics during the period between 1st December 2012 and 30th November 2022 were 
included in our study. The exclusion criteria included alternative diagnoses to MS made by clinicians, and unconfirmed 
diagnosis of MS.
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Study Design
This was a retrospective observational study using data from clinical records or electronic patient record via the Clinical 
Management System after approval by the ethics committee. Various demographic and clinical parameters were retrieved 
for further analysis (Table 1).

Demographic factors, including age, ethnicity, smoking status and medical co-morbidities, were either self-reported 
by the patient or entered by the clinicians. The types of MS were identified by the attending clinician at diagnosis and in 
the latest visit.

At initial presentation, date of symptom onset reported by patients, date of diagnosis, initial type of symptoms, lesions 
in magnetic resonance imaging (MRI), baseline Kurtzke’s Expanded Disability Status Score (EDSS) were assessed. The 
presence of Oligoclonal bands (OCBs), and the data in white blood cells and protein level in cerebrospinal fluid (CSF) 
were analysed for the patients who underwent lumbar puncture. Moreover, the presence of abnormalities in visual (VEP), 
somatosensory (SSEP), and brainstem auditory (BAEP) evoked potentials, were noted.

A relapse was defined as, a new symptom which lasted for more than 24 hours, in the absence of concurrent illness. 
An MRI activity was defined as either new or gadolinium contrast-enhancing lesions in the subsequent MRI scans. The 
study period was from the date of symptom onset, till the censor date, 30th November 2022 or death, whichever earlier.

The annualised relapse rate (ARR) was calculated by dividing the number of relapses by the study period in years. 
For comparison, ARR 2 years prior to commencement of DMT was recorded. The presence of disability progression with 
EDSS worsening was also evaluated. It was defined by increase in EDSS score of at least 0.5 point if the baseline EDSS 
was greater than 5.5, of 1 point if the baseline EDSS was within 1 to 5.5, or 1.5 point if baseline EDSS was 0.

The number of DMT uses, the duration between diagnosis and commencement of DMTs, was recorded in patients 
who commenced DMTs. Adverse effects by the patient or the attending physician were reported. The duration of DMT 
was defined as the first use of DMT till discontinuation. Discontinuation of DMT, as defined by the interruption of 
treatment for 60 days or more, was also evaluated.

Table 1 Demographic and Clinical Parameters for Analysis

Domain Parameters

Demographic 
factors

● Gender
● Ethnicity
● Smoking history

Medical history ● Presence of other medical co-morbidities
● Presence of family history

Types ● Types of multiple sclerosis (including CIS, RRMS, PPMS and SPMS)

At initial 
presentation

● Age of onset
● Baseline EDSS
● Types of attacks (visual, pyramidal, cerebellar, brainstem, sensory and other symptoms)
● Types of initial MRI lesions (optic nerve, spinal cord, cerebral, cerebellar, brainstem region)
● Presence of OCB, white cell counts and protein level in CSF
● Presence of abnormalities in evoked potentials, including visual (VEP), somatosensory (SSEP) and brainstem auditory 

(BAEP) evoked potentials
● Duration between symptom onset and diagnosis

Clinical course ● Annualised clinical relapse rate (ARR)
● Presence of EDSS worsening, SPMS progression

Use of DMT ● Duration between diagnosis and commencement of DMTs
● Number and Duration of each DMT uses
● Adverse effects and reasons of discontinuation of each DMT
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Statistical Methods
Statistical analyses were conducted using Statistical Package for Social Sciences (SPSS) version 26. Descriptive statistics 
were used for patients’ demographic and clinical factors. Percentage was used for categorical data, while mean and 
standard deviation (SD) were calculated for continuous data respectively. Kaplan-Meier curve was used for the DMT 
discontinuation with log rank test used between various DMT subgroups, where Cox regression was followed if statistical 
significance detected. Fisher’s exact test was used to study the relationship between EDSS worsening and various factors. 
Independent samples t-test were used to study the relationship between ARR and various factors, respectively. A p-value 
of less than 0.05 was considered statistically significant. Formal power calculation was not feasible due to the retro
spective nature of the study and discussed this as a limitation.

Ethic Issues and Confidentiality
The study was approved by the Research Ethics Committee in Kowloon Central and East Cluster of Hospital Authority. 
Individual patient was assigned with a unique code for identification purpose. Individual patient consent was waived as 
this was a retrospective medical record review using anonymised data. Patient confidentiality was maintained throughout 
the study, in accordance with the Declaration of Helsinki.

Results
Of 125 identified patients via Clinical Data Analysis and Reporting System, an electronic health database operated by the 
Hospital Authority of Hong Kong, 22 were excluded where 18 (17.4%) of them had alternative diagnoses including 
Neuromyelitis optica spectrum disorder (NMOSD), acute disseminated encephalomyelitis, unconfirmed diagnosis, and 4 
(3.2%) due to irretrievable or missing clinical information, leaving 103 patients were included in the study with the mean 
follow-up period 191.1 (range 14–794, SD 136) months.

Patient Characteristics
Demographic Factors
In the study cohort of 103 patients, 74 (71.8%) and 29 (28.2%) patients were female and male respectively, giving the 
female:male ratio 2.55:1. The vast majority were of Chinese ethnicity (99, 95.2%). Eighty-three (80.6%) patients were 
non-smoker while 14 (13.6%) of them were ever-smokers at diagnosis. The mean ages of symptom onset and diagnosis 
were 29.7 (SD 10.1) and 33.2 (SD 10.4), respectively (Figure 1).

Clinical Factors
Fifty-four (52.4%) patients were associated with other medical co-morbidities, which included hypertension, diabetes 
mellitus, hyperlipidaemia, eczema, fatty liver, thyroid disease. None of the patients had family history of MS.

The clinical characteristics of the patients is listed in Table 2. The most common type of MS at initial diagnosis was 
RRMS, with 69 (67.0%) patients, followed by CIS (16, 15.5%), PPMS (6, 5.83%) and SPMS (9, 8.74%) respectively. 
The types of 3 (2.91%) patients at diagnosis were untraceable. In 83 (80.6%) of the patients, the baseline EDSS were 
either recorded or extrapolated with most commonly lies below 3.5 (74, 71.9%).

The commonest types of signs and symptoms at initial presentation were presented as paresthesia (38, 36.9%), 
followed by visual symptoms (30, 29.1%) and limb weakness (29, 28.2%), with the rest in Table 2. Among the 88 
(85.4%) patients with clear period of symptom onset and diagnosis, the mean duration between symptom onset and 
diagnosis was 36.8 (range 0–262, SD 54.3) months.

All except 1 (0.97%) patient had MRI lesions at the initial clinical presentation. For that particular patient, she had 
normal MRI scan at first at her initial diagnosis of optic neuritis, and had MRI lesions on subsequent scans. The types of 
initial MRI lesions in 97 (94.2%) patients were presented in Table 2, including most frequently supratentorial (85, 
82.5%), followed by infratentorial (28, 27.2%) and spinal cord (27, 26.2%) lesions, while the data were not available in 
the remaining 5 (4.85%) patients.

In 41 (39.8%) patients with evoked potential studies performed and with available results, at least one abnormal 
evoke potential study was found in 23 (22.3%) of them as shown in Table 2 including abnormal VEP (16, 15.5%), BAEP 
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(6, 5.83%), and SSEP (10, 9.71%). Sixty-three (61.2%) and twenty-two (21.4%) patients were tested for serum 
antibodies against aquaporin-4 and myelin oligodendrocyte proteins, with all yielded negative result.

CSF was analysed with data available in 56 (54.3%) patients. Thirty-four (60.7%) of them were tested positive for 
OCBs. The mean CSF protein level was 0.37 g/L (SD 0.22) and CSF white blood cells count was 4.06 per µL (SD 6.49) 
with distribution shown in Figures 2 and 3 respectively.

Figure 1 A pie chart of distribution of disease onset across five age groups: 1–10 years (n=3, 3%), 11–20 years (n=17, 17%), 21–30 years (n=34, 35%), 31–40 years (n=30, 
31%), and greater than 40 years (n=14, 14%).

Table 2 Clinical Characteristics of MS Patients

Categories Types Number of Patients Percentage (%)

Type of MS CIS 16 15.5

RRMS 69 67.0

PPMS 6 5.83

SPMS 9 8.74

Uncertain / Unavailable 3 2.91

EDSS at initial diagnosis 0.0–1.5 49 47.6

2.0–3.5 25 24.3

4.0–5.5 6 5.83

≥ 6.0 3 2.91

Unavailable 20 19.4

(Continued)
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Relapses, Progression and Death
In the 66 RRMS patients with clearly defined study period, 221 relapses were recorded over a mean study period of 16.5 
(SD 10.5) years. The mean ARR was 0.25 (SD 0.287). Thirty-eight (36.9%) of the 83 patients with available EDSS data 
in EDSS had EDSS worsening. Six RRMS patients progressed from RRMS to SPMS.

Eight (7.77%) deaths were recorded during the study period, with a mean age of death of 56 (SD 10.3) years. Four of 
them died of pneumonia, whereas others died of septicaemia due to Klebsiella and Candida infections, toxic megacolon, 
and intracerebral haemorrhage, respectively. The cause of death of the remaining patient was uncertain and the case was 
referred to coroner. The result of the coroner report was not retrievable from the electronic patient record.

DMTs Use
One hundred thirty-seven DMT cycles were commenced in 76 (73.8%) patients. The most common DMT used was 
interferon - either interferon-beta 1a (Avonex®, Rebif®), or 1b (Betaferon®) (48, 35.0%), followed by dimethyl 
fumarate (DMF) (41, 30.0%), fingolimod (FTY) (14, 10.2%) and teriflunomide (TFN) (8, 5.84%). Other DMT agents 
(26 cycles, 19.0%) included traditional steroid-sparing agents like azathioprine, mycophenolate mofetil, methotrexate, 
and newer agents including cladribine, ocrelizumab, alemtuzumab, and rituximab.

In 76 (73.8%) patients with history of DMT use, a median of 2 DMTs were used. The mean duration between 
between diagnosis and first DMT treatment was 21.7 (SD 37.7) months. DMTs were not started in 27 (26.2%) patients, 

Table 2 (Continued). 

Categories Types Number of Patients Percentage (%)

Type of signs and symptoms at the initial presentation# Visual# 30 29.1

Pyramidal# 29 28.2

Cerebellar and ataxia# 14 13.6

Brainstem# 17 16.5

Sensory# 38 36.9

Other# 6 5.83

Unavailable 5 4.85

Type of initial MRI lesion Supratentorial 85 82.5

Infratentorial 28 27.2

Spinal cord 27 26.2

Optic nerve 21 20.4

Normal 1 0.00971

Unavailable 5 4.85

Evoked potentials Normal EP 16 15.5

Abnormal VEP 16 15.5

Abnormal BAEP 6 5.83

Abnormal SSEP 10 9.71

Not performed / Unavailable 62 60.2

Notes: # Examples of signs and symptoms in initial presentation - Visual: Blurry vision, colour vision disturbance, visual field defect in visual type; Pyramidal: Limb 
weakness; Cerebellar and ataxia: Vertigo, ataxia; Brainstem: Diplopia, facial weakness, dysarthria; Sensory: Paresthesia; Others: Cognitive impairment, bladder and 
bowel incontinence, facial twitching, uveitis.
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13 ie almost half of them were due to patients’ reluctance towards treatment after physicians’ explanation. DMT was not 
indicated in 12 patients as there were no recent active attacks at the time of diagnosis, while the EDSS was above 6 in 1 
patient that precluded DMT commencement. The record was not available for 1 remaining patient.

DMT Use Pattern
Amongst patients who have been put on DMTs, total number of DMT treatment cycles ranged from 1 to 5, with mean of 
1.80 (SD 0.817). The vast majority of IFN (46 out of 48 cycles) was started in treatment-naïve patients without previous 
DMT used, whereas majority of DMF (27 out of 41 cycles), TFN (5 out of 8 cycles) and all FTY (14 out of 14 cycles) 
had one or more than one treatment cycles prior (Table 3). For patients having frequent DMT switch up to 5 treatment 
cycles, it was usually related to highly active disease course.

Figure 2 A Box-and-whisker plot of CSF Protein level. The box represented the interquartile range (IQR), where the horizontal line within the box indicates the median. o: 
outlier greater than 1.5 IQR from the upper quartile boundary.
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Baseline Characteristics with Respect to DMT Types
Among the 76 patients with history of DMT use, 56 were RRMS subtype. Baseline characteristics in each treatment 
subgroups (Table 4) included age of symptom onset, gender, smoking status, duration between symptom and diagnosis, 
types of symptoms and MRI lesions at initial presentation, CSF protein and WBC level, presence of OCB, abnormal 
evoked potentials, EDSS at diagnosis, and duration of DMT usage.

Figure 3 A Box-and-whisker plot of CSF WBC count per microlitre. The box represented the interquartile range (IQR), the horizontal line within the box indicated the 
median, and the whiskers extended to 1.5 IQR from the quartile boundaries. o: outlier between 1.5–3 IQR from the upper quartile boundary. *: outlier greater than 3 IQR 
from the upper quartile boundary.

Table 3 Number of Prior DMTs Used on with Respect to DMT Types

Number of Prior DMT Used IFN DMF TFN FTY Other

Total Number of Treatment Cycles, n 48 (35.0%) 41 (30.0%) 8 (5.84%) 14 (10.2%) 26 (19.0%)

0 46 14 3 0 13

1 2 24 4 8 8

2 0 3 1 5 3

3 or more 0 0 0 1 2
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Effectiveness of DMTs
ARR with Respect to Each DMT Use
In 55 RRMS patients with 100 DMT treatment cycles, ARR was calculated for those with a clear definite study period. 
The ARR 2 years before and that after treatment were shown in Table 5. IFN (−0.492, p-value <0.001) and FTY (−0.557, 
p-value 0.038) were associated with statistically significant reductions in ARR. The use of DMF had a trend of ARR 
reduction (-0.095), though not statistically significant. On the other hand, ARR reduction (+0.465) was not shown in TFN 

Table 4 Baseline Characteristics of RRMS Patients with Respect to DMT Types

Types of DMT IFN DMF TFN FTY Other

Total Number of Patients, n 38 31 8 13 13

Age of symptom onset, mean (SD) 28.5 (9.99) 27.3 (9.42) 34.9 (7.45) 24.1 (8.36) 30.6 (12.3)

Male, n (%) 10 (26.3%) 7 (22.6%) 1 (12.5%) 1 (7.69%) 6 (46.2%)

Female, n (%) 28 (73.7%) 24 (77.4%) 7 (87.5%) 12 (92.3%) 7 (53.8%)

Current smoker at diagnosis (%) 6 (15.8%) 2 (6.45%) 2 (25.0%) 4 (30.8%) 3 (23.1%)

Duration between symptom and diagnosis, mean (SD), months 35.4 (50.2) 30.7 (40.6) 38.1 (37.8) 29.9 (48.3) 50.7 (62.4)

Types of symptoms at initial presentation (%)

- Visual 5 (13.2%) 7 (22.6%) 3 (37.5%) 4 (30.8%) 4 (30.8%)

- Pyramidal 9 (23.7%) 7 (22.6%) 4 (50.0%) 3 (23.1%) 3 (23.1%)

- Cerebellar& ataxia 4 (10.5%) 4 (12.9%) 1 (12.5%) 2 (15.4%) 0 (0.00%)

- Brainstem 13 (34.2%) 10 (32.3%) 0 (0.00%) 2 (15.4%) 2 (15.4%)

- Sensory 20 (52.6%) 14 (45.2%) 3 (37.5%) 7 (53.8%) 7 (53.8%)

- Others 4 (10.5%) 2 (6.45%) 1 (12.5%) 2 (15.4%) 1 (7.69%)

Types of MRI lesions at initial presentation (%)

- Optic nerve 6 (15.8%) 8 (25.8%) 3 (37.5%) 5 (38.5%) 3 (23.1%)

- Supratentorial 32 (84.2%) 24 (77.4%) 7 (87.5%) 11 (84.6%) 8 (61.5%)

- Cerebellar 6 (15.8%) 7 (22.6%) 0 (0.00%) 1 (7.69%) 3 (23.1%)

- Brainstem 9 (23.7%) 10 (32.3%) 0 (0.00%) 1 (7.69%) 3 (23.1%)

- Spinal cord 9 (23.7%) 12 (38.7%) 1 (12.5%) 3 (23.1%) 7 (53.8%)

CSF Protein level, mean (SD), g/L 0.354 (0.254) 0.318 (0.142) 0.285 (0.00707) 0.240 (0.0923) 0.386 (0.295)

CSF WBC level, mean (SD), per µL 2.58 (3.08) 2.39 (2.73) 6.50 (4.95) 2.20 (3.36) 4.22 (4.05)

Presence of OCB in CSF, n (%) 15 (39.5%) 9 (29.0%) 3 (37.5%) 6 (46.2%) 4 (30.8%)

Abnormal evoked potential, n (%) 11 (28.9%) 5 (16.1%) 3 (37.5%) 4 (30.8%) 4 (30.8%)

EDSS, mean (SD) 1.39 (1.35) 1.16 (1.52) 1.83 (1.84) 0.962 (1.30) 1.25 (1.67)

Mean duration of DMT, months (SD) 78.9 (56.5) 22.2 (14.6) 26.1 (20.5) 49.4 (30.4) 69.1 (60.1)

Table 5 ARR Prior to and After Treatment with Respect to DMT Types

Types of DMT IFN DMF TFN FTY Other

Total Number of Treatment Cycles, n 37 29 7 13 14

Mean ARR prior to treatment (SD) 0.649 (0.498) 0.31 (0.618) 0.429 (0.732) 0.769 (0.881) 0.786

Mean ARR after treatment (SD) 0.157 (0.534) 0.215 (0.482) 0.894 (2.25) 0.212 (0.421) 0.363

Mean ARR reduction (augmentation) 0.492 0.095 (0.465) 0.557 0.423

p-value <0.001* 0.346 0.466 0.038* N/A#

Notes: * p-value less than 0.05 which indicated statistical significance. # p-value was not calculated due to heterogeneity nature of the group.

Pragmatic and Observational Research 2025:16                                                                                 https://doi.org/10.2147/POR.S556886                                                                                                                                                                                                                                                                                                                                                                                                    229

Lui et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



subgroup. The number of cycles for DMTs other than IFN, DMF, TFN and FTY was too small for individual ARR 
analysis, or did not have statistically significant findings.

Persistence and Safety Profile of DMTs
Persistence and Discontinuation of DMTs
Out of the 76 patients with DMT use, a total number of 137 DMTs were used. Seventy-one (51.8%) treatments were 
continued throughout the study period in Table 6, most commonly DMF (34, 82.9%), followed by FTY (10, 71.4%). The 
median treatment duration ranges from 20.0 months in DMF to 58.5 months in IFN.

The Kaplan-Meier curve in Figure 4 portrayed the continuation of DMTs with respect to DMT types. No between- 
group statistical difference existed in the probability of DMT continuation with p-value of 0.367 in Log rank test.

On the other hand, 48.2% of treatment discontinued, ie either stopped or switched to other DMTs, most seen in IFN 
(41, 29.9%), followed by TFN (4, 0.03%). Among them, 13 discontinued within first year, including 3 in TFN and 4 in 
IFN. The reasons of discontinuation included most due to side effects, intolerance, or patient preference (32, 23.3%), 
followed by disease activities (23, 16.8%), and other reasons included pregnancy and change of diagnosis.

Individual breakdown into DMT types listed in Table 6 with most common reason of discontinuation was side effects, 
intolerance in IFN (23 out of 41) and TFN (3 out of 4), and disease activities in DMF (7 out of 7).

Side Effects and/or Intolerance with Discontinuation of DMTs
Side effects, intolerance or personal preference led to discontinuation in 32 (23.4%) of the 137 treatment cycles. Table 7 
summarised the side effects reported, though a large portion of the patients continued with the DMTs even with the side 
effects.

Fifteen (10.9%) IFN cycles were discontinued due to various side effects, most commonly due to injection reactions 
in 12 patients, and other reasons included mood disturbance, deranged liver function, and poor appetite. Four (2.92%) 
TFN cycles were discontinued due to intolerance and impaired liver function. Two (1.46%) FTY cycles were discon
tinued as potential culprit for impaired liver function and lymphopenia. Two (1.46%) patients discontinued azathioprine 
due to personal preference and proneness to infections. One patient switched to rituximab therapy, but she developed 
septicaemia afterwards, and then the patient refused subsequent cycles. No patients discontinued DMF due to side effects 
or intolerance.

Table 6 Continuation and Discontinuation of DMTs with Respect to DMT Types

Types of DMT IFN DMF TFN FTY Other

Total Number of Treatment Cycles, n 48 41 8 14 26

Median treatment duration, months [IQR] 58.5 [26.5–125.8] 20.0 [13.0–29.0] 25.5 [9.8–35.8] 52.0 [20.3–72.8] 45.0 [16.0–70.0]

Continue throughout study period (n, %) 7 (14.6%) 34 (82.9%) 4 (50.0%) 10 (71.4%) 16 (61.5%)

Discontinuation throughout study period (n,%) 41 (85.4%) 7 (17.1%) 4 (50.0%) 4 (28.6%) 10 (38.5%)

Discontinuation within first year (n,%) 4 (8.33%) 1 (2.44%) 3 (37.5%) 2 (14.3%) 3 (11.5%)

Side effects and/or intolerance 23 0 3 2 4

Disease activities 11 7 1 1 3

Pregnancy 4 0 0 0 0

Change of diagnosis 2 0 0 0 2

Unknown 3 0 0 1 1
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The following Kaplan-Meier curve in Figure 5 portrayed the discontinuation of DMTs due to side effects and/or 
intolerance. There exists statistical significance between various DMTs with p-value of 0.013 by Log rank test. 
Performing the Cox regression, it was found that TFN was associated with an increased HR of 7.50 (Confidence interval 
(CI): 1.23–45.7), with statistical significance of p-value 0.029.

Figure 4 Kaplan-Meier curves showing the probability of DMT continuation over time among patients with different DMT types. The x-axis represented the study period in 
months, where the y-axis shows the probability of treatment continuation. IFN (blue), DMF (red), TFN (green), FTY (Orange), and other DMTs (yellow) are plotted 
separately; censored data are denoted by crosses.

Table 7 Side Effects Reported in Various DMTs

Types of DMT Side Effects Reported

IFN ● Local injection site reaction (pain, induration)
● Poor appetite and weight loss
● Depression and mood disturbance
● Deranged liver function

DMF ● Gastrointestinal upset
● Flushing

TFN ● Oral ulcer
● Alopecia
● Gastrointestinal upset
● Deranged liver function

(Continued)
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Disease Activities Associated with Discontinuation of DMTs
The following Kaplan-Meier curve in Figure 6 portrayed the discontinuation of DMTs due to disease activities with 
respect to DMT types. Twenty-three (16.8%) of the treatment cycles were terminated due to increased activities, 
including 11 (8.03%) of interferons, 7 (5.11%) of dimethyl fumarate, 2 (1.46%) of azathioprine, 1 (0.73%) of 
teriflunomide, fingolimod and cladribine respectively. No statistically significant inter-group difference was demonstrated 
by log rank test with p-value of 0.348.

In IFN groups, 7 of them were switched to fingolimod, while 4 of them switched to DMF. In DMF groups, all except 
2 were switched to FTY whereas the remaining were switched to cladribine and alemtuzumab respectively. For FTY 
group, one switched to TFN, while another switched to alemtuzumab. Two of azathioprine therapies were switched to 
mycophenolate mofetil and methotrexate respectively. One patient switched use of cladribine to rituximab.

Table 7 (Continued). 

Types of DMT Side Effects Reported

FTY ● Lymphopenia
● Deranged liver function

Other ● Azathioprine: Immunocompromised state
● Rituximab: Immunocompromised state
● Alemtuzumab: Infusion reaction, thyroiditis

Figure 5 Kaplan-Meier curves showing the probability of DMT discontinuation over time among patients with different DMT types. The x-axis represented the study period 
in months, and the y-axis showed the probability of discontinuation for each therapy. Lines indicated specific therapies: IFN (blue), DMF (red), TFN (green), FTY (orange), 
and other DMTs (yellow). Censored data points are indicated with crosses. Discontinuation due to intolerance or side effects was lowest for DMF, with statistical 
significance is indicated (p = 0.013). * p-value less than 0.05 indicated statistical significance.
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Other Reasons Associated with Discontinuation of DMTs
Two patients with the use of interferon therapies switched to azathioprine after progression from RRMS to SPMS. Four 
patients have once discontinued use due to pregnancy.

Azathioprine was commenced in 2 of the patients with initial diagnosis of NMOSD. It was subsequently switched to 
IFN and TFN, respectively, when the diagnosis of RRMS was established.

Prognostic Factors
Prognostic Factors in Disability and Disease Progression
Various demographic and clinical variables were compared (Table 8), in an attempt to identify their association with 
EDSS worsening in 83 patients.

It was found that EDSS more than or equal to 4.0 at diagnosis (OR: 4.56, p-value 0.0447), brainstem lesions on initial 
MRI scan (OR: 3.15, p-value: 0.039) were positively associated with worsening in EDSS. The presence of visual 
symptoms (OR: 0.144, p-value 0.007) were associated negatively associated with worsening in EDSS. These were 
associated with statistical significance. Upon binary logistic regression analysis, none demonstrated statistical 
significance.

Age of onset (OR 2.26, p-value 0.230), ever-smoker status (OR 2.57, p-value 0.145), progressive MS (OR 2.73, p- 
value 0.132), pyramidal (OR: 1.73, p-value 0.322) and sensory (OR: 2.17, p-value 0.114) symptoms, cerebellar (OR 2.09, 
p-value 0.193), and spinal cord (OR: 2.03, p-value 0.157) lesions at initial presentation, all had trend of higher odds ratio, 
though these were statistically insignificant.

Figure 6 Kaplan-Meier curves showing the probability of disease-modifying therapy (DMT) discontinuation due to disease activity over time, stratified by therapy type. The 
x-axis shows study period in months, and the y-axis displays probability of discontinuation. IFN (blue), DMF (red), TFN (green), FTY (Orange), and other DMTs (yellow) are 
plotted separately; censored data are denoted by crosses. The difference in rates of discontinuation across DMTs indicated no significant differences between therapies (p = 
0.348).

Pragmatic and Observational Research 2025:16                                                                                 https://doi.org/10.2147/POR.S556886                                                                                                                                                                                                                                                                                                                                                                                                    233

Lui et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Prognostic Factors in ARR
Table 9 listed various demographic and clinical variables, where their respective means of ARR were compared. The 
result showed that ever-smoker status (0.179, p-value 0.037), more than 10 white blood cells per µL in CSF (0.526, p- 
value 0.003) and first relapse within 6 months (0.262, p-value 0.006) were associated with higher ARR with statistical 
significance. OCB in CSF was, however, associated with lower ARR (0.198, p-value 0.043). Multivariate analysis was 
performed with linear regression, yet none demonstrated statistical significance.

Table 8 Prognostic Factors with Respect to EDSS Worsening

Prognostic Factors Presence of EDSS 
Worsening

Absence of EDSS 
Worsening

Odds Ratio 
(Confidence Interval)

pvalue

Male [Female] 10 [28] 11 [35] 0.88 (0.33–2.37) 0.806

Ever smoker [Never smoker] at diagnosis (total n = 82) 9 [28] 5 [40] 2.57 (0.78–8.50) 0.145

Age of onset – –
- More than [less than or equal to] 40 year old 8 [29] 5 [41] 2.26 (0.67–7.62) 0.230

Types of MS
- RRMS 27 [11] 29 [16] 1.35 (0.54–3.43) 0.639
- Progressive MS 8 [30] 4 [41] 2.73 (0.75–9.92) 0.132

Duration between symptom onset and diagnosis

- Within [more than] 12 months (total n = 80) 13 [21] 25 [18] 2.24 (0.90–5.63) 0.109

Duration between symptom onset and first relapse

- Within 12 [more than 12] months (total n = 80) 13 [16] 12 [14] 1.06 (0.36–3.05) 1.00

EDSS, n (total n = 81) –

- More than or equal to [less than] 4.0 6 [30] 3 [42] 4.56 (1.10–18.8) 0.045*

Types of signs and symptoms at initial presentation
- Visual 4 [33] 21 [25) 0.14 (0.04–0.47) 0.007*
- Pyramidal 12 [25] 10 [36] 1.73 (0.65–4.61) 0.322
- Cerebellar& ataxia 4 [33] 6 [40] 0.81 (0.17–9.38) 1.00
- Brainstem 8 [29] 9 [37] 1.13 (0.39–3.30) 1.00
- Sensory 18 [19] 14 [32] 2.17 (0.88–5.33) 0.114
- Others 1 [3] 36 [43] 0.40 (0.04–4.00) 0.625

Types of MRI lesions at initial presentation (total n = 82)
- Optic nerve 7 [29] 14 [32] 0.55 (0.20–1.56) 0.314
- Supratentorial 29 [7] 41 [5] 0.51 (0.15–1.75) 0.351
- Cerebellar 11 [25] 8 [38] 2.09 (0.74–5.92) 0.193
- Brainstem 13 [23] 7 [39] 3.15 (1.10–9.03) 0.039*
- Spinal cord 14 [22] 11 [35] 2.03 (0.78–5.25) 0.157

CSF Protein level (total n = 54) –

- More than or equal to [less than] 0.45 g/L 6 [17] 5 [26] 1.83 (0.48–6.97) 0.498

CSF WBC level (total n = 53)

- More than or equal to [less than] 10 per µL 1 [22] 5 [25] 0.23 (0.03–2.10) 0.217

Presence of OCB in CSF (total n = 51) 13 [8] 18 [12] 1.08 (0.3–3.40) 1.00

Abnormal evoked potential (total n = 33) 12 [6] 8 [7] 1.75 (0.43–7.17) 0.493

Notes: *p-value less than 0.05 which indicated statistical significance.

https://doi.org/10.2147/POR.S556886                                                                                                                                                                                                                                                                                                                                                                                                                                              Pragmatic and Observational Research 2025:16 234

Lui et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Discussion
This local cohort study investigated the demographic and clinical characteristics of MS patients in Hong Kong and their 
DMT selection and preferences.

Patients Characteristics
The baseline characteristics were comparable to those of other Caucasian cohort studies,20 which contrasted with a 
previous report that older age of onset, female preponderance was found in the Asian population.21 It is postulated that 
the previous cohort might include patients with NMOSD, and a lower availability of aquaporin-4 testing had back then 
given a limited understanding.

DMT Use
Effectiveness of DMT
The effectiveness of various DMTs was proven in various randomised controlled trials, as compared to placebo,11,22–30 

with some of them also compared to one another.31–33 Head-to-head comparisons between different DMTs were not 
widely studied in the literature. In Hong Kong, where majority of MS patients were managed in Hospital Authority. We 

Table 9 Prognostic Factors with Respect to ARR

Prognostic Factors n (%) ARR ARR Difference P-value

Male [Female] 14 (21.2%) 0.249 [0.251] −0.002 0.986

Ever-smoker [Never-smoker] at diagnosis 14 (21.2%) 0.392 [0.213] 0.179 0.037*

Age of onset _ _
- More than [less than or equal] 40 year old 13 (19.7%) 0.186 [0.266] −0.080 0.368

Duration between symptom onset and diagnosis

- Within [more than or equal to] 12 months (total n = 59) 26 (44.0%) 0.190 [0.298] −0.108 0.166

Duration between symptom onset and first relapse _

- Within [more than or equal to] 6 months (total n = 64) 11 (24.4%) 0.467 [0.205] 0.262 0.006*

Presence of types of symptoms at initial presentation (total n = 64)
- Visual 17 (26.6%) 0.283 [0.245] 0.038 0.650
- Pyramidal 16 (25.0%) 0.316 [0.235] 0.081 0.333
- Cerebellar& ataxia 8 (12.5%) 0.274 [0.128] 0.146 0.186
- Brainstem 11 (15.4%) 0.212 [0.265] 0.053 0.593
- Sensory 27 (42.2%) 0.268 [0.246] 0.022 0.763
- Others 5 (7.81%) 0.247 [0.256] −0.009 0.946

Presence of types of MRI lesions at initial presentation (total n = 63)
- Optic nerve 17 (27%) 0.300 [0.237] 0.063 0.451
- Supratentorial 54 (85.7%) 0.228 [0.410] −0.182 0.084
- Cerebellar 12 (19.0%) 0.216 [0.263] −0.047 0.619
- Brainstem 14 (22.2%) 0.233 [0.260] 0.027 0.761
- Spinal cord 21 (31.7%) 0.301 [0.232] 0.069 0.388

CSF Protein level (total n = 35)

- More than or equal to [less than] 0.45 g/L 9 (25.7%) 0.189 [0.320] −0.131 0.252

CSF WBC level (total n = 37)

- More than or equal to [less than] 10 per µL 3 (8.33%) 0.772 [0.246] 0.526 0.003*

Presence of OCB in CSF (total n = 40) 24 (60.0%) 0.196 [0.394] −0.198 0.043*

Abnormal evoked potential (total n = 29) 19 (65.5%) 0.231 [0.196] 0.035 0.71

Notes: *p-value less than 0.05 which indicated statistical significance.
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started from first line therapies like IFN, DMF and then escalated up to more highly efficacious therapy with disease 
activities.34 Comparison was hence difficult due to this usual DMT treatment sequence.

In our study, significant ARR reductions were observed after DMT commencement of IFN, FTY, and other 
treatments, but not DMF and TFN. The reason could be due to small sample size, and the lateral switch of the DMTs. 
It was observed that a few of our patients switched from IFN to DMF and TFN after they were made available in our 
formulary, instead of after having disease activity as they were of good disease control all along. It might partly explain 
why there was no significant ARR reduction in our study.

Persistence and Discontinuation of DMT
In reality, the effectiveness is often limited by the non-compliance. Adherence to DMT has been shown to decrease risk 
of relapses.35 Therefore, study towards the persistence of DMT is important. In our cohort, it was found that the overall 
discontinuation rate was 48.2%, and the discontinuation rates were similar in various subgroups except TFN, which was 
mostly in align with findings in a meta-analysis including real-world observational studies in the Western.36 On the other 
hand, 9.49% discontinuation rate was observed in the first year, lower than the mean first-year discontinuation rates 
reported in the same meta-analysis.36 As limited data in Asia was available, it is uncertain whether these data represent 
that Asian patients in general have a better tolerance towards DMT.

Side effects were one major factor for the discontinuation.37,38 For IFNs, the need for self-injection precluded the 
persistence. Side effects such as injection reactions, flu-like symptoms in our study, were also commonly reported in 
previous literature. Despite so, most patients tolerated these side effects and continued their uses until the availability of 
oral alternatives available.

Common side effects of DMF, for instance, gastrointestinal upsets and flushing were reported in our study. However, 
these appeared well tolerated in our cohort and none discontinued due to side effects. In a multi-centre observational 
analysis involving mostly Caucasians,39 DMF was recorded to have the highest discontinuation rate owing to side effects, 
whereas this is in contrast to an open-label extension study of DMF trial involving Japanese patients,40 no discontinua
tion was observed with lower reduction in lymphocyte count and lower incidence of flushing.

In TFN subgroup of our cohort, elevated liver enzymes, gastrointestinal upset, hair loss were reported in 3 out of 8 
treatment cycles, with 4 discontinuations observed. In other cohorts, for example, in a retrospective study using 
healthcare claim data in the United States and a subgroup of Asian patients in a TFN trial,41,42 the discontinuation 
rate of TFN was similar compared with overall discontinuation rate. Hence, our observation of higher risk of deteriora
tion with small size in the TFN subgroup required further studies with larger scale to support its significance.

In the studied population, it was observed that a portion of interferons were withheld during pregnancy with previous 
uncertainty of the safety of their use during pregnancy, either suggested by treating physician or patients themselves. As a 
result of a meta-analysis43 showing similar rate in birth defects and emerging of post-market data of interferons, they are 
nowadays deemed safe to be continued according to the consensus published by the Association of British 
Neurologists,44 and the category C warning was removed in the FDA in 2020.44 In our cohort, none reported adverse 
pregnancy outcomes, though the size was too small to allow conclusions to be drawn.

Prognostic Factors
A number of environmental, demographic, clinical factors and biomarkers were studied in an attempt to spot out ones 
with prognostic values. Table 10 depicted factors that were associated with better and worse prognosis in MS found in the 
literature.

Use of Outcome Measures
ARR and EDSS worsening which we used in our study were common markers to indicate disease activities and 
progression, respectively.59–61 For relapse-related outcome measures, ARR is commonly used to reflect inflammatory 
activities as the data are readily accessible, at the expense of lacking specificity to severity of each attack.61 For 
measuring disability progression, EDSS worsening is also commonly used owing to its readiness, though it is limited 
by its insensitivity to functional system related and cognition-related deficit.61
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In our cohort, we observed eight deaths during the study period, its small sample size however precluded further 
statistical analysis. Two patients had high EDSS score at the time of death with pneumonia as cause of death. It could be 
postulated to be related to immobilisation, or aspiration due to advanced neurological disease. Another 2 patients on 
azathioprine, an immunosuppressant, died of pneumonia and septicaemia. It was observed in a Canadian cohort that 
deaths were commonly caused by infective conditions.62 Identification of the prognostic factors to all these adverse 
outcomes could allow better understanding to this disease.

Environmental and Demographic Factors
In our study, we were able to identify ever-smoking status at diagnosis was associated with higher risk of EDSS 
worsening, consistent with result in a meta-analysis where ever-smoking status was associated with poorer outcome.63 

Male sex and age greater than 40, where some were reported to be associated with worse outcome with conflicting 
results,45–48,50,52,64 were not found to have worse outcomes in this study.

Clinical Factors
Optic neuritis at diagnosis was associated with a lower risk of attaining EDSS worsening. It was supported by some 
cohort studies, including one in Hong Kong.1,52,65 Pyramidal and cerebellar symptoms were reported to have association 
with poor prognosis50,52 though these were not demonstrated in our study.

We found that early relapse within 6 months was associated with a higher risk of ARR. Worse outcomes were found 
in several studies with a shorter time to reach a higher EDSS score.52,66 We also noted a higher risk of EDSS worsening 
in patients with a higher baseline EDSS score, which concurred with a study where patients with EDSS greater than 2.0 
were predictive of poor prognosis.67

Biomarkers and Imaging Characteristics
We found that ARR was higher in the group with CSF pleocytosis. It was similarly observed in a cohort that a higher 
number of white blood cells in CSF, with cutoff of 10 cells, was associated with higher ARR in patients with RRMS.54 

Thus, CSF pleocytosis reflects a potential role as a surrogate marker to reflect disease progress in MS.
In our study, OCB was negatively associated with ARR and no effect on EDSS worsening. Despite its potentially 

useful role as a biomarker in predicting conversion of CIS to RRMS,68 and a higher probability of worse outcome,45 an 

Table 10 Factors with Prognostic Values in MS Reported in Literature

Domain Factors Associated with Worse (Better) Prognosis

Environmental and demographic 
factors

● Male45

● Older age of onset46,47

● Ever smoking status48

● Vitamin D Deficiency48

● Adolescent obesity48

● Epstein Barr virus infection48

Clinical factors ● Higher initial relapse rate49

● (Longer first inter-attack interval)49,50

● Higher baseline EDSS score50

● Multifocal presentation51

● Pyramidal and cerebellar symptoms50,52,53

● (Optic neuritis at diagnosis)52

Biomarkers ● CSF pleocytosis54

● Presence of OCB in CSF50

● High neurofilament chain level55

Imaging characteristics ● Baseline infratentorial lesions56

● Baseline Gadolinium-enhancing lesions57

● Lesion load, brain atrophy58
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observational cohort in Austria did not identify any relationship between the two.64 Therefore, the role in predicting 
prognosis in RRMS was uncertain where future studies are warranted to confirm this association.

Brainstem, cerebellar and spinal cord lesions were found to have an association with a higher probability of EDSS 
worsening, though only brainstem lesions were found with statistical significance. It was also similarly found that 
baseline infratentorial lesions were strong predictors of progression from both CIS to RRMS, and RRMS to SPMS.56

Some other biomarkers and MRI characteristics were implicated to have prognostic values.51 One of them is 
neurofilament light-chain protein,55 a neuronal protein that is postulated to be released during axonal damage. Others 
included a number of MRI lesions, brain volume change and atrophy.51 Nevertheless, neurofilament testing was not 
available in Hospital Authority, and the MRI characteristics were not routinely reported by our local radiologists in 
general. Consequently, these markers were not included in our analysis.

Strength and Weakness
This study provided real-world experience in Hong Kong, regarding the effectiveness, persistence, and discontinuation of 
DMTs in the epoch with widely available oral options. Baseline characteristics of this local cohort were analysed so that 
several prognostic factors were found, which potentially aid clinicians in decision-making process.

Yet, there existed quite a few shortcomings, which included retrospective design, missing data, small sample size, and 
possible selection bias inherent in non-randomised treatment allocation.

A retrospective observational study design without control subgroups was subjected to a number of confounding 
factors such as disease severity, co-morbidity in the interpretation of efficacy and side effects. For instance, treatment 
allocation was determined by the attending neurologist’s clinical judgment rather than random assignment, confounding 
by indication cannot be excluded. Also, for those with better clinical course with relatively less relapses or even achieved 
remission, they were more likely to default follow-up.

Secondly, as a single centre study, its small sample size such that it lacked sufficient power for conducting multi
variate analysis. Nevertheless, owing to relatively low prevalence, it encompassed quite a number of MS patients of 
Hong Kong already. Another important factor is the heterogeneity of our local MS patients, which rendered our review 
particularly difficult. Still, despite all these, we hoped to gain insights into the usage of DMTs in our local MS patients.

Thirdly, data collection was based on a review of both electronic and handwritten medical records. Variations in 
documentation completeness and interpretation could have introduced information bias, despite efforts to ensure accuracy 
through cross-checking.

Finally, missing data were present for certain variables, including EDSS scores and MRI data. Even though these 
cases were excluded from specific analyses, this might under- or over-estimate the true associations. The definite time of 
EDSS score change could not be determined with certainty, as it was not included as an outcome measurement in our 
cohort.

Conclusion
Multiple sclerosis is a chronic neurological illness that commonly affected the young individuals, which could pose 
significant disability and negative consequences to daily life.

In our study, the use of DMTs pattern appeared similar with other observational cohorts. IFN, FTY and other DMTs 
were associated with a significant ARR reduction, though the apparent lack of benefit in DMF, TFN could be due to 
inadequate power with the heterogeneous population. Similar persistence to DMTs with a significantly higher portion of 
TFN discontinued due to intolerance was demonstrated, though the finding is underpowered.

We identified several poor prognostic factors in our MS patients - ever-smoking status, EDSS more than or equal to 4, 
short period of relapse, CSF leucocytosis and brainstem MRI lesions. The good prognostic factors were the presence of 
visual symptoms and OCB in CSF. With the identification of the potential prognostic factors in this cohort, clinicians 
could make use of these to facilitate communication to allow patients to better understand their disease prognosis. 
Although no significant association with other factors could be found due to limited sample size, future studies with 
larger sample size, collaboration with multiple centres, and multivariate analysis were recommended to reduce influence 
of the other unmeasured factors and to confirm the association.
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Overall, this study illustrated the beauty, and complexity in managing MS patients with all the considerations for 
patients’ clinical characteristics, diseases activity, risk appetite and treatment side effects so as to reach an informed 
decision on the use of DMTs in our local MS patients.
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