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Abstract Background: There is scant data regarding the use of oral disease-modifying treatments (0DMT) in patients
~ with relapsing-remitting multiple sclerosis (PWRRMS) from Saudi Arabia.
Objective: This study aimed to identify the response rate to o-DMT in PWRRMS compared to interferon (IFN)
in terms of achieving no evidence of disease activity-3 (NEDA-3).
Methods: This retrospective study was conducted at a tertiary care hospital in Saudi Arabia and included
all adult PWRRMS over a 2-year period who were on oDMTs or IFN for <1 year. The achievement of overall
NEDA-3 and its components (namely, relapse, disability progression, and focal MRI activity) were assessed
for each treatment.
Results: A total of 231 patients were included for the analysis of NEDA-3 status, of which 78 (33.8%) were on
oDMTs (namely, dimethyl fumarate, teriftunomide, and fingolimod). NEDA-3 status was achieved in 51.3% (OR: 1.86,
95% Cl: 1.28-2.71) of patients on oDMTs and in 32% of patients on IFN (OR: 0.72, 95% CI: 0.58-0.89) (P < 0.001).
Compared to the IFN group, the oDMT group had significantly lower rates of clinical relapse (P < 0.001), disability
progression (P = 0.004), and new focal MRI activity (P = 0.01). Patients on dimethyl-fumarate had higher odds
of achieving NEDA-3 (OR: 2.18, 95% CI = 1.09—-4.34; P =0.02) compared with those on fingolimod
(OR: 2.15, 95% CI = 0.70-6.58; P =0.16) and teriflunomide (OR: 1.53, 95% Cl = 0.81-2.91; P =0.18).
Conclusion: More than half of the patients with relapsing—remitting multiple sclerosis on oral DMTs
achieved NEDA-3 status in this study. Significant differences were observed in NEDA-3 status parameters
and achievement between patients on oral DMTs and interferon, with the likeliness being highest among
patients treated with dimethyl-fumarate.
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INTRODUCTION

Multiple sclerosis (MS) is the most frequent cause of
acquired functional disability in the younger population.!"
In Saudi Arabia, the prevalence of MS has been estimated
to be 30-40.4/100,000; however, the actual prevalence
could be higher, as MS remains underdiagnosed./*’
Relapsing MS (RMS) is the most frequent clinical variant
of MS, observed in 60%—90% of the patients with MS in

Saudi Arabia.P

Disease-modifying treatments (DMT) have shown
promising results in reducing the relapse rate and subclinical
focal inflammatory cerebral activity, as evidenced by a
reduction in disease burden on MRI, the appearance of new
or enlarging T2-lesions and gadolinium (Gd)-enhancing
lesions, and disability progression in patients with
relapsing—remitting MS (PwRRMS)."® No evidence
of disease activity-3 (NEDA-3), a composite marker
comprising the absence of clinical relapse, disability
progression, and active disease on MRI, is often
considered a treat-to-target strategy of DMT for
PwRMSS.P! It has been reported that patients achieving
NEDA-3 status within 2 years of starting DMT have
an 80%—-90% positive predictive value for remaining
free of longer-term functional disability.!""! Further, in
one assessment of NEDA-3 status in patients with MS
on moderately efficacious (interferon [IFN], glatiramer
acetate, teriflunomide [TF], and dimethyl-fumarate [DMF])
and highly efficacious (natalizumab, fingolimod and
alemtuzumab) DMT, Simonsen ¢# a/. observed that the
NEDA-3 achievement rate at 1 year of diagnosis was
38%." From Saudi Arabia, a single-center study has shown
that NEDA-3 status was achieved in 33.6% of PwRRMS,
who were mainly on IFN therapy."

Oral DMT (oDMT) are convenient and easy-to-use
medication that have similar or superior efficacy to
injectable DMT;!"! notably, studies have found that
oDMT are preferred to parenterally administered
products.'"*"l The first approved oDMTs to treat MS
included TF, DMF, and fingolimod,!"" all of which
are available and administered to PwRRMS in Saudi
Arabia, and their effectiveness has been documented by
one study from Riyadh.'"! The current study aimed to
assess the achievement of NEDA-3 in PwRRMS taking
oDMTs, considering that patients are likely to be more
adherent to oDMTs than parenteral treatments. The
results of this study would provide evidence regarding
the responsiveness to oDMT among Saudis, which was
previously lacking.

METHODS

Setting and sampling

This retrospective study was conducted in the Neurology
Department at King Fahd Hospital of the University,
Al Khobar, Saudi Arabia, from January 2021 until
December 2022, after obtaining ethical approval from
the Institution Review Board. The hospital runs two
separate specialized MS clinics per week, in addition
to an infusion unit, with staff skilled in o DMT and
IFN management working under the supervision
of qualified MS consultants. Data for all PwRRMS
were maintained in the hospital’s electronic medical
record (EMR) system.

Inclusion and exclusion criteria

All adult patients (aged =18 years) with a diagnosis of
RRMS based on the 2010 McDonald criterial™ and the
2017 revised criterial™ who wetre on oDMTs or IFN for
a duration of <1 year were enrolled in the study. Patients
taking oDMT or IFN with significant functional disability
at baseline, as evidenced by an Expanded Disability Status
Scale (EDSS)®! >5, were excluded.

Data collection methods

The data collection methods were as described
previously.”? The EMR of PwRRMS diagnosis was
reviewed for demographic and clinical details. Demographic,
clinical, and radiological characteristics of PwRRMS were
noted. Clinical features, EDSS, and radiological findings
on MRI were noted prior to starting DMT, and at least
1 year after starting oDMTSs. Disability progression was
documented based on the EDSS scores. Three oDMTs
were available at our hospital (TE, DMF, and fingolimod).
However, each patient only received any of these and
were followed-up with the same medication for a median
duration of 36 months.

Definitions

The definitions used for NEDA-3 status?®' and its

components, namely, relapse,'® disability progression,

and focal MRI activity,”"! were in accordance with the
published literature as follows:

1. Relapse: The appearance of either a new neurological
abnormality, or the worsening of a previously stable
abnormality lasting for 224 h, in the absence of fever
or infection within 1 week of symptom onset!"

2. Disability progression: An increase in the EDSS score
of 21.5 points between two time points, if the baseline
EDSS score was 0.0, 21.0 point if the baseline EDSS
score was 1.5, and 20.5 points if the baseline EDSS

score was >5.02
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3. Focal MRI activity: Development of new (>3 mm)
or enlargement of established T2 lesions, and/
or Gd-enhanced T1 lesions. Patients for whom
Gd-enhancing lesions were not assessed during
the follow-up period were assumed to have no
Gd-enhancing lesions if they had no new or enlarged
T2 lesions!

4. NEDA-3 status:

progression, and no new/enlarged T2-or Gd-
21]

No relapse, no disability

enhancing lesions.|

Statistical analysis

Statistical analyses were performed using SPSS
version 28 (IBM Co., Armonk, NY, USA). Numerical
parametric data are presented as mean and standard
deviation (SD) and were analyzed using an independent
sample 7-test. Non-parametric data are presented as
median and interquartile range (IQR) and were analyzed
using the Mann—Whitney U test. Categorical data are
presented as frequencies and percentages and were
analyzed using the Chi-square test or Fisher’s exact test,
as appropriate.

Logistic regression analysis was performed to assess
the different factors associated with the achievement
of NEDA-3 status and to compare parameters between
patients receiving oDMTs and IFN. Statistical significance
was defined as a two-tailed P value <0.05.

Table 1: Characteristics of the enrolled patients

RESULTS

The study population comprised 236 PwRRMS. The
median (IQR) age was 34 (28-40) years, with a female
predominance (68.2%). The median baseline EDSS was
1.5, and did not differ between the two groups (P = 0.15).
Demographic and clinical characteristics of the patients
according to the treatment received is shown in Table 1.

The most frequent clinical manifestations at presentation
were related to the pyramidal tract: motor (28%), cerebellar
ataxia and dysarthria (26.3%), sensory symptoms (22.9%),
and optic neuritis (17.8%). Incontinence, headache, and
seizures were reported in 20.3%, 14.7%, and 7% of the
patients, respectively. Sensory symptoms, optic neutitis,
and incontinence were less frequent in patients prescribed
oDMTs than those prescribed IFN [Table 1]. o DMTs were
taken by 35.2% of the patients (TF, 16.1%; DME, 12.7%;
and fingolimod, 6.4%), most of whom (93.1%) were
compliant with the prescribed medications.

The assessment of NEDA-3 status achievement was
conducted for 231 patients, with data from five patients
excluded due to loss to follow-up, which result in missing
information. NEDA-3 status was achieved in 38.5% of
all patients, and the individual parameters are summarized
in Figure 1. Most patients (54.1%) taking DMT did not
experience a relapse. Less than one-third of those on
oDMT and more than half of those on IFN had at

Variables Total patients Interferon Oral DMT Common 95% Confidence P
(N=236) 153 (64.8%) 83 (35.2%) Odds ratio Interval
Demographic characteristics

Age (years)

Mean+SD 34.7+9.4 34.5+9.3 35.1%9.7 - - 0.62

Median (IQR) 34 (28-40) 33 (28-40) 35 (28-40)
Male 75 (31.8%) 52 (34%) 23 (27.7%) 0.74 0.41-1.33 0.32
Female 161 (68.2%) 101 (66%) 60 (72.3%) - 0.32

Clinical variables

Age at diagnosis (years) 27.3+8.7 27.0+8.5 27.7+9.0 - 0.58
Baseline EDSS

Mean+SD 1.7£1.0 1.8+1.0 1.6+1.0 0.15

Median (IQR) 1.5 (1.0-2.5) 2.0 (1.0-2.5) 1.0 (1.0-2.2)
Motor 66 (28) 44 (28.8) 22 (26.5) 0.89 0.49-1.62 0.71
Optic neuritis 2 (17.8) 34 (22.2) 08 (3.4) 0.37 0.16-0.85 0.02
Ataxia 3(18.2) 33 (21.6) 10 (12) 0.49 0.23-1.07 0.07
Cerebellar 2 (26.3) 42 (27.5) 20 (24.1) 0.83 0.45-1.55 0.47
Brainstem 49 (20.8) 28 (18.3) 21(25.3) 1.51 0.79-2.87 0.20
Sensory 54 (22.9) 43 (28.1) 1(13.3) 0.39 0.18-0.80 0.01
Incontinence 48 (20.3) 37 (24.2) 11 (13.3) 0.47 0.23-0.99 0.04

Radiological characteristics

Supratentorial lesions 235 (99.6) 152 (99.3) 83 (100) 0.64 0.58-0.71 0.46
Infratentorial lesions 140 (59.3) 91 (59.5) 49 (59) 0.98 0.57-1.69 0.94
Spinal cord lesions 120 (50.8) 67 (43.8) 53 (63.9) 2.26 1.29-3.94 0.004
MRI brain hyperintense T2 lesions 236 (100) 153 (100) 83 (100) - 0.158
Gd-enhanced lesions 39 (17.1) 32 (53.7) 7 (8.3) 0.34 0.14-0.82 0.014
EDSS — Expanded Disability Status Scale; SD — Standard deviation; DMT — Disease-modifying treatment; MRI — Magnetic resonance imaging
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least one relapse (P <0.01). Clinical relapse, disability
progression, and new MRI activity were significantly less
frequent in patients administered oDMT than in those
who were administered IFN [Figure 2]. At baseline,
hyperintense T2 lesions and Gd-enhanced T1 lesions
were detected in 17.1% of the patients on MRI. Focal
MRI activity, indicating active disease, was detected in
54.1% of the patients during follow-up studies and was
the most common parameter contributing to the failure in
achieving NEDA-3 status. In addition, new Gd-enhanced
T1 lesions were detected in 23% of patients at 6-month
tollow-up.

The frequencies and likeliness of clinical relapse,
disability progression, and new MRI activity according to
each prescribed medication are summarized in Table 2.
Among all oDMT, DMF had the best outcomes (relapse:
31%; disability progression: 20.7%; new MRI activity:
41.3%), whereas INF had the worse outcomes (relapse:
54.2%; disability progression: 29.4%; new MRI activity:
58.8% [Figure 3].

In the univariate analysis, the highest likelihood of
achieving the NEDA-3 status was observed with DMF
treatment (OR = 1.86, 95% CI = 1.28-2.71; P =0.001) and
the lowest with IFN treatment (OR = 0.72, 95% CI = 0.58—
0.89; P <0.001). In the multivariate analysis, the likeliness
of achieving NEDA-3 status was significantly higher with
oDMTs (OR: 2.49, 95% Cl = 1.34-4.62) than IFN (OR:
0.40, 95% Cl = 0.21-0.74) (P = 0.004) [Table 3].

DISCUSSION

The current study evaluated the response rate to oDMTs
and the attainment of NEDA-3 status in PwRRMS from
a single center in Saudi Arabia. The findings of this cohort
study demonstrate the importance of oDMT prescriptions
for the treatment of PwRRMS and provide valuable data
regarding the relative efficacy of oDMTs compared with
IFN in achieving NEDA-3 status. Prescribing DMTs with
higher efficacy early in the course of disease in patients
with MS has been considered an appropriate strategy for
achieving long-term results.”l According to our findings,
51.3% of patients on oDMTs attained NEDA-3 status
compared with only 32% of patients on IFN. In a similar
study from Norway, 38% of patients receiving highly and
moderately efficacious DMTs, including oDMTs, achieved
NEDA-3."l Our results indicating the higher efficacy of
oDMTs over IFN in lowering clinical relapse, disability
progression, and new focal MRI activity support their use
in the treatment of PwRRMS [Table 2].

60%,
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40% 38.5%
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progression Focal MRI activity achieved
NEDA-3 status and disease activity parameters

Figure 1: Clinical and radiological parameters indicating disease
activity and NEDA-3 status in all patients
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Figure 2: Disease activity parameters and NEDA-3 status in patients
receiving oral DMT versus Interferon
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Figure 3: Disease activity parameters for each type of therapy

Several characteristics were explored for their impact on
NEDA-3 status in patients during the univariate analysis,
including baseline EDSS and early clinical symptoms. The
baseline EDSS is a disability measure used to evaluate
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Table 2: Detailed analysis of NEDA-3 status for different oral DMT and interferon with individual parameters

Type of medication (n) No relapse

No disability

No new MRI activity

NEDA-3 status achieved

(n=125; 54.1%) progression 106 (45.9%) 89 (38.5)
n (%) (n=172; 74.5) n (%) n (%) n (%)
OR, 95% Cl, P OR, 95% Cl, P OR, 95% Cl, P OR, 95% Cl, P
Interferon (153) 70 (45.8) 108 (70.6) 63 (41.2) 49 (32)
0.39,0.24-0.63 0.42,0.21-0.82 0.62,0.41-0.92 0.72,0.58-0.89
All oDMTs (78) 55 (70.5) 64 (82.1) 43 (55.1) 40 (51.3)
1.47,1.23-1.76, <0.001 1.34, 1.13-1.58, 0.004 1.28, 1.05-1.55, 0.01 1.86, 1.28-2.71, 0.001
Dimethyl Fumarate (29) 20 (69) 23(79.3) 17 (58.6) 17 (58.6)
1.09, 0.99-1.20, 0.08 1.04, 0.93-1.16, 0.49 1.08, 0.98-1.20, 0.10 2.18, 1.09-4.34, 0.02
Teriflunomide (36) 26(72.2) 31(86.1) 19 (52.8) 16 (44.4)
1.18, 1.06-1.31, 0.002 1.19, 1.10-1.29, 0.004 1.08, 0.96-1.21,0.17 1.53,0.81-2.91,0.18
Fingolimod (13) 09 (69.2) 10 (77) 7 (53.8) 7 (53.8)

1.04, 0.98-1.12, 0.17

1.02, 0.95-1.09, 0.59

1.02,0.95-1.09, 0.48

2.15,0.70-6.58, 0.16

oDMT - Oral disease-modifying treatment; CI — Confidence interval; MRI — Magnetic resonance imaging; NEDA-3 — No evidence of disease activity-3

Table 3: Variables having significant association with NEDA-3 status achievement during univariate and multivariate analysis

Parameters NEDA-3 NEDA-3 achieved NEDA-3 not achieved Multivariate analysis
achieved Univariate analysis Univariate analysis OR, 95% CI, P
OR, 95% Cl, P OR, 95% Cl, P
Baseline EDSS 1.46£1.04 0.001 1.93£1.00 0.74,0.54-1.02, 0.07
Motor (n=65) 16 0.53,0.32-0.87,0.008 1.24,1.06-1.45, 0.008 0.49, 0.23-1.03, 0.06
Ataxia (n=43) 06 0.26, 0.11-0.59, 0.000 1.25, 1.12-1.40, 0.000 0.46,0.13-1.61,0.22
Cerebellar (n=62) 14 0.47,0.27-0.80, 0.003 1.26, 1.09-1.46, 0.003 1.52,0.56-4.15, 0.40
Urinary incontinence (n=48) 1 0.48,0.26-0.89, 0.01 1.18, 1.04-1.33, 0.01 0.52,0.21-1.26, 0.15
Interferon 49 0.72,0.58-0.89, 0.001 1.86, 1.28-2.71, 0.001 0.40, 0.21-0.74
oDMTs 40 1.86, 1.28-2.71, 0.001 0.72,0.58-0.89, 0.001 2.49, 1.34-4.62, 0.004

EDSS — Expanded disability status scale; OR — odds ratio; CI — Confidence interval; P— P value; NEDA-3 — No evidence of disease activity-3;

oDMT - Oral disease-modifying treatment

patients with MS. In the present study, patients with lower
baseline EDSS scores had a higher chance of achieving
NEDA-3 status. This indicates that NEDA-3 status is
more likely to be attained by patients if oDMT is initiated
ata stage when the disease is less disabling. Baseline EDSS
was an important confounder in our study; however, it was
adjusted for during the multivatiate logistic regression to
analyze the effect of oDMT. Notably, EDSS scores did
not differ between the two groups in our study cohort.
This study also found that individuals had a lower chance
of achieving NEDA-3 status if they had certain initial
clinical manifestations, including motor symptoms,
ataxia, and dysarthria. However, none of these clinical
symptoms or the EDSS score was found to be significant
in the multivariate analysis, except for the type of DMT
administered. [Table 3] Treatment with DMF resulted
in lower relapse rate, disability progression, and activity
compared with other oDMTs, which agrees with the
findings of Zilli ez a/*' Nevertheless, these data suggest
that baseline EDSS and eatly clinical symptoms may have
some influence in achieving NEDA-3 status in PwRRMS,
and thus carry some prognostic value that needs to be
studied further in larger studies [Table 3].

Overall, our findings are in line with those of earlier
studies that demonstrated the efficacy of oDMTs in
reducing disease activity and improving the outcomes of

PwRRMS."*!'I Notably, the findings of the efficacy and
side effects of oDMTs in a set of Saudi populations from
Riyadh were in line with those of studies from the rest of
the world. In that study, the authors emphasized the need
for further large-scale studies of these therapies within
the local context, as 80% of their patients were switching
therapies, indicating a higher proportion of patients not
continuing IFN.!"! Prior studies have also reported that
nearly half of the patients prescribed injectable DMTs
were non-adherent after 1 year.**! In one study comparing
injectable and oral DMTs, patients reported that oral
medicine treatment was mote convenient.* Remarkably,
according to real-world data from the Italian Multiple
Sclerosis Register, first-line oDMTs appear to be less likely
to cause a fresh relapse and medication discontinuation
than injectable DMTs.""]

Interestingly, the post hoc analyses of data from different
pivotal clinical trials of oDMTs including fingolimod,
DME, TF, and cladribine revealed comparable effects for
these oDMTs across the main clinical outcomes: annual
relapse rate, clinical disability progression, and new MRI
activity.™ Another study, comparing both DMF and TF,
revealed that patients on DMF had a longer duration
without relapse than the TF group after the first 38 months
of treatment.” Remarkably, our patients receiving DMF
had a higher incidence of NEDA-3 accomplishment than

Saudi Journal of Medicine & Medical Sciences | Volume 12 | Issue 4 | October-December 2024 303



Alshamrani, et al.: Achievement of NEDA-3 in multiple sclerosis

those receiving fingolimod and TE These results indicate
that DMF is particularly useful in helping PwRRMS achieve
ideal illness management. The efficacy and safety of DMF
as an oDMT for MS have previously been investigated
in a study conducted in China, the findings of which
corroborate the beneficial profile of DMF in the treatment
of MS; however, limited data from Chinese patients were
considered.P” Positive outcomes from clinical trials have
also been observed, including notable decreases in relapse
rates when compared to placebo.’* Notwithstanding
the fact that there have been several studies, including
the current study, providing evidence to support the
effectiveness of oDMTs for MS, yet there is a lack of
comprehensive studies examining the benefits of these
treatments on a broader scale, such as in a multi-center
study from Saudi Arabia with a larger sample size with a
longer study duration. Therefore, the effectiveness and
value of using different oDMTs in the treatment of MS
warrant further exploration, particularly in multicenter trials
with larger sample sizes.

The prevalence of MS is high in the Arabian Gulf
countties (AGC) (54.8-85.0/100,000), a trend that has only
continued to increase over the past few decades. As such, local
governmental health authorities are actively investigating
the therapeutic paradigm, and taking measures to reduce
the disability associated with this disease.”®* Developing
countries within the AGC, including Saudi Arabia, have
access to all US Food and Drug Administration-approved
treatments for PwRRMS. Furthermore, in the AGC, all
governmental health services provide DMTs free of charge
to their nationals with PwRRMS. As injectable DMTs use is
affected by suboptimal patient adherence, the approval of
several oDMTs has reduced the burden of injection, which
improves patient satisfaction and adherence.” Another
achievement of such measures is the recent development of
Saudi Consensus recommendations by a group of experts
for the management of MS patients under the supervision
of the Ministry of Health for adultsP¥ and for children and
adolescents.”

Overall, these findings add to the increasing amount of
available data demonstrating the efficacy of oDMTs in
the management of RRMS. This study highlights the
significance of oDMT prescriptions and the necessity
of addressing the obstacles or causes underlying the
underutilization of these therapies in our region. Lack
of literature could possibly be a barrier in the uptake
of oDMTSs among clinicians, and thus there is need for
further studies to elucidate the efficacy, safety, and overall
impact of oDMTs in achieving NEDA-3 status on local
communities.

Limitations

This is a retrospective study and has its inherent limitations,
including not being able to determine a cause-and-effect
relationship. In addition, the generalizability of the findings
may be limited because of the small sample size. Therefore,
further studies with larger sample sizes and prospective
methods are needed to confirm the findings of the current
study.

CONCLUSION

This study showed that in patients with relapsing—remitting
multiple sclerosis, treatment with oDMTs significantly
increases the likeliness of achieving NEDA-3 status
compared with treatment with IFN. The importance of
oDMTs in the management of patients with relapsing—
remitting multiple sclerosis is highlichted by their efficacy in
reducing disease activity and improving outcomes. Further
investigation is required to compare the efficacy of various
oDMTs and identify ways to encourage their wider use in
clinical settings in Saudi Arabia.
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