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Background and Purpose  This study assessed the long-term outcomes of disease-modify-
ing therapies (DMTs) in Korean multiple sclerosis (MS) patients treated in real-world clinical 
settings in Korea. 
Methods  We retrospectively evaluated the medical records of 160 patients with an initial diag-
nosis of clinically isolated syndrome or relapsing-remitting MS who were treated for at least 2 
years. A status of 3 for no evidence of disease activity (NEDA3) was defined as no relapse, dis-
ability progression, or active lesions in annual magnetic resonance imaging (MRI) evaluations.
Results  Patients who were initially treated with interferon β (n=152), glatiramer acetate 
(n=6), or teriflunomide (n=2) were included. The mean disease duration was 8.2 years. Com-
pared to pretreatment, annualized relapse rates were significantly reduced after treatment 
[from 1.0±0.8 to 0.2±0.4 (mean±standard deviation), p<0.001]. At the follow-up, 79 patients 
(49%) had changed their treatment regimen due to lack of efficacy (33%), side effects (14%), 
or other reasons (2%). Disability progression was observed in 18% of the patients over a mean 
treatment duration of 5.7 years. After 2 years, NEDA3 was observed in 38% of the patients. 
Loss of NEDA3 at 2 years was associated with long-term disability progression [odds ratio 
(OR)=17.975, p=0.003]. Poor response to first-line treatment was independently associated with 
a delay in treatment from disease onset (OR=1.238, p=0.049) and 10 or more brain lesions in 
the initial MRI (OR=3.648, p=0.047).
Conclusions  This study has provided real-world evidence that DMTs are effective in reducing 
disease activity and disability progression in Korean MS patients.
Key Words    disease-modifying therapy, multiple sclerosis, Korea, treatment outcomes.

Real-World Effectiveness of Disease-Modifying Therapies 
in Korean Patients with Relapsing Multiple Sclerosis

INTRODUCTION

There have recently been substantial advances in the treatment of relapsing-remitting mul-
tiple sclerosis (RRMS). Numerous disease-modifying therapies (DMTs) are currently avail-
able for early aggressive interventions in patients with RRMS. Although general conclusions 
have been drawn about the efficacy of DMTs from randomized controlled trials, observa-
tional studies in real-world settings are essential for documenting the long-term impact of 
DMT in the wider population. Such studies can provide insight into the predictors of a re-
sponse to treatment for MS, which will be useful for daily treatment decision-making. Nu-
merous observational studies of MS patients receiving DMTs in Western countries have 
shown long-term treatment benefits and identified several predictors of a poor progno-
sis.1-5 The prevalence of MS is lower in Asia than in Western countries, and there is less data 
available about the long-term treatment outcomes of DMTs and predictors of a treatment re-
sponse in Asian MS patients. 

MS is considered to be a rare disease in Korea.6 All Korean MS patients are eligible to 
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receive financial support for medical care from the govern-
ment. The treatment era for RRMS began in 1993, and 11 
DMTs have been approved by the Korean Food and Drug 
Administration in line with the global expansion of thera-
peutic options for MS. However, the effect of these drugs in 
Korean patients, the remission of disease activity, and the 
long-term benefits with respect to disabilities are not fully 
understood. The present study therefore aimed to determine 
the long-term impact of DMTs on the remission of disease 
activity and the prevention of disability progression in Ko-
rean MS patients. We also estimated 1) how many patients 
achieve a status of no evidence of disease activity (NEDA), 
as measured by relapses, disability, and magnetic resonance 
imaging (MRI) over 2 years, 2) whether the loss of NEDA 
within 2 years can predict long-term disability progression, 
3) how many patients require treatment escalation follow-
ing first-line treatment, and 4) predictors of a poor response 
to first-line treatment. 

METHODS

Patients and definitions
This was a multicenter retrospective cohort study conducted 
in four MS referral hospitals in Korea. We included consecu-
tive patients, seen up until July 2017, who had an initial diag-
nosis of clinically isolated syndrome (CIS) or RRMS accord-
ing to the 2005 McDonald criteria7 and were treated for a 
minimum of 2 years. CIS was defined as an initial clinical de-
myelinating event with findings in brain MRI consistent with 
MS.8 We excluded patients with progressive-onset disease 
without relapses and patients for whom treatment with mito-
xantrone was initiated. We performed a retrospective analy-
sis of the demographic information of the enrolled patients, 
key episodes in their MS course (relapses, onset of the pro-
gressive course, and time point when the disability was as-
signed as being irreversible), MRI findings (whether there 
were 10 or more high-intensity lesions in initial T2-weighted 
MRI4 and new/enlarging T2-weighted lesions or gadolini-
um-enhanced lesions in follow-up MRI), and treatment his-
tory. The number of lesions in MRI and the disability status 
[based on the Expanded Disability Status Scale (EDSS)] were 
evaluated by neurologists at each center. The MS severity 
score (MSSS), calculated by adjusting the EDSS score accord-
ing to disease duration, was used as a marker of disease sever-
ity.9 The MSSS reflects disease severity, with higher scores re-
flecting a shorter time to reach a particular level of disability, 
and allows comparisons between multiple patient cohorts.10 
The present study was approved by the ethics committees of 
the participating hospitals (IRB No. NCC2014-0146, KC17T-
EDI0427, 201607040). 

The first MRI scans were obtained within 3 months of 
the onset of CIS. Brain MRI was performed every 1–3 years 
after the initial MRI and subsequent relapses. Ninety-seven 
patients underwent brain MRI annually and were thus assigned 
an NEDA status of 3 (NEDA3; corresponding to no relapses, 
disability progression, or new/enlarging MRI lesions) for the 
initial 2 years, as opposed to a status of 3 for evidence of dis-
ease activity (EDA3) when at least one of these conditions was 
present. The MRI studies were conducted at each center us-
ing a 1.5-tesla or 3.0-tesla scanner, and the slice thickness var-
ied from 3 to 5 mm. MRI scans consisted of at least T1- and 
T2-weighted images, FLAIR images, and T1-weighted imag-
es with gadolinium enhancement.

An MS relapse was defined as the occurrence, recurrence, 
or worsening of symptoms of neurological dysfunction last-
ing for more than 24 h; this usually progressed to partial or 
complete remission.11 A poor response to first-line treatment 
was defined as 3 months of confirmed progression of the EDSS 
score and/or switching of therapy due to ongoing disease ac-
tivity (i.e., clinical relapse or MRI activity). Disability pro-
gression was defined according to the baseline EDSS score. To 
reduce the inherent noise in transitions between EDSS scores 
of 0 and 1.0, increases in the EDSS score of at least 1.5, 1.0, 
and 0.5 points were required for subjects with baseline EDSS 
scores of 0, 1.0–5.0, and >5.0, respectively.12 Disability pro-
gression at the last follow-up was confirmed when the patient 
next visited, in accordance with the routine clinical practice 
(once every 3 months) in the absence of relapse at the time of 
assessment. 

Statistical analysis
Descriptive statistics (e.g., mean±standard-deviation val-
ues) were used for continuous variables. Categorical vari-
ables were described as numbers and percentages of subjects 
in each group. Logistic regression was used to determine 
whether baseline demographic, clinical, radiological, and lab-
oratory features of the patients were correlated with EDA3 
over the initial 2 years, disability progression, or poor response 
to first-line treatment. Univariable analyses were conducted 
separately for potentially related factors. Variables with p 
values of <0.2 in the univariable analyses were included in 
the multivariable model. The final model was developed us-
ing a backward variable selection method with an elimina-
tion criterion of 0.05. STATA SE software (version 10.0, Stata-
Corp., College Station, TX, USA) was used for all analyses. 
Two-sided p values of <0.05 were considered statistically sig-
nificant.
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RESULTS

This study enrolled 160 patients: 3 with CIS, 152 with RRMS, 
and 5 with secondary progressive multiple sclerosis (SPMS). 
At the initiation of DMT, 13 had CIS and 147 had RRMS. The 
baseline characteristics of subjects are summarized in Table 1. 
Their age at the onset of MS was 29.2±9.7 years, the female-
to-male ratio was 2.07, and the disease duration from clini-
cal onset to the last visit was 8.2±5.2 years. Treatment was 
started at a median of 1 year (range, 0–22 years) after the 
clinical onset of MS, and the treatment duration was 5.7±3.3 

years. Of 47 patients for whom treatment was initiated at the 
first attack, 12 (26%) had progressed to clinically definite 
MS. Compared to the pretreatment phase, the annualized 
relapse rate (ARR) was significantly reduced during the 
treatment (from 1.0±0.8 to 0.2±0.4, p<0.001). The median 
MSSS at the time of the initiation of DMTs was 4.27 (range, 
0.24–8.64) in 89 patients for whom at least 1 year had elapsed 
between disease onset and treatment, with a median MSSS 
of 1.77 (range, 0.04–9.08) at the last follow-up. Globally, 
significant worsening in EDSS score during the treatment 
period was observed in 29 patients (18%). Of the 106 and 
35 patients who were treated for at least 5 and 10 years, re-
spectively, 26 patients (25%) and 14 patients (40%) experi-
enced disability progression. At the last follow-up, 30 patients 
(19%) had an EDSS score of ≥3 and 9 patients (6%) had an 
EDSS score of ≥6.0. Among 60 patients with a disease dura-
tion of at least 10 years, 5 (8%) progressed to SPMS and 8 
(13%) had an EDSS score of ≥6. 

Most of the patients were initially treated with interferon 
β (IFNβ) (n=152) [91 with subcutaneous (s.c.) IFNβ-1b, 51 
with s.c. IFNβ-1a, and 10 with intramuscular (i.m.) IFNβ-
1a), while 6 were started on glatiramer acetate, and 2 on ter-
iflunomide (Fig. 1A). During the follow-up, 81 patients (51%) 
had remained on their first treatment regimen, while 79 pa-
tients (49%) had changed their treatment regimen due to lack 
of efficacy (n=53, 67%), side effects (n=23, 29%), or other 
reasons (n=3, 4%). Thirty-four (21%) patients escalated to a 
second-line DMT [natalizumab (n=4), alemtuzumab (n= 
17), fingolimod (n=8), or mitoxantrone (n=7)]. In patients 
switching DMTs due to lack of efficacy, the median time to the 
first switch (including lateral switching or escalation) was 2 
years (range, 3–17 years), and the median time to the second 
switch was 1.4 years (range, 5–8 years). The first drug switch 
due to a lack of efficacy was observed after a median of 2 at-
tacks (range, 0–25 attacks) during first-line treatment. 

Four patients switched to mitoxantrone due to the progres-
sion of disability without clinical relapse when receiving the 
first-line injectable treatment. Since alemtuzumab and natal-
izumab were launched in Korea in 2015, the median time from 
the initiation of the first-line drug to these higher potency 
drugs was 4 years (range, 1.3–17 years), and the median treat-
ment duration was 15 months. Fingolimod was not eligible for 
reimbursement until 2017, but 8 patients started this treat-
ment in 2013 via the Drug-Free Communities Support Pro-
gram. Among them, one switched to natalizumab due to per-
sistent lymphopenia and one switched to alemtuzumab due 
to lack of efficacy. Of 29 patients who switched to fingolimod, 
natalizumab, or alemtuzumab, ongoing disease activity (i.e., 
clinical relapse or MRI activity) was observed in 10 patients 
(34%), and significant disability worsening was found in only 

Table 1. Clinical and demographic characteristics of the study pa-
tients with MS (n=160)

Characteristic Value
Age at onset, years 29.2±9.7

Age at initiation of treatment, years 31.1±9.8

Female 108 (68)

Disease duration, years 8 [2–29]

Time from disease onset to treatment initiation, 
years

1 [0–22]

Treatment duration, years 5 [2–18]

Clinical phenotype at initiation of DMT

CIS suggestive of MS 13 (29)

RRMS 147 (71)

Clinical phenotype at last clinical visit

CIS suggestive of MS 3 (23)

RRMS 152 (74)

Secondary progressive MS 5 (3)

ARR before therapy 0.84 [0.09–3]

ARR after therapy 0 [0–2.5]

Presence of drug switching 79 (49)

Lack of effectiveness 53 (33)

 Adverse effects 23 (14)

Others 3 (2)

EDSS score at initiation of treatment 2.0 [0–5.0]

EDSS score at last follow-up 1.5 [0–7.5]

Patients with worsening of EDSS score after 
treatment

29 (18)

MSSS at initiation of treatment 4.27 [0.24–8.64]

MSSS at last follow-up 1.77 [0.04–9.08]

Patients NEDA3 at 2 years* 37/97 (38)

Patients with CSF oligoclonal band* 42/84 (50)

Patients with 10 brain lesions in initial MRI* 66/129 (51)

Data are mean±standard-deviation, n (%), or median [range] values.
*For parameters that were not evaluated in all 160 patients, the num-
ber of patients for whom these data were available is indicated.
ARR: annualized relapse rate, CIS: clinically isolated syndrome, CSF: ce-
rebrospinal fluid, DMT: disease-modifying therapy, EDSS: Extended Dis-
ability Status Scale, MRI: magnetic resonance imaging, MS: multiple 
sclerosis, MSSS: multiple sclerosis severity score, NEDA3: status of 3 for 
no evidence of disease activity, RRMS: relapsing-remitting multiple 
sclerosis. 
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1 patient (3%) during a median of 18 months of treatment 
with these higher potency drugs. All 4 patients treated with na-
talizumab achieved an NEDA3 during a median of 18 months 
(range, 18–20 months), and no progressive multifocal leuko-
encephalopathy occurred. Of the 23 patients who switched 
drugs due to side effects such as flu-like symptoms, injection-
site reactions, or laboratory abnormalities, 11 switched from 
s.c. IFNβ-1b or IFNβ-1a to i.m. IFNβ-1a, 8 switched from 
injectable drugs to oral first-line agents, and 4 switched from 
s.c. IFNβ-1b or IFNβ-1a to glatiramer acetate. The treatment 
at the last follow-up consisted of first-line injectable therapies 
(n=104), first-line oral therapies (n=23), second-line oral 
therapies (n=6), second-line injectable therapies (n=21), or no 
therapy (n=6) (Fig. 1B). At the follow-up there were no reports 
of serious adverse clinical events leading to treatment discon-
tinuation.

In our cohort, 97 patients were eligible for an NEDA3 eval-
uation during the initial 2 years, and this resulted in NEDA3 
being found in 37 of the patients (38%). To evaluate the util-
ity of NEDA3 at 2 years as a predictor of long-term disease 
progression, we conducted subgroup analysis in patients who 
were treated for at least 5 years (n=106). The sensitivity, spec-
ificity, positive predictive value (PPV), and negative predic-
tive value of EDA3 at 2 years for disability progression over 
a median of 7 years of treatment were 96%, 48%, 38%, and 
97%, respectively. In univariable analyses, disease duration 
[odds ratio (OR)=1.194, 95% confidence interval (CI)=1.080– 
1.320, p=0.001] and EDA3 at 2 years were associated with pro-
gression of the EDSS score over a median of 7 years of treat-

ment (OR=20.167, 95% CI=2.573–158.058, p=0.004) (Table 
2). In multivariable analyses, EDA3 at 2 years (OR=14.444, 
95% CI=1.770–117.819, p=0.013) was independently associ-
ated with disability progression. 

 Our cohort included 54 patients (34%) classified as poor 
responders to first-line treatment. Multivariable logistic re-
gression analyses revealed that poor responses were indepen-
dently associated with time (per year longer) from the dis-
ease onset to treatment (OR=1.238, 95% CI=1.001–1.533, p= 
0.049) and the presence of 10 or more brain lesions in the 
initial MRI (OR=3.648, 95% CI=1.018–13.071, p=0.047) 
(Table 3).

DISCUSSION

The main aim of this study was to determine the long-term 
outcomes of DMTs in a cohort of Korean patients with MS 
and the predictors of a poor response to first-line treatment. 
Most of the patients (82%) achieved long-term stabilization 
of their disability (based on the EDSS scores) during 6 years 
of treatment. DMTs reduced the ARR by 80%. Escalation to 
higher potency therapy was observed in 21% of the patients, 
which stabilized the disease activity in most of them. Among 
158 patients who started first-line injectable treatments, 23 
patients (15%) switched their drug treatment regimens to low-
frequency administration, other types of injectable drugs, or 
oral agents due to their simplicity and convenience.

Our previous report on the clinical characteristics of 105 
Korean MS patients demonstrated that the clinical pattern of 

Fig. 1. Type of treatment at the initiation of treatment (A) and at last the follow-up (B). IFNβ: interferon β, i.m.: intramuscular, s.c.: subcutaneous.  

Type of initial treatment Type of treatment at last follow-up

  IFNβ-1b s.c.   IFNβ-1a s.c.   IFNβ-1a i.m.   Glatiramer acetate   Teriflunomide
  Dimethyl fumarate   Fingolimod   Alemtuzumab   Natalizumab   No treatment
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MS in Korea did not differ fundamentally from that seen in 
Western countries.13 Before 2015, mitoxantrone was the only 
second-line treatment for which reimbursement was provid-
ed in Korea. This meant that our previous study could only 
evaluate the efficacy of IFNβ treatment, and 14 of 88 patients 
(16%) showed disability progression during approximately 3 
years. Alemtuzumab and natalizumab were launched in Ko-
rea in 2015, while fingolimod was approved for reimburse-
ment from the government in 2017. Eight of the patients in 
the present cohort started fingolimod in 2013 via the Drug-
Free Communities Support Program. Although the treatment 
duration was longer in the present study (mean, 6 years) than 

in our previous study, the proportion of patients with disabil-
ity progression was similar (18% of 160 patients), which may 
be attributed to the effect of escalation with these therapies. 
Of the patients with a disease duration longer than 10 years 
(n=60), the proportions of patients who progressed to SPMS 
(8%) and reached an EDSS score of 6 (13%) were lower than 
those found in Western patients for the natural history of MS, 
with approximately 60% of the patients who were followed for 
11–25 years from onset showing these outcomes.14 

It could be argued that the more-favorable outcome in the 
present cohort is due to the effect of racial differences in MS 
disease activity, and is only partially explained by treatment 

Table 2. Results from univariate and multivariate logistic regression models of patients with disability progression after receiving at least 5 years 
of treatment (n=106)

Variable
Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p
Age at disease onset 0.965 (0.919–1.013) 0.154

Age at initiation of DMT 0.991 (0.947–1.037) 0.695

Sex, female 0.755 (0.308–1.853) 0.540

Initiation of DMT after second attack, yes 4.237 (0.920–19.509) 0.064

Disease duration, per year longer 1.194 (1.080–1.320) 0.001*

ARR before DMT 1.167 (0.476–2.862) 0.386

Attack at onset

Brainstem attack, yes vs. no 0.670 (0.224–2.005) 0.474

Optic neuritis, yes vs. no 1.094 (0.380–3.153) 0.868

Myelitis, yes vs. no 0.965 (0.371–2.508) 0.965

EDA3 over 2 years, yes 20.167 (2.573–158.058) 0.004* 14.444 (1.770–117.879) 0.013*
≥10 high-intensity T2-weighted lesions in initial MRI, yes  1.949 (0.605–6.280) 0.264

CSF oligoclonal band, positive 1.614 (0.476–5.470) 0.442

Multivariate analysis restricted to 88 patients with complete data for all variables (p<0.2 in the univariate analysis).
*Significant findings.
ARR: annualized relapse rate, CI: confidence interval, CSF: cerebrospinal fluid, DMT: disease-modifying therapy, EDA3: status of 3 for evidence of dis-
ease activity, OR: odds ratio.

Table 3. Results from univariable and multivariable logistic regression models of patients with poor responses to first-line therapy 

Variable
Univariable analysis Multivariable analysis

OR (95% CI) p OR (95% CI) p
Age at disease onset 0.972 (0.938–1.031) 0.120

Age at initiation of DMT 0.972 (0.938–1.007) 0.120

Sex, female 0.574 (0.289–1.142) 0.114 0.266 (0.071–1.0) 0.05

Time from disease onset to initiation of treatment 1.158 (1.050–1.277) 0.003* 1.238 (1.001–1.533) 0.049*

ARR before DMT 1.167 (0.476–2.862) 0.386

Attack at onset

Brainstem attack, yes vs. no 0.974 (0.469–2.022) 0.944

Optic neuritis, yes vs. no 0.695 (0.316–1.531) 0.367

Myelitis, yes vs. no 1.125 (0.5338–2.355) 0.754
≥10 high-intensity T2-weighted lesions in initial MRI, yes  2.273 (1.014–5.097) 0.046* 3.648 (1.018–13.071) 0.047*

CSF oligoclonal band, positive 2.750 (1.056–7.164) 0.038*

Multivariable analysis restricted to the 67 patients with complete data for all variables (p<0.2 in the univariate analysis).
*Significant findings.
ARR: annualized relapse rate, CI: confidence interval, CSF: cerebrospinal fluid, DMT: disease-modifying therapy, OR: odds ratio.
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effects. Piccolo et al.15 reported that the median MSSS was 
significantly lower in Japanese patients (3.34) than in patients 
from the UK (5.87). MS may indeed be associated with less 
disability in Japan than in the UK, but because of differences 
in the number of patients (104 in Japan vs. 1,148 in the UK), 
the proportion of primary progressive MS patients (3% in 
Japan vs. 12.9% in the UK), and the proportion of patients 
receiving DMTs (83.7% in Japan vs. 17% in the UK) between 
the two cohorts, it is difficult to conclude that the MS disease 
activity is milder in Japanese patients than in UK patients. 

In the present study, the median MSSS was 4.27 at the time 
of initiating DMTs, which is comparable to that of global co-
horts, although the EDSS scores at the initiation of treat-
ment may be confounded by the incomplete recovery from a 
prior attack in some patients. At the last follow-up, based on 
EDSS scores that were confirmed after ≥3 months, we ob-
served a significantly lower median MSSS (of 1.77) than 
that at the time of DMT initiation. These findings suggest 
that the clinical course of our patients had been changed by 
the effectiveness of DMTs. The early initiation of treatment in 
our cohort (median, 1 year) may have stabilized the disease 
course and resulted in lower MSSSs during the ensuing years.  

The subgroup analysis revealed NEDA3 at 2 years in 38% 
of our patients, which is slightly higher than the reported 
percentages (17.9–27.5%) of NEDA3 over 2 years in patients 
with RRMS in Western countries.2,16 The inclusion of CIS pa-
tients (8%) in the present study may have contributed to these 
higher rates, but this factor alone cannot explain the higher 
rates of NEDA3 observations in the present study. The retro-
spective design of our study meant that serial MRI scans were 
not obtained using the same MRI system and imaging pro-
tocols. In addition, a section thickness of 5 mm was used in 
the MRI protocols for some patients, and this is greater than 
that of ≤3 mm used in the standard protocol. These limita-
tions of the MRI assessments might have resulted in low 
sensitivity for monitoring disease activity based on MRI 
findings and consequently contributed to the high rate of 
NEDA3 at 2 years that was observed in our study. 

NEDA3 has become an important treatment goal and out-
come measure in clinical trials,17 but its utility as a predictor 
of long-term disease progression remains unclear. In the 
present study, EDA3 over 2 years had a negative impact on 
the risk of disability progression during a median of 7 years 
of treatment. However, the PPV of EDA3 over 2 years was 
only 38%, and the presence of EDA3 over 2 years did not nec-
essarily predict future disability progression at the individual 
level. This finding is in agreement with recent studies in West-
ern countries finding that EDA3 over 1–2 years had good or 
moderate sensitivity but relatively low specificity for the pre-
diction of long-term disability progression.16,18 Regarding 

the low specificity of EDA3, Río et al.19 recently reported 
that minimal disease activity [i.e., one relapse without an 
impact on disability, or the presence of minimal isolated ra-
diological activity (one or two new T2-weighted lesions, or a 
single gadolinium-enhanced lesion)] did not confer a signifi-
cant risk of the EDSS score worsening over a mean of 6.7 
years of follow-up. Furthermore, the disease activity before 
the drug becomes effective should not be considered as EDA3 
on treatment.20 Finally, even if there is significant disease activ-
ity at the beginning of treatment, switching to more effica-
cious therapies within an appropriate timeframe can prevent 
the further deterioration of disability.21 

In our cohort, 34% of the patients were classified as poor 
responders (switching drugs due to lack of efficacy or disabil-
ity progression) to first-line treatment. This poor response to 
first-line treatment was independently associated with de-
layed initiation of DMTs (per year longer) (OR=1.238, p= 
0.049), which is consistent with current treatment guidelines 
to start DMTs early in order to obtain more-favorable out-
comes. The presence of at least 10 high-intensity T2-weight-
ed brain lesions in the initial MRI (OR=3.348, p=0.047) also 
increased the risk of a poor response to first-line treatment. 
A large observational study in Spain found that the presence 
of at least 10 high-intensity T2-weighted brain MRI lesions 
at baseline is the most-robust predictive factor for the con-
version to MS and disability accumulation after controlling 
for all of the other variables examined.4 Therefore, the pres-
ence of a large number of brain lesions at baseline may in-
dicate high disease activity, and so these patients may re-
quire a high level of vigilance for the drug response during 
treatment and should be considered for early escalation if 
required.

The limitations of this study include its retrospective de-
sign and small sample. The small proportion of patients with 
SPMS or with an EDSS score of ≥6 in our cohort may have 
been due to selection bias. Since we included patients who had 
been treated for at least 2 years, patients who already had 
SPMS during the initiation of DMTs and did not maintain 
the drug for more than 2 years were likely to have been ex-
cluded from this study. Meanwhile, because the four in-
cluded centers are referral centers in Korea, unintentional se-
lection bias may have caused a greater inclusion of patients 
with on-going disease activity despite first-line treatment. 
In addition, because the use of second-line treatment with 
reimbursement has only been available in Korea since 2015, 
the duration of treatment of the higher-potency drugs may be 
insufficient for evaluating efficacy and safety. Nevertheless, 
this study is the first to provide insight into the real-world long-
term benefit of DMTs in Korean patients with MS, and the 
proportion of patients with NEDA3 at 2 years based on an an-
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nual MRI evaluation and its prognostic value for long-term 
disability. 

In conclusion, the real-world benefits of DMTs observed 
in Korean patients seem to be similar to those found in pre-
vious observational studies and clinical trials in Western coun-
tries.3,22-24 Starting DMTs early could therefore lead to more-
favorable outcomes. Additionally, patients with a large number 
of brain lesions at baseline may need to be monitored more 
carefully to track the effects of first-line treatments. Future 
studies should involve longer follow-ups, have larger sam-
ples, and examine newly developed second-line treatments 
in greater depth.
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