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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Work objective: To study the relationship between the
duration of remission after the onset, the severity of relapses
against the background of different duration of the relapsing
stage (RS) and the nature of the prognosis in the secondary
progressive multiple sclerosis (SPMS) using clinical and
mathematical analysis.

Material and research methods: Patients with different
prognosis for SPMS; neurological examination using The
Expanded Disability Status Scale (EDSS); a survey method.
Mathematical methods: ‘contingency tables 2x2’ (determining
the significance of the connection between a pair of two indicators
- different duration of remission after the onset and RS in four
groups of patients), Yule's Coefficient of Association (determining
the magnitude of differences between the group and the studied
indicator), a permutation test (defining clinical indicators on RS,
which significantly differed in mild and severe relapses).

Research results: Pairwise comparison in four groups of
patients with different duration of remission after the onset and
RS in SPMS showed that long-term remission after the onset
and prolonged RS delay the transition of RS into secondary
progression (SP). Short duration of these indicators revealed
the opposite prognostic tendencies, indicating the further
progression of the disease. The presence of severe relapses
on RS in SPMS is predominantly associated with unfavorable
prognostic indicators on RS and indicates the initiation of the
transition into SP.

Conclusion: Accordingly, the duration of remission after
the onset, the severity of relapses against the background of
different durations of RS should be regarded as prognostic
clinical markers that play a key role in the switch of RS to SPS
in SPMS. The results obtained should be used to assess the
current clinical situation and timely prescribe an appropriate
pathogenetic therapy on RS.

Key words. Multiple sclerosis, secondary progressive course,
prognosis, remission after the onset, severity of relapses,
relapsing stage, Yule’s coefficient, contingency tables,
permutation test.

Introduction.

Prognosticating in secondary progressive multiple sclerosis
(SPMS) results from the interaction of various clinical indicators
that characterize the disease course stages. Thus, a logical
question arises whether the transformation of a recurrent course
(RC) into a secondary progressive one is inevitable, or these
are two different types of the course with different pathogenetic
mechanisms of formation? [1-8].
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Unlike RC, which is relatively stable and generally favorable
in 10-15% of patients, SPMS is characterized by an accelerated
accumulation of neurological deficit and an increase in the
degree of disability with the formation of a final unfavorable
prognosis in the vast majority of patients [1,9-13].

At the same time, some patients should be given a relatively
“benign” prognosis as an indefinite one, which has characteristic
features, the leading ones of which are a long relapsing stage
(RS), slow progressive accumulation of neurological deficit
during the secondary progression stage (SPS), an adequate
response to various methods of pathogenetic and symptomatic
therapy [10,13,14,15,16].

The paths along which the SPS is formed are of strategic
importance for different prognosis options in SPMS. Repeat
clinical analysis has shown that this stage forms and develops
in two ways. Pathway 1 is more common and begins after a
relapsing stage of varying duration; path 2 follows immediately
after clinical remission after onset, bypassing RS. Therefore, the
pathway 1 is regarded as more favorable due to the inclusion of
such temporary stages of the disease as remission after the onset
of various durations and RS, which temporarily prevent the
formation and slow down the development of SPS. Pathway 2,
which has no RS, is characterized by an accelerated formation of
a persistent neurological deficit and a furthermore unfavorable
course of the disease [10,14].

Long-term remission after the onset has been generally accepted
to be an important criterion for the further benign course of the
disease [17]. However, this statement, based on the clinical
experience of previous generations of neurologists, is in conflict
with recent studies, which, taking into account the introduction
of neuroimaging research methods (MRI), indicate a continuous
wave-like activity of the demyelinating process. Therefore, in
the vast majority of patients, the so-called clinical remissions,
which due to the MRI-revealed radiological activity proceed as
pseudo-remissions, represent a stage in the subclinical course of
MS. The longer this process proceeds, the more likely it causes
depletion and disruption of adaptive-compensatory mechanisms
due to the lack of adequate and timely pathogenetic therapy.
This fact significantly increases the likelihood of further adverse
courses of the disease in this category of patients [12,15,18,19].

The transformation of RC into SPMS requires a complex
selective structural reorganization of various clinical indicators
in RS (its duration, the rate of formation of neurological
symptoms in different relapses, the severity and duration of
relapses, the duration and completeness of clinical remissions
between relapses, the dynamics and degree of accumulation of
neurological deficit, according to the EDSS). The leading role
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among these indicators belongs to the duration of RS and the
severity of relapses [10,18,19,20].

With this in mind, the objective of this research was to study
the relationship between the duration of remission after the
onset, the severity of relapses against the background of different
durations of RS, and the nature of the prognosis in SPMS using
clinical and mathematical analysis.

One hundred patients with secondary-progressive stage (SPS)
were examined. Eighty patients with relapsing stage (RS)
were examined as a control group when analyzing the severity
of recurrent course (RC). Therefore, in Table 5, " Significant
differences between the frequency of clinical indicators in
patients with severe and mild (and/or moderate) RS relapses in
RC", the number of patients with severe relapses (n=15), and
mild relapses (n=65). A total of 80 patients.

Using the “2x2 contingency tables” (method of statistical
analysis), the significance of the relationship between a pair of
two indicators characterizing the clinical features of the course
of remissions after the onset and RS according to the 2 test
was compared and assessed. The groups were distinguished
taking into account the frequency of these indicators, for each
of which non-random differences in their frequency were
determined in the considered pairs of groups. The magnitude of
the differences between the group and the studied indicator was
assessed using the coefficient of colligation, which in this case
was a correlation coefficient. With the help of a permutation
test (method of statistical analysis) in SPMS and RC, clinical
indicators were determined that significantly differed in RS in
mild (and/or moderate) and severe relapses [10,21-24].

Correlations between two indicators, the duration of remissions
after the onset and the duration of RS, was compared in the
following groups of SPMS patients:

- group 1 — short (and/or medium) remission after the onset
and short (and/or medium) recurrent stage (46 people).

- group 2 — long remission after the onset and long recurrent
stage (14 people).

- group 3 — short (and/or medium) remission after the onset
and long recurrent stage (26 people).

- group 4 — long remission after the onset and short (and/or
medium) recurrent stage (14 people).

Various prognosis outcomes were grouped as follows. Groups
1 and 4 had approximately the same distribution of prognosis
outcomes that practically coincides with the distribution for
all patients. While in group 2 the distribution of outcomes is
“reverse”, with more common uncertain prognosis with the
same proportion as in groups 1 and 4. In group 3, on the contrary,
an unfavorable prognosis significantly prevails. All other cases,
based on this table, show trends only (Table 1).

Considering these data using the contingency method,
according to the x2 test, we obtain a correlation between groups
and percentages of the outcome of the final prognosis that is
statistically significant (p<0.01). Since the differences in the
duration of remission after the onset and the duration of RS
in different groups are presented in various combinations, it
can be assumed that these two factors are associated with the
distribution of patients according to the nature of the prognosis
in these four groups and that this distribution is not random.
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To test this assumption, using the x2 test, we assessed the
relationship between the distribution of prognosis outcomes
for the combined groups with one factor: groups with different
duration of remission after the onset (1+3 and 2+4) and groups
with different duration of RS (1+4 and 2+3). The first four-
field table corresponds to the differences in the duration of
remission after the onset (1+3) and includes all patients with
short remissions after the onset and (2+4) with long remissions.
The second four-field table corresponds to the differences in the
duration of RS: (1+4) - short and (2+3) - long (Table 2).

Applying the x2 test to two tables showed a weak correlation
in the first case (143 and 2+4) and no correlation in the second
(1+4 and 2+3). This indicates that only the combination of
these two factors significantly predetermines the final outcome
of the prognosis. Obviously, the outcome of the prognosis is
also influenced by other signs that either themselves depend on
the duration of remission and/or RS, or act independently. In
order to identify "candidates" for this role, intergroup pairwise
differences were analyzed.

Table 3 shows the clinical indicators, which correspond to a
fairly large (0.7 or more) coefficient of colligation.

The absolute value of the coefficient of colligation (0.7 and
more) indicates significant differences in its distribution between
the studied groups. The (+) sign of the coefficient of colligation
means that it is more common in group 1 of the compared pair,
while (-) represents an alternative option.

It has been shown that long-term remission most often occurs
after a mild (groups 1-2) or moderate (groups 2-3) onset, which
is rapidly formed (groups 3-4). RS after long-term remission, in
general, proceeds favorably and is characterized by mild (3-4
groups), short or medium-term relapses (2-4 groups), alternation
of different rates of formation of clinical symptoms in relapses
(2-4), long-term remissions between relapses ( 2-4 groups).
Thus, long-term remission after the onset should be regarded
as a favorable prognostic clinical marker for the further course
of the disease.

Long-term RS, as well as post-onset long-term remission, is
characterized by favorable prognostic indicators. These include

Table 1. The nature of the prognosis and the duration of remissions
after the onset and recurrent stage in 4 groups of patients with SPMS.

Unfavor.a ble Undefined prognosis
Group prognosis (n=42)
(n=58)
Group 1 (n=46) 56.5 43.5
Group 2 (n=14) 42.8 57.2
Group 3 (n=26) 69.2 30.8
Group 4 (n=14) 57.1 42.9

Note: n - number of patients

Table 2. Prognosis for combined groups of SPMS patients with
different duration of remissions after the onset and recurrent stage.

Unfavorable Undefined prognosis
Group .
prognosis
1+3 61 39
2+4 50 50
1+4 57 43
2+3 50 50



mild and moderate onsets (groups 2-3), short relapses (groups
2-3), long-term remissions and alternation of remissions of
different duration between relapses (groups 2-3). Despite the
predominance of the final unfavorable prognosis, a longer RS
improves the quality of life of these patients, postponing SPS.
With a short and/or medium remission after the onset of RS,
the course is ambiguous. A less aggressive course was observed
in the subgroup of patients with remission after the medium
onset. The structure of the RS was dominated by gradual
formation of short and mild relapses (groups 1-2 and 1-3),

Table 3. Pairwise correlation (using contingency tables) between
clinical indicators in 4 groups of SPMS patients.

Coefficient of
Indicator colligation

(0.7 and more)
Gradual symptom formation in RS relapses +0.70

(groups 1 and 2)

Alternation of different rates of symptom
formation in relapses as the course progresses in |+1.0
RS (groups 1 and 2)

Complete remissions between RS relapses

+0.

(groups 1 and 2) 0.7

Long remissions between RS relapses (groups 1
+0.77

and 2)

Alternation of remissions of different duration +0.70
between RS relapses (groups 1 and 2) )
Short RS relapses (groups 1 and 3) +0.70
Mild RS relapses (groups 1 and 3) +0.79
Tendency to aggravation of RS relapses (groups

+0.79
1 and 3)
Tendency to aggravation of RS relapses (groups

+0.75
1 and 3)
Tendency to lengthening of RS relapses (groups

+0.70
1 and 3)
Long remissions between RS relapses (groups 1

+0.87

and 3)

Mild onset (groups 1 and 4) -0.75
Short RS relapses (groups 1 and 4) -0.73
Long RS relapses (groups 1 and 4) +1.00
EDSS (groups 1 and 4) -1.00
Moderate onset (groups 2 and 3) +0.78
Alternation of different rates of symptom -1.00
formation in RS relapses (groups 2 and 3) )
Mild onset (groups 2 and 4) -0.72
Short RS relapses (groups 2 and 4) -0.78
Medium RS relapses (groups 2 and 4) -0.78
Alternation of different rates of clinical symptom 1.0
formation in RS relapses (groups 2 and 4) ’

Long clinical remissions between RS relapses

-1.0

(groups 2 and 4)

Alternation of clinical remissions of different 0.72
duration between RS relapses (groups 2 and 4) '
Rapid formation of clinical signs of the onset

-0.72

(groups 3 and 4)

Mild RS relapses (groups 3 and 4) -0.81

Short RS relapses (groups 3 and 4) -0.95
Long clinical remissions between RS relapses 1.0

(groups 3 and 4)
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Table 4. Significant differences between the frequency of clinical
indicators in patients with severe and mild (and/or moderate) RS
relapses in SPMS.

Patients with

Patients with mild (and/or

severe relapses

Indicator _ moderate)
(n=54) relapses (n=46)

RS relapse worsening 92.6+5.1 60.9+14.1

Long RS relapse 82.5+10.1 47.8+14.4

RS relapse lengthening 92.6+5.1 65.2+£13.8

Alternathn of different rates 81.5410.4 34.8413 8

of formation of RS relapses

Short remissions between RS 81.5+10.4 56.54143

relapses

Moderate duration of 25.9+11.7 52.2414.4

remission after the onset

Short RS relapses 48.1+£13.3 73.9+12.7

Note: n - number of patients

Table 5. Significant differences between the frequency of clinical
indicators in patients with severe and mild (and/or moderate) RS
relapses in RC.

Patients with
mild (and/
or moderate)

Patients with

Indicator severe relapses

(n=15) relapses (n=65)

RS relapse worsening 60.0+24.8 16.9+9.1

RS relapse lengthening 60.0+24.8 20.3+9.7
Undefined prognosis 66.7+23.8 27.6£10.9
Moderate duration of remission 6.7412.6 47.0412.1

after the onset

Mild RS relapses 40.2+24.8 86.4+8.3
Favorable prognosis 23.5+11.3 63.2+14.2

Note: n - number of patients

which alternated with complete and long remissions (groups 1-2
and 1-3). Subgroup 2 with a short remission after the onset has
less favorable RS with a predominance of long-term relapses
(groups 1-4) and their tendency to worsen and lengthen (groups
1-3 and 1-4).

In the case of short and/or medium RS opposite prognostic
trends also prevailed. On the one hand, the subgroup of patients
with medium RS more often had mild onsets (groups 1-4), short
(1-3 and 1-4 groups) and mild (1-3) relapses, full-fledged (groups
1-2) and long-term (1-2 and 1-3) clinical remissions between
relapses (1-2 groups). These indicated a more favorable course
of the disease. On the other hand, the subgroup of patients
with short RS more often had long-term relapses (groups 1-4)
with their further lengthening and aggravation (groups 1-3).
With such a structural configuration of indicators, conditions
were created that contributed to the depletion of compensatory
reserves, which led to an increased risk of SPS development.

The patients with mild (and/or moderate) and severe relapses
were grouped based on the clinical characteristics of relapses
of varying severity, which occurred in a different sequence
during the course of RS and, as a rule, alternated with each
other. Mild relapses were characterized by rapid formation of
clinical symptoms, a short duration (no more than 3-4 weeks),
mono- or oligosyndromic symptoms with minimal signs of



a rapidly regressing neurological deficit. Moderate relapses
were characterized by oligo- or polysyndromic symptoms,
predominantly developing at a gradual pace, the formation of a
moderate neurological deficit with its further gradual regression
over 2 or more months. In severe relapses, slow formation of
severe polysyndromic clinical symptoms prevailed, followed
by partial regression and gradual transformation (within 3 or
more months) into short, unstable, and incomplete remissions
[12,15,19,20].

Groups with mild (and/or moderate) relapses in SPMS showed
a significant predominance of the average duration of remission
after the onset and short RS relapses. Patients with severe RS
relapses mostly had long-term relapses, alternation of different
rates of relapse formation, worsening and lengthening of
relapses, short remissions between relapses (Table 4).

The group of patients with a favorable prognosis in RC had
no severe relapses accompanied by medium remission after the
onset and mild relapses throughout the entire course of RS. In
case of severe RS relapses, the uncertain prognosis prevailed,
which was associated with such clinical indicators as worsening
and lengthening of relapses (Table 5).

Thus, the study of comparative pairwise analysis of four
groups of patients revealed complex and ambiguous correlations
between different durations of prognostically important clinical
indicators, i.e., clinical remission after the onset and RS in
SPMS. It has been shown that long-term clinical remission
after the onset plays a key role in the subsequent relatively
benign course of SPMS. A prolonged RS for the final prognosis
generally had a positive effect, postponing the transformation
into SPMS. The greatest difficulty for assessing the prognosis
was the interpretation of indicators that have short and medium
remissions after the onset and a short and medium RS. For
these indicators, directly opposite prognostic trends were found,
indicating that medium remissions and medium RS turned out
to be more favorable, and the short duration of these indicators
was an unfavorable clinical marker of the further course of the
disease.

The severity of RS relapses in SPMS and the MSRC should
also be considered as a diagnostic indicator selectively
associated with other clinical indicators that occur during
clinical remission after the onset and in RS. For the group of
patients with mild relapses in RS, the value of timely diagnosis
of SPMS is not significant enough as it is close to the similar
group of patients with RC. This circumstance can lead to an
incorrect interpretation of the further course of the disease in this
category of patients. Severe RS relapses in this type of course,
on the contrary, may indicate the onset of transformation into
SPS.

The presence of severe RS relapses in RC allows us to regard
the further prognosis as uncertain, i.e., more unfavorable, and
testify to the further possible formation of SPMS.

Thus, the duration of remission after the onset, the severity of
relapses with different durations of RS should be regarded as
prognostic clinical markers that play a key role in transforming
RS to SPMS. The results of this study should be used to assess
the current clinical situation and timely prescribe adequate
pathogenetic therapy for RS.
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