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Abstract
Objectives: Not so long ago, a novel phenotypic classification of multiple sclerosis 
(MS) and revisions to the McDonald diagnostic criteria were published. Good qual-
ity, standardized, and therefore comparable epidemiological data from the Central 
European region altogether are scarce, and data based on the aforementioned crite-
ria are nonexistent; thus, an update is needed.
Materials and Methods: Patients residing in Csongrád county with a definitive diag-
nosis of MS according to the 2017 McDonald criteria were included and evaluated by 
the 2014 revised phenotypic classification.
Results: A total of 420 patients were included, of whom 313 were females (female/
male ratio 2.925:1). Standardized prevalence was 101.8/100,000, and incidence 
was 4.44/100,000. Relapsing–remitting disease type was identified in 288 (68.57%) 
cases, of which 230 patients (79.86%) were treated and of which 202 patients (87.8%) 
showed no disease activity with their current treatment. Progressive disease type 
was seen in 132 (31.43%) cases, with 72 patients (54.54%) receiving treatment. More 
than half of the treated patients (178, 57%) were administered platform therapies, 
while 134 (43%) received highly active disease modifying therapies.
Conclusion: The prevalence of MS in Hungary similarly to other countries shows a 
constant increase in the past decades. The majority of our patients received treat-
ment and had a stable disease while being treated. The distribution of disease 
courses, phenotypes, and treatment status fell in line with data in the literature based 
on MS registries with a large number of participants. Ours is the first study to give 
epidemiological data based on the most recent McDonald criteria and phenotypic 
classification from the Central European region.
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1  | INTRODUC TION

Multiple sclerosis (MS), although considered as a rare disease, is 
the most common chronic, autoimmune, demyelinating, and neu-
rodegenerative disease of the central nervous system and is the 
second most common cause (after traumatic injury) of permanent 
disability among young adults (Alastair Compston et al., 2005). In 
recent years, the therapeutic palette has expanded considerably; 
nowadays, there is at least one drug available for every disease 
course. Adjacent to the introduction of new disease-modifying 
therapies, a novel standpoint is gaining ground regarding the ther-
apeutic strategy of MS.

In 2017, the most recent revisions to the McDonald diagnostic 
criteria were published (Thompson et al., 2018). According to these, 
the diagnosis of clinically definitive multiple sclerosis can now be set 
even in patients who previously were classified as clinically isolated 
syndrome (CIS) patients, based on solely one clinical event sup-
ported by magnetic resonance imaging (MRI) and/or cerebrospinal 
fluid (CSF) examination. Furthermore evidence suggests that the 
future disease activity can be predicted from the baseline MRI pa-
rameters (Davda, Tallantyre, & Robertson, 2019).

In addition to the newly introduced diagnostic criteria, the very 
first comprehensive therapeutic guideline was also published in 
2018 (Montalban et al., 2018a, 2018b), which breaks with the previ-
ous escalative therapeutic strategy of starting with less potent plat-
form therapies (interferons, glatiramer acetate, dimethyl fumarate, 
teriflunomide) which, if turn out to be inefficient, can be switched 
onto more potent disease modifying treatments (DMT). On the con-
trary, the new guideline recommends the treatment of every patient 
as soon as possible, with disease modifying treatments matching the 
patient's disease activity, advocates the use of highly active DMTs 
(HAMDT—fingolimod, natalizumab, ocrelizumab, cladribine, alemtu-
zumab, and mitoxantrone) as a first choice for patients with highly 
active disease. Furthermore, a new phenotype classification was 
also established (Lublin, 2014). It maintained much of the basic attri-
butes of the originally defined disease courses; however, in contrast 
to the previous classification system, it lays a much greater emphasis 
on the activity of the disease and the gradual worsening of symp-
toms in order to categorize the disease into different phenotypes. 
It recognizes two major courses of the disease, one being the re-
lapsing–remitting (R-R and CIS) type, the other being the progressive 
type (Lublin, 2014). Depending on the clinical and imaging presenta-
tion, a patient's disease diagnosed with CIS can be stable and show 
no activity, or can be clinically and/or radiologically active, in which 
case the disease is considered relapsing–remitting. Similarly, an R-R 
disease can be stable or can show clinical and/or radiological activ-
ity. Likewise, patients with progressive diseases can be split into two 
groups whether activity (new, or unequivocally enlarging T2 lesions 
and/or contrast enhancement can be seen on MRI scans or a clinical 
relapse) is present (i.e., progressive disease with or without activity). 
These two groups can further be divided into categories based on 
the presence or the lack of continuous worsening of symptoms (i.e., 
progressive disease type with or without progression; Lublin, 2014).

Previously, when disease subtypes were classified based on clin-
ical courses and on Expanded Disability Status Scale (EDSS) scores 
(Kurtzke, 1983), no clear cut margin was defined where the relaps-
ing–remitting phase ended and secondary progressive (SP) phase 
(most commonly still with relapses) began. The EDSS score of R-R 
patients traditionally ranged from 0 to 5.5, whereas it laid between 
3.5 and 10.0 for SP patients. From previous large scale studies ex-
ploring the natural history of the disease (Scalfari et al., 2010), and 
epidemiological studies, it is known that no matter how long it took 
a patient from disease onset to reach the turning point between 
relapsing and progressive state; the disease advances roughly with 
the same speed in all patients thereafter (Leray et al., 2010; Scalfari 
et al., 2010). Irreversible axonal injury and transition into a pro-
gressive disease course occur approximately at an EDSS score of 4 
(Lorscheider et al., 2016) and therapeutic window to stabilize a pa-
tient's illness and prevent transition is before this (Correale, Gaitan, 
Ysrraelit, & Fiol, 2017); with drugs currently at our disposal, we can 
significantly prolong the time between disease onset and irreversible 
axonal injury. The new phenotypic classification gives pivot to clini-
cians to assess the disease activity of their patients and to choose 
the most suitable DMT for them, also when to change, recognize if 
a given treatment has become inefficient. Recently published data 
shows that the biggest socioeconomical and financial burden on a 
society and healthcare giver is put on by the secondary progressive 
MS population, almost double that of the relapsing–remitting popu-
lation (Purmonen, Hakkarainen, Tervomaa, & Ruutiainen, 2020). The 
majority, roughly 2/3rd of the total expense, fell into the categories 
of direct nonmedical costs and productivity loss, driven mainly by 
the early retirement of patients with secondary progressive disease 
(Purmonen et al., 2020). Up to date, comparable epidemiological data 
are needed according to the novel phenotypic classification system 
in order to assess the therapeutic, medical, and financial needs of 
patients with MS on a population basis (Kingwell et al., 2013), since 
many of the patients previously categorized with an R-R disease now 
fall into the secondary progressive disease category according to the 
new classification system and therefore require a fundamentally dif-
ferent therapeutic approach, than before.

The aim of our study was to provide a picture of disease devel-
opment (comparable age-, and sex-specific crude, and standardized 
prevalence and incidence of MS) from a previously surveyed demo-
graphic region and also to provide information about the disability 
state (measured by the EDSS score) as well as treatment and disease 
activity status of our patients almost a decade after the introduction 
and eventual widespread use of HADMTs based on the novel phe-
notypic classification system proposed by Lublin et al (Lublin, 2014).

2  | PATIENTS AND METHODS

2.1 | Study area

All of our patients were residing in Csongrád County, and point prev-
alence was determined on the prevalence day of 1 January 2019. 
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Incidence data reflect the incidence of diagnosed patients (not dis-
ease onset) in the given time period. Csongrád County is located in 
the southeastern region of Hungary in the temperate zone, with an 
area of 4,262.68 km2 and humid continental climate.

According to the latest census performed by the Hungarian 
Central Statistical Office on 1 January 2019; 399,012 (accounting 
for 4.08% of the total population) people lived in Csongrád County, 
of which 189,420 were males and 209,592 females (www.ksh.hu).

2.2 | Data collection

All of the enrolled patient's data (demographic, radiologic, and clini-
cal) were extracted from the MS register maintained and updated 
by the MS outpatient clinic of the Department of Neurology at the 
University of Szeged since 1996 (Bencsik et al., 2017; paper based 
from 1996 to 2013, electronic from 2013), every patient's data 
are immediately updated after each visit to the MS clinic. All data 
shown in the present article represent the state of the patients on 
the prevalence day, and disease duration was calculated from the 
onset of each patient's disease. The study was approved by the 
Ethics Committee of the Faculty of Medicine, University of Szeged 
(207/2015-SZTE). All participants gave their written informed con-
sent in accordance with the Declaration of Helsinki. For the statisti-
cal analyses, we used SPSS version 22.

2.3 | Diagnosis and follow-up examinations

The diagnosis was established by the given patient's neurologist. 
Until 2001, the criteria of Poser were applied (Poser et al., 1983), and 
in subsequent years, always the latest available criteria of McDonald 
were used. All patients with diagnoses of MS according to Poser 
(Poser et al., 1983), and previous McDonald criteria (McDonald et al., 
2001; Polman et al., 2005, 2011), were reviewed according to the 
latest McDonald criteria (Thompson et al., 2018).

At the time of diagnosis, in addition to physical examination, an 
MRI scan of the brain and, if necessary, the spinal cord was con-
ducted (using a 1.5 T MRI scanner for both the brain and spinal cord 
before 2017, and only for the spinal cord after 2017, when a 3 T MRI 
scanner was implemented for brain imaging, always in adherence to 
the latest MAGNIMS guidelines; Filippi et al., 2016). A lumbar punc-
ture was made to acquire CSF to be analyzed in our clinic's accred-
ited laboratory (according to ISO 9002 standards) by the means of 
laser nephelometry for the quantitative determination of proteins, 
isoelectric focusing, and IgG immunoblotting for the detection of 
oligoclonal bands (OGP). Also, in necessary, visual-evoked potential, 
somatosensory-evoked potential, and brainstem-evoked response 
audiometry tests were conducted.

After the diagnosis was established, all CIS, R-R patients (accord-
ing to the classical phenotype classification), and all other patients 
still receiving any kind of disease modifying therapy were routinely 
examined every 3  months. Every other patient (with progressive 

disease types, and patients without a DMT) was re-evaluated at 
least annually. In the event of a relapse, an unscheduled, out-of-turn 
appointment was always provided for the patients. All patients di-
agnosed with CIS are advised to attend a routine check-up annually 
indefinitely, unless another disease responsible for their symptoms is 
diagnosed or disease activity presents, from which point the regular 
visit schedule is recommended (i.e., at least every 3 months). During 
every control check-up, the patient's current neurological status, 
EDSS score, and the clinical form of the disease were laid down and 
revised in the patient records. After the baseline MRI examination, 
control MRI scans were conducted on a regular basis; always in ad-
herence with the SMPC of a DMT, a given patient is receiving, but 
at least yearly. In the event of a relapse before the initiation of intra-
venous corticosteroids, a contrast enhanced MRI scan was always 
conducted. A control brain MRI scan was done to all the patients 
presenting with CIS disease type both 3 and 6  months after the 
appearance of the first symptoms, and yearly thereafter. Every pa-
tient's medical chart participating in our study has been reviewed by 
four neurology specialists independently and was excluded from it, 
if at least one specialist felt uncertain about the diagnosis.

According to the aforementioned principles and in line with data 
from recent large scale studies, all patients who previously fell into 
the relapsing–remitting disease type were re-evaluated for second-
ary progressive disease course using the objective, 3-strata criteria 
proposed by Lorscheider et al. for defining secondary progressive 
MS (Lorscheider et al., 2016).

3  | RESULTS

Our database registered 420 patients with MS on the prevalence 
day, 107 males and 313 females (the female–male ratio was 2.92:1). 
In the 6  years since our last epidemiological data collection from 
2013, 108 new MS cases were diagnosed. In that period, 30 patients 
had died and 28 had moved away from the geographical area. The 
crude prevalence of MS for the whole cohort was 105.3/100,000, 
56.5/100,000 for men and 149.3/100,000 for women (Table  1). 
The standardized prevalence was 101.8/100,000. Age-, and sex-
adjusted, standardized prevalence was 53.9/100,000 for men and 
144.8/100,000 for women. The 2013 European standard population 
was used for the standardization (Table 1).

Pursuant to the “old” disease course classification, our cohort 
comprised of 12 CIS (2.86%), 276 R-R (65.71%), 102 SP (24.29%), and 
30 primary progressive (PP; 7.14%) patients. When stratified by gen-
der, no difference was seen regarding the distribution according to 
disease course between the groups (p = .166, data not shown). The 
average age for the whole cohort was 48.83 years (±10.64 years), 
age at diagnosis was 34.15 years (±10.64 years), average disease du-
ration was 14.57 years (±10.59 years), and average EDSS score was 
2.8 points (±2.44; Table 2).

According to the novel phenotypic classification, 288 (68.57% 
of the whole population) of our patients had a relapsing–remitting 
disease type. Their average disease duration was 11.73 (±8.37) 

http://www.ksh.hu
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years, age was 44.42 (±11.55) years, age at diagnosis was 32.58 
(±9.93) years, and average EDSS score was 1.38 (±1.08) points. 
Twelve people (4.16%) had only a single attack (CIS). When strat-
ified by phenotype and treatment status, 28 person's disease 
(9.72%) had showed activity despite treatment (active–treated 
arm, A-T), their average disease duration was 9.39 (±6.30) years, 
age 42.46 (±9.46) years, age at diagnosis 33.07 (±9.25) years and 
average EDSS score 1.82 (±0.85) points. The active–not treated 
arm (A-NT) comprised of 15 people (5.2%), their average dis-
ease duration, age, and age at diagnosis were 8.53 (±9.30), 43.33 
(±11.39), and 35.80 (±8.59) years respectively, and mean EDSS 
score was 1.50 (±1.13) points. Our study included 202 (70.13%) 
patients whose disease was inactive while being treated (not ac-
tive–treated arm, NA-T). Their mean EDSS score was 1.39 (±1.08) 
points, and average age, age at diagnosis, and disease duration 
were 42.53 (±10.79), 31.81 (±9.87), and 11.53 (±7.52) years, re-
spectively. A total of 43 people (14.93%) had inactive disease with-
out treatment (not active–not treated arm, NA-NT), of whom 20 
patients had an isolated optic neuritis, but with additional diagnos-
tic measures according to the latest McDonald criteria the diagno-
sis of definite MS could be made. Their average disease duration, 
age, and age at diagnosis were 15.19 (±7.52), 50.28 (±14.57), and 
34.77 (±10.82) years and a mean EDSS score was 0.95 (±1.08) 
points (Tables 2 and 3).

Progressive disease type was identified in 132 of our patients 
(31.43% of the total population), their average disease duration, 
age, and age at diagnosis were 20.77 (±12.20), 58.4 (±11.5), and 
37.6 (±11.3) years, and mean EDSS score was 5.92 (±1.46) points. 
Disease activity could be established in 31 patients and 23 persons' 
(17.42%) disease showed progression adjacent to activity (active–
progressive arm, A-P), while progression was not seen despite dis-
ease activity in eight patients (6.06%, active–not progressive arm, 
A-NP). Mean age, age at diagnosis, disease duration, and EDSS score 
were 49.91 (±10.46), 34.74 (±10.35), 15.17 (±10.49) years, and 5.65 
(±1.28) points in the A-P arm and were 49.38 (±8.99), 35.13 (±13.23), 
14.25 (±10.08) years, and 5.31 (±1.65) points in the A-NP arm. No 
disease activity, nor progression (not active–not progressive arm, 
NA-NP) could be identified in 53 (40.15%) patients, while progres-
sion could be determined without signs of activity in 48 (36.36%) 
patients. Average age, age at diagnosis, disease duration, and EDSS 
score were 59.98 (±10.05), 36.85 (±10.11), 23.00 (±12.04) years, and 
5.57 (±1.23) points in the NA-NP group and 62.33 (±11.16), 40.17 
(±12.49), 22.06 (±12.56) years, and 6.54 (±1.56) points in the NA-P 
group, respectively (Tables 2 and 3). There was no difference in dis-
tribution in-between genders (p  =  .258) regarding disease pheno-
types (data not shown).

A total of 341 patients (81.19% of the total cohort) had received 
treatment at some point during their lifetime, and on the prevalence 

Age-group (years)

Men Women Total

Cases Prevalence Cases Prevalence Cases Prevalence

0–14 0 0.0 0 0.0 0 0.0

15–19 0 0.0 1 10.3 1 5.0

20–24 1 8.0 3 24.2 4 16.0

25–29 4 28.5 19 142.9 23 84.1

30–34 9 71.7 29 250.4 38 157.4

35–39 16 121.7 30 234.6 46 177.3

40–44 12 70.4 47 285.4 59 176.0

45–49 20 138.7 37 257.9 57 198.2

50–54 12 92.8 37 277.5 49 186.6

55–59 7 63.6 36 290.6 43 183.8

60–64 11 83.7 34 211.2 45 153.9

65–69 13 117.8 19 126.8 32 123.0

70–74 0 0.0 14 111.2 14 67.0

75–79 0 0.0 4 39.2 4 24.7

80–84 1 30.0 2 28.4 3 28.9

85– 1 41.1 1 16.2 2 23.3

Crudea  107 56.5 313 149.3 420 105.3

Age–sex-adjustedb    53.9   144.8   101.8

Note: The average incidence of MS for the examined period was 4.44/100,000, 2.44/100,000 for 
men, and 6.25/100,000 for women, respectively.
aCrude prevalence per 100,000 persons. 
bStandardized prevalence per 100,000 persons (the 2013 European standard population was used 
as reference population in the direct standardization). 

TA B L E  1  Age-, and sex-specific and 
standardized prevalence of multiple 
sclerosis in Csongrád county on the 1 
January 2019
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day, 312 (74.28%) of our patients were treated. A total of 230 
(79.86%) patients with an R-R disease type, and 72 patients (54.54%) 
with progressive disease type received treatment on the prevalence 
day. A total of 178 patients received platform therapies, and 134 
were prescribed a HADMT. As a first choice, 307 patients received 
platform drugs and 34 patients were started on a HADMT from the 
beginning of their treatment (Table 4).

Of the 28 R-R patients whose disease showed activity despite 
treatment, 10 patients were treated with platform drugs, 18 with 
HADMTs. Four patients have refused to change and escalate treat-
ment despite having an active disease while using a DMT, 2 pa-
tients have commenced a DMT <1  month before the prevalence 
day; hence, their disease was still considered active and 22 patients 
have been switched to another DMT within 3 months of the prev-
alence day (i.e., on their next visit). From the 15 patients in the ac-
tive–not treated arm, three patients began treatment shortly after 
the prevalence day, one patient has given birth not much prior to 
the prevalence day and has restarted treatment later, and the rest, 
11 patients, either refused treatment or were unable to be treated 
because of compliance issues. Of the 43 patients that showed no 
signs of disease activity despite being untreated 20 patients had an 

isolated attack comprising of optical neuritis and thus were closely 
observed and given no treatment yet, one patient was started on a 
DMT shortly after the prevalence day, while five people have been 
treated with platform drugs throughout their disease, but treatment 
have been ceased with all of them (two patients became pregnant, 
one patient developed a malignant disease, one patient asked for 
the discontinuation of treatment, and one patient was unfit to be 
treated due to compliance issues). Of the 202 patients in the NA-NT 
arm, 134 received platform drugs and 68 HADMTs. Regarding the 
progressive disease phenotype, 15 people were treated out of the 
17 patients with an active–progressive disease; 12 people were pre-
scribed a HADMT, and three were administered platform therapies. 
Almost all, seven out eight patients were treated in the active–not 
progressive arm, three patients with platform drugs, and four with 
HADMTs. In the not active–not progressive and not active–progres-
sive groups, 23 and five patients received platform drugs, 21 and 
11 people were administered HADMTs, respectively (Table 4). The 
majority of our patients (134) were using their first choice of DMTs, 
103 patients underwent treatment change once, 50 people twice 
and 23 patients three times. Four and five treatment changes were 
necessary with 1–1 patient (Table 5).

TA B L E  4   Present and past treatment status of our patients by disease type and disease activity

 

Treated ever Treated now Started on HADMT Started on platform

No Yes No Platform HADMT No Yes No Yes

R-R disease 
(288, 68.57%)

CIS (12; 4.16%) NA-NT 12 0 12 0 0 12 0 12 0

R-R (276; 
95.84%)

A-T 0 28 0 10 18 27 1 1 27

A-NT 12 3 15 0 0 15 0 12 3

NA-T 0 202 0 134 68 182 20 20 182

NA-NT 26 5 31 0 0 31 0 26 5

Progressive 
disease (132, 
31.43%)

PP (30; 
22.73%)

A-NP 0 2 0 1 1 1 1 1 1

A-P 3 3 3 0 3 4 2 5 1

NA-NP 2 5 2 1 4 4 3 5 2

NA-P 7 8 8 0 7 9 6 13 2

SP (102; 
77.27%)

A-NP 0 6 1 2 3 5 1 1 5

A-P 1 16 5 3 9 17 0 1 16

NA-NP 4 42 7 22 17 46 0 4 42

NA-P 12 21 24 5 4 33 0 12 21

Note: Columns one and two show how many patients in each subgroup have ever been treated during some point in their disease, and the potency of 
the used DMT for patients who are treated on the prevalence day. Columns three and four show how many patients in each subgroup have started 
their treatment with low or high potency drugs. Most of the still treated R-R patients started their treatment with platform drugs, and escalation to 
a HADMT was necessary with 48 of them. On the contrary, a higher fraction of patients with a progressive disease started their treatment with a 
HADMT. Furthermore, a bigger ratio of PP and SP patients switched onto a HADMT after being started on platform drugs, than did patients in the 
R-R disease type group.
Abbreviations: A-NP, active–not progressive (patient showing disease without progression); A-NT, active–not treated (patients showing disease 
activity without receiving treatment); A-P, active–progressive (patient showing disease and progression at the same time); A-T, active–treated 
(patients showing disease activity despite receiving treatment); CIS, clinically isolated syndrome; HADMT, highly active disease modifying 
treatment—fingolimod, natalizumab, ocrelizumab, cladribine, alemtuzumab, and mitoxantrone; NA-NP, not active–not progressive (patient not 
showing disease activity nor progression); NA-NT, not active–not treated (patient not showing disease activity without receiving treatment); NA-P, 
not active–progressive (patient not showing disease activity while showing progression); NA-T, not active–treated (patient not showing disease 
activity while receiving treatment); Platform, platform therapies—interferons, glatiramer acetate, dimethyl fumarate, and teriflunomide; PP, primary 
progressive disease; R-R, relapsing–remitting; SP, secondary progressive disease.
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4  | DISCUSSION

In our current study, the male/female ratio was 1:2.925 in the MS 
population and 1:1.106 in the county population, and the stand-
ardized prevalence was 53.9/100,000 for men and 144.8/100,000 
for women. The total incidence of MS for the examined period was 
4.44/100,000, while it was 2.44/100,000 for men and 6.25/100,000 
for women. This makes Hungary a medium-risk country for MS in 
accordance with previous epidemiological studies from this region 
(Benjak et al., 2018; Kapica-Topczewska et al., 2018; Salhofer-
Polanyi et al., 2017; Zsiros et al., 2014).

Examining the same area, Bencsik et al. measured the male/
female ratio to be 1:2.75 and 1:3.08 in the MS population and 
1:1.09 and 1:1.12 in the overall county population in 1999 and 
2013, respectively (Bencsik et al., 2001; Zsiros et al., 2014). Our 
results are in accordance with current findings in the literature 
regarding the continuous rising of prevalence of MS in the past 
decades, as well as higher occurrence of MS in women (Benito-
Leon, 2011; Kingwell et al., 2013; Koch-Henriksen, Thygesen, 
Stenager, Laursen, & Magyari, 2018). Even though there is no ob-
vious explanation yet for this tendency, many factors have been 
suspected to play a role in it (Koch-Henriksen et al., 2018). The 
presumed factors of decreased amount of childbirth (Hungarian 
Central Statistical Office, 2019), increasing occurrence and sever-
ity of obesity (Leray et al., 2010), and high tobacco consumption 
(Alpar et al., 2016) are valid for Hungary as well. Also, the new 
McDonald1 criteria make the diagnosis of definite MS possible 

faster than before. In addition, since the last epidemiological study 
from the same region not only several HADMTs have entered the 
market but all of them have been reimbursed by the healthcare 
provider, rendering the whole therapeutic palette accessible for 
every patient. This made a personalized, tailored to disease activ-
ity treatment available for everyone, considerably prolonging the 
time to conversion to a secondary progressive disease even for 
patients with very high disease activity, therefore increasing the 
overall survival of the patients. We presume that all these factors 
may play a role in the seen increase of both prevalence and inci-
dence of MS in the surveyed region.

The distribution of our patients based on their disease course 
(65.71% had relapsing–remitting, 24.29% had secondary progres-
sive, 7.14% had primary progressive disease course and 2.86% of 
our patients were diagnosed with CIS) is also in line with recently 
published data based on large registries from both high and low 
prevalence regions for MS from across Europe, from Finland, Italy, 
Argentina, and Sweden (Hillert & Stawiarz, 2015; Laakso et al., 2019; 
Mellinger et al., 2018; Pirttisalo, Soilu-Hanninen, & Sipila, 2019; 
Trojano et al., 2019; Urru, Antonelli, & Sechi, 2019).

According to the phenotypic classification (Lublin, 2014), roughly 
2/3rd of our patients (288 patients, 68.57%) had a relapsing–remit-
ting disease type and 1/3rd were diagnosed with a progressive dis-
ease (132 patients, 31.43%). The majority (83.33%) of patients with 
a relapsing–remitting disease course received treatment. Most of 
them were successfully treated according to their disease activity 
as 87.8% of the patients treated showed no disease activity with 

TA B L E  5   Number of treatment changes during the patients' disease course stratified by disease type and disease activity

 

Number of changes

0 1 2 3 4 5

R-R disease (288, 68.57%) R-R (276; 95.84%) A-T 7 11 8 1 0 1

A-NT 1 2 0 0 0 0

NA-T 96 66 26 13 1 0

NA-NT 3 1 1 0 0 0

Progressive disease (132, 
31.43%)

PP (30; 22.73%) A-NP 1 0 0 1 0 0

A-P 2 0 1 0 0 0

NA-NP 4 0 1 0 0 0

NA-P 7 1 0 0 0 0

SP (102; 77.27%) A-NP 1 3 2 0 0 0

A-P 4 5 5 2 0 0

NA-NP 15 15 6 6 0 0

NA-P 10 5 5 1 0 0

Note: In the majority of patients with whom no disease activity was seen, it was achieved with either their first or second disease modifying 
treatment (NA-T and NA-NP groups within the R-R and progressive disease course, respectively).
Abbreviations: A-NP, active–not progressive (patient showing disease without progression); A-NT, active–not treated (patients showing disease 
activity without receiving treatment); A-P, active–progressive (patient showing disease and progression at the same time); A-T, active–treated 
(patients showing disease activity despite receiving treatment); CIS, clinically isolated syndrome; NA-NP, not active–not progressive (patient not 
showing disease activity nor progression); NA-NT, not active–not treated (patient not showing disease activity without receiving treatment); NA-P, 
not active–progressive (patient not showing disease activity while showing progression); NA-T, not active–treated (patient not showing disease 
activity while receiving treatment); PP, primary progressive disease; R-R, relapsing–remitting; SP, secondary progressive disease.



     |  9 of 10BIERNACKI et al.

their current DMT, also their mean EDSS (1.39) was low compared 
to their relatively long mean disease duration (11.55 years). Most of 
the patients with a relapsing–remitting disease course were using 
platform therapies (62.6%), roughly one third of them were treated 
with a HADMT (37.4%).

On the prevalence day, 62.1% of the patients with a pro-
gressive disease were treated, more people received a HADMT 
(58.5%), than platform therapies (41.5%). Compared to patients 
with an R-R disease course, an even bigger ratio of patients (87.4%) 
started their treatment with platform drugs, as previously no ther-
apy was approved for primary progressive disease, also when most 
patients, who now have a SP disease began their treatment at a 
time when only platform drugs were available for the R-R disease 
type and converted before the introduction of HADMTs. The 
currently seen high number of patients on a HADMT among pa-
tients with a progressive disease is owed to the recent approval 
of ocrelizumab for the treatment of primary progressive disease 
in Hungary. Regarding the whole cohort, an escalative therapeutic 
approach was used in the history of most patients, as at the time 
when we began to treat most of our patients HADMTs were either 
not available yet at all or were not reimbursed by the healthcare 
provider as a first choice of treatment; therefore, only a lateral 
change or escalation was possible, induction with a highly potent 
drug was not.

In the near future, an even higher ratio of patients is expected to 
be using HADMTs (especially among patients with progressive dis-
ease), as more patients are going to be diagnosed with a secondary 
progressive disease type, than nowadays, not only due to the intro-
duction of the new diagnostic criteria for secondary progressive MS, 
but because several highly active DMTs are already in the pipeline 
awaiting EMA approval for the treatment of SPMS.

A limitation of our study is the relatively small sample size, 
however taking into consideration that only our clinic maintains 
an MS registry in the country and that the examined area com-
prises of 4% of the country's total population, and all our diagnostic 
tools and treatment options are available countrywide, our find-
ings can be considered as representative for the whole of the MS 
population in Hungary. Strong points include the good quality data 
extracted from our registry, and our current study appears to be 
one of the first epidemiological studies that have used the most 
recent McDonald criteria as well as the newly proposed pheno-
typic classification of disease type, and one that has also evaluated 
the treatment status of the patients. Other strong point is that 
because of a previous epidemiological study in this area (Bencsik 
et al., 2001; Zsiros et al., 2014) it provides a picture of disease de-
velopment. Thus, it gives valuable information to the healthcare 
provider not only about the size of the population that needs to 
be treated, but of the actual status of their disease and efficacy 
of the used therapy, and possible future therapeutic and financing 
needs. Furthermore, fresh epidemiological data from the Central 
European region based on recent diagnostic and classification cri-
teria were lacking, which demand our study addresses.

5  | CONCLUSION

The new phenotype–based classification system, new therapeutic 
guidelines and the most recent revisions to the McDonald diagnos-
tic criteria invoke the need for a fundamentally different therapeu-
tic approach than used before. In contrast to the previous escalative 
practice, a personalized treatment strategy is urged. To achieve 
this, the constant re-evaluation of the patient's disease course 
along with disease activity is needed. With the timely start of an 
adequate DMT and rapid changes in treatment, when necessary, 
long-term stability and significant slowing of disease progression 
can be achieved not only in patients with R-R, but with progressive 
disease as well.

ACKNOWLEDG MENTS
This paper was supported by the Foundation for the Neurology of 
Szeged (“Szegedi Neurológiáért Alapítvány”), tax number: 18455168-
1-06 and by the Hungarian Brain Research Program [2017-1.2.1-
NKP-2017-00002 NAP VI/4].

CONFLIC T OF INTERE S T
The authors report no conflict of interest.

AUTHOR CONTRIBUTIONS
T.B., D.S., and K.B. conceived and designed the study. T.B., D.S., 
Zs.F.-N., Zs.T.K., J.F., R.L., and Zs.K. recruited patients and gathered 
patient data. T.B. analyzed the data and wrote the paper. K.B., L.V., 
and P.K. edited and revised the manuscript. All authors read and ap-
proved the final manuscript.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Krisztina Bencsik   https://orcid.org/0000-0002-1400-1288 

R E FE R E N C E S
Alpar, A., Balku, E., Berki, J., Demjen, T., Kimmel, Z., Kiss, J., … Varsanyi, 

P. (2016). Retrieved from https://www.fokus​zpont.dohan​yzasv​issza​
szori​tasa.hu/sites​/defau​lt/files​/dohan​yzas_vissz​aszor​itasa_2016_
dohan​yzas_fokus​zpont.pdf

Bencsik, K., Rajda, C., Fuvesi, J., Klivenyi, P., Jardanhazy, T., Torok, M., 
& Vecsei, L. (2001). The prevalence of multiple sclerosis, distribu-
tion of clinical forms of the disease and functional status of patients 
in Csongrad County, Hungary. European Neurology, 46(4), 206–209. 
https://doi.org/10.1159/00005​0806

Bencsik, K., Sandi, D., Biernacki, T., Kincses, Z., Fuvesi, J., Fricska-
Nagy, Z., & Vecsei, L. (2017). The multiple sclerosis registry of 
Szeged. Ideggyogy Sz, 70(9–10), 301–306. https://doi.org/10.18071​/ 
isz.70.0301

Benito-Leon, J. (2011). Multiple sclerosis: Is prevalence rising and 
if so why? Neuroepidemiology, 37(3–4), 236–237. https://doi.
org/10.1159/00033​4606

Benjak, T., Štefančić, V., Draušnik, Ž., Cerovečki, I., Roginić, D., Habek, M., 
… Stevanović, R. (2018). Prevalence of multiple sclerosis in Croatia: 

https://orcid.org/0000-0002-1400-1288
https://orcid.org/0000-0002-1400-1288
https://www.fokuszpont.dohanyzasvisszaszoritasa.hu/sites/default/files/dohanyzas_visszaszoritasa_2016_dohanyzas_fokuszpont.pdf
https://www.fokuszpont.dohanyzasvisszaszoritasa.hu/sites/default/files/dohanyzas_visszaszoritasa_2016_dohanyzas_fokuszpont.pdf
https://www.fokuszpont.dohanyzasvisszaszoritasa.hu/sites/default/files/dohanyzas_visszaszoritasa_2016_dohanyzas_fokuszpont.pdf
https://doi.org/10.1159/000050806
https://doi.org/10.18071/isz.70.0301
https://doi.org/10.18071/isz.70.0301
https://doi.org/10.1159/000334606
https://doi.org/10.1159/000334606


10 of 10  |     BIERNACKI et al.

Data from national and non-governmental organization registries. 
Croatian Medical Journal, 59(2), 65–70. https://doi.org/10.3325/
cmj.2018.59.65

Compston, A., Confavreux, C. (2005). The distribution of multiple scle-
rosis. In A. Compston, C. Confavreux, H. Lassman, et al., (Eds.), 
McAlpine's multiple sclerosis (4th ed., pp. 71–111). Philadelphia, PA: 
Churchill Livingstone/Elselvier.

Correale, J., Gaitan, M. I., Ysrraelit, M. C., & Fiol, M. P. (2017). Progressive 
multiple sclerosis: From pathogenic mechanisms to treatment. Brain, 
140(3), 527–546. https://doi.org/10.1093/brain​/aww258

Davda, N., Tallantyre, E., & Robertson, N. P. (2019). Early MRI predic-
tors of prognosis in multiple sclerosis. Journal of Neurology, 266(12), 
3171–3173. https://doi.org/10.1007/s0041​5-019-09589​-2

Filippi, M., Rocca, M. A., Ciccarelli, O., De Stefano, N., Evangelou, N., 
Kappos, L., … MAGNIMS Study Group (2016). MRI criteria for the 
diagnosis of multiple sclerosis: MAGNIMS consensus guidelines. The 
Lancet Neurology, 15(3), 292–303. https://doi.org/10.1016/S1474​
-4422(15)00393​-2

Hillert, J., & Stawiarz, L. (2015). The Swedish MS registry - Clinical sup-
port tool and scientific resource. Acta Neurologica Scandinavica, 
132(199), 11–19. https://doi.org/10.1111/ane.12425

Hungarian Central Statistical Office (2019). Retrieved from http://www.
ksh.hu/docs/hun/xstad​at/xstad​at_eves/i_wdsd0​04c.html

Kapica-Topczewska, K., Brola, W., Fudala, M., Tarasiuk, J., Chorazy, M., 
Snarska, K., … Kulakowska, A. (2018). Prevalence of multiple sclerosis 
in Poland. Multiple Sclerosis and Related Disorders, 21, 51–55. https://
doi.org/10.1016/j.msard.2018.02.016

Kingwell, E., Marriott, J. J., Jetté, N., Pringsheim, T., Makhani, N., Morrow, 
S. A., … Marrie, R. A. (2013). Incidence and prevalence of multiple 
sclerosis in Europe: A systematic review. BMC Neurology, 13, 128. 
https://doi.org/10.1186/1471-2377-13-128

Koch-Henriksen, N., Thygesen, L. C., Stenager, E., Laursen, B., & Magyari, 
M. (2018). Incidence of MS has increased markedly over six decades 
in Denmark particularly with late onset and in women. Neurology, 
90(22), e1954–e1963. https://doi.org/10.1212/WNL.00000​00000​
005612

Kurtzke, J. F. (1983). Rating neurologic impairment in multiple sclerosis: 
An expanded disability status scale (EDSS). Neurology, 33(11), 1444–
1452. https://doi.org/10.1212/wnl.33.11.1444

Laakso, S. M., Viitala, M., Kuusisto, H., Sarasoja, T., Hartikainen, P., 
Atula, S., … Soilu-Hänninen, M. (2019). Multiple sclerosis in Finland 
2018-Data from the national register. Acta Neurologica Scandinavica, 
140(5), 303–311. https://doi.org/10.1111/ane.13145

Leray, E., Yaouanq, J., Le Page, E., Coustans, M., Laplaud, D., Oger, J., 
& Edan, G. (2010). Evidence for a two-stage disability progres-
sion in multiple sclerosis. Brain, 133(Pt 7), 1900–1913. https://doi.
org/10.1093/brain​/awq076

Lorscheider, J., Buzzard, K., Jokubaitis, V., Spelman, T., Havrdova, E., 
Horakova, D., … MSBase Study Group (2016). Defining secondary 
progressive multiple sclerosis. Brain, 139(Pt 9), 2395–2405. https://
doi.org/10.1093/brain​/aww173

Lublin, F. D. (2014). New multiple sclerosis phenotypic classification. 
European Neurology, 72(Suppl 1), 1–5. https://doi.org/10.1159/00036​
7614

McDonald, W. I., Compston, A., Edan, G., Goodkin, D., Hartung, H.-P., 
Lublin, F. D., … Wolinsky, J. S. (2001). Recommended diagnostic cri-
teria for multiple sclerosis: Guidelines from the International Panel 
on the diagnosis of multiple sclerosis. Annals of Neurology, 50(1), 
121–127. https://doi.org/10.1002/ana.1032

Mellinger, S., Dias, D., Flores, N., Palavecino, A., Vigo, G., Burgos, D., 
… Burgos, M. (2018). Multiple sclerosis prevalence in Salta City, 
Argentina. Multiple Sclerosis and Related Disorders, 25, 212–215. 
https://doi.org/10.1016/j.msard.2018.07.033

Montalban, X., Gold, R., Thompson, A. J., Otero-Romero, S., Amato, M. P., 
Chandraratna, D., … Zipp, F. (2018a). ECTRIMS/EAN Guideline on the 
pharmacological treatment of people with multiple sclerosis. Multiple 
Sclerosis Journal, 24(2), 96–120. https://doi.org/10.1177/13524​
58517​751049

Montalban, X., Gold, R., Thompson, A. J., Otero-Romero, S., Amato, 
M. P., Chandraratna, D., … Zipp, F. (2018b). ECTRIMS/EAN guide-
line on the pharmacological treatment of people with multiple scle-
rosis. European Journal of Neurology, 25(2), 215–237. https://doi.
org/10.1111/ene.13536

Pirttisalo, A. L., Soilu-Hanninen, M., & Sipila, J. O. T. (2019). Multiple 
sclerosis epidemiology in Finland: Regional differences and high in-
cidence. Acta Neurologica Scandinavica, 139(4), 353–359. https://doi.
org/10.1111/ane.13057

Polman, C. H., Reingold, S. C., Banwell, B., Clanet, M., Cohen, J. A., Filippi, 
M., … Wolinsky, J. S. (2011). Diagnostic criteria for multiple sclerosis: 
2010 revisions to the McDonald criteria. Annals of Neurology, 69(2), 
292–302. https://doi.org/10.1002/ana.22366

Polman, C. H., Reingold, S. C., Edan, G., Filippi, M., Hartung, H.-P., Kappos, 
L., … Wolinsky, J. S. (2005). Diagnostic criteria for multiple sclerosis: 
2005 revisions to the "McDonald Criteria". Annals of Neurology, 58(6), 
840–846. https://doi.org/10.1002/ana.20703

Poser, C. M., Paty, D. W., Scheinberg, L., McDonald, W. I., Davis, F. A., 
Ebers, G. C., … Tourtellotte, W. W. (1983). New diagnostic criteria 
for multiple sclerosis: Guidelines for research protocols. Annals of 
Neurology, 13(3), 227–231. https://doi.org/10.1002/ana.41013​0302

Purmonen, T., Hakkarainen, T., Tervomaa, M., & Ruutiainen, J. (2020). 
Impact of multiple sclerosis phenotypes on burden of disease in 
Finland. Journal of Medical Economics, 23(2), 156–165. https://doi.
org/10.1080/13696​998.2019.1682004

Salhofer-Polanyi, S., Cetin, H., Leutmezer, F., Baumgartner, A., Blechinger, 
S., Dal-Bianco, A., … Stamm, T. (2017). Epidemiology of multiple 
sclerosis in Austria. Neuroepidemiology, 49(1–2), 40–44. https://doi.
org/10.1159/00047​9696

Scalfari, A., Neuhaus, A., Degenhardt, A., Rice, G. P., Muraro, P. A., 
Daumer, M., & Ebers, G. C. (2010). The natural history of multiple 
sclerosis: A geographically based study 10: Relapses and long-term 
disability. Brain, 133(Pt 7), 1914–1929. https://doi.org/10.1093/brain​
/awq118

Thompson, A. J., Banwell, B. L., Barkhof, F., Carroll, W. M., Coetzee, T., 
Comi, G., … Cohen, J. A. (2018). Diagnosis of multiple sclerosis: 2017 
revisions of the McDonald criteria. The Lancet Neurology, 17(2), 162–
173. https://doi.org/10.1016/S1474​-4422(17)30470​-2

Trojano, M., Bergamaschi, R., Amato, M. P., Comi, G., Ghezzi, A., Lepore, 
V., … Battaglia, M. A. (2019). The Italian multiple sclerosis register. 
Neurological Sciences, 40(1), 155–165. https://doi.org/10.1007/s1007​
2-018-3610-0

Urru, S. A. M., Antonelli, A., Sechi, G. M., & MS Working Group (2019). 
Prevalence of multiple sclerosis in Sardinia: A systematic cross-sec-
tional multi-source survey. Multiple Sclerosis Journal, 26(3), 372–380, 
https://doi.org/10.1177/13524​58519​828600

Zsiros, V., Fricska-Nagy, Z., Fuvesi, J., Kincses, Z. T., Langane, E., Paulik, 
E., … Bencsik, K. (2014). Prevalence of multiple sclerosis in Csongrad 
County, Hungary. Acta Neurologica Scandinavica, 130(5), 277–282. 
https://doi.org/10.1111/ane.12219

How to cite this article: Biernacki T, Sandi D, Fricska-Nagy Z, 
et al. Epidemiology of multiple sclerosis in Central Europe, 
update from Hungary. Brain Behav. 2020;10:e01598. https://
doi.org/10.1002/brb3.1598

https://doi.org/10.3325/cmj.2018.59.65
https://doi.org/10.3325/cmj.2018.59.65
https://doi.org/10.1093/brain/aww258
https://doi.org/10.1007/s00415-019-09589-2
https://doi.org/10.1016/S1474-4422(15)00393-2
https://doi.org/10.1016/S1474-4422(15)00393-2
https://doi.org/10.1111/ane.12425
http://www.ksh.hu/docs/hun/xstadat/xstadat_eves/i_wdsd004c.html
http://www.ksh.hu/docs/hun/xstadat/xstadat_eves/i_wdsd004c.html
https://doi.org/10.1016/j.msard.2018.02.016
https://doi.org/10.1016/j.msard.2018.02.016
https://doi.org/10.1186/1471-2377-13-128
https://doi.org/10.1212/WNL.0000000000005612
https://doi.org/10.1212/WNL.0000000000005612
https://doi.org/10.1212/wnl.33.11.1444
https://doi.org/10.1111/ane.13145
https://doi.org/10.1093/brain/awq076
https://doi.org/10.1093/brain/awq076
https://doi.org/10.1093/brain/aww173
https://doi.org/10.1093/brain/aww173
https://doi.org/10.1159/000367614
https://doi.org/10.1159/000367614
https://doi.org/10.1002/ana.1032
https://doi.org/10.1016/j.msard.2018.07.033
https://doi.org/10.1177/1352458517751049
https://doi.org/10.1177/1352458517751049
https://doi.org/10.1111/ene.13536
https://doi.org/10.1111/ene.13536
https://doi.org/10.1111/ane.13057
https://doi.org/10.1111/ane.13057
https://doi.org/10.1002/ana.22366
https://doi.org/10.1002/ana.20703
https://doi.org/10.1002/ana.410130302
https://doi.org/10.1080/13696998.2019.1682004
https://doi.org/10.1080/13696998.2019.1682004
https://doi.org/10.1159/000479696
https://doi.org/10.1159/000479696
https://doi.org/10.1093/brain/awq118
https://doi.org/10.1093/brain/awq118
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1007/s10072-018-3610-0
https://doi.org/10.1007/s10072-018-3610-0
https://doi.org/10.1177/1352458519828600
https://doi.org/10.1111/ane.12219
https://doi.org/10.1002/brb3.1598
https://doi.org/10.1002/brb3.1598

