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Objective. To evaluate the 24-month clinical and radiological effectiveness of disease-modifying therapies (DMTs) in multiple 
sclerosis (MS). Materials and methods. This retrospective comparative analytic cohort study included 231 patients who 
initiated DMT within ≤6 months after diagnosis, remained on treatment continuously for at least 24 months, and had a baseline 
Expanded Disability Status Scale (EDSS) score of 0–6.5, as well as 197 patients who did not receive DMT for various reasons. 
In 408 patients with clinically isolated syndrome (CIS) or relapsing-remitting MS (RRMS), relapse status, annualized relapse 
rate (ARR), EDSS, confirmed disability progression (CDP), annualized disability progression (ADP), MRI activity, no evidence 
of disease activity (NEDA-3), and the composite endpoint of NEDA-3 plus absence of brain atrophy were compared at 12 and 
24 months. Results. The odds of remaining relapse-free were higher in the treated group at both 12 and 24 months (OR=2.499; 
95% CI 1.474-4.235 and OR=3.418; 95% CI 1.884-6.198, respectively). ARR, EDSS, ΔEDSS, and ADP were lower, whereas 
the absence of CDP was more frequent in treated patients (all p<0.001). Absence of MRI activity was observed in 42.9% at 12 
months and 37.2% at 24 months in the treated group, significantly higher than in untreated patients (p<0.001). NEDA-3 rates 
were 26.5% versus 12.6% at 12 months and 22.1% versus 8.2% at 24 months. The combined endpoint of NEDA-3 and no brain 
atrophy was also more frequent among treated patients. Conclusion. Early and sustained DMT use was associated with lower 
relapse burden, slower disability accumulation, less MRI activity, and a higher likelihood of achieving NEDA-3 during 24 
months of follow-up.
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Introduction. Multiple sclerosis (MS) is a 
chronic inflammatory demyelinating disease 
of the central nervous system with both inflam-

matory and neurodegenerative components, typi-
cally beginning in young adulthood [1]. The clini-
cal spectrum includes clinically isolated syndrome 
(CIS), relapsing-remitting disease, and progressive 
phenotypes. Early diagnosis and early treatment 
initiation are considered important for reducing the 
risk of long-term disability [1-4].

Disease-modifying therapies (DMTs) are 
intended to reduce relapse frequency, limit MRI 
activity, slow disability accumulation, and improve 
long-term prognosis [2-4, 6, 7]. Network meta-
analyses and real-world studies have confirmed the 
beneficial effects of different DMTs on relapses, 
MRI activity, and disability progression [6-8].

Comprehensive evaluation of treatment effec-
tiveness in MS commonly relies on the Expanded 
Disability Status Scale (EDSS), confirmed disabi­
lity progression (CDP), MRI activity, and compo­

site endpoints such as no evidence of disease activity 
(NEDA-3) [5, 9, 10]. More recently, incorporation 
of brain volume loss or atrophy measures into 
broader outcome constructs, such as NEDA-4, has 
been recognized as relevant for capturing the neuro-
degenerative component of the disease [11-13].

In Azerbaijan, the published literature on MS has 
predominantly addressed epidemiological, risk-fac-
tor, and clinical characteristics, while evidence on 
treatment patterns and outcomes remains compara-
tively scarce [14-16]. Existing local treatment-rela­
ted publications have been limited mainly to confe­
rence reports focused on individual therapies [17, 18], 
and one dissertation addressing the clinical-epidemi-
ological features and treatment of MS [19]. However, 
nationwide longitudinal data reflecting real-world 
DMT prescription, initiation, persistence, discon-
tinuation, and effectiveness in Azerbaijani patients 
with MS remain insufficiently characterized. These 
aspects have not yet been comprehensively evaluated 
in a published nationwide study.
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Objective. To evaluate the effectiveness of 
DMTs and treatment outcomes in MS.

Material and Methods. This retrospective com-
parative analytic cohort study included 231 patients 
who initiated treatment within ≤6 months after diag­
nosis, continued therapy uninterrupted for at least 24 
months, adhered adequately to the treatment plan, 
and had a baseline EDSS score between 0 and 6.5. 
The comparison group consisted of 197 patients who 
did not receive DMT for various reasons. Patients 
with progressive phenotypes were included only in 
the baseline comparison of treatment status, whereas 
the 12- and 24-month effectiveness analyses were 
restricted to patients with CIS or RRMS (n=408).

For untreated patients, follow-up began on the 
date of diagnosis, whereas for treated patients, it 
began on the date of DMT initiation. The follow-up 
period was 24 months. Patients diagnosed before 
implementation of the state program but who did 
not meet continuous follow-up criteria because of 
delayed treatment initiation, irregular treatment use, 
or treatment interruptions were excluded, as were 
newly diagnosed patients who had not completed 24 
months of follow-up.

The primary endpoints at 12 and 24 months 
were relapse status, annualized relapse rate (ARR), 
EDSS, disability level according to EDSS, ΔEDSS, 
annualized disability progression (ADP), confirmed 
disability progression (CDP), MRI activity, NEDA-
3, and NEDA-3 plus absence of brain atrophy. 
Brain atrophy was assessed qualitatively from the 
final radiological MRI report based on widening 
of cortical sulci and/or ventricular enlargement; no 

dedicated volumetric software was used.
Categorical variables were analyzed using Pear-

son’s χ² test and, where appropriate, Fisher-Free-
man-Halton exact test. Continuous variables were 
compared using Student’s t-test or the Mann-Whit-
ney U test, as appropriate. Odds ratios (ORs) and 
95% confidence intervals (CIs) were calculated to 
quantify effect size and risk. A p value <0.05 was 
considered statistically significant [20].

Ethical considerations. The study was conducted 
with approval from the Ethics Committee of the 
Neurology Centre of the Ministry of Health of the 
Republic of Azerbaijan, granted on December 24, 
2012 (approval No. 11/2012), for the nationwide 
project entitled “Clinico-Epidemiological Study of 
Multiple Sclerosis in the Republic of Azerbaijan.”

Results. Compared with untreated patients, 
those receiving DMT were younger at diagno-
sis (30.97±8.36 vs 34.17±9.31 years, p<0.001), 
were more often urban residents (74.5% vs 61.9%, 
p=0.005), and had a different educational and 
employment profile, with a lower proportion having 
higher education (72.3% vs 82.2%, p=0.015) and 
a lower proportion being employed (42.0% vs 
60.4%, p<0.001; Tab. 1). Monthly income distri-
bution also differed significantly between groups 
(p<0.001). Clinically, DMT-treated patients more 
often had CIS and less often progressive forms of 
MS (p=0.001), had lower baseline disability by 
EDSS (p<0.001), were more often in the mild disa­
bility category (94.4% vs 77.2%, p<0.001), and 
had a shorter pre-diagnostic period (3.22±2.86 vs 
6.20±5.62 years, p<0.001).

Table 1. 
Comparison of sociodemographic and clinical characteristics between 

patients receiving and not receiving DMT

Indicator DMT-treated 
(n=231)

Untreated 
(n=197) P Total 

(n=428)

Sociodemographic characteristics

Age at diagnosis, years 
Mean±SD 
Median [Q1-Q3]

30.97±8.36 
30.0 [24.0-37.0]

34.17±9.31 
33.0 [27.0-41.0]

Pt<0.001 
PU<0.001

32.44±8.94 
31.5 [25.3-38.8]

Sex, n (%) 
Male 
Female

79 (34.2) 
152 (65.8)

56 (28.4) 
141 (71.6) Pχ²=0.200 135 (31.5) 

293 (68.5)

Place of residence, n (%) 
Urban 
Rural

172 (74.5) 
59 (25.5)

122 (61.9) 
75 (38.1) Pχ²=0.005 294 (68.7) 

134 (31.3)
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Table 1. Continued

Marital status, n (%) 
Single 
Married 
Other

120 (51.9) 
100 (43.3) 
11 (4.8)

96 (48.7) 
90 (45.7) 
11 (5.6)

Pχ²=0.781
216 (50.5) 
190 (44.4) 
22 (5.1)

Education level, n (%) 
Higher education 
No higher education

167 (72.3) 
64 (27.7)

162 (82.2) 
35 (17.8) Pχ²=0.015 329 (76.9) 

99 (23.1)

Employment status, n (%) 
Employed 
Unemployed

97 (42.0) 
134 (58.0)

119 (60.4) 
78 (39.6) Pχ²<0.001 216 (50.5) 

212 (49.5)

Monthly income, n (%) 
No income 
≤ minimum wage 
1-2× minimum wage
2-3× minimum wage
≥3× minimum wage
Unknown/no answer

134 (58.0) 
39 (16.9) 
10 (4.3) 
19 (8.2) 
18 (7.8) 
11 (4.8)

78 (39.6) 
38 (19.3) 
40 (20.3) 
14 (7.1) 
18 (9.1) 
9 (4.6)

Pχ²<0.001

212 (49.5) 
77 (18.0) 
50 (11.7) 
33 (7.7) 
36 (8.4) 
20 (4.7)

Clinical characteristics

MS phenotype, n (%) 
CIS 
RRMS 
Progressive forms

26 (11.3) 
200 (86.6) 

5 (2.2)

8 (4.1) 
174 (88.3) 
15 (7.6)

Pχ²=0.001
34 (7.9) 

374 (87.4) 
20 (4.7)

Baseline EDSS, score 
Median [Q1-Q3] 2.0 [1.0-3.0] 2.0 [2.0-3.5] PU<0.001 2.0 [1.5-3.0]

Disability level by EDSS 
Mild (0-3.5) 
Moderate (4-6.5)

218 (94.4) 
13 (5.6)

152 (77.2) 
45 (22.8) Pχ²<0.001 370 (86.4) 

58 (13.6)

Pre-diagnostic period, years 
Mean±SD 
Median [Q1-Q3]

3.22±2.86 
3.0 [1.0-5.0]

6.20±5.62 
4.0 [2.0-10.0]

Pt<0.001 
PU<0.001

4.59±4.60 
3.0 [1.0-6.0]

Note: DMT – disease-modifying therapy; n – absolute number; % – within-group percentage; SD – 
standard deviation; Q1-Q3 – interquartile range; MS – multiple sclerosis; CIS – clinically isolated syn-
drome; RRMS – relapsing-remitting MS. Test statistics: between-group comparisons: PU – Mann-Whitney 
U test, Pχ2 – Pearson chi-square test, Pt – Student’s t-test.

Among DMT-treated patients, interferon beta-1a 
was the most frequently used agent overall (42.9%; 
Tab. 2), followed by dimethyl fumarate (16.9%) and 
fingolimod (12.6%). Mitoxantrone and ofatumumab 
were used least often (2.2% and 1.3%, respecti­
vely). Interferon beta-1a was the leading DMT 
in both men and women (40.5% and 44.1%, res­
pectively). Fingolimod was used more often in men, 

whereas dimethyl fumarate and interferon beta-1b 
were relatively more common in women. In both 
urban and rural groups, interferon beta-1a remained 
the most commonly used DMT (43.6% and 40.7%, 
respectively); dimethyl fumarate was more frequent 
among urban residents, while glatiramer acetate was 
relatively more common among rural patients.
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At 12 months, the proportion of relapse-free 
patients was 26.5% in the treated group and 12.6% 
in the untreated group; at 24 months, the corres­
ponding values were 24.8% and 8.8% (Tab. 3). The 
odds of remaining relapse-free were higher among 
treated patients at both 12 and 24 months (OR=2.499 
and OR=3.418, respectively).

During the 12-month period, median ARR was 
1.00 [0-1.00] in treated patients and 2.00 [1.00-
2.00] in untreated patients; at 24 months, the corres­
ponding values were 0.50 [0.38-0.50] and 1.00 
[1.00-1.00] (both p<0.001; Tab. 3). EDSS was 2.0 
[1.0-2.5] versus 2.5 [2.0-3.5] at the end of year 1 
and 2.0 [1.5-3.0] versus 3.0 [2.0-4.5] at the end of 
year 2 (both p<0.001).

Absence of CDP was recorded in 91.2% of 
treated patients versus 70.9% of untreated patients at 
12 months and in 84.5% versus 51.1% at 24 months. 
Treated patients therefore had more favorable 

outcomes for this endpoint (12-month OR=4.232; 
95% CI 2.419-7.404; 24-month OR=5.222; 95% CI 
3.287-8.297; Tab. 3). Absence of MRI activity was 
documented in 42.9% versus 25.3% at 12 months 
and in 37.2% versus 17.6% at 24 months; both 
differences were statistically significant (p<0.001).

DMT-treated patients achieved NEDA-3 
significantly more often than untreated patients at 
both 12 months (26.5% vs 12.6%; p<0.001) and 
24 months (22.1% vs 8.2%; p<0.001), with ORs 
of 2.499 (95% CI 1.474-4.235) and 3.163 (95% CI 
1.711-5.848), respectively (Tab. 4). Likewise, the 
combined endpoint of NEDA-3 and no brain atrophy 
was significantly more frequent in treated patients 
both at 12 months (16.8% vs 8.2%; p=0.010) and 24 
months (11.9% vs 5.5%; p=0.024), corresponding 
to ORs of 2.250 (95% CI 1.195-4.238) and 2.334 
(95% CI 1.098-4.959), respectively (Tab. 5).

Table 2.
Distribution of DMT agents among treated patients 

Agent Male, 
n (%)

Female, 
n (%)

Urban, 
n (%)

Rural, 
n (%)

Total, 
n (%)

Interferon beta-1a 32 (40.5) 67 (44.1) 75 (43.6) 24 (40.7) 99 (42.9)

Interferon beta-1b 4 (5.1) 16 (10.5) 15 (8.7) 5 (8.5) 20 (8.7)

Glatiramer acetate 6 (7.6) 10 (6.6) 9 (5.2) 7 (11.9) 16 (6.9)

Fingolimod 13 (16.5) 16 (10.5) 22 (12.8) 7 (11.9) 29 (12.6)

Dimethyl fumarate 10 (12.7) 29 (19.1) 32 (18.6) 7 (11.9) 39 (16.9)

Ocrelizumab 8 (10.1) 12 (7.9) 15 (8.7) 5 (8.5) 20 (8.7)

Mitoxantrone 4 (5.1) 1 (0.7) 2 (1.2) 3 (5.1) 5 (2.2)

Ofatumumab 2 (2.5) 1 (0.7) 2 (1.2) 1 (1.7) 3 (1.3)

Total 79 (100.0) 152 (100.0) 172 (100.0) 59 (100.0) 231 (100.0)

Note: n – absolute number; % – within-group percentage.
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Discussion. This study showed that early initia-
tion and uninterrupted continuation of DMT were 
associated with clinical and radiological advantages 
over 24 months. The treated group demonstrated a 
lower relapse burden, less disability accumulation, 
less MRI activity, and more favorable NEDA-3 out-
comes. These findings are consistent with the con-
temporary literature demonstrating the effectiveness 
of DMTs in reducing relapses and slowing disabili-
ty progression [2-4, 6-8].

The advantage of early treatment is particularly 
noteworthy. Real-world cohort studies have shown 
that initiation of therapy in the early phase of the 
disease is associated with a lower risk of long-term 
disability [3, 4]. In our cohort, treated patients were 
younger, had lower baseline EDSS scores, and had 
a shorter pre-diagnostic period, providing important 
clinical context in support of earlier intervention. 

This finding is also consistent with local disserta-
tion-based evidence from Baku, which suggested 
that interferon beta-1a treatment was associated 
with delayed disease progression during the first 
two years of therapy [19].

NEDA-3 is a practical composite outcome that 
integrates clinical and MRI activity [9, 10]. In our 
study, the higher NEDA-3 rates observed at both 12 
and 24 months in the DMT-treated group suggest a 
beneficial effect of treatment on both inflammato-
ry activity and disability accumulation. Additional 
assessment of the absence of brain atrophy allowed 
partial consideration of the neurodegenerative com-
ponent of MS [11-13].

Several limitations should be considered when 
interpreting these findings. The study had a non-ran-
domized observational design, and the groups were 
not fully homogeneous at baseline. Treated patients 

Table 4.
Evaluation of DMT effectiveness using NEDA-3 criteria 

Time point Study group NEDA-3, n (%) EDA-3, n (%) P

12 months
DMT-treated 60 (26.5) 166 (73.5)

Pχ²<0.001
Untreated 23 (12.6) 159 (87.4)

24 months
DMT-treated 50 (22.1) 176 (77.9)

Pχ²<0.001
Untreated 15 (8.2) 167 (91.8)

Note: DMT – disease-modifying therapy; n – absolute number; % – within-group percentage; NEDA-
3 – no evidence of disease activity; EDA-3 – evidence of disease activity. Test statistics: between-group 
comparisons: Pχ2 – Pearson chi-square test.

Table 5.
Evaluation of DMT effectiveness using the combined endpoint of 

NEDA-3 and absence of brain atrophy

Time point Study group NEDA-3 + no brain atrophy, n (%) EDA-3 + brain atrophy, n (%) P

12 months
DMT-treated 38 (16.8) 188 (83.2)

Pχ²=0.010
Untreated 15 (8.2) 167 (91.8)

24 months
DMT-treated 27 (11.9) 199 (88.1)

Pχ²=0.024
Untreated 10 (5.5) 172 (94.5)

Note: DMT – disease-modifying therapy; n – absolute number; % – within-group percentage; NEDA-
3 – no evidence of disease activity; EDA-3 – evidence of disease activity. Test statistics: between-group 
comparisons: Pχ2 – Pearson chi-square test.
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had lower baseline EDSS scores, younger age at 
diagnosis, and a shorter pre-diagnostic period, all 
of which may have introduced confounding rela­
ted to treatment selection. In addition, brain atrophy 
was evaluated only qualitatively from radiological 
reports, without standardized volumetric measure-
ment [11-13].

Nevertheless, the consistent advantage observed 
across multiple endpoints, including relapse fre-
quency, EDSS, CDP, MRI activity, and NEDA-3, 
strengthens the overall inference regarding DMT 
effectiveness. From a practical perspective, these 
findings support prioritizing early diagnosis, timely 
treatment initiation, adherence to therapy, and sys-
tematic follow-up in MS care [1, 2-4].

Conclusion. 1. Early initiation and uninterrupted 
continuation of DMT for at least 24 months were 
associated with a lower relapse burden and a higher 
likelihood of remaining relapse-free in MS.

2. At both 12 and 24 months, treated patients had
more favorable EDSS, ΔEDSS, ADP, and CDP out-
comes, indicating less disability accumulation.

3. Absence of MRI activity, achievement of
NEDA-3, and the combined endpoint of NEDA-
3 with no brain atrophy were more frequent in the 
DMT-treated group.

4. These results support prioritizing an early and
sustained treatment strategy in routine MS clinical 
practice.
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XÜLASƏ

DAĞINIQ SKLEROZDA XƏSTƏLİYİN GEDİŞİNİ DƏYİŞƏN MÜALİCƏLƏRİN 
24 AYLIQ EFFEKTİVLİYİNİN QİYMƏTLƏNDİRİLMƏSİ

1Əliyev R.R., 2Şirəliyeva R.K.
1Azərbaycan Tibb Universiteti, Nevrologiya kafedrası, Bakı, Azərbaycan;
2Ə.Əliyev adına Azərbaycan Dövlət Həkimləri Təkmilləşdirmə İnstitutu, 

Nevrologiya və klinik neyrofiziologiya kafedrası, Bakı, Azərbaycan

Məqsəd. Dağınıq sklerozda (DS) xəstəliyin gedişini dəyişən müalicələrin (XGDM) 24 aylıq klinik və radioloji 
effektivliyini qiymətləndirmək. Material və metodlar. Retrospektiv-müqayisəli analitik kohort tədqiqatında 
diaqnozdan sonra ≤6 ay müddətində müalicəyə başlayan, müalicəni ən azı 24 ay fasiləsiz davam etdirən, başlanğıcda 
EDSS 0–6,5 olan 231 xəstə və müxtəlif səbəblərdən XGDM almayan 197 xəstə daxil edildi. Klinik izolə olunmuş 
sindrom (KİS) və residivverən-remittik DS (RRDS) olan 408 pasiyentdə 12 və 24 ayın sonunda həmlə statusu, illik 
orta həmlə tezliyi (ARR), EDSS, əlilliyin təsdiqlənmiş proqressivləşməsi (CDP), əlilliyin illik proqressivləşməsi 
(ADP), MRT aktivliyi, NEDA-3 və beyin atrofiyasının olmaması göstəriciləri müqayisə olundu. Nəticələr. XGDM 
alan qrupda 12 ay və 24 ay ərzində həmləsiz qalma ehtimalı daha yüksək olmuşdur (müvafiq olaraq OR=2,499; 
95% CI 1,474–4,235 və OR=3,418; 95% CI 1,884–6,198). Bu qrupda ARR, EDSS, ΔEDSS və ADP daha aşağı, 
CDP-nin olmaması daha yüksək olmuşdur (bütün müqayisələrdə p<0,001). MRT aktivliyinin olmaması 12 ayda 
42,9% və 24 ayda 37,2% olmuş, bu göstəricilər XGDM almayan qrupdan yüksək olmuşdur (p<0,001). NEDA-3 
statusu 12 ayda 26,5%-ə qarşı 12,6%, 24 ayda 22,1%-ə qarşı 8,2% təşkil etmişdir. NEDA-3 və beyin atrofiyasının 
olmaması da XGDM alanlarda daha yüksək qeydə alınmışdır. Yekun. Erkən başlanmış və ardıcıl aparılmış XGDM 
24 aylıq müşahidədə həmlə tezliyinin, əlillik artımının və radioloji aktivliyin azalması, həmçinin NEDA-3-ə çatma 
ehtimalının artması ilə əlaqəlidir.
Açar sözlər: dağınıq skleroz, xəstəliyin gedişini dəyişən müalicə, EDSS, NEDA-3, MRT aktivliyi, beyin atrofiyası

РЕЗЮМЕ

ОЦЕНКА 24-МЕСЯЧНОЙ ЭФФЕКТИВНОСТИ ПРЕПАРАТОВ, 
МОДИФИЦИРУЮЩИХ ТЕЧЕНИЕ РАССЕЯННОГО СКЛЕРОЗА

1Алиев Р.Р., 2Ширалиева Р.К.
1Азербайджанский Медицинский Университет, кафедра неврологии, Баку, Азербайджан;

2Азербайджанский Государственный Институт Усовершенствования Врачей им. А.Алиева, 
кафедра неврологии и клинической нейрофизиологии, Баку, Азербайджан

Цель. Оценить 24-месячную клиническую и радиологическую эффективность препаратов, модифицирующих 
течение заболевания (ПМТЗ), при рассеянном склерозе (РС). Материал и методы. В ретроспективное 
сравнительное аналитическое когортное исследование включены 231 пациент, начавших ПМТЗ в течение 
≤6 месяцев после установления диагноза, получавших лечение непрерывно не менее 24 месяцев и имевших 
исходный балл EDSS 0–6,5, а также 197 пациентов, не получавших ПМТЗ по различным причинам. У 408 
пациентов с клинически изолированным синдромом (КИС) или ремиттирующим-рецидивирующим РС 
(РРРС) через 12 и 24 месяца сопоставлялись статус по обострениям, годовая частота обострений (ARR), 
EDSS, подтверждённое прогрессирование инвалидизации (CDP), годовое прогрессирование инвалидизации 
(ADP), МРТ-активность, NEDA-3 и сочетанный показатель NEDA-3 без признаков атрофии мозга. 
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Результаты. Вероятность отсутствия обострений была выше в группе ПМТЗ как через 12, так и через 24 
месяца (OR=2,499; 95% CI 1,474–4,235 и OR=3,418; 95% CI 1,884–6,198 соответственно). ARR, EDSS, ΔEDSS 
и ADP были ниже, а отсутствие CDP встречалось чаще у леченных пациентов (во всех сравнениях p<0,001). 
Отсутствие МРТ-активности отмечено у 42,9% через 12 месяцев и у 37,2% через 24 месяца в группе ПМТЗ, 
что было значимо выше, чем у нелеченных пациентов (p<0,001). NEDA-3 достигался у 26,5% против 12,6% 
через 12 месяцев и у 22,1% против 8,2% через 24 месяца. Сочетание NEDA-3 и отсутствие атрофии мозга 
также чаще наблюдалось у пациентов, получавших ПМТЗ. Заключение. Раннее и непрерывное применение 
ПМТЗ ассоциировано со снижением частоты обострений, замедлением нарастания инвалидизации, меньшей 
МРТ-активностью и более высокой вероятностью достижения NEDA-3 в течение 24 месяцев наблюдения.
Ключевые слова: рассеянный склероз, препараты, модифицирующие течение заболевания, EDSS, NEDA-3, 
МРТ-активность, атрофия мозга.
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