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ABSTRACT
Aim of the study. To evaluate the clinical and radiological consequences of delayed escalation of therapy in patients with 
relapsing-remitting multiple sclerosis (RRMS), in whom, despite finding platform therapy ineffective, high-efficacy drugs were 
introduced with a delay.

Material and methods. We performed a single-centre, observational study evaluating patients with RRMS for ineffectiveness 
of disease-modifying therapies (DMTs). Depending on the time of therapy escalation to high-efficacy drugs, the patients were 
divided into an early escalation or a late escalation group, both of which were then observed for 48 months. All patients under-
went a neurological examination every six months and a brain magnetic resonance imaging (MRI) every 12 months. The primary 
endpoint was a change in the Expanded Disability Status Scale (EDSS) score during the observation period. The secondary 
endpoint was the time to 6-month confirmed disability progression (6mCDP). In addition, we analysed the annualised relapse 
rate and the cumulative number of new Gd+ and T2 lesions on brain MRI.

Results. 165 patients were qualified for the analysis. On treatment initiation, mean age was 38 years (± 10.9), and mean EDSS 
was 1.41 ± 0.38. After 48 months, there was a statistically insignificant decrease in the EDSS score in the early escalation group 
(–0.17 ± 0.35; p > 0.05), while in the late escalation group there was an increase in the EDSS score. The highest increase was 
noted in the group in which the escalation was performed with a delay of more than two years (1.2 ± 0.63; p < 0.001), and 
moreover 80% of patients in this group met the 6mCDP criteria.

The median time to 6mCDP was 4.6 years (LESC1) and 4.5 years (LESC2) in the late escalation groups. In the early escalation 
group, zero subjects met the 6mCDP criteria after 48 months of observation.

Conclusions. In everyday practice, the long-term outcomes in patients with RRMS and disease activity, despite DMT being used, 
are more favourable after early implementation of high-efficacy drugs. Delaying therapy escalation results in the accumulation 
of permanent disability in patients with RRMS.
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Introduction

Multiple sclerosis (MS) is the most common autoim-
mune disorder of the central nervous system (CNS) among 
young adults. The disease is usually diagnosed between the 

ages of 20 and 40 and is one of the most common causes 
of disability in young people [1]. According to the data of 
the National Health Fund (NFZ) as at the end of 2021, MS 
was diagnosed in Poland in 54,887 people, a rate of 144 per 
100,000 residents [2].
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Relapsing-remitting MS (RRMS) occurs in more than two 
in three MS patients [1, 3, 4]. In recent years, the treatment 
options for this type of disease have increased significantly due 
to the registration of many new disease-modifying therapies 
(DMT). Currently, the available therapies are commonly 
referred to as ‘moderate efficacy DMT’ (ME-DMT, platform 
therapy, including interferon-beta, glatiramer acetate, dime-
thyl fumarate, and teriflunomide) or ‘high efficacy DMT’ 
(HE-DMT, including alemtuzumab, cladribine, fingolimod, 
natalizumab, ocrelizumab, and newly approved ozanimod, 
ponesimod and ofatumumab) [5–7].

MS is incurable and no drug is fully effective. Therefore, the 
type and duration of therapy are crucial for inhibiting disease 
activity and irreversible brain damage, which translates into 
permanent disability. Thus far, MS treatment has been based 
on an escalation model, with HE-DMT following the failure 
of ME-DMT. This model has worked well in patients with low 
or moderate disease activity. Moreover, the high safety profile 
of platform drugs is worth underlining. 

However, in patients with high clinical and magnetic res-
onance imaging (MRI) activity from the onset of the disease, 
and with unfavourable prognostic factors, such treatment does 
not bring the expected benefit. 

Therefore, the current paradigm of MS therapy is that 
highly active drugs should be started as early as possible 
[5]. Pathophysiological studies indicate that inflammatory 
processes predominate in the early stages of the disease [8]. 
Therefore, the use of drugs with high anti-inflammatory ac-
tivity in this period makes it possible to properly interrupt the 
immunopathological cascade, and may reduce, or even stop, 
the progression of the disease more effectively. 

This concept has been confirmed in randomised clinical 
trials and recently in studies based on data from national and 
international registries [9–11]. Early use of high efficacy ther-
apy has been shown to reduce disease activity and significantly 
delay disability progression. It also defers disease conversion 
to secondary progressive MS [9, 12].

The treatment model in MS changes based on new patho-
physiological and clinical data, but also depends to a large 
extent on administrative and reimbursement regulations in 
the particular country. In Poland, until November 2022, based 
on the recommendations of the Ministry of Health, a typical 
escalation model of RRMS treatment was in force. This model 
included strictly defined clinical and radiological rules for the 
use of HE-DMT which significantly limited or withheld the 
use of highly active drugs.

To assess the consequences of delaying or not implement-
ing escalation therapy in a group of patients with RRMS, we 
conducted a study evaluating patients treated with DMT ac-
cording to the drug programme financed by Poland’s National 
Health Fund (NFZ, Narodowy Fundusz Zdrowia). 

The aim of our study was to analyse the clinical and ra-
diological consequences of delayed treatment escalation in 
patients who, despite the ineffectiveness of the current therapy, 

were started on high efficacy drugs after a delay. Our analysis 
was based on data from one centre, thus enabling a uniform 
assessment of patients.

Material and methods

Study design
Data from 1,008 patients with MS treated in a specialist 

MS centre were analysed; 537 patients with RRMS diagnosed 
according to the 2010 McDonald criteria and treated with 
DMT platforms between January 2013 and June 2022 were 
identified. Then, 165 patients were included in the study 
group according to our inclusion criteria, which were: (1) 
RRMS; (2) age ≥ 18 years; (3) a minimum of 12 months of 
treatment with IFN beta, glatiramer acetate, dimethyl fuma-
rate or teriflunomide; (4) a confirmed lack of clinical and/or 
radiological treatment efficacy in any period of therapy; and 
(5) the ability to analyse data for 48 months after determining 
treatment inefficacy. Patients who had a break in treatment 
(e.g. withdrawal from treatment, pregnancy), or who had been 
previously treated in clinical trials, or those in whom clinical 
data was insufficient or the observation period too short, were 
excluded. Demographic information (age, sex) and clinical 
data (date of first symptoms, date of diagnosis, number of 
relapses in the 12 months prior to treatment initiation, date 
of treatment initiation) were collected. Neurological status on 
treatment initiation was assessed according to the Expanded 
Disability Status Scale (EDSS). Then, after determining the date 
of complete or partial therapy failure, the possible escalation 
of treatment was assessed. Complete failure was diagnosed 
if, during the 12-month period of DMT, there were two or 
more moderate relapses, or one severe relapse after six months 
of DMT, along with new lesions found on brain MRI — (> 
1 change in Gd+ or > 2 changes in T2). In the drug programme 
financed by the NFZ, meeting such criteria made it possible to 
change the therapy and use a high-efficacy drug. Partial failure 
was diagnosed if, within 12 months of DMT, the patient had 
clinical and/or radiological disease activity that did not meet 
the criteria for complete treatment ineffectiveness. These were 
patients with clinical failure — they experienced only relapses, 
and radiological failure — they had only new T2 or Gd+ lesions 
on brain MRI or with clinical and radiological failure, but less 
than required for a complete failure. According to the criteria 
of the drug programme in force at that time, these conditions 
did not allow the use of HE-DMT. Data from any treatment 
period during which complete or partial treatment failure 
occurred was considered as reference data.

On this basis, two groups of subjects were distinguished: 
group A, and group B. Group A comprised patients with 
complete ineffectiveness of treatment. In this group, a switch 
to a high-efficacy drug was made immediately after treatment 
failure (EESC, early escalation group). Group B comprised 
patients with partial treatment failure. This group was di-
vided into three subgroups: B1 — patients with only a relapse 
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during the observation period; B2 — patients with only new 
brain MRI lesions during the observation period; and B3 — 
patients with both a relapse and brain lesions in MRI during 
the observation period. These patients were either switched 
to a high-efficacy drug at a later time (LESC, late escalation 
group) or did not receive such therapy (NESC, no escalation 
group) (Fig. 1).

All patients were observed for 48 months after treatment 
failure. Every six months, the EDSS score was evaluated, and 
every 12 months the number of relapses and the new Gd+ 
and/or T2 lesions on brain MRI were assessed. The final re-
view of the clinical data and the final EDSS evaluation were 
performed by the same investigator. Brain MRI and their 
evaluation were performed according to the same protocol 
and in the same MRI centre.

At the end of the observation stage, study endpoints were 
assessed. The primary endpoint was a change in EDSS score 
in relation to the reference score (ΔEDSS = EDSS score after 
48 months – reference EDSS score). The secondary outcome 
was the time to a confirmed disability progression (6mCDP) 
defined as an increase in EDSS score confirmed on two consec-
utive visits at least six months apart. The required increase was 
defined as: ≥ 1.5 in patients with a baseline EDSS score of 0.0–0.5,  
≥ 1 point in patients with a baseline EDSS score between 
1.0–5.0, and ≥ 0.5 points in patients with a baseline EDSS  
score at least ≥ 5.5. EDSS increase had to occur in the absence 
of a relapse. 

We defined our outcome date as the date of the confirma-
tion of EDSS worsening. In addition, the annualised relapse 
rate (ARR) and the cumulative number of new Gd+ and/or 
T2 lesions on brain MRI compared to the reference data were 
assessed during the observation period in each group. Written 

B1
Clinical activity 

(relapses)
n = 52 (32%)

B2
Radiological activity 

(MRI lesions)
n = 66 (40%)

B3
Clinical + radiological 

activity 
(relapses + MRI lesions)

n = 35 (21%)

GROUP B
n = 153 (93%)

Incomplete treatment response 
(no switch to high e�cacy drug)

STUDY GROUP
n = 165 (100%)

GROUP A
n = 12 (7%)

Complete lack of 
treatment response — 

switch to high e�cacy drug

Any year of therapy 
when complete/partial 

treatment failure 
was determined

Figure 1. Flowchart of patient selection procedure. MRI — magnetic resonance imaging

consent to participate in the study was obtained from all pa-
tients. This study was approved by the Bioethics Committee at 
the University of Rzeszów (Resolution No. 3/01/2020).

Statistical analysis
Depending on the type and properties of the variable, the 

median test, the Mann–Whitney U test and the Kruskal–Wallis 
H test were used for intergroup comparisons. In addition, 
Cox regression analysis was used to assess progression within 
the groups. Linear regression analysis was used to assess the 
impact of individual variables on the change in EDSS over 
48 months of observation. Models were adjusted for gender, 
age at treatment, year of DMT initiation, and year of escala-
tion of therapy.

ARR (so-called crude ARR) in individual groups and 
a comparison of ARR between groups (estimating the so-called 
RR — relapse rate ratio) were calculated using the criteria 
defined by Akaishi et al. in 2022 [13].

Results

Complete or partial treatment failure according to the 
accepted definitions was found in 165 (31%) patients with 
RRMS treated with DMT. Failure occurred after a mean of 
15.83 months (SD = 10.29), median 11 months (range 6–64). 
In this group, 12 (7%) patients met the criteria for complete 
failure and were switched to high efficacy drugs very quickly 
(Group A, EESC). The remaining 153 (93%) patients had 
signs of partial treatment failure in the form of clinical and/or 
radiological activity, but did not meet the required criteria for 
inclusion in HE-DMT (group B) (Fig. 1). There were no differ-
ences between groups A and B regarding sex, age, EDSS score 
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Table 1. Demographic and clinical characteristics of study group

Parameter Entire group 
(n = 165)

Group A 
(complete 

 ineffectiveness) 
(n = 12)

Group B 
(partial  

ineffectiveness  
(n = 153)

P

A/B

Age at treatment initiation, mean (SD)

Median (range)

31.03 (10.72)

31 (14–62)

27.89 (10.71)

22 (17–47)

30.1 (10.5)

31 (14–62)

U Test

U = 632;

p = 0.34

Sex – n (%)

Female

Male

102 (62%)

63 (38%)

8 (67%)

4 (33%)

95 (62%)

58 (38%)

Chi-square test:

χ2(1) = 0.8;

p = 0.78

EDSS on treatment initiation, mean (SD)

Median (range)

1.41 (0.68) 

1.5 (0–3.5)

1.39 (0.35)

1 (1–2.5)

1.41 (0.69) 

1.5 (0–3.5)

U Test

U = 547;

p = 0.87

Time from first symptoms to treatment (months), mean 
(SD)

Median (range)

28.9 (32.1)

14 (1–120)

33.6 (31.7)

24.5 (1–120)

26.4 (32.9)

9.5 (1–120)

U Test

U = 779.5;

p = 0.019

Number of relapses within 12 months prior to 
treatment, mean (SD)

Median (range)

ARR (95% CI)

1.28 (0.77)

1 (0–3)

1.28 (1.09–1.5)

1.44 (0.53)

1 (1–2)

1.44 (0.77–2.47)

1.27 (0.78)

0 (0–3)

1.27 (1.08–1.49)

Median test:

χ2(1) = 0.28;

p = 0.53

RR (95% CI) = 1.13  
(0.51–2.05)

p = 0.8

Time (months) from treatment initiation to 
ineffectiveness, mean (SD)

Median (range)

15.83 ± 10.29

11 (6–64)

12.67 ± 3.81

11 (6–20)

16.5 ± 10.56

11 (6–64)

U Test 

U = 628.5;

p = 0.36

EDSS on determining treatment ineffectiveness,   
mean (SD)

Median (range)

1.57 (0.75)

1.5 (0–5)

2.11 ± 1.14

1.5 (1.5–5)

1.53 ± 0.7

1.5 (0–4)

U Test

U = 313;

p = 0.032
ARR  — annualised relapse rate; CI — confidence intervals;EDSS — Expanded Disability Status Scale; RR — risk ratio;SD — standard deviation

at the start of therapy, or the number of relapses during the 
12 months prior to treatment. However, patients from group 
A had a significantly later start of treatment, and significantly 
higher EDSS score in the period of therapy ineffectiveness. 
Demographic and clinical data of individual groups are set 
out in Table 1.

During the observation period, 28 (17%) patients in 
group B had treatment escalation at a later stage (LESC, late 
escalation group). Fifteen (9%) patients were switched to HE-
DMT within the first two years after determining treatment 
ineffectiveness (LESC1), and 13 (8%) more than two years 
afterwards (LESC2). There was no therapy escalation for 
125 (82%) patients, but 15 of these patients were treated with 
another moderately effective drug.

53% of late escalation patients with partial ineffective-
ness were recruited from the group where clinical and MRI 
activity occurred simultaneously. The subjects who did not 
undergo therapy changes constituted a group presenting only 
MRI activity.

The relationships between the type of partial treatment in-
effectiveness and the change of therapy are set out in Figure 2.

EDSS change
Baseline mean EDSS score before starting DMT was 

comparable in all groups. In the EESC group it was 1.39 (SD 
0.35), LESC1 — 1.36 (SD 0.81), LESC2 — 1.5 (SD 0.62), and 
in the NESC group 1.42 (SD 0.72) (test H χ(2) = 0.41 p = 0.93). 
The EDSS score at the moment of determining treatment inef-
fectiveness was in the EESC group 2.11 (SD 1.14), LESC1 — 
1.68 (SD 0.64), LESC2 — 1.55 (SD 0.76) and was in the NESC 
group 1.55 (SD 0.76) (test H χ(2) = 4.84 p = 0.18). After the 
observation period, the mean EDSS in groups changed, and 
statistically significant differences were found between the 
EESC and LESC2 groups. (U test = 70.5, p = 0.032). Comparing 
the value of the EDSS change in relation to the reference 
values, it was found that in the EESC group the neurological 
status of the patients was stable, and the EDSS in this group 
fell insignificantly. In the remaining groups, the neurological 
condition deteriorated, and the EDSS score increased. The 
largest increase in EDSS score was noted in the LESC2 group, 
and the smallest in the no escalation group (Tab. 2, Fig. 3). The 
assessment of the change in EDSS score between groups (using 
Bonferroni correction for multiple testing) showed statistically 



88

Neurologia i Neurochirurgia Polska 2024, vol. 58, no. 1

www.journals.viamedica.pl/neurologia_neurochirurgia_polska

27%
(n = 4)

14%
(n = 4)

40%
(n = 44)

46%
(n = 7)

33%
(n = 9)

45%
(n = 49)

27%
(n = 4)

53%
(n = 15)

15%
(n = 17)

0%

10%

20%

30%

40%

50%

60%

Change within moderate
e�cacy drug group

Escalation to high-e�cacy 
drugs

No change

Group B1 Group B2 Group B3

Figure 2. Change in treatment within 48 ± 3 months depending on type of partial ineffectiveness

Table 2. Comparison of EDSS score and number of GD+ and T2 lesions in groups after 48 ± 3 months of observation

EESC group 
(n = 12)

LESC1 group 
(n = 15)

LESC2 group 
(n = 13)

NESC group 
(n = 110)

EDSS after 48 months M = 1.94;

SD = 0.85

Md = 1.5;

range 1.5–4

M = 2. 23;

SD = 0.75

Md = 2;

range 1–3.5

M = 2.75;

SD = 1.14

Md = 2.5;

range 1.5–5.5

M = 2.12;

SD = 0.98

Md = 2;

range 1–6

Test H:

χ2(2) = 5.96;

p = 0.11

ΔEDSS M = –0.17;

SD = 0.35

Md = 0;

range 1–0

M = 0.73;

SD = 0.72

Md = 0.5;

range 0–2.5

M = 1.2;

SD = 0.63

Md = 1;

range 0.5–2.5

M = 0.62;

SD = 0.56

Md = 0.5;

range 0–2.5

Test H:

χ2(2) = 24.32;

p < 0.001

No. of Gd+ lesions M = 1.11;

SD = 2.98

Md = 0;

range (0–9)

M = 8.73;

SD = 11.06

Md = 2;

range (0–30)

M = 9;

SD = 8.83

Md = 6;

range (0–25)

M = 0.81;

SD = 2.93

Md = 0;

range (0–24)

Test median

χ2(2) = 28.31;

p < 0.001

No. of T2 lesions M = 2.11;

SD = 3.65

Md = 0;

range (0–9)

M = 9.64;

SD = 7.49

Md = 9;

range (2–25)

M = 10.4;

SD = 8.64

Md = 8;

range (2–30)

M = 1.67;

SD = 3.13

Md = 0;

range (0–18)

Test median

χ2(2) = 31.64;

p < 0.001

EDSS — Expanded Disability Status Scale; M — mean; Md — median; SD — standard deviation; EESC — early escalation group; LESC1 — late escalation group 1; LESC2 — late escalation group 2; NESC — no 
escalation group

significant differences between the EESC and LESC2 groups 
(p < 0.001), between LESC1 and NESC (p = 0.001), and be-
tween LESC2 and NESC (p = 0.002). There were no significant 
differences between the LESC1 and LESC2 groups.

Time to confirmed 6-month disability 
progression (6mCDP)

In the EESC group, none of the subjects met the 6mCDP 
criteria after the observation period. The highest percentage 
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Figure 3. EDSS score change in groups after an observation period. CI  — confidence intervals; EESC — early escalation group; LESC1— late 
escalation group 1; LESC2 — late escalation group 2; NESC — no escalation group; SD  — standard deviation

32%

80%

45%

0%

68%

20%

55%

100%

0% 20% 40% 60% 80% 100%

 NESC
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 LESC1

 EESC

NO 6mCDP 6mCDP

Figure 4. Percentage of patients meeting 6mCDP criteria after 48 ± 3 months of observation depending on escalation of therapy

(80%) of patients meeting the 6mCDP criteria was found 
in the LESC2 group (Fig. 4). In order to assess the risk of 
long-term accumulation of disability in the LESC1 and 
LESC2 groups and in the NESC group, Cox regression anal-
ysis was performed. The type of group was included in the 
baseline model, and the following variables were included 
in the adjusted model: gender, age at treatment initiation, 

year of treatment initiation, and time of treatment escalation 
during four years of observation. The median time to onset 
of 6mCDP in the LESC1 group was 55.5 months, (95% CI, 
24–57), in the LESC2 group it was 54 months, (95% CI, 
43–57), and in the NESC group it was 57 months, (95% CI, 
55–57). The differences between the groups were statistically 
significant (log-rank test, p = 0.039). The primary model 
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Table 3. Cox regression model statistics

HR (95% CI) p-value

Baseline model

LESC2 1.05 (0.38–2.9) 0.92

Group without change 0.463 (0.1–1.066) 0.07

Adjusted model

LESC2 0.9 (0.323–2.511) 0.84

No escalation group 0.38 (0.16–0.9) 0.022

Age at treatment initiation 1.036 (1.003–1.069) 0.033
Note — reference group LESC1; other variables which were not included in table were not related 
to 6mCDP risk. CI  — confidence intervals; HR  — hazard ratio; LESC2 — late escalation group 2
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N
ot
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m

CD
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%
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LESC2
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Figure 5. Time to 6mCDP depending on treatment strategy

(Cox regression analysis) showed no differences for 6mCDP 
risk in the compared groups. In the adjusted model, the risk 
of 6mCDP was lower in the NESC group (hazard ratio 0.38, 
95% CI 0.16–0.9; p = 0.027). The risk was related to age 
at treatment initiation and was higher with older patient 
age (hazard ratio 1.036, 95% CI 1.003–1.069; p = 0.033). 
Statistical analysis for the baseline and adjusted models is 
set out in Table 3. The risk of reaching 6mCDP in the dis-
tinguished groups is set out in Figure 5.

Assessment of disease activity
In all study groups, a decrease in ARR was observed after 

DMT started, compared to the value before treatment. The 
largest reduction in ARR was in the EESC group (100%). In 
the LESC1 group, there was a decrease in ARR by 59%, and 
in the LESC2 group by 67%, compared to the baseline value. 

The EESC group had no relapses during the observation 
period, while in the LESC groups ARR was 0.61 (0.45–0.8; 
95% CI) and in the NESC group ARR was 0.17 (0.13–0.22; 95% 
CI). Comparison of the ARR values revealed significant differ-
ences between the LESC groups and the NESC group: relapse 
rate ratio 3.59 (95% CI, 0.252–0.609); p < 0. 001. There were 
no differences in ARR between the LESC1 and LESC2 groups. 

A comparison of the cumulative number of GD+ and new 
T2 lesions in groups from the entire observation period is set 
out in Table 2. Statistically significant differences were found 
when comparing the number of Gd+ lesions in the EESC group 
to the LESC2 group (median test χ2 (1) = 9.019; p = 0.005). The 
highest mean number of Gd+ and T2 lesions were recorded 
in the LESC2 group. A comparison between the LESC groups 
using Bonferroni correction for multiple testing showed that 
there was no significant difference between the LESC1 and 
LESC2 groups in either T2 (p = 1) or Gd+ (p = 0.86) lesions. 
However, statistically significant differences occurred when 
comparing Gd+ and new T2 lesions in the LESC groups with 
the NESC (p < 0.001). The lowest number of Gd+ and new 
T2 lesions was found in the NESC group.

Discussion

To date, RRMS therapy has comprised mostly the escala-
tion model, in which a drug of moderate efficacy is initially 
selected, and then in the case of continued disease activity 
despite the treatment, this therapy is escalated to one of high 
efficacy drugs. To achieve optimal therapeutic results, early 
detection and prompt response to the effectiveness of the 
moderately effective DMT is necessary. 

For administrative restrictions, Polish patients with RRMS 
have had limited access to high-efficacy drugs. Consequently, 
escalation therapy has not been implemented despite the fact 
that the ongoing treatment proved to be ineffective, and many 
patients were kept on previously selected treatment. In our 
study, we compared the clinical status and brain MRI results 
depending on the time of therapy escalation in 165 patients 
with RRMS treated with platform therapy, in whom clinical 
and/or radiological evidence of treatment ineffectiveness was 
observed. 

Due to the applicable reimbursement criteria, only 7% 
of the respondents were able to use high efficacy drugs im-
mediately after the therapy had been found to be ineffective. 
The others continued platform therapy or received delayed 
high efficacy treatment. This confirms our previous research 
demonstrating that therapy escalation was rarely used (in 9% 
of patients), and that the most common reason for changing 
treatment was the prevalence of side effects [14]. In addition, 
the data is consistent with the results obtained by Brola et 
al., who assessed access to high efficacy therapy in Poland 
in a multi-centre study [4]. During the observation period 
of 48 months, another 17% of patients met the criteria for 
escalation to high efficacy DMT, showing the obstacles in 
using active treatment due to administrative reasons, which 
are consistent with the data of National Health Fund, which 
shows that in 2014–2022 in Poland 6–9% of patients received 
high efficacy drugs [15]. In contrast, Patti et al. and Papp et 
al. documented an escalating rate of 53–60% after treatment 
with dimethyl fumarate and teriflunomide, and in a group of 
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German patients 43.5% received a subsequent high efficacy 
DMT as a second line therapy [16–18].

Our research has shown that in patients who, despite the 
use of platforms DMTs, show clinical activity of the disease, 
the lack of early escalation of therapy leads to worsening of the 
neurological condition and permanent disability. Comparison 
of long-term treatment effects in the EESC group with the ef-
fects in the late escalation groups (LESC1 and LESC2) showed 
stabilisation of the neurological status and reduction of the 
EDSS score in patients with early escalation, while the highest 
increase in the EDSS score was found in the LESC2 group. 
When assessing the increase in the EDSS score, the difference 
between the groups was clear, especially when comparing the 
EESC group to the LESC2 group, where the escalation was 
made more than two years after determining ineffectiveness. 

This allows us to conclude that delaying the escalation 
of treatment in these patients resulted in worsening of their 
neurological status. Similar results were obtained when eval-
uating permanent disability. Subjects who escalated early (im-
mediately when therapy was found to be ineffective) showed 
significantly less disability progression compared to patients 
who escalated later. In the EESC group, none of the subjects 
met the 6mCDP criteria at the end of the observation. The 
highest progression of disability was noted in patients who 
were treated with high-efficacy drugs more than two years after 
determining ineffectiveness. After 48 months, 45% of patients 
in the LESC1 group and 80% of patients in the LESC2 group 
met the 6mCDP criteria.

In the available literature, we found papers that assessed 
the clinical condition of patients after delaying the escalation 
of therapy [9, 10]. Our results are consistent with recently 
published observations in groups of patients from multi-centre 
studies, although the concept behind these studies is complete-
ly different [9, 11, 20]. The above studies compared patients 
starting MS treatment with high-efficacy drugs to those who 
escalated therapy after having determined the ineffectiveness 
of previous treatment. 

In our study, all patients started treatment with drugs of 
moderate efficacy, and the escalation options in our group 
were limited. 

Despite different groups, the clinical consequences are 
the same: in patients with active disease, the late use of highly 
active drugs leads to a worsening of the neurological condition. 

In all groups, there was a decrease in ARR after the intro-
duction of DMT, with the largest noted in the early escalation 
group. In the groups where the high-efficacy treatment was 
applied later, the reduction in ARR was not as significant. 
Our results are consistent with those of Harding et al. [9], 
who showed that an early start of high efficacy therapy lowers 
relapse frequency. 

Many studies have evaluated T2 brain lesion counts and 
volumes after disease onset versus disability progression. A re-
cent review and meta-analysis confirmed that lesion counts 
and volumes could be associated with disability progression 

[21]. Our study concentrated on the change in the cumula-
tive number of Gd+ and T2 lesions depending on the time 
of therapy escalation. It is worth emphasising that during 
48 months of observation in patients without treatment escala-
tion, and with late escalation, the cumulative number of Gd+ 
or T2 changes increased significantly. The largest increase in 
MRI lesions was found in the LESC2 group. New, clinically 
silent lesions on MRI are 5–10 times more frequently observed 
than reported clinical relapses, and MRI disease activity has 
also been reported as a valid surrogate marker for clinical 
activity in relapsing MS [22]. Moreover, scoring systems com-
bining MRI and clinical markers have been shown to predict 
long-term treatment non-response. Furthermore, a 1-year MRI 
lesion activity occurring with relapses justified the treatment 
outcome of EDSS worsening [23, 24]. 

In our study, we found a significant increase in the 
number of lesions, both Gd+ and T2, in the group of 
patients with late escalation, i.e. in patients who were 
constantly active despite treatment. In this group, we 
also found an increase in disability, which is consistent with 
the results of previous studies [20]. 67% of patients starting 
DMT did not switch therapy during the entire observation 
period. There was no significant increase in EDSS or brain 
MRI lesions in this group, and the median time to 6mCDP 
was 4.8 years. The only variable associated with the risk of 
6mCDP in this group was patient age at the time of initiation 
of the first DMT. Ageing of the immune system and a worse 
response to DMT in patients aged over 40 is well-established 
[25]. A meta-analysis of randomised, blinded, DMT clinical 
trials showed that higher efficacy treatments exert their benefit 
over lower efficacy treatments, although this is observed only 
during the early stages of MS [26]. The relationship was not 
confirmed in a recent meta-analysis of clinical trials. Zhang 
et al. reported that DMTs for RRMS show efficacy in treating 
disease activity irrespective of age [27]. Furthermore, data 
on the importance of relapses and number of MRI lesions 
for predicting changes in EDSS and increasing disability are 
inconclusive. 

An important parameter contributing to disability pro-
gression in MS, that was not taken into consideration, is 
brain atrophy. Brain volume loss happens independently from 
disease activity and cannot be prevented by early DMT imple-
mentation [28]. A previous work showed that the presence of 
an isolated relapse without changes in EDSS score during the 
first two years of treatment did not significantly impact upon 
an increased risk of developing marked long-term disability 
over a median five years [29]. But other, more recent, studies 
have revealed that clinical activity, defined as an EDSS score 
change or relapses during the first years of IFN-β treatment, 
had a very negative effect on the long-term prognosis [30, 
31], and the same with the MRI scan. In patients treated with 
fingolimod, isolated MRI activity during the first year of treat-
ment did not show a significant risk of future disease activity 
[32]. However, during the first year of IFN-β treatment, the 
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presence of substantial MRI activity increased the ability to 
predict treatment failure. The study concluded that substantial 
MRI activity during the first year of treatment with IFN-β, par-
ticularly if it is in combination with clinical relapses, indicates 
a significant risk of treatment failure and EDSS worsening over 
the short term [33]. Clinical and MRI activity in isolation may 
be not sufficient to determine treatment response, whereas 
the combination of these measures using composite scores 
appears preferable [34]. 

In our study, the patients who remained on treatment were 
mostly those with partial clinical or radiological failure. They 
were also more likely to have lower disease activity, which al-
lowed them to maintain a good response to first-line treatment.

The limitations of our study concerned its retrospective 
and observational nature and the small size of the group, 
which are the results of it being a single-centre study. In addi-
tion, patients were included in DMT at different time periods 
from the onset of symptoms, which may affect disease activity 
and treatment response. However, in contrast to multicentre 
studies, EDSS was assessed by a single investigator, which 
significantly reduces the variability of results. This is impor-
tant because EDSS is a scale characterised by high inter-rater 
variability and fluctuation. In addition to assessing parameters 
such as EDSS and ARR, the cumulative increase in the number 
of demyelinating lesions in brain MRI was also evaluated.

Permanent disability in the course of MS depends on 
many factors, including the consequences of relapses, the 
effects of the inflammatory and neurodegenerative process, 
and the effects of the treatment applied. It is likely that there 
is an ‘early window’ of therapeutic opportunity where disease 
modification is possible, bringing about long-term benefits. 
After some time a threshold is crossed, above which accumu-
lated immune damage leads to permanent and progressive 
neurological disability [9]. 

In light of this data, we suggest it is justified to use rapid 
escalation of therapy in patients with suboptimal response to 
treatment, as a delay may result in increasing disability.

Changes in the NFZ therapeutic programme also make it 
much easier these days to start HE-DMT earlier in Poland, e.g. 
applying monoclonal antibodies in treatment-naive patients.

Article information

Data availability statement:The original contribution presented 
in the study is included in the article; further inquiries may be 
directed to the corresponding author.
Ethics statement: The study protocol was approved by the local 
Bioethics Committee and the participants involved in the study 
gave their consent.
Author contributions: Malgorzata Popiel — collection of 
materials, calculations, conclusions; Halina Bartosik-Psujek — 
substantive supervision at each stage of the work.
Funding: M. Popiel received a grant from Roche to cover the 
costs of the statistical calculations used in the study.

Acknowledgments: None.
Conflict of interest: The authors declare that they have no 
conflict of interest related to the submitted manuscript.
Supplementary material: Not applicable.

References

1. Kapica-Topczewska K, Collin F, Tarasiuk J, et al. Clinical and epidemio-
logical characteristics of multiple sclerosis patients receiving disease-
modifying treatment in Poland. Neurol Neurochir Pol. 2020; 54(2): 
161–168, doi: 10.5603/PJNNS.a2020.0020, indexed in Pubmed: 
32219813.

2. Prevalence of multiple sclerosis in Poland, Portal Gov.pl. https://www.
analizy.mz.gov.pl/html/zpa_sm/chorobowosc.html (15.05.2023).

3. Gałązka-Sobotka M, Gierczyński J, Gryglewicz J, et al. The multiple 
sclerosis patient’s journey in Poland – current diagnosis. Aktualności 
Neurologiczne. 2021; 21(1): 9–23, doi: 10.15557/an.2021.0002.

4. Brola W, Adamczyk-Sowa M, Kułakowska A, et al. Highly active dis-
ease and access to disease-modifying treatments in patients with 
relapsing-remitting multiple sclerosis in Poland. Neurol Neurochir Pol. 
2022; 56(3): 256–260, doi: 10.5603/PJNNS.a2022.0047, indexed 
in Pubmed: 35766058.

5. Filippi M, Amato MP, Centonze D, et al. Early use of high-efficacy dis-
easemodifying therapies makes the difference in people with multiple 
sclerosis: an expert opinion. J Neurol. 2022; 269(10): 5382–5394, 
doi: 10.1007/s00415-022-11193-w, indexed in Pubmed: 35608658.

6. Filippi M, Danesi R, Derfuss T, et al. Early and unrestricted access to 
high-efficacy disease-modifying therapies: a consensus to optimize 
benefits for people living with multiple sclerosis. J Neurol. 2022; 
269(3): 1670–1677, doi: 10.1007/s00415-021-10836-8, indexed in 
Pubmed: 34626224.

7. Filippi M, Rocca MA. Rethinking multiple sclerosis treatment strate-
gies. Lancet Neurol. 2020; 19(4): 281–282, doi: 10.1016/S1474-
4422(20)30063-6, indexed in Pubmed: 32199086.

8. Kalinowska-Łyszczarz A, Guo Y, Lucchinetti CF. Update on pathol-
ogy of central nervous system inflammatory demyelinating diseases. 
Neurol Neurochir Pol. 2022; 56(3): 201–209, doi: 10.5603/PJNNS.
a2022.0046, indexed in Pubmed: 35758517.

9. Harding K, Williams O, Willis M, et al. Clinical Outcomes of Escalation 
vs Early Intensive Disease-Modifying Therapy in Patients With Multiple 
Sclerosis. JAMA Neurol. 2019; 76(5): 536–541, doi: 10.1001/jaman-
eurol.2018.4905, indexed in Pubmed: 30776055.

10. Iaffaldano P, Lucisano G, Caputo F, et al. Italian MS Register. Long-
term disability trajectories in relapsing multiple sclerosis patients 
treated with early intensive or escalation treatment strategies. 
Ther Adv Neurol Disord. 2021; 14: 17562864211019574, doi: 
10.1177/17562864211019574, indexed in Pubmed: 34104220.

11. He A, Merkel B, Brown JW, et al. MSBase study group. Timing of high-
efficacy therapy for multiple sclerosis: a retrospective observational 
cohort study. Lancet Neurol. 2020; 19(4): 307–316, doi: 10.1016/
S1474-4422(20)30067-3, indexed in Pubmed: 32199096.

12. Hänninen K, Viitala M, Atula S, et al. Initial treatment strategy and 
clinical outcomes in Finnish MS patients: a propensity-matched study. 
J Neurol. 2022; 269(2): 913–922, doi: 10.1007/s00415-021-10673-
9, indexed in Pubmed: 34170403.

13. Brown JW, Coles A, Horakova D, et al. MSBase Study Group. Associa-
tion of Initial Disease-Modifying Therapy With Later Conversion to Sec-
ondary Progressive Multiple Sclerosis. JAMA. 2019; 321(2): 175–187, 
doi: 10.1001/jama.2018.20588, indexed in Pubmed: 30644981.



93www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Małgorzata Popiel, Halina Bartosik-Psujek, Therapy escalation in RRMS

14. Akaishi T, Ishii T, Aoki M, et al. Calculating and Comparing the An-
nualized Relapse Rate and Estimating the Confidence Interval in 
Relapsing Neurological Diseases. Front Neurol. 2022; 13: 875456, 
doi: 10.3389/fneur.2022.875456, indexed in Pubmed: 35756930.

15. Popiel M, Bartosik-Psujek H. Reasons for switching immunomodu-
latory therapy in patients with relapsing-remitting multiple sclero-
sis. Aktualności Neurologiczne. 2021; 21(1): 3–8, doi: 10.15557/
an.2021.0001.

16. NFZ o zdrowiu. Stwardnienie rozsiane. https://ezdrowie.gov.pl/por-
tal/home/zdrowe-dane/ raporty/nfz-o-zdrowiu-stwardnienie-rozsiane. 
(2021).

17. Patti F, Chisari CG, D’Amico E, et al. Clinical and patient determinants 
of changing therapy in relapsing-remitting multiple sclerosis (SWITCH 
study). Mult Scler Relat Disord. 2020; 42: 102124, doi: 10.1016/j.
msard.2020.102124, indexed in Pubmed: 32353755.

18. Papp V, Buron MD, Siersma V, et al. Real-world outcomes for a com-
plete nationwide cohort of more than 3200 teriflunomide-treated mul-
tiple sclerosis patients in The Danish Multiple Sclerosis Registry. PLoS 
One. 2021; 16(5): e0250820, doi: 10.1371/journal.pone.0250820, 
indexed in Pubmed: 34003862.

19. Mäurer M, Tiel-Wilck K, Oehm E, et al. Reasons to switch: a noninter-
ventional study evaluating immunotherapy switches in a large Ger-
man multicentre cohort of patients with relapsing-remitting multiple 
sclerosis. Ther Adv Neurol Disord. 2019; 12: 1756286419892077, 
doi: 10.1177/1756286419892077, indexed in Pubmed: 31903096.

20. Buron MD, Chalmer TA, Sellebjerg F, et al. Initial high-efficacy dis-
ease-modifying therapy in multiple sclerosis: A nationwide cohort 
study. Neurology. 2020; 95(8): e1041–e1051, doi: 10.1212/
WNL.0000000000010135, indexed in Pubmed: 32636328.

21. AlTokhis AI, AlAmrani A, Alotaibi A, et al. Magnetic Resonance Imag-
ing as a Prognostic Disability Marker in Clinically Isolated Syndrome 
and Multiple Sclerosis: A Systematic Review and Meta-Analysis. Diag-
nostics (Basel). 2022; 12(2), doi: 10.3390/diagnostics12020270, 
indexed in Pubmed: 35204361.

22. Sormani MP, Stubinski B, Cornelisse P, et al. Magnetic reso-
nance active lesions as individual-level surrogate for relapses 
in multiple sclerosis. Mult Scler. 2011; 17(5): 541–549, doi: 
10.1177/1352458510391837, indexed in Pubmed: 21148262.

23. Río J, Castilló J, Rovira A, et al. Measures in the first year of therapy predict 
the response to interferon beta in MS. Mult Scler. 2009; 15(7): 848–853, 
doi: 10.1177/1352458509104591, indexed in Pubmed: 19542263.

24. Sormani MP, Li DK, Bruzzi P, et al. Combined MRI lesions and relapses 
as a surrogate for disability in multiple sclerosis. Neurology. 2011; 

77(18): 1684–1690, doi: 10.1212/WNL.0b013e31823648b9, inde-
xed in Pubmed: 21975200.

25. Adamczyk-Sowa M, Nowak-Kiczmer M, Jaroszewicz J, et al. Immunose-
nescence and multiple sclerosis. Neurol Neurochir Pol. 2022; 56(3): 
220–227, doi: 10.5603/PJNNS.a2022.0045, indexed in Pubmed: 
35735245.

26. Weideman AM, Tapia-Maltos MA, Johnson K, et al. Meta-analysis of 
the Age-Dependent Efficacy of Multiple Sclerosis Treatments. Front 
Neurol. 2017; 8: 577, doi: 10.3389/fneur.2017.00577, indexed in 
Pubmed: 29176956.

27. Zhang Y, Gonzalez Caldito N, Shirani A, et al. Aging and effi-
cacy of disease-modifying therapies in multiple sclerosis: a meta-
analysis of clinical trials. Ther Adv Neurol Disord. 2020; 13, doi: 
10.1177/1756286420969016, indexed in Pubmed: 33552235.

28. Slezáková D, Kadlic P, Jezberová M, et al. Brain volume loss in multiple 
sclerosis is independent of disease activity and might be prevented 
by early disease-modifying therapy. Neurol Neurochir Pol. 2023; 57(3): 
282–288, doi: 10.5603/PJNNS.a2023.0031, indexed in Pubmed: 
37144903.

29. O’Rourke K, Walsh C, Antonelli G, et al. Predicting beta-interferon fail-
ure in relapsing-remitting multiple sclerosis. Mult Scler. 2007; 13(3): 
336–342, doi: 10.1177/1352458506071309, indexed in Pubmed: 
17439902.

30. Rotstein DL, Healy BC, Malik MT, et al. Evaluation of no evidence of 
disease activity in a 7-year longitudinal multiple sclerosis cohort. JAMA 
Neurol. 2015; 72(2): 152–158, doi: 10.1001/jamaneurol.2014.3537, 
indexed in Pubmed: 25531931.

31. Jokubaitis VG, Spelman T, Kalincik T, et al. MSBase Study Group. Pre-
dictors of long-term disability accrual in relapse-onset multiple scle-
rosis. Ann Neurol. 2016; 80(1): 89–100, doi: 10.1002/ana.24682, 
indexed in Pubmed: 27145331.

32. Boster A, Hawker K, Ritter S, et al. Disease activity in the first year 
predicts longer-term clinical outcomes in the pooled population of 
the phase III FREEDOMS and FREEDOMS II studies. Neurology. 2015; 
84(14 Suppl).

33. Sormani MP, Gasperini C, Romeo M, et al. MAGNIMS study group. 
Assessing response to interferon-β in a multicenter dataset of pa-
tients with MS. Neurology. 2016; 87(2): 134–140, doi: 10.1212/
WNL.0000000000002830, indexed in Pubmed: 27306626.

34. Gasperini C, Prosperini L, Tintoré M, et al. the MAGNIMS Study Group. 
Unraveling treatment response in multiple sclerosis: A clinical and 
MRI challenge. Neurology. 2019; 92(4): 180–192, doi: 10.1212/
WNL.0000000000006810, indexed in Pubmed: 30587516.


