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PAPP MATYAS (1927-2019) EMLEKERE

KOVACS Tibor

Semmelweis Egyetem, Neuroldgiai Klinika, Budapest

https://doi.org/10.18071/isz.72.0150

Papp Matyés 2019. éprilis 4-én, 92 évesen, hosszu
betegség utdn hunyt el. Kézel 60 éven at dolgozott a
Semmelweis Egyetem Neurolégiai Klinikéjén (illetve
annak jogel8djein). A multiszisztémds atrophia
zérvanytestieinek (Papp-Lantos-testek) leiréjaként szerzett
magdnak vildgirodalmi ismertséget, az International
Society of Neuropathology tiszteletbeli tagja volt.

Kulcsszavak: multiszisztémds atrophia, glialis
citoplazmatikus inclusio, Papp-Lantos-teszt

www.elitmed.hu

IN MEMORIAM MATYAS PAPP
Kovécs T, MD
Ideggyogy Sz 2019;72(5-6):150-152.

Matyds Papp died on 4th of April, 2019, at the age of 92,
following a long disease. He was working for nearly 60
years in the Department of Neurology, Semmelweis
University. He was known about his works on the inclusion
bodies in multiple system atrophy (Papp-Lantos bodies). He
was a honorary member of the International Society of
Neuropathology.

Keywords: multiple system atrophy, glial cytoplasmic
inclusion, Papp-Lantos bodies
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eveseknek adatik meg, illetve kevesen érdem-

lik ki, hogy neviik mér életiikben egy felisme-
réshez kot6djon, szerz6i névként véljon ismertté a
tudomdnyos irodalomban. A magyar klinikai neu-
rolégia erdsen Osszefonddott a neuropatoldgidval,
az iskolateremt6 professzorok a klinikum mivelése
mellett tudomanyos munkdjukat leginkdbb a neuro-
patoldgia teriiletén végezték. Schaffer Karoly neve
a hippocampus Schaffer-féle kollaterdlisaiként
marad fenn, de Kornyey és Hordnyi is nemzetkozi
hirli neurolégus és neuropatolégus volt.

Az utols6 nemzetkozi elismerést szerzett dualista
neurolégus-neuropatolégus, Papp Matyas (1. abra)
2019. aprilis 4-én, hosszu betegség utdn hunyt el.
Kozel 92 évet élt.

1927-ben sziiletett Vajddcskdn, ahonnan koran
Budapestre koltozott sziileivel. 1949-ben vették fel
a Budapesti Orvostudomanyi Egyetemre, majd még
abban az évben 0Osztondijat nyert Leningrddba, a
Pavlov Egyetem orvosi kardra, ahol 1955-ben vég-
zett. 1955-t61 dolgozott folyamatosan a Semmel-

] 50 Kovdcs: Papp Matyas (1927-2019) emlékére

Elfogadva: 2019. éprilis 29.

weis Egyetemen (illetve jogel6djein), két évig a
Nyird vezette Elme- és Idegkortani Klinikdn, majd
megalakuldsa utdn, 1957-t61 a Neuroldgiai Klini-
kan; 2014-ig kozel hatvan aktiv évig a Neuropa-
toldgiai Laboratériumban, 1970-t61 2012-ig vezette
azt. 1992-93-ban a klinika megbizott vezetdje volt.
Egyetlen évet toltott tavol kiilfoldon, 1981-82-ben,
Wellcome Trust 0sztondijasként a Department of
Neuropathology, Institute of Psychiatry vendégku-
tatdja volt, Peter Lantossal dolgozva.

A Neuropatol6giai Laboratériumban Pohl Odén
mellett dolgozott, mindig szeretettel emlitette
,,Donci bacsiként” a nevét. A klinikumot Bekény, a
neuropatoldgidt Bozsik mellett tanulta. Sajat szavai
jellemzik legjobban Horanyihoz fiz6d6 emlékeit!':
»A legnagyobb ajandéknak Hordnyitél a magam
szdmdra azt tartom, hogy megtanitott racionélisan
kételkedni.”

Kandidatusi értekezését 1974-ben védte meg, az
agy extracelluldris tereinek vizsgdlatarol. Nagy jar-
tassdgot szerzett a kolinészterdzok hisztokémidja-



ban. Mdr az 1980-as évek elején felismerte a limbi-
cus rendszer kiemelt szerepét és jelentGségét a
degenerativ idegrendszeri betegségekben, a szelek-
tiv vulnerabilitds elméletét mar az 1987-ben megje-
lent absztraktban is emliti?, négy évvel a Braak-féle
stddiumok Alzheimer-kérban valé lefrdsat megels-
z8en. Sajnos a munk4bol késziilt kozleményt akkor
a Neuroscience folyoéirat visszautasitotta (a kozle-
mény 164 gépelt oldalbél allt), a Tanar Ur (nem
szerette, ha professzornak szélitjdk) pedig nem a
szavak embere volt, nem volt hajlandé djra neki-
kezdeni a munkdnak, majd a nydlon végzett kisér-
letes munka metszeteinek nagy részét egy nehezebb
id6szakban kidobta. A kovetkezd évtizedek megfi-
gyelései azonban nem hagytdk nyugodni, igy 2003-
ban egy ebéd utdni beszélgetésen a laborban igen
koriilményesen és nehezen mutatta meg a metszete-
ket és kezdtiink el beszélgetni a munkdrdl, ami
végiil 2006-ban jelent meg?, kozel 30 évvel a kisér-
letes munka elkésziilte utan.

Az ebéd utdni beszélgetések kiilondsen jelents-
sek voltak a Tandr Ur életében. Az ebédet kivetd
kotelezd alvéds utdn a laborban készitett és erdsen
cukrozott kdvé, majd annak csészéjében valamiféle
gyiimoleslé elfogyasztasat kovetSen érezte ugy,
hogy a legjobban tud gondolkodni.

Egy ilyen ebéd utdni pihend alatti felismerés ve-
zetett a multiszisztémads atrophia (MSA) jellemz6
elvéltozasanak lefrasdhoz. Az 1980-as évek elején a
Gallyas-féle eziistimpregndciés moddszer igen
modern eljardsnak szdmitott, rendkiviil érzékenyen
mutatta ki a konformdcids véltozdst szenvedett fe-
hérjéket az idegsejtek zarvanytestjeiben. Egy Shy—
Drager-szindroméban elhunyt beteg Gallyas-festett
metszeteit nézve eldszor Alzheimer-féle neurofib-
rillaris kotegnek vélte a zdrvanyokat, majd felis-
merte, hogy gliadegenericiot 14t. Abban az idSben
ez ugymond eretnek elképzelésnek szdmitott,
hiszen az akkoriban elfogadott nézet szerint az
idegsejtek uralkodé szerepe mellett a gliasejtek
csak ,,térkitolts”, segéd szereppel birtak. A kezdeti
intézeti és hazai beszamoldk sordn sem sikeriilt
elfogadtatnia eredményeit a szakmaval, végiil az
els6 nemzetkozi kozlés 1988-ban tortént meg?
absztraktként, majd 1989-ben jelent meg az err6l
sz016 kozlemény>. A glialis citoplazma inclusiok-
nak (GCI) elnevezett zarvany a Shy—Drager-szind-
rémaét, az olivopontocerebellaris atrophiét és a stri-
atonigralis degenerdciot végérvényesen MSA-ként
egyesitette (bdr az elnevezés nem volt szerencsés,
hiszen a zirvanytestek nemcsak az oligodendro-
glidban, hanem — joval kisebb szdmban — az ideg-
sejtekben is el6fordultak, illetve a citoplazma mel-
lett a sejtmagban is kimutathatéak). A zarvanytes-
tek karakterizdci6ja és immunhisztokémiai jellem-

£

1. abra. Pap Mdtyds Imre (1927-2019)

z¢ése Peter Lantossal egylittmiikddésben valdsult
meg. Ennek elismeréseként az MSA masodik kon-
szenzus diagnosztikai kritériumrendszere® maér
,Papp—Lantos body” néven emliti ezeket, a beteg-
ség definitiv diagnosztikai feltételének tartva azt.
A felismerés ma mar nemcsak szakkonyvi, hanem
tankonyvi adat is.

Az MSA neuropatoldgiai entitdsinak meghatd-
rozdsa mellett ez az els6 olyan leirds volt, ami a
gliazdrvanyokat elsddlegesnek tartotta az addig ki-
zér6lag neuronalis eredetlinek vélt degenerativ
idegrendszeri betegségben. Ez a felismerés vezetett
oda, hogy mds betegségekben is a glia patolégidja-
ra irdnyult a figyelem, és ma mér a progressziv sup-
ranuclearis bénulds és a corticobasalis degenerécid
diagnézisdnak definitiv feltétele is a gliazdrvanyok
kimutatésa, illetve szinte minden degenerativ ideg-
rendszeri betegségben leirtdk mar azokat.

A felismerés jelentdségét mutatja, hogy az Inter-
national Society of Neuropathology 2000-ben tisz-
teletbeli tagjdnak vdlasztotta Papp Matydst.

Papp Tanar Ur kozel hatvan évet latott 4t a klini-
kai idegtudomanyokban, utols6 éveiben is kovette a
szakirodalmat. Oridsi ismeretanyagot szintetizalt,
az elektronikus adatbazisokban el nem érhets, né-
met nyelvii, a harmincas évekbdl szarmazé kozle-
ményeket is ismerte. Neve a Papp—Lantos-testek le-
ir6jaként a neuroldgiai, neuropatoldgiai tankony-
vekben is fennmarad. Nyugodjék békében.
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A BEVACIZUMAB-MONOTERAPIA HATASA
A PROGRESSZIOMENTES TULELESRE REKURRENS
GLIOBLASTOMABAN SZENVEDO BETEGEK ESETEBEN

CZIGLECZKI Gébor' 2, SINKO Daniel3, BENKO Zsolt?, BAGO Attila', FEDORCSAK Imre', SIPOS Ldszlé'

Bevezetés, célkitizés — A glioblastoma, WHO grade IV.
napjaink leggyakrabban diagnosztizalt primer, malignus agy-
daganata felndttekben. A rekurrens glioblastomdk kezelésé-
ben a bevacizumabbal kapcsolatban korlétozott szamy ered-
mény és publikdcié &ll rendelkezésre. Kézleményink célia,
hogy a bevacizumab-monoterdpia rekurrens glioblastoma-
ban szenvedd betegek progressziémentes és teljes t0lélésre
gyakorolt hatését vizsgdljuk kibévitett betegadatbdzison.
Betegek és médszer — Retrospektiv vizsgdlatot terveztink,
melybe Stupp-protokoll szerinti kezelést kévetd kiGjulds miatt
olyan bevacizumabterdpidt is kapott betegeket gy(ijtéttink,
akiknek els8dleges szévettani diagnézisa primer vagy
szekunder glioblastoma. A primer és szekunder glioblas-
tomdban szenvedd betegcsoportok eltérd prognosztikai
jellemzdit statisztikailag elemeztuk.

Eredmények — A retrospektiv vizsgdlatba 86, rekurrens glio-
blastomdban szenvedd beteget valogattunk be. A 86 beteg-
b8l 65 betegnek (75,6%) primer glioblastoma, 21 betegnek
(24,4%) szekunder glioblastoma volt az elsédleges szdvettani
diagnézisa. Az dtlagos beteg-utdnkévetési id8 36,5 hénap
volt. A mdsodik progresszidmentes t0lélés bevacizumabterd-
pia mellett primer glioblastoma esetén atlagosan 6,59 hé-
nap, a telies t0lélés 24,55 hénap, szekunder glioblastoma
esetén a mdsodik progressziémentes t0lélés dtlagosan 6,16
hénap, az étlagos teljes t0lélés 91,94 hénap volt.
Kévetkeztetések — A bevacizumab-monoterépia biztonség-
gal alkalmazhaté rekurrens glioblastomés betegek esetében.
A bevacizumab megnéveli a progresszibmentes tulélést és a
magyar betegpopulécié eredményei az irodalmi adatokkal
megegyeznek. A glioblastoma primer és szekunder klinikai
szubtipusaindl megfigyelt mésodik progressziémentes tulélési
adatok szignifikdnsan nem kilénbdznek egyméstol.

Kulcsszavak: bevacizumab, rekurrens glioblastoma,
progresszidémentes tdlélés, teljes tilélés

'Orszdgos Klinikai Idegtudomadnyi Intézet, Budapest
2Semmelweis Egyetem, ldegsebészeti Tanszék, Budapest
SUzsoki Utcai Oktaté Kérhdz, Févarosi Onkoradiolégiai Kézpont, Budapest
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THE EFFECT OF BEVACIZUMAB

MONOTHERAPY ON PROGRESSION FREE SURVIVAL
IN RECURRENT GLIOBLASTOMA

Czigléczki G, MD; Sinké D, MD; Benkd Zs, MD; Bagé A,
MD; Fedorcsdk I, MD; Sipos L, MD

Ideggyogy Sz 2019;72(5-6):153-158.

Introduction, the aim of study — Glioblastoma, WHO
grade IV is the most frequent primary malignant brain
tumor in adults. There are few articles and result about the
efficacy of bevacizumab monotherapy. The aim of our
paper is to examine the effect of bevacizumab therapy on
progression free and overall survival in an extended data-
base of recurrent glioblastoma patients.

Patients and methods — In our retrospective study,
patients with recurrent glioblastoma treated with beva-
cizumab had been collected. All of our patients received
first line chemo-irradiation according the Stupp protocol
treatment. The histological diagnosis was primary or sec-
ondary glioblastoma in every patient. The prognostic fea-
tures of primary and secondary glioblastomas were statis-
tically analyzed.

Results — Eighty-six patients were selected into the retro-
spective analysis. The histological diagnosis was primary
glioblastoma in 65 patients (75.6%) and secondary
glioblastoma in 21 patients (24.4%). The mean follow up
period was 36.5 months. The mean second progression
free survival beside bevacizumab therapy was 6.59
months and the mean overall survival was 24.55 months.
In secunder glioblastoma cases, the mean second pro-
gression free survival was 6.16 months and the mean
overall survival was 91.94 months.

Conclusion - The bevacizumab therapy is a safe option
in recurrent glioblastoma patients. Bevacizumab therapy
has a positive effect both on progression free and overall
survival and our results confirm the findings in the litera-
ture. There is no statistically significant difference in the
second progression free survival between glioblastoma
subtypes.

Keywords: bevacizumab, recurrent glioblastoma,
progression free survival, overall survival
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glioblastoma, WHO grade 1V. (GBM) napja-

ink leggyakrabban diagnosztizalt primer, ma-
lignus agydaganata feln6ttekben. Minden évben
100 000 lakosbdl 5-6 esetben keriil felismerésre pri-
mer malignus agydaganat, melyek 80%-a malignus
glioma' 2. A GBM esetében alapvetSen két klinikai
altipus kiilonithetS el: primer és szekunder GBM?.
Az esetek 95%-aban primer GBM a diagn6zis, ami
de novo alakul ki, ellentétben a low-grade astrocy-
tomdkbdl 10-15 év alatt kialakul6é szekunder GBM
tipussal. Bar a két altipus hordoz molekuldris elté-
réseket, a standard kezelési protokollokra adott
terdpids valaszokban szignifikdnsan nem kiilénboz-
nek. A Cancer Genome Atlas (TCGA) projekt kere-
tében a GBM tovabbi, molekularis felosztasat kez-
deményezték a tumorsejtek genetikai mdédosuldsat
és expresszids profiljat (EGFR, NF1, IDHI1 stb.)
alapul véve. Az igy megismert genetikai és epige-
netikai jellemzok az elsédleges és masodlagos glio-
blastomadk elkiilonitésében nyujtanak segitséget* >.

A Nemzeti Rékregiszter és a Biostatisztikai Koz-
pont adatai szerint Magyarorszdgon 2014-ben 1915
esetben volt primer agydaganat a diagndzis (a
2013-as statisztikdkhoz képest 32 esettel tobb). Bar
a szakirodalom szerint a férfiak kozott médsfélszer
gyakoribb a primer, malignus agydaganatok el&for-
duldsa®, ezen esetek mégis kozel megegyezs arany-
ban fordultak el6 férfiak (50,18%) és n6k (49,82%)
esetében. Mindkét nemben az esetek legnagyobb
hanyadat 55 és 74 éves kor kozotti betegek teszik
ki. A nemzetkozi szakirodalom vonatkozé becslései
alapjan (az elsddleges, rosszindulati agytumorok
36-42%-a grade IV. glioblastoma’) a Magyarorsza-
gon 2014-ben regisztralt betegek koziil 670-800
esetben fordult el6 glioblastoma. A statisztikdk az
irodalmi adatok alapjan a betegség emelkedd inci-
dencidjat timasztjdk ala.

A rekurrens glioblastomak kezelésében a bevaci-
zumabbal kapcsolatban limitalt szamu eredmény és
publikéci6 4ll rendelkezésre (beleértve az optimalis
terdpids dozis meghatarozasat, a kezelhetd betegek
szelekcidjat és a terapia hosszat)®'°. Trodalmi ada-
tokbdl ismert, hogy standard sugdrterdpia és temo-
zolomid (TMZ) -kezelés utan adva a bevacizumab
meghosszabbitja a progresszidmentes tulélést
(PES), de a teljes tulélés (OS) hosszara nincs hatds-
sal'l. Sinko és munkatarsai 2016-os tanulmanyuk-
ban a bevacizumab-monoterdpia biztonsagarol sza-
moltak be rekurrens glioblastomds betegek kezelé-
se kapcsan. Eredményeik szerint a bevacizumab-
monoterdpia javitja a progressziomentes tulélést
kigjult glioblastomds betegekben, és a bevacizu-
mabterdpia teljes tdlélésre gyakorolt hatdsanak
tekintetében is az irodalmi adatokkal megegyezd
eredményeket kaptak.

ROVIDITESEK

GBM: glioblastoma, WHO grade IV.

OKITI: Orszdgos Klinikai Idegtudomanyi Intézet
OS: teljes tulélés

PFS: progressziémentes tilélés

TMZ: temozolomid

Ko6zleményiink célja, hogy a bevacizumab-
monoterdpia rekurrens glioblastomaban szenvedd
betegek progressziomentes és teljes tulélésre gya-
korolt hatdsat vizsgéljuk sajat, kibovitett beteg-
anyagunkon az udjabb molekularis klasszifikacio
alapjan, a kordbbi Sinké és munkatdrsai cikk'?
betegpopuléciojat is felhasznélva. Jelen cikkiinkben
nem célunk a fazis I-III. tanulmédnyban vizsgalt
szerek kezelésének ismertetése és értékelése.

Betegek és modszer

Retrospektiv, kohorsz alapu vizsgélatot terveztiink,
melybe a betegeket az Orszigos Klinikai Idegtu-
domanyi Intézet és az Uzsoki Utcai Kérhdz, Onko-
radiolégiai Kozpont beteganyagdbdl valogattuk.
A vizsgdlatba Stupp-protokoll'* szerinti kombinalt
temozolomid-radiokemoterapiat kovetd rekurrencia
miatt bevacizumabterdpiat is kapott betegeket
gytijtottiink, akiknek elsddleges szovettani diagno-
zisa primer vagy szekudner glioblastoma volt.
Osszesen 86 beteg keriilt kivalasztdsra, akik egyedi
méltanyossagi kérelme bevacizumab (Avastin) -ke-
zelésre 2012. szeptember 11. és 2016. oktdéber 5.
kozott lett benytjtva. Minden betegnél el6zetesen
miitét vagy biopszia, majd konkomittins radioke-
moterdpia és adjuvans temozolomidkezelés tortént.

A bevacizumabkezelés OKITI onkoteam donté-
se alapjan lett kezdeményezve, TMZ-kezelés alatt
megfigyelt vagy a TMZ-kezelés befejezése utan
harom hoénapon beliil felismert klinikoradiol6giai
progresszié alapjan. A bevacizumabot kéthetente
10 mg/kg dézissal kaptdk az tijabb neuroradioldgiai
és/vagy klinikai progresszi6ig. Radioldgiai utanko-
vetés hdromhavonta tortént.

A 86 kivélasztott beteg rendelkezésre all6 ada-
taibol adatbazist készitettiink, amit egyszerd, leird
statisztikai modszerekkel elemeztiink. A betegek
bevacizumabbal elért progressziémentes tilélését a
bevacizumabterdpia induldsatél a terdpia alatt
jelentkezd neuroradioldgiai vagy klinikai progresz-
szi6ig szamitottuk. A teljes talélést a diagndzistol a
beteg haldldig tarté id6szakra szdmoltuk. A primer
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és szekunder glioblastomdban szenvedd betegcso-
portok eltérd prognosztikai jellemzdit kétoldalas,
homoszcedasztikus t-probdval hasonlitottuk Ossze,
5%-os szignifikanciaszint mellett (p = 0,05).

Eredmények

A retrospektiv vizsgalatba 86, rekurrens glioblasto-
maban szenvedd beteget valogattunk be. A 86 be-
tegb0l 65 beteg esetében (75,6%) primer glioblasto-
ma, 21 beteg esetében (24,4%) low-grade vagy
high-grade glioma volt az elsédleges szdvettani
diagnézis (1. abra). Amennyiben az elsGdleges
szovettani diagnézis primer glioblastoma volt,
rekurrencia esetén nem tortént djabb szdvettani
mintavételezés, de 22, primer glioblastomaval diag-
nosztizdlt beteg esetében a betegség klinikai és
radiolégiai progresszidja miatt reoperdcié tortént.
Azokban az esetekben (21 eset: oligoastrocytoma
gr. II: négy eset, oligoastrocytoma gr. IIl: 6t eset,
oligodendroglioma gr. II: hét eset, oligodendroglio-
ma gr. III: két eset, astrocytoma gr. II: 1 eset, astro-
cytoma gr. III: két eset), amelyekben nem a Stupp-
protokoll szerinti kezelés megkezdéséhez sziiksé-
ges glioblastoma volt az elsédleges szovettani
diagnoézis, a miitétet kovetden elészor frakcionalt
irradidcié, majd temozolomidkezelés tortént.
Rekurrencia esetén 12 esetben reoperacid, mig ki-
lenc esetben sztereotaxids mintavétel révén nyer-
tiink djabb szodvettant, ami igazolta a glioblastoma
kialakulasat; a Stupp-protokoll szerinti kezelés
ezutdn kezdddhetett meg. Az atlagos beteg-utanko-
vetési 1d6 36,5 hoénapnak adddott (tartomany:
2-228 hoénap). A 86 beteg koziil 53 férfi (61,6%),
33 nd volt (38,4%). Atlagos életkoruk 50,2 év (tar-
tomany: 22—73 év), a primer glioblastoméban szen-
veddknek 54,8 év (tartomany: 31-73 év), szekunder
glioblastoméaval kezelt betegeknek 36,0 év (tarto-
many: 22-56 év) volt. A betegek koziil a vizsgalat
lezarasakor 67-en haltak meg, kilencen jelenleg is
élnek, és 10 személyrdl nincs informdacid, mivel a
rendszeres kontrollvizsgdlatokon nem jelentek
meg. A kivélasztott betegek koziil végiil 70 eseté-
ben indult bevacizumabterdpia a TMZ adjuvans
terdpia alatt vagy annak befejezése utin hirom
hénapon beliil megfigyelt klinikoradiol6égiai prog-
resszid miatt, a tobbi beteg korlefolydasanak gyorsa-
sdga miatt a bevacizumabkezelés nem tudott elin-
dulni. A betegek 39,54%-dban diagnosztizaltak
multifokdlis betegséget. A daganatok 27,91%-a
frontdlis elhelyezkedésti, 24,42%-a temporalis,
6,98%-a frontotemporalis, 10,47%-a parietalis,
4,65%-a occipitalis, 25,58%-a pedig kevert elren-
dezddésii volt.

B Primer glioblastoma

B Szekunder glioblastoma

1. abra. Rekurrens glioblastomds betegek megoszldsa

Minden beteg esetében szovettanilag igazolast
nyert a glioblastoma, WHO grade IV., 82 beteg ese-
tében (95,4%) tortént radikalis miitét, négy betegnél
(4,6%) inoperabilitds miatt csak szovettani mintavé-
tel volt lehetséges. Harminckét beteg esetében
reoperdcid, 10 beteg esetében pedig csak sztereota-
xids biopszia tortént a glioblastomadiagnézis felalli-
tdsdhoz, mivel az utébbi betegcsoportban a betegség
progresszi6ja miatt miitéti kezelés nem volt indikalt.

Betegeink IDH-mutécié elemzését is elvégeztiik.
A WHO-klasszifikacié alapjan IDH-mutans esetek
csak szekunder glioblastomdkban fordulnak eld, ezt
sajat betegpopulacidkon is szerettiink volna vizsgalni.
Az 54 év alatti betegeinket vizsgaltuk, mivel efelett
elhanyagolhaté az IDH-mutdns esetek szama.
Tizenkilenc beteg esetében a rutin R132H antitest-
vizsgdlattal kimutathaté volt IDH-1-muticié. Két
beteg esetében rutinvizsgdlatokkal IDH-1-negativ
eredményt kaptunk, de tovdbbi génszekvenaldssal
R132G-mutécidt sikeriilt kimutatni az IDH-1 génben.
Az Osszesen 21 IDH-1-mutdns beteg szdvettanilag
mind szekunder glioblastomanak bizonyult, igy ered-
ményeink az irodalmi adatokkal 6sszhangban van-
nak. IDH-2-muticiét egyik betegiink esetében sem
sikeriilt azonositani. 1p19q kodeléciét egy esetben
(1,16%) sikeriilt kimutatni. ATRX-expresszidvesz-
tést vagy -mutéciét 15 esetben (17,44%) taldltunk.

Minden beteg részesiilt sugarterapidban, ez 83
betegnél Stupp-protokoll szerinti kombinalt radio-
kemoterdpidval és adjuvans temozolomidkezeléssel
egésziilt ki. Harom beteg a kemoterdpiat elutasitot-
ta. A Stupp-protokoll szerint kezelt betegeknél
median 10 ciklus TMZ-kezelés tortént (a finanszi-
rozott hat ciklus TMZ-kezelésen feliili kezelések a
bizonytalan kontroll képalkoté eredmények miatt
torténtek az egyes betegek esetében). A temozolo-
midkezelés kezdete és a képalkotdval igazolt prog-
resszid kozott dtlagosan 16,3 hénap telt el (tarto-
many: 0-84 hénap). Bevacizumab-monoterapidban
70 beteg részesiilt, a tobbi esetben a betegség gyors
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2. abra. Mdsodik progressziomentes tiilélési adatok
Kaplan—Meier-gorbéje bevacizumabterdpia esetén

lefolydsa miatt a kezelés nem valdsult meg, habér
az engedélyeztetés megtortént. A bevacizumabtera-
pidban részesiilé betegek medidn nyolc ciklus keze-
1ést kaptak (tartomény: 1-53 ciklus).

A primer glioblastomaval diagnosztizalt betegek
koziil 51-en (primer glioblastomdk 78,5%-a) kaptak
bevacizumab-monoterdpidt temozolomidkezelést
kovetden. A progresszidmentes tilélés bevacizumab-
terdpia mellett dtlagosan 6,59 hénapnak adédott (tar-
tomany: 1,5-25 hénap) (2. abra). Osszesen a bete-
gek 47,06%-a mutatott hat hénapndl hosszabb prog-
ressziomentes tulélést. Bevacizumabkezelés mellett
minimum hat hénapos teljes tilélést a primer glio-
blastomaban szenveddk 78,05%-dban figyeltiink meg,
az atlagos teljes tdlélés 24,55 honap volt (3. abra).

A szekunder glioblastomaval kezelt betegek ko-
ziil 19-en részesiiltek bevacizumab-monoterdpidban
(90,5%). Ebben a betegcsoportban a bevacizumab-
kezelés melletti atlagos progressziomentes tul-
élés 6,16 honap volt (tartomdny: 1,5-28,5 hoénap)

100+
90
80
70+
60+
50+
40
30+
20+
10+
0

-+- Primer GBL
—— Secunder GBL

Log Rank p<0,0001

Osszes tulélés (%)

-

- -4
]

LY

0 50 100 150 200 250 300
Idé (hénap)

3. abra. Teljes nilélési adatok Kaplan—Meier-gorbéje beva-
cizumabterdpia esetén

(2. abra). A betegek 26,32%-a esetén figyeltiink meg
hat hénapnal hosszabb progressziomentes talélést. A
terdpia melletti minimum hat hénapos teljes tulélés a
betegek 71,43%-a esetén megfigyelhetd volt, az atla-
gos teljes tilélés 91,94 hénap volt (3. dbra).

A teljes bevacizumabbal kezelt betegpopuléci6-
ban az atlagos progresszidémentes tilélés 6,47 hénap
volt (tartomdny: 1,5-28,5 hoénap). A betegek
41,43%-nal volt hat hénapon tili progresszidémentes
tulélés. A rendelkezésre allé adatok alapjan mind-
Ossze 53 betegnek lehetett meghatdrozni a teljes tdl-
élését bevacizumabterdpiat kovetéen. Ezeknek az
eseteknek a 79,25%-dban volt a teljes tulélés hat
hoénapnal hosszabb. A teljes betegpopulacidra sza-
mitott teljes tilélés atlagosan 41,6 hénapnak adédott
(primer GBM-ben 24,55 hénap, szekunder GBM-
ben 91,94 honap). A teljes tilélés a vizsgélat infor-
mativ markere, értékelését mégis megneheziti a
heterogén betegcsoport, illetve, hogy szdmos eset-
ben a bevacizumabterdpia ellenére fellépd progresz-
szi6 utan tovabbi ellatas is tortént a daganat lokali-
zacigjatol fiiggben (reoperdcid, reirradidcié vagy
TMZ-reindukcid), igy a teljes tdlélés atlagos sza-
mértéke jelen formdjaban evidenciaként nem hasz-
nalhat6. A primer és szekunder glioblastomdban
szenvedd betegcsoportok progressziomentes tilélési
adatait kétoldalas t-prébdval Osszehasonlitva nincs
szignifikans kiilonbség a ttlélési adatokban (95%-os
konfidenciaintervallum mellett, p = 0,76).

Megbeszélés

A Nemzeti Rakregiszter adatai alapjan a glioblasto-
ma incidencidja évr6l évre emelkedik, ami 0ssz-
hangban van az irodalmi adatokkal. Fisher és mun-
katdrsai® megdllapitdsai szerint az emelkedd inci-
dencia az egyre szélesebb korben elérhet és javuld
mindségli képalkoté mddszereknek koszonhetd.
A GBM diagnézisdban és terdpids kovetésében to-
vabbra is a magnesesrezonancia-képalkotds (MRI)
a vezet6 modalitds'.

A temozolomid 1999-ben vilt engedélyezett szer-
ré a rosszindulatd gliomak kezelésében': '©.
Napjainkban a maximalis radikalitdsd mitét és az azt
kovetd Stupp-protokoll szerinti kezelés képezi a
GBM 1-es szintii terdpids ajanlasat (NCCN — Cate-
gories of Evidence and Consensus). A Stupp-proto-
koll szerinti kezelés konkomittans radiokemoterapiat
és adjuvans kemoterdpiat jelent'’. A konkomittans
radiokemoterdpia alatt a betegek sugdrterdpia soran
hat hétig (5 nap/hét) 60 Gy Osszddzisban részesiil-
nek, amit frakciondltan 2 Gy/nap dézisokban kapnak
meg. A sugdrterdpia elsé napjatdl az utolséig a keze-
1és temozolomiddal egésziil ki, 75 mg/testfelszin-m?
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dézisban. Az adjuvans kemoterdpia temozolomiddal
torténik 28 napos ciklusokban, az els6 ciklusban 150
mg/testfelszin-m?, majd a 2. ciklust6l 200 mg/testfel-
szin-m? dézisban (fiiggéen a hematoldgiai mellékha-
tasoktol!). A citosztatikus kezelés mellett a terdpia
altaldban kiterjed a fellépd agyi oedema, epilepszids
rohamok, fert6zések, vascularis események &s
egyéb, a tumort kisérd allapotok kezelésére is'”.

A Stupp-protokoll szerinti kezelés hatdsara a
betegek medidn teljes tidlélése 14,6 honapra nyulik
a csak radioterdpidban részesiilt csoporthoz képest;
a haroméves tdlélés 16%, az otéves tulélés pedig
9,8%". Az atlagos 14,6 hénapos tilélés mellett a
betegcsoportok tovabbi RPA analizisével hosszabb
tulélést is megfigyeltek bizonyos, kedvez&bb prog-
nosztikai tényezdkkel rendelkezd betegek eseté-
ben'8. A kezelést azonban szdmos, az irodalomban
mar kozolt tényezd (példaul elsédleges vagy
madsodlagos (szerzett) temozolomidrezisztencia,
O6-metilguanin-DNS-metiltranszferdz gén promo-
terének metilacidja) is megnehezitheti'.

Kitjult high-grade gliomadk, illetve kemoterapia-
rezisztens GBM esetén haszndlatosak egyéb, ha-
gyomdnyos kemoterapeutikumok is: ezek kozé tar-
toznak a nitrozurea-szarmazékok (carmustin, lo-
mustin), platinaszdrmazékok (carboplatin), vinca
alkaloiddk (vincristin). Ezek a kemoterdpids szerek
terdpids hatdsban elmaradnak a gold standard temo-
zolomid 4ltal nyujtott eredményektSl (2B ajanlasi
kategériat képeznek)®* 2!,

A hagyomdnyos kemoterdpidk limitalt eredmé-
nyei vezettek a célzott terdpidk szélesebb kord
alkalmazasahoz, amit el6segitett a GBM molekula-
ris patogenezisének egyre mélyrehatobb megisme-
rése. Kiilonbozd jelatviteli utak, tobbek kozott tiro-
zinkinaz-receptorok (PDGFR, VEGFR, IGFR stb.),
mTOR, AKT/PI3K és szdmos egyéb szigndltransz-
dukciés folyamat gatléit kutatjak €s tesztelik, mint
a glioblastoma dj terdpids lehetGségeit®®. Ezek
koziil kell kiemelni az neoangiogenezist gitlé sze-
reket, melyek a VEGFR-csaldd tagjaihoz kapcso-
lédva gatoljdk az 1j, magas permeabilitasu erek 1ét-
rejottét>. Az anti-VEGFR hatasu szerek koz¢é tarto-
z6 bevacizumabot 2009-ben torzskényvezték re-
kurrens glioblastoma kezelésére.
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A glioblastoma kezelésében a jovében a moleku-
laris célpontok gatldsa mellett egyéb kezelési mod-
szerek is el6térbe keriilhetnek. Az immunterdpids
megkozelitések koziil a tumorvakcindk, az oncoly-
ticus virusterdpia és a T-sejtekre haté kimérikus
antitestek fejlesztése emelhetd ki, de a génterdpia is
intenziv kutatdsok targyat képezi**. A kutatdsok je-
lenleg kisérleti fazisban vannak, igy egyel6re a
Stupp-protokoll szerinti radiokemoterdpia utdn a
bevacizumab jon széba a glioblastomds betegek
tovabbi kezelésében.

A vizsgilatunkba bevont betegek alapvetd epide-
mioldgiai-patoldgiai jellemzbi megfelelnek az irodal-
mi adatoknak. Eredményeink alapjian a rekurrens
glioblastomaban szenvedd betegek esetében a Stupp-
protokollt kovetd bevacizumab-monoterdpia 6,47
hénappal meghosszabbitja a progressziomentes tiil-
élést. Eredményeink az irodalmi adatokkal 6sszhang-
ban vannak (miszerint a bevacizumab-monoterdpia a
PFS-t t6bb mint 4,4 hénappal nydjtja meg) !!, azon-
ban fontos kiemelniink, hogy mindkét betegcsoport-
ban (primer és szekunder GBM) a progressziémentes
tilélési adatok tdg hatarok kozott mozogtak (tarto-
many: 1,5-28,5 hénap), és emiatt a teljes tilélési ada-
tok is széles hatdrok kozott véltoztak.

Kovetkeztetés

Osszefoglalva elmondhaté, hogy a bevacizumab-
monoterdpia biztonsdggal alkalmazhaté rekurrens
glioblastomas betegek esetében. A bevacizumab no-
veli a progressziomentes tdlélést; a magyar be-
tegpopuldci6 eredményei az irodalmi adatokkal
megegyeznek. A glioblastoma primer €s szekunder
klinikai szubtipusaindl megfigyelt masodik prog-
ressziomentes tulélési adatok szignifikinsan nem
kiilonboznek egymastdl. Eredményiink a jovében a
bevacizumab progressziémentes tulélésre gyakorolt
hatdsanak pontosabb megismerése érdekében tovab-
bi, tobbcentrumos klinikai vizsgdlatok alapja lehet.
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MID-TERM ORAL ISOTRETINOIN THERAPY
CAUSES A PREDOMINANTLY SENSORY

DEMYELINATING NEUROPATHY

Yasar ALTUN’, Esra INAN?

'Department of Neurology, Medical Faculty of Adiyaman University, Adiyaman, Turkey
2Department of Dermatology, Medical Faculty of Adiyaman University, Adiyaman, Turkey

Aim — The purpose of this prospective study was to investi-
gate whether mid-term treatment with oral isotretinoin
may impact peripheral nerve function.

Methods — In this study, we included 28 patients with no
apparent neurological or neurophysiological findings. The
patients received treatment with oral isotretinoin for papu-
lopustular or nodulocystic acne. The patients with normal
findings in the first examination were given 1 mg/kg/day
oral isotretinoin. Neurological examinations and elec-
troneurographic studies were performed before and 6
months after the onset of isotretinoin treatment.

Results — Clinical examinations and electroneurographic
evaluations prior to treatment revealed no abnormalities
in any of the patients. However, 20 patients (72%) dis-
played one or more abnormal values in the tested param-
eters after tfreatment. Although the mean amplitudes of
compound muscle action potential of the ulnar and medi-
an nerves did not vary, significant decreases were
observed in the mean sensory conduction velocities of
median, ulnar, sural, medial plantar, medial dorsal cuta-
neous, and dorsal sural nerves 6 months after the onset of
freatment.

Conclusion - Systemic use of isotretinoin may cause elec-
troneurographic changes. Probable electroneurographic
alterations may be detected at a much earlier period via
dorsal sural nerve tracing when electrophysiological meth-
ods used in routine clinical practice cannot detect these
changes.

Keywords: isotretinoin, side effects,
peripheral neuropathy, electroneurography
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AZ ORALIS ISOTRETINOINKEZELES
MELLEKHATASKENT ELSODLEGESEN SZENZOROS
DEMYELINISATIOT OKOZ

Altun Y, MD; Inan E, MD

Ideggyogy Sz 2019;72(5-6):159-164.

Cél — A prospektiv vizsgdlat célja az volt, hogy feltéria,
befolydsolja-e a kézepes id&tartam( ordlis isotretinoin-
kezelés a periférids idegmUkodést.

Médszerek — A vizsgdlatba 28 olyan beteget vontunk be,
akinél nem dllt fenn neurolégiai vagy neurofiziolégiai rend-
ellenesség. A betegek papulopustularis vagy nodulocysti-
cus acne kezelésére ordlis isotretinoinkezelésben részestl-
tek. Azok a betegek, akik az els§ vizsgdlat sorédn normdlis
neurolégiai és elekironeurografids eredményt produkéltak,
1 mg/kg/nap isotretinoint kaptak. A neurolégiai és elekiro-
neurogréfids vizsgélatokat az isotretinoinkezelés
megkezdése elétt és a terdpiakezdés utan hat hénappal
végeztik.

Eredmények — A kezelés indulésa el&tt végzett klinikai és
elektroneurogréfids vizsgélatok egyik beteg esetén sem
mutattak rendellenességet. A terdpiakezdés utén hat
hénappal végzett vizsgdlatok 20 beteg (72%) esetében tér-
tak fel abnormalis értékeket: habdr a kombindlt akcidspo-
tencidl amplitddéjanak medidnja a n. ulnaris és medianus
dltal beidegzett izmokon nem vdltozott, szignifikdnsan
csékkent a n. medianus, ulnaris, suralis, medialis plan-
taris, medialis dorsalis cutaneus és dorsalis suralis szen-
zoros vezetési sebessége.

Kévetkeztetés — Az ordlis isotretinoinkezelés elektroneuro-
grdfids eltéréseket okozhat. Az eltérések a dorsalis suralis
idegen elektroneurogréfias vizsgdlatokkal j6val hamarabb
kimutathaték, mint rutin klinikai médszerekkel.

Kulcsszavak: isotretinoin, mellékhatdsok, perifériés
neuropathia, elektroneurogréfia
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Oral isotretinoin, a first-generation retinoid, is
currently regarded as the preferred drug for the
systemic treatment of severe acne and related skin
diseases'. Acitretin is capable of binding with all
classes of retinoic acid receptors, especially with
those of the  and y subtypes that are known to
mediate the profound retinoid action on nerve
cells>™. Although retinoids participate in the regula-
tory networks that influence the physiology of
peripheral nervous system® °, surprisingly, little is
known about the potential of oral acitretin to cause
peripheral nerve dysfunction. Side effects involving
the central nervous system (CNS) definitely or pro-
bably due to oral isotretinoin administration inclu-
de headache, depression, disulfiram-like reactions
(headache, flushing following alcohol consumpti-
on), pseudotumor cerebri, dizziness, oculogyric cri-
sis and decreased hearing’ ®. Other reported side
effects of oral isotretinoin include stiff-person synd-
rome, sinus tachycardia, and urinary retention® '°.
Just recently two cases of sacroileitis and polyneu-
ropathy were reported'’ 2. A number of cases of
peripheral neuropathy (mainly sensory) associated
with short or long-term etretinate have been repor-
ted previously!*-2,

Although oral isotretinoin is beneficial in nume-
rous skin conditions, its side-effects and toxicities
require careful monitoring by experienced physici-
ans. The objective of this prospective neurological
and neurophysiological study was to confirm pos-
sible side effects of oral isotretinoin treatment on
peripheral nerve functions.

Patients and methods

This study was approved by the ethic committee of
our university and written consent was obtained
from each patient. We included 28 patients (4 males,
24 females, aged 21.93+3.85 years) with no appa-
rent neurological or neurophysiological findings.
Subjects older than 40 years of age, and those with
a history or evidence of oral neurotoxic drug or cor-
ticosteroid intake, alcohol misuse, exposure to toxic
agents, head trauma, metabolic, neurological, vascu-
lar or autoimmune disease or any systemic disease
and history of diabetes mellitus, lumbar or cervical
discus hernia, or entrapment neuropathies were exc-
luded. Also, the subjects were not using concomi-
tant drugs such as benzoyl peroxide, or antibiotics
such as tetracycline. The subjects with acne did not
have any endocrine abnormalities that may predis-
pose to neuropathy. Routine laboratory investigati-
ons including hepatitis B and C, serum vitamin B12
levels, antinuclear antibodies, anti-DNA antibodies,

thyroid function tests, parathyroid hormone and
pregnancy testing for women yielded no abnormali-
ties. The control group consist of 30 healthy volun-
teers (5 males, 25 females, aged 21.85+3.88 years)
who were referred to the EMG laboratory for rea-
sons other than neurologic symptoms and had nerve
conduction studies (NCS) values within the normal
ranges. Moreover, these healthy people did not have
certain discomforts.

The patients were given treatment with oral isot-
retinoin for papulopustular and nodulocystic acne.
To exclude other causes of peripheral neuropathy,
all patients underwent laboratory tests prior to treat-
ment. The patients with normal findings in the first
examination were given 1 mg/kg/day oral isotreti-
noin. Neurological examination and electromyog-
raphic studies were performed before and 6 months
after the onset of isotretinoin treatment.

NEUROLOGIC EVALUATION

Clinical evaluation of neuropathy was based on
Neuropathy Symptom Score (NSS) and Neurologic
Disability Score (NDS)?!. NSS assessed symptoms
such as weakness, numbness, and pain which occur
in neuropathy and the items were scored as present
(=1) or absent (=0). NDS assessed functions of cra-
nial nerves, tendon reflexes, muscle strength, sensa-
tion, and the items were scored as no deficit (=0),
mild deficit (=1), moderate deficit (=2), severe defi-
cit (=3) or absence of function/ the most severe
deficit (=4).

NEUROPHYSIOLOGIC EVALUATION

Conventional motor and sensory nerve conduction
studies

Methods suggested by Falck et al.*> were used for
routine motor and sensory NCS. In all patients, bila-
teral posterior tibial, and common peroneal motor
nerves, bilateral sural, dorsal sural, and medial dorsal
cutaneous sensory nerves, medial plantar nerve, right
median nerve, and ulnar motor and sensory nerves
were studied with a Medelec Synergy electromyog-
raphy machine. Surface bar recording and bipolar
surface recording electrodes (Teca Corp.) were used
in the NCS. Standard methods were used for the
sural, median and ulnar sensory NCS. In the case of
suspected carpal tunnel syndrome (CTS), bilateral
median motor and sensory nerve studies were perfor-
med. Compound muscle action potential (CMAP)
amplitude, distal latency, conduction velocity and
minimum and maximum F-response latency were
calculated for the motor NCS. Minimum F-response
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Table 1. Neurophysiologic findings before and 6 months after the onset of oral isotretinoin treatment

Nerve Motor conduction Sensory conduction
DML (ms) CMAP (mV) CV (m/s) F-wave (ms) SAP (uV) SCV (m/s)
Median Before 2.79+0.42 9.28+2.06 62.37+5.05 23.71+£1.41 36.93+12.02 57.58+6.22
6 months  2.98+0.44 8.88+2.26 57.29+6.20 25.21+4.13 30.19+£12.52 54.79+5.58
p 0.031* 0.425 0.000* 0.058 0.017* 0.019*
Ulnar Before 2.39+0.38 11:06+2.42  61.53+5.50 38.18+20.32 56.54+4.84
6 months  2.33+0.39 11.44+2.36 57.55+6.12 30.27+10.84 52.80+3.19
p 0.515 0.576 0.001* 0.060 0.001*
Peroneal  Before 3.88+0.78 5.94+1.43 53.94+5.43 33.32+6.67
6 months  3.72+0.86 5.28+1.17 49.67+5.03 34.86+7.75
p 0.211 0.005* 0.000* 0.240
Tibial Before 4.29+0.84 10.46+3.08  48.96+3.88
6 months  3.92+0.69 9.22+2.91 44.49+4.84
p 0.049* 0.005* 0.000*
Sural Before 21.67+8.16 54.35+5.85
6 months 17.71+5.83 48.55+4.80
p 0.004* 0.000*
Dorsal Before 18.65+6.71 49.59+4.26
sural 6 months 14.25+6.87 45.27+3.72
p 0.002* 0.000*
Medial Before 19.81+7.24 53.10+5.39
plantar 6 months 13.31+£6.72 45.61+2.41
p 0.000* 0.000*
Medial Before 17.79+7.20 52.44+5.21
dorsal 6 months 12.35+5.40 45.80+5.12
cutaneous p 0.000* 0.000*

*: p<0.005

DML: distal motor latency; CMAP: amplitude of compound muscle action potential; MCV: motor conduction velocity; F wave: minimum F wave latency; SAP: amp-

litude of sensory action potential; SCV: sensory conduction velocity

latency was obtained using 20 stimulations. F-wave
latencies of the upper and lower extremities were
measured to exclude polyneuropathy, and cervical
and lumbar radiculopathy. Skin temperatures were
maintained between 31 and 34 °C in all subjects.
Then conventional sensory and motor conduction
studies were performed in lower and upper extremi-
ties. In NCS, motor latency was measured by asses-
sing the starting point of negative deflection and
amplitude was measured by calculating the peak
points of negative and positive deflections. For
motor nerve investigations, filter frequency was set
to 5 Hz-10 kHz, sweeping rate to 5 ms/div, stimulus
time to 0.2 ms, and stimulus frequency to 1/s. For
sensory nerve investigations, filter frequency was set
to 20 Hz-2 kHz, sweeping rate to 1 ms/div, stimulus
time to 0.2 ms, and stimulus frequency to 1/s.

Medial plantar, medial dorsal cutaneous and dor-
sal sural nerve recordings

a) Both medial plantar nerves were stimulated by
a pad electrode at the distal part of the recording
electrode and medial part of the sole, between the

metatarsal bones toward the recording electrode
and recording was performed orthodromically at
medial malleolus over flexor retinaculum. Nerve
conduction velocity (NCV), distal latency, and
amplitudes were measured?.

b) Both medial dorsal cutaneous nerves were sti-
mulated by a pad electrode at the distal part of the
recording electrode and medial part of the sole, bet-
ween the 1% and 2" metatarsal bones toward the
recording electrode. Recording was performed ort-
hodromically on a 1/3 medial part of the line joi-
ning medial and lateral malleoli®*. Furthermore, the
distal latency, and sensory action potential of these
nerves were measured.

c) Both dorsal sural nerves were stimulated by
a pad electrode at the distal part of the recording
electrode. The stimulation site was posterior to the
lateral malleolus, with the cathode placed 100 mm
proximal from the recording electrode. The recor-
ding electrode was antidromically placed along a
line from the stimulating site to the fifth toe over
the lateral aspect of the foot. NCV, distal latency
and amplitudes were measured. A ground electro-
de was placed on the dorsum of the foot at mid-
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point between the recording and the stimulating
electrodes®.

STATISTICAL ANALYSIS

Statistical analyses were performed using the SPSS
21.0 package program (IBM Corp, Armonk, NY).
To prevent data loss, data of both extremities were
pooled. The normality of the data was tested using
the Kolmogorov-Smirnov test. Paired samples t-test
was used to compare 2 normally distributed variab-
les and the Wilcoxon matched-pair signed rank test
was used to compare 2 non-normally distributed
variables. Descriptive statistics were expressed as
the mean + SE. p<0.05 indicated statistical signifi-
cance.

Results

No significant differences were found in the mean
age between patients and controls (21.93+3.85 and
21.85+3.88, respectively) (p>0.05). There was no
statistically significant difference in gender distri-
bution between the patients group (4 males/24
females) and the control group (5 males/25 fema-
les) either.

During the six-month treatment period, no pati-
ent complained of myalgia, muscle stiffness, weak-
ness or any other neuropathic symptoms (NSS= 0).
The clinical neurological examination before and 6
months after the onset of treatment showed no
abnormalities in any of the patients (NDS= 0).
Evaluation of the serial neurophysiologic measure-
ments revealed no changes that met abnormality
criteria according to in-house normal values in 8
patients (28%). After 6 months of treatment, 20
patients (72%) exhibited one or more abnormal
values in the tested parameters. After 6 months of
treatment the dorsal sural nerve conduction velocity
and amplitude values were within pathological
range in 7 (39%) patients who were diagnosed with
neuropathy despite sural nerve conduction velocity
and amplitude values were normal. Patients who
were detected to have polyneuropathy stopped the
treatment at their own will. A considerable decrease
in the mean amplitudes of CMAP of the peroneal,
tibial nerves (p=0.005 and p=0.005, respectively)
and mean values SAP of the sural, dorsal sural,
medial plantar, medial dorsal cutaneous nerves
(p=0.000, p=0.000, p=0.000 and p=0.000, respecti-
vely) and an increase in the mean distal latencies of
the median and tibial nerves (p=0.031 and p=0.049,
respectively) were detected 6 months after the onset
of treatment compared with pretreatment values in

all patients. Prolongation of the median or peroneal
F-wave minimum latency was not seen in any pati-
ents. The results of the electrophysiological measu-
rements performed before and 6 months after the
onset of treatment are summarized in Table 1.
Patients were informed about the possible signifi-
cance of these subclinical findings. All patients
who demonstrated subclinical electrophysiological
abnormalities were planned to be followed for six
months.

Discussion

The most effective drug known to have a positive
effect on the secretion of sebum is isotretinoin (13-
cis-retinoic acid). Therefore, it is successfully used
in the treatment of otherwise treatment-resistant
acne. The exact mechanism of isotretinoin to redu-
ce sebum secretion is not clearly known yet®. The
exact pathogenesis of the acitretin-related sensori-
motor polyneuropathy reported here has not yet
been clarified. However, the temporary nature of
this neuropathy suggests a failure of conduction
and/or demyelination rather than an axonal degene-
ration as the underlying causative process. This
hypothesis is supported by the results of an elegant
in vitro and in vivo study by Latasa et al.?®, who
showed that retinoic acid and other retinoids were
potent inhibitors of peripheral nervous system mye-
lination. Sensory nerve fibers are more likely to be
affected from oral isotretinoin than motor fibers.

A MedLine search (1966 to 2017) revealed no
report of peripheral neuropathy involving distal
nerves, except sural nerve, due to isotretinoin® '* 1%
14.27.28 To the best of our knowledge, this prospec-
tive study is the first to identify the comprehensive
electrophysiological evidence of peripheral sensory
neuropathy under oral isotretinoin therapy.

Previously we showed that the sensitivity and
specificity of medial dorsal cutaneous nerve and
medial plantar nerve sensory conduction abnormali-
ties were higher in the diagnosis of diabetic poly-
neuropathy compared to sural nerve conduction
abnormalities?®. Thus, we examined distal end ner-
ves assuming that distal end nerves were involved
and damaged earlier than the sural nerve. Peripheral
motor and sensory neurophysiological abnormalities
are not generally discussed in reviews of systemic
isotretinoin side effects. However, peripheral sen-
sory, motor or sensorimotor neuropathies have been
reported in several cases in association with short-
and long-term oral-retinoid treatments®!1: 13-20-26.28,
In these reports, complete remission of neuropathy
occurred in 10 days to 2.5 years after cessation of

] 62 Altun: Isotretinoin therapy causes sensory demyelinisation



oral retinoid therapy, and clinical or electrophysio-
logical peripheral neuropathies were detected in 10
days to 4 years after the onset of therapy. In a study
examining the effects of acitretin on peripheral ner-
ves, 23% and 69% of the sensory nerves were found
to be affected by 1 and 3 months of treatment, res-
pectively'®. Chroni et al.'® observed decreases in the
mean amplitude of SAP of the superficial peroneal
nerve after 1 and 3 months of therapy. Chroni et al.*
also described a subacute sensorimotor polyneuro-
pathy, which became clinically overt after the onset
of treatment with oral acitretin. They observed mild-
increased F chronodispersion. Also, they observed 1
patient who developed a sensorimotor polyneuro-
pathy after 3 months of oral acitretin therapy and
two patients who manifested a peripheral sensory
neuropathy after 3 and 4 months of acitretin admi-
nistration'. In our study 8 patients (28%) had no
electrophysiologically proved peripheral neuro-
pathy. In opposite, after 6 months of therapy 20 pati-
ents (72%) showed one or more abnormal values in
the tested parameters.

Furthermore, there were statistically significant
differences in the lower extremities between the
pre- and post-treatment period. The authors de-
monstrated that sensory nerve conduction could
have been affected before clinical features appea-
red'®. After 6 months of treatment, dorsal sural
nerve transmission and amplitude values were wit-
hin pathological range in 7 (39%) of the patients
diagnosed with polyneuropathy, although sural
nerve transmission and amplitude values were nor-
mal. These subclinical abnormalities predominantly
affect the sensory conduction parameters. In our
study, significant decreases in the mean amplitudes
of CMAP of the peroneal, tibial nerves and mean
SAP values of all sensory nerves, and an increase in
mean distal latencies of the median, and the tibial
nerves were detected 6 months after the onset of
treatment compared with pretreatment values in all
patients. This finding implies that, in addition to the
sensory fiber dysfunction, there might be an invol-
vement of at least some of the fastest conducting
large myelinated motor fibers. In recent years, toxi-
city and potential side-effects of isotretinoin, a drug
that is gradually becoming more commonly used,
has been recognized. These changes seem to be of
interest for neurophysiologists rather than clinici-
ans. The most plausible explanation for these

results is sensory nerves being more sensitive to
acitretin compared to motor nerves. Thus, we sug-
gest that sensory nerve fibers are more sensitive to
isotretinoin. Also, the importance of examining the
dorsal sural nerve which is a distal end nerve that is
not routinely assessed in neuropathy test is revealed
once more. The results being presented as case
reports may indicate the significance of our study.
Although this dysfunction (neuropathy) was subcli-
nical in our patients, both patients and dermatolo-
gists should be informed about this potential side-
effect of oral isotretinoin.

Two years ago, Chroni et al.?® reported a case of
a psoriatic patient with normal pretreatment neuro-
logic and neurophysiologic findings, who develo-
ped a sensorimotor polyneuropathy after 1 month of
oral acitretin treatment. However, in our prospec-
tive study, the number of subjects was higher and
the study was more comprehensive.

Conclusions

Our study suggests that neurotoxic adverse effects
observed in patients using isotretinoin require close
electrophysiological monitoring. We clearly recom-
mend that nerve conductions be done before and
during oral isotretinoin therapy, especially as this is
an effective therapy and the side-effects are subcli-
nical. Also, our recommendation that the therapy
would be stopped if abnormalities were found on
nerve conduction studies (especially if the abnor-
malities are limited to the dorsal sural nerve as was
seen in the majority of patients and the patients are
asymptomatic).

Based on these results, we assumed that demye-
linating neuropathy develops due to the treatment.
Axonal damage might also be possible according to
the electrophysiological findings of our study. We
suggest that further follow up would be important
to demonstrate, that the neuropathy really reversib-
le, or not. Finally, we recommend that the duration
of the isotretinoin therapy should be less than 6
months (or similar).
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Background — Two trait-like characteristics, somatosenso-
ry amplification and absorption, have been associated
with symptom reports and idiopathic environmental intol-
erances in past research.

Purpose — As the two constructs are not connected with
each other, their independent contribution to symptom
reports and electromagnetic hypersensitivity, as well as
their interaction can be expected.

Methods — On-line questionnaire.

Patients — 506 college students completed an on-line
questionnaire assessing absorption, somatosensory ampli-
fication, negative affect, somatic symptoms, and electro-
magnetic hypersensitivity.

Results — Somatosensory amplification (B = 0.170, p <
0.001) and absorption (B = 0.128, p < 0.001) independ-
ently contributed to somatic symptoms after controlling for
gender and negative affect (R2 = 0.347, p < 0.001).
Similarly, somatosensory amplification (OR = 1.082, p <
0.05) and absorption (OR = 1.079, p < 0.01) independ-
ently contributed to eleciromagnetic hypersensitivity after
controlling for somatic symptoms, gender, and negative
affect (Nagelkerke R2 = 0.134, p < 0.001). However, no
interaction effects were found.

Discussion — Somatosensory amplification and absorption
independently contribute to symptom reports and electro-
magnetic hypersensitivity.

Conclusion - The findings suggest that psychological
mechanisms underlying symptom reports and electromag-
netic hypersensitivity might be heterogeneous.

Keywords: absorption, somatosensory amplification,
electromagnetic hypersensitivity, nocebo,
medically unexplained symptoms

SZOMATOSZENZOROS AMPLIFIKACIO, ABSZORPCIO
ES ELEKTROMAGNESES HIPERSZENZITIVITAS

Kateles F; Simor P; Szemerszky R

Ideggyogy Sz 2019;72(5-6):165-170.

CélkitGzés — Kordbbi kutatdsok alapjén a tinetészleléshez
és a kilénféle idiopathids kdrnyezeti intolerancidkhoz két
vondsiellegy jellemz8, a szomatoszenzoros amplifikacié és
az abszorpcié is kapcsolodik.

Kérdésfelvetés — Mivel a két vonds kevés aifedést mutat
egymdssal, feltételezhetd egyrészt az, hogy fuggetlendl
jGrulnak hozz& mind a tinetek észleléséhez, mind az
elekiromdagneses hiperszenzitivitdshoz, masrészt az is,
hogy kélcsdnhatdsba léphetnek egyméssal.

A vizsgdlat médszere — Online kérd&ives vizsgdlat.

A vizsgdlat alanyai — 506 egyetemi hallgaté t6li6t ki egy
kérd@ivesomagot, ami a szomatoszenzoros amplifikécids
tendencidt, az abszorpciét, a negativ affektivitdst, a min-
dennapi testi tineteket, valamint az elekiromégneses
hiperszenzitivitdst mérte.

Eredmények — A linedris regresszids elemzésben mind a
szomatoszenzoros amplifikécié (B = 0,170, p < 0,001),
mind az abszorpcié (p = 0,128, p < 0,001) kapcsolédott
a mindennapi tinetekhez, a nem és a negativ affektivitas
kontrollalésat kévet8en is (R2 = 0,347, p < 0,001). Mind
a szomatoszenzoros amlifikécié (OR = 1,082, p < 0,05),
mind az abszorpcié (OR = 1,079, p < 0,01) szignifikdn-
san hozzdjérult az elekiromdagneses hiperszenzitivitdshoz a
testi tUnetek, a nem és a negativ affektivités kontrolllasét
kévet8en is (bindris logisztikus regressziés elemzés,
Nagelkerke R2 = 0,134, p < 0,001). Interakciés hatdst
egyik elemzésben sem taldltunk.

Kévetkeztetések — A szomatoszenzoros amplifikacié és
az abszorpcié egymdéstdl fuggetlendl jérulnak hozzd a
tUnetészleléshez. A tinetriportok és az elektromdagneses
hiperszenzitivitds mdgétt tébbféle pszicholégiai mechaniz-
mus huzédhat meg.

Kulcsszavak: abszorpcié, szomatoszenzoros amplifikécid,
elektromdgneses hiperszenzitivitds, nocebo, orvosilag
megmagyardzatlan tinetek
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Aconsiderable proportion of symptoms that
patients report to their physicians cannot be
explained by pathophysiological processes, and
thus are considered medically unexplained symp-
toms (MUS)" 2. For the cases when MUS show
characteristic patterns and become chronic, such as
chronic fatigue syndrome and fibromyalgia, the
term functional somatic syndromes was proposed’.
The overlaps among these syndromes with respect
to symptoms and comorbidities are so large that
their integration into a single diagnostic category
was also suggested®.

Idiopathic environmental intolerances (IEI) can
be regarded as a facet of MUS*. Their most distinct
feature is that symptoms are attributed to various
environmental factors (e.g. chemicals or electro-
magnetic fields) which do not impact the majority
of the population. This is why these conditions have
originally been called hypersensitivities, e.g. multi-
ple chemical hypersensitivity or electromagnetic
hypersensitivity. Later, as provocation studies did
not support the causal role of the suspected factors
in the maintenance of the respective conditions™ ©,
the use of the etiologically more neutral idiopathic
environmental intolerance was suggested’. Re-
search in the area today focuses primarily on possi-
ble psychological (top-down) etiological factors,
for example classical conditioning or expectations
(nocebo phenomenon)®°.

As the impact of psychological factors on MUS
appears substantial, exploration of stable (trait-like)
personality characteristics that are reliably associated
with these conditions might be helpful to better under-
stand the phenomenon. Two characteristics related to
symptom reports are female gender and negative
affectivity'?. The former was explained on a psychobi-
ological basis (basically as an interaction between bio-
logical features and cultural factors), while the latter
was understood as a special cognitive bias'! 12,

Somatosensory amplification (SSA), the proneness
to experience somatic sensation as intense, noxious,
and disturbing, is associated with both symptom
reporting and negative affect'®. As it is also linked to
body focus, SSA was formerly conceptualized as a
blend of body focused attention and negative affect (or
anxiety) which leads to the enhancement and misinter-
pretation of body signals'> !4, Recently, it has been
suggested that sensitivity to threats to the integrity of
the body would be a better explanation'®, and SSA is
not characterized by higher levels of sustained atten-
tion'®. The role of SSA in nocebo related symptom
reports was demonstrated!”. Moreover, SSA was asso-
ciated with IEI attributed to electromagnetic fields
(IEI-EMF) and predicted symptom reports in both
actual and sham electromagnetic fields® '8,

Another trait-like characteristic reliably associat-
ed with symptom reports is absorption. Absorption is
the tendency to become immersed in external (senso-
ry) and internal (memories, imagination) experiences
which often leads to altered states of consciousness'.
Its most important feature is “total attention”, i.e.
when the available representational capacity is
entirely dedicated to experiencing and modelling the
object in focus®. In consequence, the experience or
sensation in focus will be amplified at the expense of
other representations. One can also be absorbed in
neutral body sensations, such as breathing, as well as
symptoms'®-2°, Thus, absorption tendency might play
arole in experiencing and reporting of symptoms?. In
empirical research, absorption was associated with
various forms of IEI*" 22,

According to the empirical findings from studies
where SSA and absorption were assessed simulta-
neously, the two traits are not (r = 0.15)* or only
weakly (r = 0.25-0.26, p < 0.05)*!%* connected with
each other. This raises the possibility that they
might independently contribute to symptom re-
ports. Moreover, their interaction is also possible,
i.e. those with high levels on both constructs would
show disproportionately more symptoms.

In the current study, six hypotheses were tested
as follows. It was expected that both SSA and
absorption would be independently associated with
somatic symptoms (H1 and H2, respectively).
Moreover, their interaction was also assumed (H3).
Similarly, the independent contribution of SSA
(H4) and absorption (HS5) to IEI-EMF and their
interaction (H6) were also hypothesized.

Method
PARTICIPANTS

The questionnaires were completed on-line in
Hungarian. Participants were undergraduate univer-
sity students (N = 506; age: 20.1+1.67 yrs; 22.8%
female) following studies in economics or engi-
neering at Budapest University of Technology and
Economics. They received no reward for their par-
ticipation. The study was approved by the Research
Ethical Committee of the university (Approval Nr.:
2016/077), participants signed an informed consent
form before completing the questionnaires.

QUESTIONNAIRES
Negative affect (NA), the general dimension of sub-

jective distress and unpleasurable engagement, was
assessed using the NA scale of Positive and Negative
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Table 1. Descriptive statistics (mean+standard deviation values) of and Pearson correlation coefficients between the
assessed variables (n = 506)

M=SD Somatosensory Negative affect  Somatic symptoms
amplification
Absorption 17.14=6.770 0.26*** 0.11* 0.25%**
Somatosensory amplification 27.28+5.569 0.35%** 0.37***
Negative affect 20.98+6.264 0.46***
Somatic symptoms 6.19+4.23 - -

Note: * : p < 0.05; ***: p < 0.001

Affect Schedule (PANAS)?>. The NA scale consists
of ten items, which are evaluated on a 5-point Likert
scale (1: not at all ... 5: extremely) with respect to the
last 4 weeks. Higher total scores refer to higher lev-
els of NA. Internal consistency (Cronbach’s a) of the
NA scale in the present study was 0.84.

The prevalence and intensity of subjective somat-
ic symptoms were assessed using the Patient Health
Questionnaire Somatic Symptom Severity Scale
(PHQ-15)%. The PHQ-15 is a 15-item scale designed
to measure the prevalence of the most common body
symptoms on a 3-point Likert scale (0: not bothered
at all ... 2: bothered a lot) with respect to the last 2
weeks; it was also proposed as a diagnostic tool for a
new and broader category of somatoform disorders.
The Hungarian version showed good psychometric
properties in previous studies®, its Cronbach’s a
coefficient was 0.76 in the present study.

Somatosensory amplification, i.e., the tendency
to experience somatic sensation as intense, noxious,
and disturbing, was measured using the
Somatosensory Amplification Scale (SSAS)' 26.
The SSAS is a 10-item scale, items are rated on a 5-
point Likert scale (1: not at all ... 5: extremely).
Higher scores refer to higher levels of amplification
tendency. Internal consistency of scale was 0.67 in
the present study.

Absorption, i.e. the openness to absorbing and
self-altering experiences, was assessed using the
Tellegen Absorption Scale (TAS)'" ?*. The scale
consists of 34 items rated in a binary (yes or no)
scale; higher scores indicate higher absorption
tendency. Cronbach’s a coefficient was 0.86 in the
present study.

STATISTICAL ANALYSIS

Statistical analysis was carried out using the SPSS
v21 software. Variables’ associations were estimated
by Pearson-correlation. To analyze their hypothe-
sized interactions, the SSAS and TAS scores were
centered (i.e. the respective mean was subtracted
from the individual scores for all participants), and an
interaction term was calculated as the product of the

two centered values. Hypothesis 1 and 2 were
checked using multiple linear regression analysis
with PHQ-15 score as criterion variable. Predictor
variables were entered using the ENTER method in
three steps: (Step 1) gender and negative affect as
control variables, (Step 2) SSAS and TAS scores, and
(Step 3) the interaction term. Hypothesis 3 and 4 were
investigated with a binary logistic regression analysis
with IEI-EMF score as criterion variable. Predictor
variables were entered using the ENTER method in
three steps: (Step 1) gender, negative affect, and
PHQ-15 score as control variables, (Step 2) SSAS
and TAS scores, and (Step 3) the interaction term.

Results

Descriptive statistics and correlation coefficients
are presented in Table 1. Absorption showed weak
connections with SSAS, NA, and PHQ-15 scores.
Similarly, SSA was weakly associated with NA and
PHQ-scores. 10.5% of participants (53 individuals)
categorized themselves as being hypersensitive to
electromagnetic fields.

In the multiple linear regression analysis, both
SSAS and TAS scores significantly contributed to
somatic symptom score even after controlling for
gender and negative affect. However, their interac-
tion term was not significant. The final equation
explained 34.7% of the total variance (p < 0.001)
(for details, see Table 2).

Concerning IEI-EMF, the significant contributions
of both SSA and absorption were found in the binary
logistic regression equation after controlling for gen-
der, negative affect, and somatic symptoms. Similar
to the previous analysis, the interaction term proved
to be non-significant (for details, see Table 3).

Discussion
In a cross-sectional study with the participation of 506

young healthy adults, somatosensory amplification
and absorption independently contributed to somatic
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Table 2. Regression coefficients in the three steps of the multiple linear regression analysis with somatic symptom score as
criterion variable

Step 1 Step 2 Step 3
R2 = 0.296 AR2 = 0.050 AR2 = 0.002
p < 0.001 p < 0.001 p = 0.223
B + SE 95% Cl Standar- B = SE 95% Cl  Standar- B = SE 95% Cl Standar-
dized B dized B dized B
Gender 2.993+0.381 2.244- 0.297*** 2.548+0.376 1.810- 0.253*** 2.545+0.375 1.807- 0.252***
3.742 3.286 3.282
Negative 0.279+0.026 0.229- 0.413*** 0.234+0.026 0.182— 0.346*** 0.234+0.026 0.182- 0.346***
affect 0.329 0.285 0.285
Somatosen- — - 0.129+0.030 0.070- 0.170***  0.132+0.030 0.072- 0.174***
sory amp- 0.189 0.192
lification
Absorption - - 0.080+0.024 0.034- 0.128** 0.079+0.024 0.033- 0.126**
0.127 0.125
Somatosen- — - - - 0.005+0.004 0.003- 0.044
sory amp- 0.013
lification
x absorption

Note: ** : p < 0.01; **: p < 0.001

symptoms and IEI-EMF. However, their interaction
was not supported by the analysis in either case.
Concerning subjective somatic symptoms, both

female gender and higher levels of negative affect
showed a significant contribution. These findings are
in accordance with previous empirical results and
models of symptom perception'®?’. In line with our
research hypothesis, both somatosensory amplifica-
tion and absorption contributed to symptom reports
even after controlling for the aforementioned vari-

ables. For SSA, this finding supports the notion that,
contrary to past proposals?, the construct is not equal
to negative affect and has additional explanatory
power in the understanding of symptom reports'.
Although absorption showed a weak association with
negative affect, SSA, and symptom reports in the
correlation analysis, its contribution to symptoms
remained significant after controlling for the former
two constructs. This supports the idea that the under-
lying psychological mechanisms are different: SSA

Table 3. Regression coefficients in the three steps of the binary logistic regression analysis with IEI-EMF as criterion

variable
Step 1 Step 2 Step 3
Nagelkerke R2 = 0.056 Nagelkerke R2 = 0.134 Nagelkerke R2 = 0.134
p = 0.003 p < 0.001 p < 0.001
B + SE OR (95% Cl) B = SE OR (95% Cl) B + SE OR (95% Cl)
Gender 0.265+0.345 1.304 0.127+0.353 1.135 0.128+0.353 1.136
(.663-2.563) (0.568-2.266) (0.569-2.271)
Negative affect 0.032+0.025 1.033 0.022+0.027 1.022 0.022+0.027 1.022
(.983-)1.086 (0.970-1.077) (0.970-1.077)
Somatic symptoms 0.076+0.037 1.078* 0.031+0.039 1.031 0.030+0.039 1.031
(1.003-1.160) (0.955-1.113) (0.954-1.113)
Somatosensory - - 0.079+0.031 1.082* 0.076+0.032 1.079*
amplification (1.019-1.149) (1.013-1.150)
Absorption - - 0.076+0.024 1.079** 0.074+0.026 1.077**
(1.030-1.131) (1.024-1.133)
Somatosensory - - - 0.001+0.004 1.001
amplification (0.993-1.009)
x absorption

Note: IEI-EMF: idiopathic environmental intolerance attributed to electromagnetic fields; * : p < 0.05; **: p < 0.01
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represents a primary (automatic) evaluation process,
while absorption refers to a non-evaluative submer-
sion in the somatic experience. The lack of interac-
tion between the two constructs is also in accordance
with this concept, as the above described psycholog-
ical mechanisms are rather incompatible with each
other. In our view, high levels of absorption reflect a
special information-processing style favouring emo-
tionally- and perceptually-driven, associative proces-
ses over conventional, verbally structured evaluative
processes. This way, absorption can similarly ampli-
fy positive and negative experiences depending on
the content of the representation. On the other hand,
SSA reflects “categorical” interpretations of mainly
adverse, bodily sensations. In this sense, the content
of the representation (i.e. bodily sensations) is funda-
mental and determines the adverse experiences that
are measured by SSA.

As hypothesized, SSA and absorption also con-
tributed to IEI-EMF even after controlling for
symptoms, the most salient feature of the condition.
IEI-EMF refers to a functional somatic syndrome
(i.e. a characteristic pattern of symptoms that is
attributed to a well-defined environmental factor),
which appears to be more serious and threatening
than individual symptoms. Therefore, its associa-
tion with SSA after partialling out symptoms can be
explained by the threat perception approach'.
Concerning absorption, it was proposed that elec-
tromagnetic hypersensitivity can be considered as
an overvalued idea, i.e. a strong preoccupation (still
not a delusion) that is not supported by available
evidence®. As attention can be occupied with inter-
nal images and fantasies, the overvalued idea
approach can explain the finding that absorption
remains connected with IEI-EMF even after con-
trolling for symptoms.

Understanding the psychological factors underly-
ing symptom reports and electromagnetic hypersen-
sitivity might also contribute to the development of
treatment protocols. For instance, the identification
of the role of somatosensory amplification in rela-
tion to adverse experiences and false beliefs could
be crucial to the development of personalized cogni-
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Aim - In this study, the aim was to identify the prevalence
of sarcopenia and dynapenia according to disease stage
among Alzheimer-type dementia (AD) patients and collect
data to suggest precautions related to reducing the dis-
ease load.

Method - The study was completed with 127 patients sep-
arated into stages according to Clinical Dementia Rating
Scale (CDR) criteria and 279 healthy volunteers aged 18-
39 years and 70-80 years abiding by the exclusion criteria
who agreed to participate in the research. Our prospective
and cross-sectional study applied the CDR and mini men-
tal test (MMSE) to patients with disorder in more than one
cognitive area and possible AD diagnosis according to
NINCDS-ADRDA (National Institute of Neurological and
Communicative Disorders and Stroke-Alzheimer’s Disease
and Related Disorders Association) diagnostic criteria. The
patient and control groups had skeletal muscle mass index
(SMMI), muscle strength and physical performance
assessed with sarcopenia diagnosis according to European
Working Group on Sarcopenia in Older People (EWGSOP)
diagnostic criteria.

Results — In our study, in parallel with the increase in dis-
ease stage of AD patients, the prevalence of sarcopenia
(led by severe sarcopenia) and dynapenia was higher
compared fo a control group of similar age.

Conclusion - In chronic, progressive diseases, like AD,
identification of changes in parameters, like muscle mass
and strength and reductions in physical performance in
the early period, is important for identification and to take
precautions in the initial stages considering the limitations
of the preventive effects of treatment applied after diagno-
sis of AD.

Keywords: Alzheimer-type dementia, sarcopenia,
dynapenia
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A SARCOPENIA ES A DYNAPENIA PREVAL,ENCI,A.IA
A KULONBOZO STADIUMU ALZHEIMER-TIPUSU
DEMENTIABAN SZENVEDO BETEGEK KOREBEN
Yazar T, MD; Olgun Yazar H, MD

Ideggyogy Sz 2019;72(5-6):171-179.

Cél — A vizsgdlat célja a sarcopenia és a dynapenia preva-
lencigjénak megdllapitdsa a kilénbdzd stédiumi
Alzheimer-tipusi dementidban (AD) szenvedd betegek
kérében, tovébbd adatgyités annak érdekében, hogy
javaslatokat tehessiink a betegségteher csdkkentése
érdekében.

Médszer — A prospektiv és keresztmetszeti vizsgdlatban
127, kildnbdz8 stédiumi AD-beteg és 279, a bevdlaszidsi
kritériumoknak megfeleld, egészséges kontrollszemély vett
részt; a stddiumbeosztds a Clinical Dementia Rating
Scale/CDR alapjén tértént, a kontrollszemélyek 18-39 és
70-80 év kozéttiek voltak. A bevélasziott AD-betegek a
NINCDS-ADRDA (National Instfitute of Neurological and
Communicative Disorders and Stroke-Alzheimer’s Disease
and Related Disorders Association) diagnosztikai kritériumai
alapjdn nagy valészinGséggel mindsiltek AD-betegnek,
tovébbd a mini-mentdl teszt (MMSE) szerint tébb mint egy
kognitiv tertleten kérosan teljesitettek. Mértik a betegek és
kontrollok vazizomtémeg-indexét (skeletal muscle mass
index/SMMI), izomerejét, fizikai teljesit6képességét; a sar-
copenia diagnézisét a European Working Group on
Sarcopenia in Older People/EWGSOP kritériumai alapjan
dllapitottuk meg.

Eredmények — A korban illesztett, egészséges kontroll-
személyekkel dsszehasonlitva, az AD stadiumdnak
emelkedésével parhuzamosan nétt a sarcopenia és a
dynapenia prevalencidja.

Kévetkeztetés — A krénikus, progressziv betegségek esetén,
amilyen az AD is, fontos a kilénbéz8 élettani paraméterek
— példdul izomtémeg, izomerd, fizikai teljesit6képesség —
romldsénak korai stédiumban valé azonositdsa, és a
szekunder prevencié miel&bbi elkezdése.

Kulcsszavak: Alzheimer-tipusd dementia, sarcopenia,
dynapenia
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ementia is a slow and continuously progressive

disease through the years with insidious onset.
Clinical appearance according to variations in daily
life activities may vary from tableau like age-asso-
ciated memory impairment (AAMI), mild cognitive
impairment (MCI) to mild, moderate and severe
dementia stages'. According to 2014 data, there are
nearly 47 million dementia patients globally and
this number is expected to reach 131 million by the
year 2050%. The continuing increase in the elderly
population has led clinicians to encounter dementia
more often. Considering that Alzheimer’s Disease
(AD) is responsible for 60-70% of dementia cases,
it is not surprising the disease has become one of
the most significant problems in public health and
neurology?.

Sarcopenia was a term first used in 1989 by
Irwin Rosenberg to describe the reduction in musc-
le mass associated with age* 3. The first functional
definition was provided by Baumgartner et al. as
muscle mass below the mean muscle mass in the
young adult population®.

Sarcopenia secondary to situations like chronic
disease, sedentary lifestyle and malnutrition may be
seen at early ages, but it is primarily observed
above the age of 65 linked to the aging process. It is
defined as a geriatric syndrome characterized by
progressive loss of muscle mass and muscle
strength function (dynapenia) and, linked to this,
negative outcomes like falling, reduction in physi-
cal and cognitive capacity, low quality of life, inc-
reased dependence, and death’'*. The prevalence of
sarcopenia from 60-70 years of age is 5-13%, while
at 80 and above it varies from 11-50%!5. The World
Health Organization stated that currently the po-
pulation affected by sarcopenia is 50 million and
within the next 40 years this number is predicted to
reach 200 million 117,

Primarily seen as difficulty swallowing, the
prevalence of sarcopenia and dynapenia among
chronic neurologic patients with Alzheimer’s dis-
ease, Parkinson’s disease, myasthenia gravis,
cerebrovascular events, multiple sclerosis and
amyotrophic lateral sclerosis is higher compared
to the normal population due to reasons such as
depression, disrupted self-care, reduced nutritio-
nal intake (especially reduced protein intake) and
physical inactivity'® °. As a result, being aware of
this disease, which accompanies chronic neurolo-
gical diseases like AD, has great importance for
identification in the early stages and planning tre-
atment.

EWGSOP classifies sarcopenia into three groups
as presarcopenia, sarcopenia and severe sarcopenia.
Muscle strength and physical performance are not

affected in the presarcopenia stage; however, muscle
mass reduces. There is a reduction in muscle
strength or performance along with a reduction in
muscle mass in the sarcopenia stage. There is a
reduction in all three criteria in the severe sarcope-
nia stage (muscle mass, muscle strength and perfor-
mance)?.

Among patients with AD diagnosis, it is possible
to contribute to improvement of clinical results of
the disease by identifying sarcopenia and dynapenia
in the early stages and applying precautions such as
administering protein supplementation in diet and
practicing resistance exercises to improve muscle
function.

In this study, our aim is to identify the prevalen-
ce of sarcopenia and dynapenia among AD patients
monitored at the neurology clinic by collecting data
related to reducing the disease load and to contri-
bute to the literature.

Material and method
RESEARCH POPULATION AND SAMPLE

The research sample comprised patients monitored
and treated at Ordu University Education and
Research Hospital and Ordu State hospital neuro-
logy clinics with disorder in more than one cogniti-
ve area and possible AD diagnosis according to
NINCDS-ADRDA diagnostic criteria*'. The cont-
rol group included healthy volunteers aged from
18-39 years (control 1) and 70-80 years (control 2)
who accepted participation in the research, had nor-
mal neurological examination, had no known chro-
nic disease apart from hypertension, had not lost
more than 10% body weight within the last six
months and had MMSE score above 24.

Patients with pacemaker or any implants, with
diseases severely affecting mobility (bedridden due
to severe cerebrovascular events, advanced muscle
disease, hip dislocations, decompensated heart fai-
lure, acute and chronic renal failure with fluid load,
etc.) were not included in the study.

DATA COLLECTION TOOLS

The patients had detailed neurological examination
(NE) performed. Then every patient with possible
AD diagnosis according to NINCDS-ADRDA
diagnostic criteria had the CDR and MMSE applied
to determine AD stage. Related to the disease, dis-
ease duration, cognitive functions (MMSE), presen-
ce of dysphagia (NE) and disease staging (CDR)
were assessed.
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Both patient and control group had SMMI (bio-
electrical impedance analysis BIA), muscle
strength (Jamar hand dynamometer) and physical
performance (4 meter walking test) measured.

CLINICAL DEMENTIA RATING SCALE (CDR)

This scale was developed by Hughes et al. in 1982 to
assess the functional destruction in AD?. Patients are
assessed for memory, orientation, judgement and
problem-solving, social activities, hobbies and per-
sonal care areas and divided into stages as 0 (no dest-
ruction), 0.5 (mild cognitive failure), 1 (mild demen-
tia), 2 (moderate dementia and 3 (severe dementia).

MINI MENTAL STATE EXAMINATION (MMSE)

This test was first published by Folstein et al.”>. The
test is used globally to identify cognitive levels, and
is a short, useful and standardized method. It comp-
rises eleven items collected under five main head-
ings of orientation, recording memory, attention,
calculation, memory and language with total points
of 30. The Turkish reliability and validity study was
completed by Giingen et al.?*. In the validity and
reliability study, a threshold value of 23/24 on the
MMSE had very high sensitivity and specificity for
mild dementia among elderly Turkish people.
Interrater reliability obtained r: 0.99 and kappa
value of 0.92.

SARCOPENIA AND DYNAPENIA

BIA, hand grip power and 4 meter walking speed
were examined for sarcopenia assessment. Diag-
nosis of sarcopenia used the European Working
Group on Sarcopenia in Older People (EWGSOP)
diagnostic criteria®.

Height (cm) and weight (kg) were measured in
light clothing with no shoes. Body mass index was
calculated as body mass divide by the square of the
height (kg/m?).

Measurements were made with a TANITA TBF-
200 brand bioimpedance device to determine the
“muscle mass” of patients and control group abi-
ding by the criteria. Measurements were made in
the morning after at least 4 hours starvation, while
lying down after 4-5 minutes rest and in bare feet.
The skeletal muscle mass was calculated automati-
cally by the device. Skeletal muscle mass index was
calculated according to this result. According to
BIA, the skeletal muscle mass index (SMMI) is
accepted as muscle mass lower than 2 standard
deviations below a young healthy group (below
8.89 kg/m? for females, 10.50 kg/m? for males).

The hand grip test was applied with Jamar brand
hand dynamometer for the aim of evaluating musc-
le strength. Patients were asked which hand they
actively used to determine the dominant hand.
Measurements were completed by the same resear-
cher in accordance with the literature®. Patients sat
in a chair with their elbows on the table, arms paral-
lel to the ground in 90-degree flexion; three measu-
rements were made for both right and left hands
with 1-minute rest intervals. The highest value of
the three measurements were taken. “Low muscle
strength (dynapenia)” was accepted for measure-
ments below 30 kg for males and measurements
below 20 kg for females!®.

General walking speed was used to evaluate
physical performance. Mobile patients walked 4
meters while standing and duration was recorded in
seconds with a chronometer. For both males and
females walking speed above 0.8 m/s was accepted
as normal, with speeds of 0.8 m/s and below accep-
ted as risk of sarcopenia’.

ETHICAL ASPECT OF THE RESEARCH

Permission was granted by the General Secretariate
of Ordu Provincial Union of Public Hospitals and
the ethics committee of Ordu University Education
and Research Hospital, decision number 2017/109,
to perform this study with the aim of determining
the prevalence of sarcopenia and dynapenia among
Alzheimer-type dementia patients monitored by
neurology clinics in Ordu University Education and
Research Hospital and Ordu State Hospital.
Participation in the research was on a voluntary
basis and no names were collected on data forms.
Patients and relatives were informed that data col-
lected would only be used for the research aims.

STATISTICAL ANALYSIS

The Shapiro-Wilk test was used to check the
assumption of normality for characteristics investi-
gated in the research (p>0.05). The one-way analy-
sis of variance (one-way ANOVA) and Tukey mul-
tiple comparison tests were used to compare the
control groups (1 and 2) and IPD groups and dis-
ease stage according to age, BMI, SMMI, HGT and
4MWT. The results are given as sample size (n),
means + standard deviation and p-values. Addi-
tionally, the prevalence of sarcopenia and dynape-
nia according to disease stage (stage 1, 2, and 3)
and groups (control 2 and AD) was assessed with
the chi-square test (Fisher’s exact test). The results
for Chi-square test (Fisher’s exact test) are given as
sample size (n), percentages (%) and p-values. All
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Table 1. Control and AD group data for females and males

Trait Control 1 (n=120) Control 2 (n=159) AD (n=127) P-values
Females (n=60) (n=86) (n=62)
Age 32.88+4.85° 75.00+4.60° 75.81+6.29° <0.001
BMI 27.47 =4.69% 28.56+4.89° 26.23+3.41° <0.001
IKKI 11.26+1.18¢° 10.87+1.42¢ 9.92+1.22° <0.001
EKT 28.50+4.89¢ 19.73+5.37° 15.94+4.75¢ <0.001
AMYT 1.57+0.30¢° 0.95+0.28° 0.73+0.29¢ <0.001
Males (n=60) (n=73) (n=65)
Age 33.07+4.12° 74.19+4.79¢ 75.69+6.30° <0.001
BMI 27.51+3.32¢ 27.62+3.90° 25.44+3.34° <0.001
IKKI 12.32+0.91¢ 11.99+1.16° 11.05+1.21® <0.001
EKT 44.28+7.57¢° 31.05+8.38 21.86+7.94¢ <0.001
AMYT 1.89+0.39¢° 1.15+0.26° 0.82+0.33¢ <0.001
o b < show differences in the same row between groups (P<0.05)
Table 2. Control 2 and AD group data in terms of sarcopenia stage for females and males [n(%)]
Trait Control 2 (n=159) AD (n=127) 12-values P-values
Females
Normal 75 (87.2) 48 (77.4) 3.154 0.231
Sarcopenia 3 (3.5) 2 (3.2)
Severe sarcopenia 8 (9.3) (19.4)
Males
Normal 62 (84.9) 36 (55.4) 18.962 <0.001
Presarcopenia 3(4.1) 2 (3.1)
Sarcopenia 3 (4.1) 4 (6.2)
Severe sarcopenia 5(6.9) 23 (35.3)
Total
Normal 137 (86.2) 84 (66.1) 19.794 <0.001
Presarcopenia 3(1.9) 2 (1.6)
Sarcopenia 6 (3.8) 6 (4.8)
Severe sarcopenia 13 (8.1) 35 (27.5)

statistical computations were completed using
SPSS V. 21.0 statistical package program.

Results

Our study included 60 healthy female volunteers with
mean age of 32.88 + 4.85 years in the 18-39 year
control group. The BMI, SMMI, HGT and 4MWT
values were 27.47 +4.69; 11.26 + 1.18; 28.50 + 4.89;
and 1.57 = 0,30, respectively. The limit value for
SMMI among women was 8.89 (mean — 2 SD).

In the 18-39 age control group, there were 60
healthy male volunteers with mean age of 32.88 +
4.12. The BMI, SMMI, HGT and 4MWT values
were 27.51 = 3.32; 12.32 + 0.91; 44.28 = 7.57; and
1.89 = 0.39, respectively. For males the cut-off
value for SMMI was 10.50 (mean — 2SD).

There were significant differences identified for
all parameters (age, BMI, SMMI, HGT and
4MWT) in both males and females according to the

study groups (Control 1, Control 2 and AD group)
(P<0.001). There were similar age intervals among
males and females in the control 2 and AD groups.
The BMI, HGT, SMMI and 4MWT values were
identified to be lowest among males and females in
the AD group (P<0.001) (Table 1).

In the study, the prevalence of sarcopenia accor-
ding to severity (normal, presarcopenia, sarcopenia
and severe sarcopenia) varied among individuals in
similar age control and AD groups, except for
female groups (P<0.001). In both the control 2
group and the AD group, there were no females in
the presarcopenia stage. The prevalence of severe
sarcopenia among AD patients was higher compa-
red to the control group. Without separating the
genders, nearly % of patients with severe sarcope-
nia (72.9%) were in the AD group. This rate was
higher for males (82.1%) (Table 2).

In the study, for both females and males, the pre-
valence of dynapenia (absent, present) varied
among individuals in the same-age control and AD
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Table 3. Control 2 and AD group data in terms of dynapenia for females and males [n(%)]

Trait Control 2 (n=159) AD (n=127) x2-values P-values
Females
Absent 41 (47.7) 17 (27.4) 6.202 0.013
Present 45 (52.3) 45 (72.6)
Males
Absent 40 (54.8) 19 (29.2) 9.181 0.002
Present 33 (45.2) 46 (70.8)
Total

81 (51.0) 36 (28.3) 14.914 <0.001
Absent 78 (49.0) 91 (71.7)

groups (P<0.05). The prevalence of dynapenia in
females was the same in both the control 2 and AD
groups (n=45). For male AD patients, the prevalen-
ce of dynapenia was higher compared to the control
group. Without separating the genders, 53.8% of
patients with dynapenia were in the AD group. This
rate was higher for males (58.2%) (Table 3).

The study identified significant differences for
all characteristics (age, BMI, SMMI, HGT, 4AMWT,
disease age (DA and UPDRS) in females (apart
from BMI) and males according to disease stage
(P<0.05). As the disease stage increased in both
females and males in the study, BMI, SMMI, HGT,
4AMWT and MMSE values reduced, while age and
DA values were observed to increase (P<0.05)
(Table 4).

In the study, for females, males and in general
(total), the prevalence of sarcopenia (normal, pre-
sarcopenia, sarcopenia and severe sarcopenia) vari-
ed according to disease stages in all AD patients

(P<0.01). As the disease stage increased among
female AD patients, the prevalence of severe sarco-
penia increased (83.6%). Similarly, in male patients
the prevalence of severe sarcopenia (56.5%) was
higher for disease stage 3. Without separating the
genders, 65.7% of patients with severe sarcopenia
were in the Stage 3 patient group (Table 5).

In the study, the prevalence of dynapenia (absent-
present) varied according to disease stage for all pa-
tients (P<0.001). The prevalence of dynapenia was
highest for women with AD diagnosis in Stage 3
(48.9%), while it was identified to be highest for male
AD patients in Stage 2 and 3 (39.1%) (Table 6).

Discussion
The basic characteristics of neurodegenerative dise-

ases are that they cause degeneration by loss of neu-
rons and synapses in the central nervous system

Table 4. Data according to AD diagnosis stage for females and males

Gender Disease stage P-values
Stage 1 (n=43) Stage 2 (n=41) Stage 3 (n=43)

Females (n=19) (n=20) (n=23)

Age 71.58+5.55b 74.45+3.98° 80.48=+5.56¢ <0.001
BMI 27.17+3.39 26.71+£2.24 25.04=4.02 0.098
IKKI 10.23+0.97¢ 10.29+1.23¢ 9.33+1.23 0.012
EKT 20.11+3.83¢ 15.50+3.49° 12.87+3.86° <0.001
4MYT 1.01+0.21¢ 0.72+0.22° 0.51+0.19¢ <0.001
DA 2.37+0.90¢ 4.55+0.83" 9.61+4.15¢ <0.001
MMSE 21.37+1.01¢ 13.55+3.22° 8.00+2.58¢ <0.001
Males (n=24) (n=21) (n=20)

Age 71.63+6.21° 77.62+5.07¢° 78.55+5.12¢° <0.001
BMI 26.66+2.77¢ 25.56+3.30% 23.84+3.49° 0.017
IKKI 11.59+1.12¢° 11.11£1.27¢b 10.34+0.91" 0.002
EKT 27.83+5.97¢ 20.86+6.03° 15.75+6.74¢ <0.001
4MYT 1.07+0.24¢ 0.79+0.27° 0.56+0.27¢ <0.001
DA 2.38=1.06¢ 5.67+1.06° 9.55+3.24¢ <0.001
MMSE 21.42+1.35¢ 13.86+2.13° 7.40+2.04¢ <0.001

o b <show differences in the same row between groups (P<0.05)
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Table 5. Prevalence of sarcopenia among all AD patients according to stage [n(%)]

Sarcopenia Disease stage x2-values P-values
Stage 1 (n=43) Stage 2 (n=41) Stage 3 (n=43)

Females

Normal 18 (37.5) 18 (37.5) 15 (12.0) 13.640 0.002

Sarcopenia 0 (0.0) 1 (50.0) 1 (50.0)

Severe sarcopenia 1(8.3) 1(8.3) 10 (83.6)

Males

Normal 19 (52.8) 12 (33.3) 5(13.9) 21.827 <0.001

Presarcopenia 0 (0.0) 0 (0.0) 2 (100.0)

Sarcopenia 3 (75.0) 1(25.0) 0 (0.0)

Severe sarcopenia 2 (8.7) 8 (34.8) 13 (56.5)

Total

Normal 37 (44.0) 30 (35.7) 17 (20.3) 28.794 <0.001

Presarcopenia 0 (0.0) 0 (0.0) 2 (100.0)

Sarcopenia 3 (50.0) 2 (33.3) 1(16.7)

Severe sarcopenia 3 (8.6) 9 (25.7) 23 (65.7)

Table 6. Prevalence of dynapenia in all AD patients according to stage [n(%)]

Dynapenia Disease stage x2-values P-values
Stage 1 (n=43) Stage 2 (n=41) Stage 3 (n=43)

Females

Absent 13 (76.5) 3(17.6) 1(5.9) 14.674 0.001

Present 6 (13.3) 17 (37.8) 22 (48.9)

Males

Absent 14 (73.7) 3(15.8) 2 (10.5) 22.313 <0.001

Present 10 (21.7) 18 (39.1) 18 (39.1)

Total

Absent 27 (75.0) 6 (16.7) 3(8.3) 37.735 <0.001

Present 16 (17.6) 35 (38.5) 40 (44.0)

with selective effects on one or more functional
systems and advancing progression. Apart from the
CNS which they primarily affect, they are known to
have effects on other systems (like musculo-skele-
tal system) and this will be a road marker for early
diagnosis and treatment.

During the advanced stages of chronic neurolo-
gical diseases, nutritional status may be negatively
affected by many factors such as physiological
changes related to aging, the use of many medicati-
ons for accompanying diseases, dental-oral health
problems and dependence in completing daily life
activities®. Insufficient nutrition and sarcopenia
and factors like insufficient energy and protein inta-
ke, weight loss, variations in body components and
increased inflammation risk may lead to negative
outcomes for muscle function, immune system, car-
diopulmonary system, motor and cognitive func-
tions?6-28,

As the prevalence of sarcopenia varies according
to gender, age, living space, ethnic background,
assessment scales and cut-off values, a healthy

control group of 120 individuals, 60 male and 60
female, aged from 18 to 39 years was created to
find the SMMI cut-off value for our population.
The cut-off values of 8.89 kg/m? for females and
10.50 kg/m? for males were calculated for SMMI. A
study of the Turkish population including 301 sub-
jects from 18 to 39 years and 406 participants above
the age of 65 by Bahat et al. identified cut-off valu-
es for SMMI of 7.4 kg/m? for females and 9.2 kg/m?
for males®: *. In the literature the cut-off values for
SMMI are in the intervals 8.51-10.75 kg/m? for
males and 5.76-6.75 kg/m? for females?!. The cut-
off values for SMMI in our population were close
to those of Bahat et al. but above the values in the
literature. This may be explained by our 18-39-year
control group having relatively high socioeconomic
level, being active workers (a significant portion
were security guards involved in active sports), and
having BMI values that were normal and/or at the
upper limit of normal.

In the progressive neurodegenerative tableau
observed with Alzheimer’s disease, identification
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of the correlation between sarcopenia (reduction in
muscle mass and strength, reduction in physical
performance) and nutritional type, and observation
of the relevant parameters as early markers of the
disease has led to more studies being completed on
this topic. Studies have observed changes in body
composition, especially in fat-free mass loss
(muscle loss), from the early stages of the disease.
There are studies reporting sarcopenia as an inde-
pendent factor associated with cognitive disorders.
In our study, as the disease stage increased in both
females and males, the BMI, SMMI, HGT, 4AMWT
and MMSE values reduced, with an increase obser-
ved in age and DA values. Additionally, in male
and female patients with AD, the values for BMI,
HGT, SMMI and 4AMWT were identified to be sig-
nificantly lower compared to a control group of
healthy volunteers in the same age interval. The
reduction in skeletal muscle is observed simultane-
ously with the progression of the disease associa-
ted with disruption of swallowing functions and
insufficient nutrition in AD. There are studies
reporting a correlation between cerebral cortex
atrophy and muscle mass loss. Low body weight
(low body mass index), weight loss, and mild cog-
nitive impairment tableau is shown to be among
significant risk factors for the transition to early
period AD. Malnutrition, sarcopenia and frailty are
commonly observed in the moderate and severe
stages of AD, with significant effects on morbidity
and mortality and there are studies stating that the
Mediterranean diet, especially, physical exercise,
energy- and protein-rich nutrition may slow cogni-
tive regression and even prevent it. The data from
our study comply with the information in the lite-
rature’>*. The creation of a control group (86
females, 73 males) in the same age interval as pati-
ents and assessment by the same researcher and
using the BIA device under standard conditions
allowed the possibility of comparing data with AD
patients and this aspect of our study appears to be
contribute positively to the literature.

Data from AD patients were assessed in detail
according to sarcopenia stage which has not been
encountered in the literature and is considered an
advantage of our study. Sarcopenia stages (presar-
copenia, sarcopenia and severe sarcopenia) varied
significantly among individuals in the same-age
control and AD groups. The prevalence of severe
sarcopenia among AD patients was identified to be
higher compared to the control group (healthy
volunteers in the same age range as patients).
Additionally, without separating the genders, nearly
% (72.9%) of patients with severe sarcopenia were
in the AD group. This rate was higher for males

(82.1%). Our data support the literature data in
reporting the expected increase in sarcopenia fre-
quency along with development of dependence lin-
ked to not completing daily life activities and nutri-
tional insufficiency in AD?-2,

The frequency of sarcopenia stages (presarcope-
nia, sarcopenia and severe sarcopenia) in our study
varied according to disease stage among AD pati-
ents. As the disease stage of female patients with
AD increased, the prevalence of severe sarcopenia
(83.6%) increased. Similarly, the prevalence of
severe sarcopenia among male patients (56.5%)
was higher among those with disease stage 3.
Without separating the genders, 65.7% of patients
with severe sarcopenia were in the stage 3 patient
group. This data shows that the stage of sarcopenia
increased along with the progressing disease stage,
as expected.

Dynapenia is defined as age-linked muscle
strength loss and is different to sarcopenia. Muscle
size is not the only factor determining muscle
strength and only 6-10% of muscle strength loss is
linked to muscle mass loss. Preserving or increa-
sing muscle mass does not prevent loss of muscle
strength. Our study found the prevalence of dyna-
penia among male AD patients was higher compa-
red to a control group (healthy volunteers in the
same age interval as patients) with no significant
difference identified between females in both gro-
ups. Though our study was performed with 127 AD
patients and a total of 279 healthy volunteers, the
lack of significant variation in dynapenia preva-
lence with disease in females leads to the conside-
ration that studies with larger numbers of partici-
pants may be more significant. Without separating
the genders, 53.8% of patients with dynapenia were
in the AD group. This rate was higher (58.2%) for
males. In our study, the dynapenia prevalence in
women was highest among stage 3 (8.9%) AD pati-
ents, while it was highest for males in the stage 2
and 3 (39.1%) AD patients.

The most important limitation of our study is
that the effects of anthropometric (height, weight,
waist, hip, thigh and forearm circumference, etc.),
demographic and nutritional characteristics, educa-
tional levels, engaging in regular exercise or not
and medications used were not assessed within the
scope of the study in the patient and control groups.
The cross-sectional nature of our study limits our
ability to determine any causative relationship bet-
ween the variables. Additionally, another limitation
is our relatively small sample size. For this reason,
there is a need for more comprehensive and larger-
population studies assessing the correlation bet-
ween AD and sarcopenia.
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Conclusion and recommendations

The physiopathological process resulting in redu-
ced muscle mass and strength and physical perfor-
mance causes negative outcomes affecting quality
of life and leads to increased mortality. As a result,
in chronic, progressive diseases, like AD, identifi-
cation of changes in relevant parameters in the early
period is important for identification and to take
precautions in the initial stages considering the
limitations of the preventive effects of treatment
applied after diagnosis of AD.
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Purpose — Methylation is a key epigenetic modification of
DNA and regarding its impact on epilepsy, it is argued
that “DNA methylation may play an important role in
seizure susceptibility and maintenance of the disorder”.
DNA methylation status of KCC2 (SCL12A5) and NKCC1
(SCL12A2) associated with refractory temporal lobe
epilepsy was investigated in our study.

Materials and methods - Thirty-eight patients with tem-
poral lobe epilepsy (TLE) who were diagnosed by video
EEG monitoring and 32 healthy control subjects were
included in the study. Twenty-three patients in TLE group
were men and the remaining 15 were women. Among
them, 27 had unilateral temporal focus (9 with right; 18
with left) and 11 patients had bilateral TLE. We analyzed
promoter region methylation status of the KCC2
(SCL12A5) and NKCC1 (SCL12A2) genes in the case and
control groups. Gene regions of interest were amplified
through PCR and sequencing was accomplished with
pyro-sequencing.

Results — We found a significant relationship between TLE
and methylation on the NKCC1. However, there was no
association between TLE and methylation on the KCC2
gene. Also, we found no association between right or left
and unilateral or bilateral foci of TLE. There was no rela-
tionship between TLE and methylation on the NKCC1and
KCC2 genes in terms of mesial temporal sclerosis in cra-
nial MRI, head trauma or febrile convulsions.

Conclusion - The methylation of NKCC1 can be a
mechanism of refractory temporal lobe epilepsy. There are
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AZ NKCC1 ES KCC2 GENEK METILACIOS STATUSZA
REFRAKTER TEMPORALIS EPILEPSZIABAN

Unal Y, MD; Kara M, MD; Genc F, MD; Aslan Ozturk D,
MD; Bicer Gomceli Y, Kaynar T, MD; Tosun K, MD;

Kutlu G, MD

Ideggyogy Sz 2019;72(5-6):181-186.

Cél - A metil4cid kulesfontossagu a DNS epigenetikai
modositdsa sordn. Az epilepszidban fontos a metilacié
szerepe, olyannyira, hogy oz is felmeril: a DNS-metilacié
kézremkédik a rohamokra valé fogékonysag
kialakuldsdban, tovabbé a betegség fenntartdsaban is.
Vizsgdlatunkban elemeztik a refrakter temporalis epilep-
szidval asszocialt KCC2 (SCL12A5) és NKCC1 (SCL12A2)
gének metilaciés stdtuszat.

Anyagok és médszerek — 38, video-EEG-monitorral
diagnosztizélt temporalis epilepszidban szenvedd beteget
és 32 egészséges kontrollszemélyt vontunk be a vizsgdlat-
ba. A 38 betegbdl 23 volt férfi, 15 ng; 27-en unilaterdlis
temporalis epilepszidban (9 jobb oldali, 18 bal oldali),
11-en kétoldali temporalis epilepszidban szenvedtek.

A vizsgdlati és a kontrollcsoportban egyardnt elemeztik a
KCC2 (SCL12A5) és NKCC1 (SCL12A2) gének promoter
régidinak metildcids statuszét. A kérdéses régidkat PCR-rel
amplifikdltuk és piroszekvendldassal elemeztik.
Eredmények — Szignifikéns kapcsolat mutatkozott a tem-
poralis epilepszia és az NKCC1 metilacidja kdzott. Mind-
azondltal, nem volt kapcsolat a temporalis epilepszia és a
KCC2 gén metilacidja kézétt, tovébbd nem taldltunk
Ssszefiggést az epileptogén fokusz elhelyezkedése (jobb
vagy bal oldali unilaterdlis, illetve kétoldali temporalis
epilepszia), valamint a metilaciés stdtusz kdézétt sem. Nem
mutatkozott kapcsolat a temporalis epilepszia, a KCC2,
NKCC1 gének metildciés statusza, valamint a koponya-
MRI-n dbrdazolédé mesialis haldntéki sclerosis, a fejet ért
trauma vagy a ldzgéres kézétt sem.
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limited findings about DNA methylation in TLE. Therefore,
further studies with large sample sizes are necessary.

Keywords: gene methylation, temporal lobe epilepsy,
refractory epilepsy, KCC2 (SCL12A5), NKCC1 (SCL12A2)

pproximately 1% of the population is affected by

epilepsy, 30% of which does not respond to
antiepileptic drugs, and these patients constitute the
refractory epilepsy group' 2. Temporal lobe epilepsy
(TLE) is the most common form of focal epilepsy,
which is responsible for 60% of all seizures* *. Most
focal epilepsies are related to underlying focal lesions
such as focal cortical dysplasia, glio-neuronal tumors,
hippocampal sclerosis (HS), or traumatic brain
injury’->. HS is particularly related to TLE?. Besides,
mutated DNA sequences in genes encoding the ion
channels or neurotransmitter receptors were detected
in hereditary focal or generalized epilepsies’® 7.

Apart from DNA mutations, epigenetic mecha-
nisms that regulate the expression of candidate
genes for epileptogenesis have recently been
defined in connection to physiologic and patho-
physiologic situations. There is increasing interest
in the indirect modulation of the GABAergic
response through plasmalemmal ion transpor-
ters®1%. GABA A is a receptor basically functioning
in a Cl-dependent manner. Basic molecules that
provide neuronal Cl homeostasis are cation-chlo-
ride co-transporters, NKCC1 and KCC2 in particu-
lar'®!2, Investigations on the transcription of these
molecules, their functional changes, their effect on
chlorine homeostasis, and influence on GABA
receptor function are still ongoing!®.

Epigenetic alteration of candidate genes could
appear due to environmental factors, such as previ-
ous seizures, because focal epilepsy is a complex dis-
order’. The aim of this study was to compare the
methylation status of these genes in promotor areas,
which include more CpGs, in patients with refracto-
ry TLE and healthy controls, and also to investigate
if methylation in these genes contributed in epilepsy.

Material and method
PARTICIPANTS
Thirty-eight patients with refractory TLE who were

followed up in Mugla University Training and
Research Hospital and Antalya Training and

Kévetkeztetés — A refrakter temporalis epilepszia hat-
terében az NKCC1 metildciéja dllhat. Tovébbi nagy eset-
sz&4my vizsgdlatokra van szikség, mivel korlétozott adattal
rendelkezink a DNS metilaciéjéval kapcsolatosan refrak-
ter temporalis epilepszia esetében.

Kulesszavak: génmetilacid, temporalis epilepszia,
refrakter epilepszia, KCC2 (SCL12A5), NKCCT1 (SCL12A2)

Table 1. Demographic data of patients with epilepsy
and the control group

Epilepsy Control p-value
Sex Female 15 (39%) 15 (47%) 0.533
Male 23 (61%) 17 (53%)
Age 31.89:8.60 32.72:8.97 0.698

Research Hospital video-electroencephalograph
(EEG) monitoring units between July 1%, 2015, and
February 15", 2016, and 32 age- and sex- matched
healthy volunteers were included in the study
(Table 1). None of the 38 patients were related to
each other and, therefore, we believe that they were
representative of all patients with TLE. Patients for
whom we failed to achieve seizure-free periods with
the use of two anti-epileptic drugs, adjusted accord-
ing to the seizure type, which could be tolerated by
the patients and administered either as monotherapy
or in combination of appropriate dosages for an
appropriate time interval were diagnosed as having
treatment-refractory epilepsy'®. Patients with at least
three seizures starting from the temporal area as
viewed in the video-EEG unit were included in the
study with a diagnosis of refractory TLE.
Participants in the control group were chosen ran-
domly from among healthy volunteers with no neu-
rologic, psychiatric and chronic diseases. Approval
of the local ethics committee was obtained.

DNA BISULFITE MODIFICATION AND METHYLATION-SPECIFIC
POLYMERASE CHAIN REACTION (PCR)

All subjects were informed according to Helsinki
Declaration and their written consents were
obtained. For DNA extraction, 2 cc blood samples
were collected into EDTA-containing tubes during
the outpatient follow-up visit one month after video-
EEG monitorization. Blood samples were trans-
ferred to the laboratory with cold chain protection
and were stored at -80°C untill required for analysis.
DNAs were isolated using a commercial DNA iso-
lation kit protocol (PureLink® Genomic DNA Mini
Kit, Invitrogen, Carlsbad, CA 92008 USA).
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Table 2. Gene-specific DNA methylation primers

Gene Promoter specific-methylation

KCC2 (SLC12A5)

NKCC1 (SLC12A2)

GGGGCGGGGACATCTCGAGTAGGGAGCGGGA

located at Chr20:44650763-44650913
GGGAGGGCTGGGCGAGCTCACCTTTTCCAGCTCGTCGTGGAGCTCCGC
located at Chr5:127420214-127420445

Bisulfite modification of the target DNA methyla-
tion areas (Table 2) was performed using EpiTect
Plus Bisulfite Conversion Kit (Qiagen). A total mix
of 140 uLL was prepared using 85 pL of bisulfite mix,
35 uL of DNA protect buffer, 15 pL. of RNase free
water, and 5 L. of DNA (total 100 g of DNA). The
incubator was adjusted as 5 min at 95°C, 25 min at
60°C, 5 min at 95°C, 85 min at 60°C, 5 min at 95°C,
174 min at 60°C, and the final period at 20°C.

Following the bisulfite treatment, all samples
were cleaned. PCR amplification of each bisulfite-
converted DNA methylation region was performed
using a Pyro kit. A reaction mix was prepared for
each PCR, and 20 pL of the master mix was added
to PCR tubes. Five microliters from the DNA sam-
ple was added into the PCR tube.

PCR products were immobilized using Strepta-
vidin Sepharose high-performance beads and the
samples were analyzed through pyrosequencing on a
PyroMark Q96 platform. Success of bisulfite conver-
sion was verified by the use of EpiTect PCR control
DNA. Methylation at the SCpG islands were investi-
gated in the patient and control groups. Based on the
assessment compared with the non-methylated con-
trols, a result of >5% was considered as methylated
for the KCC2 (SLC12A5) gene and >7% was consid-
ered as methylated for the NKCC1 (SLC12A2) gene.

STATISTICAL ANALYSIS

In this study, all computational analyses were per-
formed using statistical packages in software R. Chi-
square test was used to determine whether there was
any significant association between methylation
formed on KCC2/NKCC1 and TLE. Summary sta-
tistics were expressed as mean + standard deviation
or percentage (%). Comparisons were performed
using the Welch t-test or proportion test. A p value
< 0.05 was considered statistically significant.

Results

In the epilepsy study group, 15 individuals were
female (39%) and 23 were male (61%). The control
group comprised 15 females (47%) and 17 males

Table 3. Risk factors for epilepsy

Risk factor Number %
Mesial temporal sclerosis 16 43
Family history 2 5
Trauma 18 47
Hypoxia 4 11
Perinatal pathology 4 11
Febrile convulsion 11 29
CNS infection 2 5
Intracranial surgery 1 3
Intracranial tumor 1 3
Cerebrovascular disease 1 3

(53%). The mean ages were 31.89 + 8.60 years in
the patient group and 32.72 + 8.97 years in the con-
trol group. There was no difference between the
patient and control groups in terms of sex (p =
0.533, Chi-square test) or age distribution (p=0.698,
Welch t-test) (Table 1). Seizure focus was on the
right side of the brain in 9 patients (24%), on the
left side in 18 patients (47%), and on both sides in
11 patients (29%). Mesial temporal sclerosis (MTS)
was detected in 16 (43%) of 37 patients who under-
went neuroimaging (Table 3).

It was detected that there was an association
between epilepsy and formation of methylation in
the NKCC1 promoter region (p=0.001, Chi-square
test) (Table 4). The ratio of methylation (55.3%)
formed in NKCC1 in patients with epilepsy was
significantly lower than the methylation ratio
(90.6%) in the non-epileptic group (p=0.0006, pro-
portion test).

No relationship was detected between epilepsy
and methylation in the KCC2 promoter region
(p=0.514, Chi-square test) (Table 4).

Table 4. The number of methylation positive and negative cases

in the epilepsy and control groups

Gene Epilepsy  Control  p-value
NKCC1 methylation 21 29 0.001
(SLC12A2)  no methylation 17 3

KCC2 methylation 6 7 0.514
(SLC12A5)  no methylation 32 25
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No relationship was detected between a positive
history for MTS, febrile convulsion or trauma in
patients with epilepsy and the presence of methyla-
tion in the promotor regions of related genes (all
p>0.05, Fisher’s exact test).

Discussion

In neuronal conduction, the flow mediated by the
GABA receptor is performed by the Cl and HCO,
electrochemical gradient in postsynaptic neurons!!.
The main molecules that provide neuronal Cl
homeostasis are cation-chloride cotransporters,
especially NKCC1 (NAK2Cl) and KCC2 (KCL)
cotransporters found in the plasma membrane!! 12,

The changes in the functional properties of ion
transporters affect GABAergic signaling during
neuronal maturation or following trauma and
seizures® 1%, NKCC1 and KCC2 are ion transporters
that mediate neuronal Cl uptake and extrusion,
respectively. If Cl extrusion through KCC2 is more
effective than uptake through NKCCI1, it facilitates
a postsynaptic hyperpolarizing current triggered by
GABAergic signaling. If functional up-regulation
of NKCC1 occurs, the direction of the CI flow is
reversed and this leads to depolarizing GABA
responses, as after perinatal asphyxia'’.

Epigenetic mechanisms consist of DNA methy-
lation and histone tail modification, which can pro-
duce lasting alterations in chromatin structure and
gene expression. The heritability of this mechanism
is different than that of the DNA sequence. DNA
methylation is associated with gene silencing,
namely inactivation of genes and stabilization of
genome!. DNA promoter methylation can occur
spontaneously or can be induced, and its involve-
ments are likely to be acquired by environmental or
intrinsic factors!. Abnormal epigenetic chromatin
modifications are detected in many neurologic and
psychiatric disorders, such as autism, bipolar affec-
tive disorder, schizophrenia, brain tumors, and
spinal muscular atrophy! 416,

To date, genes at the genomic level of familial
forms of focal epilepsy have been investigated but
no clear association has been shown’. In recent
years, Kobow et al. suggested the ‘methylation hy-
pothesis’ to explain the role methylation might have
in focal epileptogenesis, such as mesial temporal
lobe epilepsy (MTLE) with hippocampal sclerosis’.
Epigenetic changes have been shown in the hip-
pocampus with experimental TLE models and in
human TLE specimens' ', Methylation of the
Reelin promoter area in the hippocampus was de-
monstrated and the level of DNA methyltransfe-

rase, which catalyzes DNA methylation in the ante-
rior temporal neocortex, was detected at increased
levels in patients with TLE* ' 2°. Furthermore,
adenosine kinase, which contributes to the retention
of transmethylation in the cell, was shown to be
increased in astrocytes of patients with TLE® 2!,
Higher levels of DNA methylation in the promoter
region of CPAG6 in patients with focal epilepsy and
febrile convulsion were found. It was propounded
that it may be due to a dysregulation of DNA
methyltransferase or adenosine kinase®.

DNA methylation status is known to be tissue-
specific; however, a weak difference in density of
methylation is exhibited between blood and brain
tissues* 22, In a previous study, methylation status of
the CPA6 promoter region between Focal Epilepsy
and Febrile Seizures in peripheral blood leucocytes
was investigated and it was indicated that blood
cells could be used instead of brain tissue to provide
successful evidence for measuring DNA methyla-
tion level®.

NKCCI1 and KCC2 attracts attention as potential
targets in the control of neuronal CI concentrations
and GABAergic responses'’. In the literature, there is
insufficient research about the methylation of
NKCCI1 and KCC2 in patients with TLE. In our
study performed on the blood samples of patients
with refractory TLE, the NKCC1 methylation ratio
was significantly lower than that in the control
group. Based on this finding, NKCC1 would be more
expressed. Besides hypoxic-ischemic and mechani-
cal cellular trauma, the rapid functional up-regula-
tion of NKCC1 can cause an additional cellular Cl
load, which makes GABAergic inhibition less effec-
tive!® 2% 24 Similarly, higher expression of NKCC1
can be an indicator that GABAergic inhibition will
be less effective. One of the reasons for resistance
could be methylation of the NKCC1 promoter region
in patients with resistant TLE.

The low level of KCC2 activity probably con-
duce the poor anticonvulsant effect of GABA-A
receptor enhancing drugs. In in vivo conditions, in
order to sustain effective inhibitory post synaptic
potential (IPSP), the efficiency of Cl extrusion
should be adequate to keep the reversal potential of
CI current more negative than the action potential
threshold, despite the large intracellular CI loads,
which is produced by synaptic transmission, espe-
cially during seizures'® > 2¢, Neuronal CI extrusion
via KCC2 tends to act as a fast activity-dependent
modulation mechanism by posttranslational modifi-
cations, such as protein phosphorylation and cal-
pain-mediated cleavage. These pathways have sig-
nificant results for the activity of synaptic inhibition
through GABA receptors, with implications in neu-
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rologic diseases. However, it is not known, whether
methylation is a mechanism of modulation in the
transcription of KCC2. In an earlier study, it was
shown that human TLE-associated brain regions
revealed an upregulation of NKCC1 mRNA level
and a downregulation of mRNA of KCC2?. In our
study, there was no difference of the methylation
status of KCC2 between patients with epilepsy and
the control group. It can be argued that methylation
is not a mechanism of modulation of KCC2 expres-
sion. However, one should also take into account
that NKCC1 has been observed in virtually all cell
types, whereas KCC2 expression is limited, partic-
ularly occurring in central nervous system (CNS)
neurons. The likelihood of obtaining different re-
sults cannot be ignored in the event of performing
KCC2 gene methylation studies in temporal tissue
samples.

Experimental and human TLE studies have
shown that injuries such as seizures may cause ac-
cumulation of abnormal epigenetic chromatin mod-
ifications. They may aggravate the epileptogenic
condition®®. Belhedi et al. suggested that seizures
could lead to an epigenetic effect on DNA by mod-
ifying the level of methylation of the CPA promot-
er. The results of their study may explain the wide
distribution of DNA methylation level in patients
with epilepsy?.

Current antiepileptic drugs can treat ictogenesis
but not epileptogenesis. Kobow et al. defined me-
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thylation as having a very important role in epilep-
togenesis in patients with structural lesions. The
methylation mechanism and its effects are impor-
tant because it is advocated that there could be
novel treatment strategies targeting the epigenetic
process by affecting epileptogenesis. Early inter-
vention with epigenetic pharmacotherapy seems
quite promising in de novo epilepsies.!

Our study is limited by the lack of information
on gene expression level. Although the change of
gene expression by methylation is well-established,
such a change could not be proved because we did
not determine the amount of gene end product.
Secondly, studies using tissue samples related to
this gene can give more valuable results because
KCC?2 production is restricted to CNS neurons. As
a third limitation, no relationship was detected
between the methylation of these genes and MTS,
febrile convulsion or trauma. However, in these
groups, number of patients was small. Future stud-
ies should be planned with more patients.
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A DOPAMINAGONISTAK JELENTOSEGE
A PARKINSON-KOR KEZELESEBEN A MAROSVASARHELY]
IDEGGYOGYASZATI KLINIKAK 15 EVES GYAKORLATABAN

— KERESZTMETSZETI VIZSGALAT
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Bevezetés — Kevés irodalmi adat van arrdl, hogy a dopamin-
agonista (DA) gydgyszereket milyen mértékben alkalmazzdk
a Parkinson-kér kezelésében, Kézép- és Kelet Eurépa viszony-
latdban pedig egydltaldn nincs ilyen jellegl kdzlemény.
CélkitGzés — A marosvdasdérhelyi ideggydgydszati klinikdk
15 éves gyakorlatdban folytatott DA-kezelés elemzése,
ennek helyének értékelése a Parkinson-kér elldtédsaban
alkalmazott kezelési stratégidkban, a betegség kilénbdz8
stddiumaiban.

Médszer — Retrospektiv vizsgdlatunkban minden olyan
Parkinson-kéros beteg adatait elemeztik, akiket a
marosvdsdrhelyi ideggyégydszati klinikakra 2003. januér
1. és 2017. december 31. kézdtt utaltak be. A zaréjelen-
tésekbdl nyert adatok alapjén tanulmdnyoztuk a DA-
kezelés jellegzetességeit korcsoportok és a betegség
sUlyosséga szerint. A diagnézis megdllapitésa 6ta eltelt
id8 szerint a betegeket két csoportba osztottuk: 6t év és
révidebb, illetve tdbb mint étéves betegségtartam.
Eredmények — A 2379 Parkinson-kéros betegbdl 1237-
nek 6t éven belUl dllapitottdk meg a betegséget, és kdzst-
t0k 665 esetében szerepelt DA a kezelésben: 120 esetben
monoterdpia formadjdban, 83 esetben monoamin-oxiddz
B-gétlokkal (MAO-Bg), illetve 234 esetben levodopdaval
(LD) kombindlva. A tébbi 228 betegnél LD és MAO-Bg-k
kombindciodjéhoz térsitva kerultek alkalmazdsra a DA-k.
A tdbb mint &t éve ismert 653 esetb8l 364-nél szerepelt
a terdpids stratégidban dopaminagonista.
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DOPAMINE AGONISTS IN PARKINSON'S DISEASE
THERAPY - 15 YEARS OF EXPERIENCE OF THE
NEUROLOGICAL CLINICS FROM TIRGU MURES.
A CROSS-SECTIONAL STUDY

Szész JA, MD; Constantin V, MD; Mihély I, MD; Biré |;
Péter Cs; Orbdan-Kis K, MD; Szatmdri Sz, MD
Ideggyogy Sz 2019;72(5-6):187-193.

Background and purpose - There is relatively few data
regarding the usage of dopaminagonists for the treatment
of Parkinson’s disease; furthermore, there are no publica-
tions regarding Central- and Eastern-European countries.
The aim of the study was to evaluate the use of dopamine
agonists as a therapeutic option amongst Parkinson’s dis-
ease patients admitted to the Neurological Clinics of Tirgu
Mures during the last 15 years.

Methods — In our study we investigated the data of all
Parkinson’s patients treated at our clinics between the Tst
of January 2003 and the 31st of December 2017. We
analyzed the particularities of dopamine agonists’ usage
based on the therapeutic recommendations from the final
report of these patients. Regarding time since the diagno-
sis, we divided the patients in two groups: less than or
equal to 5 years and more than 5 years.

Results — During the studied period a total of 2379
patients with Parkinson’s disease were treated at the
Clinics. From the 1237 patients with disease duration
under 5 years 665 received dopamine agonists: 120 as
monotherapy, 83 together with monoamine oxidase
inhibitors and in 234 cases associated with levodopa. The
remaining 228 patients were treated with a triple combi-
nation of levodopa, dopamine agonists and monoamine
oxidase inhibitors. In patients suffering from Parkinson’s
disease for more than 5 years, in 364 cases out of 653 a
dopamine agonist was part of the therapy.
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Kévetkeztetés — A DA-k felhaszndlési ardnya az alkal-
mazott kezelésben az irodalomban fellelhets ,szérés”
Jkdzépmezdnyében” taldlhaté. A szerz8k megitélése
szerint, a betegséget kezel8 klinikusoknak, a megfelels
kériltekintés mellett, nagyobb bétorsaggal kellene alkal-
mazni a rendelkezésre 4ll6 és az ajanldsokban szerepld
gyogyszereket a maximdlis terdpids potenciél kihasznélésa
céljabol.

Kulcsszavak: Parkinson-kér, dopaminagonistdk,
terdpids stratégidk

Parkinson-kér (PK) kezelésében jelentds el6re-

1épések torténtek az utébbi 50 évben, és a
gyogyszeres, valamint az eszkdzos terdpids lehetsé-
gek megfeleld alkalmazasaval szamottevden javitha-
t6 a betegek életmindsége. A magyar nyelven Pdpai
Pdriz Ferenc altal 330 éve mar leirt, és kozel 150 éve
Parkinson-kérnak nevezett betegség tiineteit napja-
inkban hatékonyan lehet befolydsolni!. A klinikus-
nak 4llandéan mérlegelni kell az egyes gydgyszerek-
kel elérhetd klinikai javulds és a potencidlis mellék-
hatdsok kozott> 3. A PK multifokdlis, progressziv
neurodegenerativ kérkép, amelyre jellemz6 a dopa-
minerg (f6leg a nigrostriatalis) és a nem dopaminerg
(kolinerg, szerotoninerg, noradrenerg) rendszerek
karosodédsa. A leghatékonyabb levodopa (LD) -ké-
szitményekkel torténd szubsztitticids kezelésen kiviil
a dopaminagonistdk (DA), a szelektiv monoamin-
oxiddz B-gatlock (MAO-Bg — selegilin, rasagilin),
illetve ezek kombindcidi, megfeleléen egyénre sza-
bott ajdnldssal, alkalmasak a PK tiineteinek enyhité-
sére, az viszont nem egyértelm(, hogy képesek-e las-
sitani is a betegséget. Napjainkban harom nem ergo-
tamin szdrmazék DA (pramipexol, ropinirol és roti-
gotin) hatdsat tekintjiik igazoltnak, és ezek terjedtek
el széles korben®. Nem taldltunk irodalmi adatot
arr6l, hogy ezeket a gydgyszereket milyen mérték-
ben alkalmazzdk Kozép- és Kelet-Eurépdban, és
hogyan épitik be Sket a kezelési stratégidba, de vilag-
szerte is kevés leirds foglalkozik ezekkel a kérdések-
kel*. Nemrégiben kezdtiik el sajat anyagunk feldol-
goz4sat, ennek részeredményeit a MAO-Bg-kezelés-
re vonatkozdan kozoltiik®. Roménidban az LD, a fel-
sorolt DA, valamint MAO-Bg készitmények mellett
még elérhet6 a PK kezelésére az amantadin és a tri-
hexifenidil, ez utébbiakat klinikdinkon levodopaspé-
rolds céljabol nem alkalmazzuk.

CélkitiGzés

A marosvdsarhelyi ideggydgydszati klinikdk 15
éves gyakorlatdban folytatott DA-kezelés elemzése,
ennek helyének értékelése a Parkinson-kor ell4tasa-

Conclusion - The usage of dopamine agonists was simi-
lar to the data presented in other studies. We consider that
clinicians treating the disease should, with the necessary
prudence, use the available and recommended dopamine
agonist with the utmost courage to their maximum thera-
peutic potential.

Keywords: Parkinson’s disease, dopamine agonists,
therapeutic strategies

ROVIDITESEK

COMT: katekol-O-metiltranszferdz
DA: dopaminagonista

LD: levodopa

MAO-B: monoamin-oxiddz B
MAO-Bg: monoamin-oxidaz B-gatlék
PK: Parkinson-kér

ban alkalmazott kezelési stratégidkban, a betegség
kiilonboz6 stddiumaiban.

Médszer

Retrospektiv vizsgélatunkban minden olyan, a UK
Brain Bank Diagnostic Criteria alapjan diagnoszti-
zalt, Parkinson-kdros beteg adatait elemeztiik, akiket
a marosvasarhelyi ideggydgydszati klinikdkra 2003.
janudr 1. és 2017. december 31. kozott utaltak be.
A zirdjelentésekbdl nyert adatok alapjdn tanulma-
nyoztuk a DA-kezelés jellegzetességeit korcsoportok
és a betegség silyossdga szerint, fiiggetleniil attdl,
hogy a DA-készitményeket levodopakésleltetd stra-
tégia részeként vagy adjuvdnsként alkalmaztik.
Minden beteg tobbszords szirén keresztiil kertilt kli-
nikai beutaldsra, jellemz6en mind a csalddorvos,
mind a jarébeteg-rendelSben dolgozd neuroldgus
elézetesen megvizsgdlta, illetve utébbi a kezelést is
elkezdte. A betegség megdllapitdsa 6ta eltelt id6 sze-
rint a betegeket két csoportba osztottuk: 6t év és rovi-
debb, illetve tobb mint 6t év. Tobbszor beutalt bete-
geknél az els6 zérdjelentésben szerepld ajanldsokat
vettiik figyelembe, illetve azt, ha a DA-k megjelen-
tek mint adjuvans terdpia. Nem elemeztiik azon bete-
gek adatait, akiknél diagnosztikai kérdGjelek vagy
olyan tarsbetegségek voltak, amelyek zavar6 ténye-
78k lehetnének az eredmények értékelésekor (példa-
ul kezdeti jelentds kognitiv hanyatlds / dementia
vagy sulyos depresszid, multiplex lacunaris infarktu-
sok a képalkoté vizsgélatokkal, csak terdpids proba-
ként alkalmazott levodopa / levodopateszt)°.
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Eredmények

A vizsgalt id6szakban 2379 Parkinson-koros beteg
részesiilt kérhdzi elldtdsban. A zdrdjelentésekben
csak 2133 esetben (88,93%) volt feltiintetve a kli-
nikai forma, ez alapjdn a betegek 41,9%-a szen-
vedett tremordominans, 33,14%-a akinetikus ri-
gid, valamint 24,9%-a kevert formédban. A
Hoehn-Yahr-skdla (HY) szerinti sulyossag 1493
esetben (62,3%) volt feltiintetve, az 6t évnél korab-
ban koérismézett csoport esetében a HY-stdtusz
2,66 + 1,00, mig a tobb mint 6t éve ismert
Parkinson-kérban szenvedd betegek HY-stitusza
3,25 += 0,97 volt. A betegcsoportok fontosabb
demografiai adatait, illetve a DA-k gyakorisdgit az
alkalmazott terdpids stratégidban az 1. tablazat
szemlélteti. Az ot év vagy ennél kevesebb ideje
korismézett csoport 1237 betegébdl 665 esetben
szerepelt a kezelési stratégidban DA: 120 esetben
monoterdpia formdjaban, 83 esetben MAO-Bg-val,
illetve 234 esetben LD-vel kombindlva. A tobbi
228 betegnél LD és MAO-Bg-k kombinécidjahoz
tarsitva keriiltek alkalmazasra a DA-k (1. abra). A
tobb mint 6t éve ismert 653 esetbdl 364-nél szere-
pelt a terdpids stratégidban dopaminagonista

1. tablazat. A betegcsoportok fontosabb demogrdfiai
adatai, illetve a DA-k gyakorisdga az alkalmazott
terdpids stratégidban

Teljes esetszam: n (%)
Férfiak
N&k

Atlagéletkor (mean + SD)
Teljes esetszdm
< 5 éve ismert PK
> 5 éve ismert PK
PK fenndlldsénak ideje
nem ismert

2379 (100%)
1249 (52,5%)
1130 (47,5%)

67,23 = 10,42 év
65,31 = 10,51 év
67,05 £ 10,42 év

72,35 + 8,38 év

Atlagéletkor kezelési stratégia
fuggvényében (mean = SD)

DA-monoterépia

LD-monoterépia

Kombindlt kezelés (LD + DA)

A PK diagnézisa 6ta eltelt id8
<5év:n (%)

> 5 év: n (%)

Nem ismert: n (%)

60,16 = 10,82 év
70,27 £ 9,22 év
65,8 = 10,64 év

1237 (52,0%)
653 (27,4%)
489 (20,6%)

DA alkalmazdési ardnya
Osszesen: n/N (%)
< 5 éve ismert PK: n/n (%)
> 5 éve ismert PK: n/n (%)
A PK fenndllasanak ideje
nem ismert: n/n (%)

122072379 (51,3%)
665/1237 (53,8%)
364/653 (55,7%)

191/489 (39,1%)

100% -

90% -+

80% -

70% +

60% -

50% -

40% -+

30% -+

20% -+

10% -

0%

<5év >5 év

DA monoterapia B DA+MAO-Bg MDA+LD M DA+LD+MAO-Bg

1. abra. Az it éve vagy ennél kevesebb ideje (n = 665), illetve

a tobb mint ot éve (n = 364) korismézett, dopaminagonistdval is

kezelt Parkinson-koros betegek kezelési sémdja (a hasdbokra

helyezett szdmok szdzalékban vannak kifejezve)

(kilenc esetben monoterdpia, a tobbi betegnél
kiilonb6z6 kombinacidkban, 1. abra). Sajnos 489
esetben nem volt egyértelmli a betegség kezdeté-
nek id6pontja (ezek koziil 191 betegnél szerepeltek
a kezelésben DA-k). Az alkalmazott DA-k csopor-
tonkénti megoszlasit a 2. abra szemlélteti.
Elemeztiik tovabbd a kiilonb6zd korcsoportban
alkalmazott kezelési stratégidk (monoterdpia, illet-
ve az egyes antiparkinsonicumok kombindcidja)
véltozasat. Eredményeinket a 3., illetve 4. abra-
ban foglaljuk 0ssze. A kiilonb6z6 DA-k alkalma-
zasat otéves periédusokra lebontva az 5. abra
mutatja be.

<5 éve ismert PK

A PK fennallasanak ideje
nem ismert

+

+ + +
20% 60% 70% 80%

T
50%

. T t
0% 10% 30% 40%

[ = Pramipexol mRotigotin _m Ropinirol |

>5 éve ismert PK 28 25

+
90%

100%

PK: Parkinson-kér, DA: dopaminagonista, LD: levodopa

2. abra. Az alkalmazott dopaminagonistik megoszldsa
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3. abra. Az alkalmazott terdpidk korosztdlyonkénti eloszldsa azon
betegeknél, akiknél a PK kevesebb mint ot éve ismert (az oszlopo-
kon korcsoportonként a betegszdm van feltiintetve)

100% - 1 40 131 255 293 6

90% +

80% +

70% 1

60% +

50% +

40% 1

30% 1

20% +

10% +— —

0%

<40 40-49 50-59 60-69 70-79 280

DA monoterapia W LD monoterapia M Kombinalt kezelés B MAO-Bg

4. abra. Az alkalmazott terdpidk korosztdlyonkénti eloszldsa azon
betegeknél, akiknél a PK tobb mint Ot éve ismert (az oszlopokon
korcsoportonként a betegszdm van feltiintetve)

Megbeszélés

Parkinson-kérban, a tobbi neurodegenerativ kor-
képtdl eltérben, szdmos, klinikailag bizonyitottan
hatékony tiineti terdpia 4ll rendelkezésre. Klinikai
szempontbdl az LD-készitmények javitjdk legjob-
ban a betegség tiineteit, viszont a hosszu ideig tartd
kezelés sordn ezek eredményességét a motoros tel-
jesitményingadozdsok és a levodopa indukdlta
dyskinesidk fokozatosan egyre inkdbb korlitozzak,
és rontjak a betegek életmindségét® ’. Az LD-keze-
Iés eme hétrdnyait probdljdk késleltetni azok a
kezelési stratégidk, amelyek mds gydgyszerhatdso-
kat kiaknazva eloddzzak az LD-pétlast, illetve az

LD-adagok novelését: DA-k, harmadik generdcids
katekol-O-metiltranszferdz (COMT) -gatlok, illetve
MAO-Bg* 8. A DA-k hatékonysdgéat a Parkinson-
kér kiilonbozs stddiumaiban klinikai vizsgélatok
igazoltak®'2. Alkalmazdsuk és az LD-kezelés kés-
leltetése elsGsorban a fiatal, illetve 60-65 év alatti
PK-betegeknél, enyhe klinikai tiinetek esetén indo-
kolt, de elérehaladott PK-ban, az eszkdzos (device-
aided) terdpidk bevezetését kovetden is hasznaljuk
Oket!*-18,

Kevés az irodalmi adat a PK-ell4tasban konkré-
tan megvaldsulé kezelésekrdl. Az alkalmazott ke-
zelési stratégidk , feltérképezésének™ alapjaul gyak-
ran az egyes antiparkinsonicumok piaci részesedé-
sének elemzése szolgdl. J6llehet a PK kezelésében
haszndlt gydgyszerek alkalmazisi teriilete megle-
het6sen korldtozott, a fenndll6 ,,egyéb” felhaszndla-
si lehet6ségek, f6leg a DA-k, illetve az antikoliner-
gids szerek esetében megkérdgjelezhetik az adatok
pontossagdt. Mindezt tovabb rontjdk az esetleges
diagnosztikai tévedések, f6leg amikor a kérismé-
z€st, illetve a kezelés megkezdését nem ideggyo-
gyasz végzi. Kétséges tehat, hogy az egyes gyogy-
szercsoportok piaci részesedésén alapuld tanulmé-
nyok valéban a Parkinson-kérban, szakember altal
folytatott redlis klinikai gyakorlatot vagy csak
,hozzéavetdlegesen”, bizonyos ,terdpids trend”-eket
tiikkroznek. Az adott orszdgban miikod6 gydgyszer-
tdmogat4si rendszer is jelent6sen befolydsolhatja az
antiparkinsonos szerek felirdsdt, ami a DA-kra
kiilonosen igaz'. Egy 2013-ban megjelent skandi-
ndv vizsgdlatban sokkal gyakrabban alkalmaztdk a
DA-kat Norvégidban (a vizsgalt betegek 37%-4ndl),
mint Svédorszdgban (16%). Kombindlt terdpiat al-
kalmaztak az esetek 68%-dban Svédorszdgban, il-
letve 72%-ban Norvégidban. A leggyakoribb kom-
bindcié Svédorszdgban a levodopa + pramipexol
(14%), mig ugyanez a tarsitds Norvégidban ,,csak”
7% és a levodopa + selegilin tdrsitds volt a leggya-
koribb: 10%%. Egy kinai vizsgélatban a DA-kat a
65 évnél fiatalabb korban diagnosztizalt betegek
39,4%-4andl, mig a 65 évnél id6sebbek 21,5%-4nal
alkalmaztdk kezdeti monoterdpiaként, és mindkét
korcsoportban a levodopa-monoterdpia volt a leg-
gyakoribb: 43,5%, illetve 73,1%?*'. Egy 2005-ben
kozolt német vizsgélatban, melyben a betegek altal
kitoltott és visszakiildott kérddivek adatait dolgoz-
tdk fel, a 6620 beteg 71,7%-4nél alkalmaztak vala-
milyen DA-t?2. Egy 2016-os izraeli vizsgdlat szerint
a selegilin-, illetve rasagilin-monoterdpidval kezelt
betegeknél nem taldltak szignifikdns kiilonbséget a
DA vagy az LD bevezetéséig sziikséges id6tartam-
ban, a pramipexol és rasagilin tarsitdsa viszont
jelentésen novelte az LD-pétlas nélkiili id6tarta-
mot®. Egy djabb, 2017-es kinai tanulmdnyban a
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DA-k alkalmazdsi ardnya eléri a 67,26%-ot, annak
ellenére hogy a DA mint meghatdroz6 koltségno-
veld tényezG van kiemelve?. Egy észak-amerikai
multicentrikus vizsgédlat 1616 korai PK-betege
koziil 54% kapott DA-kezelést, esetiikben alacso-
nyabb volt az 4tlagéletkor, magasabb volt az iskola-
zottsdg, jobb volt a szociokulturdlis héttér a LD-
csoporthoz képest®.

A hirom DA nem egy id6ben jelent meg
Romdniaban. A pramipexol 2001-t3l terjedt el szé-
les korben (torzskonyvezése egy évvel kordbban
tortént), ezt kovette a ropinirol (mintegy hdrom
évvel). Mindkét készitmény retard hatdsu kiszerelé-
sének megjelenése nagyjabol egybeesett a rotigo-
tintapasz torzskonyvezésével, ami az egyes DA-k
alkalmazdsi aranyaiban is tiikkr6zodik (5. abra).

A DA-monoterdpidban részesiilt betegeink atlag-
életkora 60 év, mig az LD-monoterdpidval kezelt
betegeké 70 volt, ami els§ megkozelitésre azt su-
gallja, hogy az egyes dopaminerg szerek haszna-
latdban htien tiikrozédnek a vizsgdlt periddusra
érvényes terdpids ajanlasok. A részletesebb elem-
zéskor viszont kideriil, hogy a 40—49 év kozatti kor-
csoportban minden negyedik, mig az 50-59 év
kozotti korcsoportban minden harmadik beteg
,»csak” LD-monoterdpidban részesiil (3., 4 abra).
Ugyanakkor szembet{ing, hogy a 70 év folotti kor-
csoportokban 1080 beteg koziil 55 esetben DA-
monoterdpidt taldltunk, amit magyardzhat az is,
hogy bizonyos esetekben az egyéni sajitossagok, a
beteg ragaszkoddsa a jol bevdlt kezeléshez, a
gybgyszerelhagyds sordn jelentkezd dllapotromlés
feliilirhatja az 4ltaldnos kezelési ajanlést.

Az 4ltaldnos neurolégus a DA-kat a levodopédndl
gyengébb, illetve a MAO-Bg-ndl valamelyest er6tel-
jesebb antiparkinson hatdsunak itéli meg, ezért a PK-
betegek elldtdsdban inkdbb kiegészité gydgyszerek-
nek tekintik 6ket, holott a betegek jobb egyiitt-
miikodését is figyelembe kellene venni a kezelés
elinditdsakor® 26, Amig a Parkinson-kér enyhe tiine-
tekkel jar, és ezeket hatékonyan csokkentik az egy-
szeri adagolasu, elhiz6dé hatdsi DA-k és/vagy
MAO-Bg-k, a betegek terdpiahtisége konnyebben
kialakul®’. Sajét tapasztalatunk szerint ez sok esetben
érvényes a mindennapi gyakorlatban a DA-kezelés-
re, de rasagilinnel kapcsolatban is hasonléak a meg-
figyeléseink®.

A klinikus azon dontését, hogy bevezetd terdpia-
ként LD-t vagy DA-t vdlaszt, szdmos tényezd befo-
lydsolja, melyek részletes elemzése meghaladja e
cikk terjedelmét. Amig az LD-kezelés korldtait a
motoros komplikécidk adjak, a DA-k alkalmazdsit
féleg a nem motoros komplikdcidk hétréaltatjak
(impulzuskontroll-zavarok, hirtelen elalvds)®. Ezen-
kiviil, a DA-k potencidlis, a betegség természetes
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5. abra. Az egyes dopaminagonistdk alkalmazdsi ardnydnak vdl-

tozdsa az évek sordn

lefolydsat lassité hatdsa, a kezdeti biztaté jelek elle-
nére, jelen pillanatban kétséges?*-°.

Mind az 4ltaldnos neurolégus, mind a Parkinson-
kérban és az egyéb mozgdszavarokban jartasabb
neurol6gus mindennapi gyakorlatidban elfogadott
nézet, hogy a DA-knak jelentSs antidepressziv
hatdsuk van. Ez a vélemény tobbnyire nyilt, nem
kett6s vak, placebokontrolldlt vizsgdlatok eredmé-
nyei alapjan alakult ki. Az utébbi években viszont a
pramipexol, valamint a rotigotintapasz esetében
sikeriilt megfelel6en megtervezett klinikai vizsga-
latokkal igazolni, hogy a PK-ban jelentkez6 dep-
resszié kezelésére redlis alternativat jelentenek®'—.
Taldn ez is magyardzza — az altalunk vizsgalt pe-
riédusban — a pramipexol, illetve megjelenését ko-
vetéen a rotigotintapasz gyakoribb hasznalatat
(5. abra).

Az altalunk megvizsgalt adatbazisban szerepld
minden mdsodik Parkinson-kéros beteg DA-keze-
lésben is részesiilt, valamivel nagyobb ardnyban a
tobb mint 6t éve kdérismézett csoport tagjai. Ezt az
ardnyt nem befolyésolja, hogy 36 beteg kérel6zmé-
nyében szerepelt a DA-k alkalmazdsa a kezelés
elkezdésekor: 13 esetben pramipexol, 17 esetben
ropinirol, illetve hdrom esetben rotigotin (hdrom
esetben nem deriilt ki pontosan), ezeket viszont
leallitottak az LD bevezetésekor.

Sok esetben megfigyelhet6 az a gyakorlat, hogy
amikor szubsztiticids terdpidra keriil sor, az mono-
terdpidban torténik, akdr dgy, hogy kezdett6l fogva
ez a kezelés marad a sikeres, PK-t igazol6 terdpids
préba utdn (levodopateszt), vagy ugy, hogy az ad-
dig alkalmazott DA- vagy MAO-Bg-kezelést telje-
sen elhagyjdk. A ma ismert kérélettani folyamatok
tikkrében legtobbszor a kombindlt kezelésnek volna
l1étjogosultsadga, aminek kidolgozdsat, valamint a
megfelels iddzitéseket a beteget és a betegséget jol
ismer6 szakember kell végezze®’.
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Romaénidban a PK megdllapitdsa és a kezelés el-
kezdése vagy mdédositdsa szakorvosi feladat, szem-
ben mds orszdgokkal, ahol a csalddorvosnak, geron-
tolégusnak is hasonlé kompetencidja van, ami
viszont jelent8sen befolydsolhatja nemcsak a diag-
ndzis pontossdgdt, hanem a terdpidt elemzd tanul-
mdnyok eredményeit is** 2. A kezelés elvileg
ingyenes, a beteg csak abban az esetben kell onrészt
véllaljon, ha az eredeti készitményt szeretné hasz-
ndlni generikum helyett, ami azt is jelenti, hogy a
kezel6orvos nem kell feltétleniil figyelembe vegye
a beteg anyagi lehetdségeit, amikor elkésziti a terd-
piés tervet. Mivel a dragdbb készitmények felirdsat
a kezelést irdnyité szakorvos javaslata alapjdn az
erre kijelolt bizottsdg hagyja jovd, jelentésen meg-
nétt a korhazi beutaldsok szama, hiszen mind a
diagnézis pontossidga, mind az adott kezelés indo-
koltsdga megfelelé6 dokumentaldst igényel.

A klinikank vonzaskorzetébdl szarmazo, 15 év
alatt 0sszegy(lt nagy betegszdm alapjan azt gondol-
juk, hogy elemzésiink érvényes adatokkal szolgdl
az erdélyi, illetve a romdniai PK-elldtasra vonatko-
76 ismeretek bévitésében. A mindennapi gyakorlat-
ban alkalmazott terdpids dontések jobban megfi-
gyelhet6k egy ilyen vizsgdlatban, mint azokban a
tanulmdnyokban, amelyek nagyrészt a gydgyszerek
piaci részesedésére éplilnek. A retrospektiv mod-
szer természetesen korldtokkal is jir, tobb esetben
nem sikeriilt minden adatot megszerezni, illetve
csak keresztmetszeti képet kapunk a PK kezelésé-
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Introduction — Population-based screening is an option to
identify persons at high risk for stroke. However it is asso-
ciated with rather high expenses, necessitating the selec-
tion of effective methods that take local characteristics into
account. The 12th district of Budapest has a long tradition
of population-based screening for frequent and preventa-
ble diseases. The Szent Janos Hospital hosts an annual
stroke screening day. In the present study, previously pub-
lished data from the 2011 screening were compared with
those obtained in 2016, looking for changes and tenden-
cies throughout the examined period.

Subjects and methods — The screening day was conduct-
ed in a generally similar way in 2011 and 2016. Similarly
to the previous event, the program was organized on a
Saturday, the call for the event was spread by the local
newspaper. The crew composition was the same. As
regards the components of the screening (currently includ-
ing general history taking, risk status assessment, blood
pressure measurement, BMI assessment, cholesterol and
blood glucose tests, carotid duplex ultrasonography, and
ophthalmological examination), the only difference was
the absence of cardiologic examination (it was conducted
on an independent day). The anonymous data sheet was
the same.

Results — The number of participants in the 2016 event
was 33, to provide more comfortable conditions. The
female predominance was slightly less pronounced but
was still present in 2016 (60.6% vs. 72.9%). The mean
age became substantially higher (71.2 y vs. 62.9 y). The
ratios of participants with higher level of education (97%
vs. 94%) and those who are married were still remarkable.
The most frequent risk factors were the same; however the

https://doi.org/10.18071/isz.72.0195

www.elitmed.hu

LAKOSSAGI STROKE-SZURONAP BUDAPEST

XIl. KERULETEBEN 2011-BEN ES 2016-BAN.

MI VALTOZOTT ES MI NEM?

Folyovich A, MD, PhD; Botos N, MD; Balogh E, MD;
Bakos M, MD; Hertelendy, A, MD; Béres-Molndar KA, MD
Ideggyogy Sz 2019;72(5-6):195-199.

Bevezetés — A cerebrovascularis események
megel8zésének egyik médja a magas rizikdjo betegek
felkeresése lakossdgi sz(irés révén. Ez azonban magas
kéltségvonzaty, igy a kilénbéz8 médszerek kdzil a
hatékony, a helyi sajatsdgokat figyelembe vevd lehet8séget
kell vélasztani. Budapest Xll. kertletében hagyomdnya van
a gyakori és megelSzhetd betegségek lakossagi
sz(irésének. A Szent Janos Kérhéz ad otthont minden
évben a sajdt szervezés( stroke-szGrénapnak. A 2011-es
sz(irés publikdlt adatait ezOttal az 6t évvel késébbiekkel
vetettik dssze, keresve a kézben bekévetkezett valtozd-
sokat.

Személyek és médszer — A 2011-es és 2016-os stroke-
sz(rénap hasonlé médon zajlott. A programot szombati
napon szerveztUk, a jelentkezés a kerUleti lap kézleménye
alapjén tértént. Az adottsagok, a személyzet ésszetétele
vdltozatlan volt. A kordbbi elemekben (4ltaldnos anam-
nézisfelvétel, rizikdstdtusz-roégzités, vérnyomdsmérés, BMI-
meghatdrozds, koleszterin- és vércukor-meghatdrozds,
nyaki ér duplex ultrahang- és szemészeti vizsgdlat) csak
annyi véltozds tértént, hogy a programbél a kardiolégiai
vizsgdlat kikerilt, mert 6ndllé szrénapon valésul meg. Az
anonim adatfeldolgozdshoz hasznélt adatlap azonos volt.
Valamennyi, szrésen dtesett személy ésszefoglaléd
véleményt kapott, amivel a hdziorvoshoz iranyitottuk.
Eredmények - 2016-ban 33 lakos vett részt a sziirésen

a kordbbi 48-cal szemben, aminek szervezési oka volt a
nyugodtabb kérilmények biztositdsa céljgbdl. A résztvevsk
kérében 2016-ban is megmaradt, de csékkent a néi do-
minancia (60,6 vs. 72,9%). Az 4ilagéletkor sokkal maga-
sabb lett (71,2 vs. 62,9 év). Hangsulyos maradt a maga-
sabb végzettséglek (97 vs. 94%) és a kdzés héztartdsban

Correspondent: Dr. Andras FOLYOVICH, Szent Janos Kérhaz és Eszak-budai Egyesitett Kérhdzak
Neurolégiai Osztdly — Stroke Centrum; 1125 Budapest, Diés drok 1-3. Phone: (06-1) 458-4536,
e-mail: andras.folyovich@janoskorhaz.hu
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ratio of participants with hypertension, ‘other heart dis-
ease’, and diabetes increased, whereas that of with hyper-
lipidemia and obesity decreased. The incidence of atrial
fibrillation was unaltered. None of the participants in
2016 admitted smoking (previously this ratio was 20.8%)
or drinking heavily. The findings of the carotid ultrasonog-
raphy revealed a more favorable vascular status.
Ophthalmological assessments (predominantly hyperten-
sive alterations on fundoscopy) revealed that the patholog-
ical vs. physiological ratio switched to 1:2 from 2:1. The
final evaluation of the screening program likewise demon-
strated an improved overall state of health of the popula-
tion.

Conclusions — We observed a more favorable stroke risk
status of the population in 2016. Whether it is indeed a
tendency unknown at present. The role of the local media
in calling for screening is still decisive, and the cohesive
power of the family is important.

Keywords: stroke screening day,
comparative analysis affer 5 years

In addition to state-of-the-art treatment procedu-
res, prevention has an increasing role in the
management of stroke.

Tools for successful stroke prevention include
population-based screening programs, as the final
goal can not be achieved without the cooperation of
the population itself. National stroke days are able
to involve larger amount of people and receive
relatively wide press coverage.

Regional programs associate with smaller amo-
unt of expectable participants; however, they enab-
le a more comprehensive screening that better ref-
lects the local demands. It provides the possibility
to obtain data that reflects the state health of the
population which would otherwise not be available.
It is also well known that the receptiveness of the
population to screening programs and campaigns
are selective. Therefore, the age, gender, sociocul-
tural status, and geographical localization of the tar-
get population should all be accounted for during
the organization of such events'. The 12" district of
Budapest has a long tradition of population-based
screening for frequent and preventable diseases.
The Szent Jdnos Hospital located in this district
hosts and organizes an annual stroke screening day.
Data obtained in 2011 have already been reported
in a publication®. That study was used to compare
our current findings with, as it may in part enable
the revelation of the successes and failures of the
prevention efforts.

él8k ardanya. A leggyakoribb kockdzati tényez8k ugyan-
azok maradtak, de ardnyuk médosult (nétt a hypertonié-
sok, ,egyéb szivbetegek” és diabetesesek, csékkent a
hyperlipidaemidsok és tUlstlyosak ardnya). Valtozatlan volt
a pitvarfibrillacié eléforduldsa. 2016-ban egyetlen sze-
mély sem mondta magdt dohdnyosnak (kordbban 20,8%)
és jelent8s alkoholfogyaszténak. Nyaki erek duplex ultra-
hangvizsgdlata alapjén kedvez8bb érstétuszt taldltunk.
Szemészeti vizsgdlat sordn (keringési betegségre utalé jel,
els8sorban hypertonids funduskép) a korébbi pozitiv
leletek 2:1 ardnya 1:2-re fordult. A szlrés zardértékelése
szintén kedvez8&bb képet adott a lakossdg egészségi
dllapotéra vonatkozéan.

Kévetkeztetés — A 2016-os szlirésen részt vettek riziké-
stétusza kedvez8bb volt. Kérdés, hogy ez tendencia-e.

A sz(résre hivésban a helyi média szerepe tovabbra is
meghatdrozd, a csalddok, lakdkdzdsségek dsszetartd ereje
véltozatlanul fontos.

Kulcsszavak: stroke-szirénap,
Ssszehasonlité elemzés 6t év utdn

Subjects and methods

The screening day was conducted in a generally
similar way in 2011 and 2016. The participants rece-
ived information about the event from the local
newspaper, Hegyvidék, and arrived for the scree-
ning at an agreed time. The organization was the
task of the Department of Neurology and Stroke
Center. The facility and the crew composition were
the same in both years. As regards the components
of the screening (currently including general history
taking, risk status assessment, blood pressure mea-
surement, BMI assessment, cholesterol and blood
glucose tests, carotid duplex ultrasonography, and
ophthalmological examination), the only difference
compared to the 2011 program was the absence of
cardiologic examination, as it was conducted within
the framework of an independent screening day. The
analysis of the data was anonymous as previously;
however, we recorded the ZIP code and educational
level of the subjects after informed consent. Each
participants who underwent the screening received a
summary of their findings together with a recom-
mendation to present them to their family doctor.

Results

The results comparing the findings of the two years
are demonstrated in the Tables 1-4. The number of
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Table 1. Demographic data

Table 3. Accumulation of risk factors

2011 2016 2011 2016
Number of participants Number of risk factors
in the screening 48 33 0 5 5
Women: 35 20 1 11 10
Men: 13 13 2 10 6
Mean age (y) 62.9 (£8.67) 71.2 (£6.9) 3 10 5
Highest level of 4 6 3
education (%): 5 2 4
<8 grade 0 0 6 1 0
8 grade (elementary school) 6 3 7 1 0
Secondary education 29 42.4 Body mass index (BMI)
Higher education 65 54.6 Normal 20 12
Increased 28 21
Ophthalmological examination
No abnormality detected 21 11
Table 2. Frequency ofriskfactgrs Signs of vascular (including stroke) risk 14 22
Patient was not present 13
2011 2016 Carotid duplex ultrasound examination
Hypertension 549 63.6 NQ abnormality dgfected 8 12
Diabetes mellitus 18.8 24.3 Mild atherosclerosis 36 17
H lividerni 563 455 Moderate atherosclerosis 4 4
yperlipidemia . . . . .
Atrial fibrillation 6.3 6 Significant stenosis, occlusion 0 0
Prior myocardial infarction 6.3 9.1
Other heart disease 12.6 33.3
Peripheral vascular disease 2.1 3 Table 4. Distribution of summary findings handed to the screened
Transient ischemic attack 10.4 3 individuals (%)
Prior stroke 2.1 3
Obesity 54.2 33.3 2011 2016
Smokmg 20.8 0 — Stroke (cardiovascular) risk cannot be
Alcoholism 2.1 0 detected at present 2.1 36.4
— Stroke (cardiovascular) risk is present,
requires follow-up
participants in the 2016 event was 33, which was Contact your GP! 93.7 60.6
due to organization-related causes and served the — Stroke (cardiovascular) risk is present,
purpose of providing more comfortable conditions | requires follow-up.
(the demand is unbroken; therefore, there will be 2 | Contact your GP as soon as possible! 4.2 3.0
days of screening in 2018). The female predomi- - Sfrf’ke (CGFFJ'OV“SCUlc‘r) ”?k Is present
nance was slightly less pronounced but was still | @nd its severity may necessitate in-hospital
. care. Contact your GP on the next
present in 2016 (60.6% vs. 72.9%). The mean age .
working day! 0 0

became substantially higher. The ratios of partici-
pants with higher level of education and those who
are married (30.3%) were still remarkable. Simi-
larly to 2011, most of the male participants arrived
accompanied by their spouse, and many of them
participated due to the persuasion of their neighbo-
ur. The frequency of risk factors did not signifi-
cantly change; however, their accumulation was
somewhat less in 2016. The most frequent risk fac-
tors were the same; however, their proportion chan-
ged (the ratio of participants with hypertension,
‘other heart disease’, and diabetes increased, whe-
reas that of with hyperlipidemia and obesity decre-
ased). The incidence of atrial fibrillation was unal-
tered. Surprising and encouraging is the fact that
none of the participants admitted smoking (previo-

usly this ratio was 20.8%) or drinking heavily (the
latter group was represented by only a single person
in 2011 as well). The findings of the carotid ultra-
sound examinations revealed remarkably more fa-
vorable vascular status.

Ophthalmological assessments (looking for signs
of a circulatory disorder, predominantly hypertensi-
ve alterations on fundoscopy) revealed that the ratio
(pathological vs. physiological) switched to 1:2
from the previous 2:1. The final evaluation of the
screening program also demonstrated an unequivo-
cally favorable overall state of health of the popula-
tion.
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Discussion

International studies demonstrate stroke prevention
efforts to be worthwhile investments® 4. Our
second analysis performed 5 years after the first
event supports the effectiveness of the screening
program of our choice. A favorable social situation
is a protective factor against vascular disorders’;
however, the prevalence of risk factors were high
even in the population of the 12% district that is
associated with a relatively high level of living
standards as compared with other regions of the
capital. The self-critical attitude, and hopefully
behavior, of the population is apparent. As the
assessment is based on own admission, the data
cannot be verified, but none of the participants
admitted smoking or irresponsible drinking.
However, this fact certainly indicates the aware-
ness of the detrimental health effects and social
disapproval of these habits. Similarly, the presence
of pathological body mass index (BMI) and the
perceived overweight correlated well with each
other, indicating the realistic self-esteem of the
participants in general from this respect as well.
One of the most labor-intensive and time-consu-
ming part of the program is the carotid duplex ult-
rasonography, an examination included in almost
all international screening programs® 8, During our
previous study in 2011, a remarkably higher rate of
significant atherosclerosis was found as compared
with the prevalence reported in the international
literature® 7. This ratio was likewise more favorable
in 2016, especially if considering the remarkably
higher mean age of the participants. Our study indi-
cates that the stroke risk status of the population
screened in 2016 was more favorable. Whether it is
indeed a tendency unknown at present. The inter-
pretation of our data is indeed limited by the sample
size and it is not appropriate to extrapolate the fin-
dings to the whole population. It is a question whet-
her the assessment is representative. The study does
not reflect the health status of the population, but
provides information about the part of the populati-
on that is health aware, with special regards to the
health status of this subpopulation. If we accept that
approximately 30.000 acute stroke events occur per
year in Hungary with its 10 million population, the
12" District with its 59.000 inhabitants should have
around 177 cases yearly. If the majority of the
population who applies to the screening event
belongs to the risk group, the chance for prevention
is 18.6%. This is a remarkable number. If we aim to
provide data for the prevention programs of capital
districts with 50.000 to 100.000 inhabitants and
towns with a comparable size of population, we

should accept the limitations of this study. The
sample size could not be increased for a number of
reasons. The assessment of any changes can only be
achieved by comparing the data of single years, and
pooling multiple years in fact would make it impos-
sible to assess the change itself. The financial
background to cover a similar in-depth screening of
a relatively large population every year is uncerta-
in, and the capacity could hardly be provided.
Probably the more important part of the population
from our point of view is the part that is not repre-
sented by this study. As it can now be revealed who
and how to reach out to more efficiently by these
public awareness campaigns. The issue of the level
of education is a good example for this. According
to the 2011 population census data of the Hungarian
Central Statistical Office’, the ratio of people with a
level of education lower than secondary school is
relatively low (12-14%), whereas among people
presented in the population screening it was only
3%; therefore, a greater attention should be given to
these people. The 12" district is one of the 3 dist-
ricts of Budapest associated with the highest ratio
of people above 70 years of age (16.0-19.1%), and
the mean age of the inhabitants represents the hig-
hest in Budapest; however, on the basis of our data,
it would be necessary to reach out to a higher num-
ber of people who indeed have already an increased
vascular risk but are still active and employable.
We should, therefore, follow the ongoing processes
around us as well as the changing demands of the
population in order to provide an indeed effective
preventive action. The state of health of the popula-
tion can substantially differ even between different
districts of Budapest’; therefore, comparison of the
data of each would provide elusive results.
Considering all these limitations, we can state that
the role of the local media in calling for a screening
event is decisive, and the cohesive power of the
family and the residential community is invariably
essential. Reaching the target values in hypertensi-
on and hyperlipidemia is still a significant therape-
utic task. The expectable cost/benefit ratio of the
screening appears to be favorable with the diagnos-
tic inventory selected for our program.

The Screening Day was conducted within the
framework of an agreement between the municipa-
lity of the 12% District of Budapest, Hegyvidék, and
the Szent Janos Hospital of Budapest. Apart from
the authors, physicians and nurses of the Depart-
ment of Neurology and Stroke Center contributed
to the screening day, to whom we are grateful. We
are also grateful to Levente Szaldrdy MD, PhD for
his valuable contribution in proofreading the
manuscript.
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A fajdalom tudomdnya

A SEMMELWEIS EGYETEM 6. SZ. IDEGTUDOMANYI DOKTORI ISKOLAJANAK
2019. OSZI PHD-KURZUSA

A doktori képzésben részt vev8 orvosok, pszicholégusok, mentdlhigiénés és egyéb
segit8 szakmdkban dolgozé szakemberek, egészségigyi mérnéksk, orvosi
fizikusok atfogé képet kapnak a féjdalom komplex jelenségérdl — élettani, pszicholé-
giai, etikai, gazdasdgi hatdsdardl —, valamint a gyégyité tevékenység egyik legalapve-
t6bb feladatdrdl, a féjdalomcsillapitésrél. Célunk, hogy a fajdalmat ne csupdn
a kéros véltozésok egyik legfontosabb fizikélis jeleként ismerjék fel a szakemberek,
hanem a magatartés-szabdlyozés zavardnak egyik elsé figyelmeztets jeleként figyel-
ienek fel a fédjdalomérzet fokozddéséra, valamint az események negativ érzelmi

77 7

mindsitésének magatartés-orvosldsi jelent8ségére. Végss célunk, hogy megvaldsuljon
a mindennapi orvosldsban a féjdalom, kilénésképpen a krénikus fdjdalmak komplex
(gybégyszeres és nem gydgyszeres) kezelése.

Id8pontok és helyszin: 2019. szeptember 25. és a kévetkez8 2 hénap utolsd
szerdai napjain 9,30 ératél 16,30 6rdig, SE — Neurolégiai Klinika Oktaté terme,
Koranyi Epulet féldszint; iskolavezetd: prof. dr. Bereczki Déniel.

Az elhangzott el6addsok didi az SE Neurolégiai Klinika honlapjdan olvashaték.
Erdeklédés: Semmelweis Egyetem, Neurolégiai Klinika, Titkarsag,

Oszi Alexandra titkdrnd, e-mail-cime: oszi.alexandra@med.semmelweis-univ.hu
Részletes program: www.elitmed.hu

prof. dr. Bereczki Ddniel, dr. Zsombdk Terézia
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EREDETI KOZLEMENY

HYPERHOMOCYSTEINEMIA IN FEMALE MIGRAINEURS
OF CHILDBEARING AGES

Murat ALEMDAR', Hamit Macit SELEKLER?

'Sakarya University Education and Research Hospital, Neurology Clinic, Sakarya, Turkey
2Kocaeli University Faculty of Medicine, Department of Neurology, Kocaeli, Turkey

Background and purpose - Migraine is a risk factor for
ischemic stroke in women of childbearing ages. Previous
researches revealed a higher prevalence of hyperhomo-
cysteinemia in migraineurs. Possible differences on the fre-
quencies of hyperhomocysteinemia between migraine with
aura and migraine without aura could contribute the
established variances in stroke risk between these
migraine types. Therefore, we aimed to search if the fre-
quency of hyperhomocysteinemia was different between
these subtypes of migraine or not.

Methods — We analyzed the findings of serum homocys-
teine levels in female migraineurs of 16-49 years old who
admitted to our outpatient clinic.

Results — Homocysteine level was elevated in 13.3% of
study population. There were not any significant differ-
ences on median serum homocysteine levels between
migraine with aura (8.0 mikromol/L) and without aura
(8.5 mikromol/L). (p=0.426) The frequencies of hyperho-
mocysteinemia were also similar (9.1% versus 16.7%,
respectively; p=0.373). Correlation analyses did not
reveal any linear correlation between ages and homocys-
teine levels either in group of migraine with aura or in
group of migraine without aura (p=0.417 and p=0.647,
respectively). Similarly, any linear correlation between dis-
ease ages and homocysteine levels either in group of
migraine with aura or in group of migraine without aura
was not detected (p=0.359 and p=0.849, respectively).
Conclusion - The median serum homocysteine levels and
the frequencies of hyperhomocysteinemia are similar
between migraine with aura and without aura in women
of childbearing ages. Therefore, the variances on stroke
risk ratios between these types of migraine are probably
not originated from the differences of serum homocysteine
status.

Keywords: migraine, aura, homocysteine, stroke
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HYPERHOMOCYSTEINAEMIA FOGAMZO KORU
MIGRENES NOBETEGEK ESETEN

Alemdar M, MD, PhD; Selekler HM, MD, PhD
Ideggyogy Sz 2019;72(5-6):201-207.

Hattér és cél — A migrén fogamzé kort nék esetén az
ischaemids stroke rizikéfaktora. Kutatdsok szerint migrén-
ben szenveddk esetén nagyobb a hyperhomocysteinaemia
prevalencidja. Elképzelhetd, hogy az aurdval, illetve a
nélkil jelentkez8 migrénre jellemzd eltérd stroke-kockdzat
hatterében a hyperhomocysteinaemia eltérd prevalencidja
4ll. Vizsgélatunkban elemeztik, hogy a migrén ezen altipu-
sai esetén milyen a hyperhomocysteinaemia prevalencidja.
Médszerek — Elemeztik a szérum homociszteinszintiét az
ambulancidnkon jelentkez8, 16-49 éves, migrénben
szenvedd nébetegek kdrében.

Eredmények — A homociszteinszint emelkedett volt a vizs-
gélati populdacié 13,3%-dban. Nem volt szignifikans
kildnbség az aurdval, illetve a nélkil jelentkez8 migrénben
szenved8k homociszteinszintiének medianértékei kdzott
(8,0 mikromol/I vs. 8,5 mikromol/I; p = 0,426). A hyper-
homocysteinaemia el&forduldsi ardnya is hasonlé volt
(9,1% versus 16,7%; p = 0,373). A korreléciés analizis
nem tért fel semmilyen linedris 8sszefiggést az életkor és a
homociszteinszintek kdzétt, sem az aurdval, sem az a
nélkil jelentkez8 migrénesek csoportigban (p = 0,417 és p
= 0,647). Hasonléképpen, nem lehetett linedris dsszefig-
gést kimutatni az életkor és a homociszteinszintek kdzéit,
sem az aurdval, sem az anélkil jelentkez8 migrénesek cso-
portjdban (p = 0,359 és p = 0,849).

Kévetkeztetés — A szérumhomocisztein-szint medidnja és
a hyperhomocysteinaemia el&forduldsi ardnya is hasonlé
a fogamzé kort, aurdval vagy a nélkil jelentkez8 migré-
nesek csoportjdban. Ebbdl kévetkez8en, e kétféle migrén-
tipusban jelentkezd eltérd stroke-kockdzat valészinlleg
nem a szérumhomociszteinszintek eltéréseib8l adédik.

Kulesszavak: migrén, aura, homocisztein, stroke
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igraine is a prevalent primary episodic
headache disorder'. Women are affected up to
three times more often than men?. The prevalence
of migraine approximates to 25% in women
between 30 and 40 years of age®. Previous research-
es gave some evidences revealing the increased risk
for ischemic stroke in migraineurs*'*, The risk is
increased in patients having migraine with aura,
women of childbearing ages, and disease history
over 12 years, particularly*'4. Although the stroke
risk increases with advancing age, the young
migraineurs were suggested to be more liable to
experience ischemic cerebrovascular stroke!* ',
Homocysteine is a sulphydryl-containing amino
acid derived from the metabolic demethylation of
the dietary essential amino acid methionine by the
liver and other proliferating cells. Hyperhomocys-
teinemia may be developed secondary to genetic
abnormalities (due to cystathione B-synthase or me-
thylenetetrahydrofolate reductase -MTHFR- muta-
tions) or acquired factors (dietary, renal impair-
ment, drugs, and co-morbid illnesses such as leu-
kemia)'> 16, Tt is a risk factor for atherosclerosis and
cerebrovascular events!’?*. Although there are no
precise evidences supporting any particular mecha-
nism for the development of stroke, hyperhomocys-
teinemia may results in atherosclerosis, local
thrombosis and subsequent ischemia probably
either by mediating oxidative stress resulting in
endothelial dysfunction and triggering platelet acti-
vation or direct toxicity to the blood vessel wall*>=28,
Besides, although hyperhomocysteinemia is a risk
factor of stroke and recommended to be searched in
stroke patients routinely, there is no clear evidence
that its treatment decreases the stroke recurrence.
A few earlier researches reported negative
results regarding the associations between migraine
and hyperhomocysteinemia*- 3°. However, more re-
cent studies with higher participant numbers
revealed that serum and cerebrospinal fluid (CSF)
homocysteine levels were higher in migraineurs
compared with controls®*'=. In the study of Oterino
et al., 427 migraine patients (199 without aura and
228 with aura) and 310 controls were searched for
homocysteine levels and genetic polymorphisms in
folate-related genes associated with high homocys-
teine levels that may contribute to increasing stroke
risk**. They reported higher homocysteine levels in
patients of migraine with aura than in ones without.
Besides, they revealed that homocysteine levels
higher than 12.0 pM had doubled the risk for
migraine without aura, and those higher than 15.0
UM incurred a 6-fold increase. Moschiano et al. also
evaluated plasma homocysteine levels in 136
migraine with aura patients and in 117 sex-and age-

matched controls®. Mean homocysteine plasma
level, as well as the proportion of subjects with
hyperhomocysteinaemia, was significantly higher
in patients of migraine with aura than in healthy
controls. As homocysteine has the potential to dam-
age endothelium and accelerate atherosclerosis, the
authors suggested that hyperhomocysteinaemia
might be a link between migraine with aura and
ischaemic stroke** 5. Although the clinical re-
searches failed to reveal any significant association
between serum levels of homocysteine with severi-
ty, frequency or duration of migraine attacks, Lea et
al. revealed that lowering homocysteine levels
through vitamin supplementation reduces migraine
disability in their randomized, double-blind placebo
controlled trial of 6 months in 52 patients of
migraine with aura’.

Both migraine and hyperhomocysteinemia are
potentially modifiable and treatable conditions that
could be controlled in terms of a stroke risk factor.
Therefore, better understanding of the possible
complex association between them and ischemic
stroke is important. The hypercoagulable state
caused by elevated homocysteine levels in mig-
raineurs may contribute to the increased ischemic
stroke risk. The possible differences in the frequen-
cy of hyperhomocysteinemia between migraine
with aura and migraine without aura could con-
tribute the established variances in stroke risk
between these migraine types. Therefore, we aimed
to search if the frequency of hyperhomocysteinemia
was different between migraine with aura and
migraine without aura in female migraineurs of
childbearing ages or not.

Material and methods

The study was conducted in Kocaeli University
Faculty of Medicine with the approval of the Ethic
Committee of Kocaeli University (IRB No: IAEK
14/4) as the doctoral thesis of the first author. The
study includes female migraineurs between 16 and
49 years old who admitted consecutively to our
neurology outpatient clinic between 2006 and 2007.
The patients who had not got any prophylactic med-
ication during the admission were involved in this
study to avoid the interference of the drugs with
laboratory results. The diagnosis of migraine was
based on the criteria of International Classification
of Headache Disorders 2nd edition (ICHD-2) des-
cribed by the International Headache Society fol-
lowing an initial questionnaire screening. The
patients who had experienced more than 2 migraine
attacks with aura were defined as having migraine
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with aura. Otherwise, they were described as hav-
ing migraine without aura. The demographic data
and medical history of the patients, and characteris-
tics of their migraine attacks were recorded.

The homocysteine levels were analyzed in our
biochemistry laboratory. Total serum homocysteine
was determined on blood samples collected after
fasting of 12 hours. 5 ml of venous blood was col-
lected from antecubital region of each subject into
EDTA tubes, transported to the laboratory immedi-
ately, and separated within 1 hour of collection.
Homocysteine levels were detected in ‘umol/L’ unit
with BioDPC Immulite 2000® tool by using com-
petitive immunoassay method. The upper limit of
our laboratory normative values is 12 umol/L.

All statistical analyses were done with SPSS
11.0 for Windows (Chicago, IL, USA). After tests
for normality, the statistical significance was calcu-
lated using an independent sample t-test for normal-
ly distributed data and the MannWhitney U-test for
data not normally distributed. Chi-Square test and
Fisher’s exact probability test were used to consid-
er the distribution of categorized variables for nor-
mally distributed data and the data not normally
distributed, respectively. Spearman’s test of linear
correlation was used to assess whether the serum
homocysteine levels showed a linear correlation
with the ages and/or disease ages of the patients or
not. A p value of <0.05 was considered to be statis-
tically significant.

Results

We analyzed the results of 98 female migraineurs
of childbearing ages. Forty-four women (44.9%)
had migraine with aura whereas 54 women (55.1%)
had migraine without aura. In 13.3% of the patients,
serum homocysteine level was over upper limit of
normative values. None of these patients had low
serum vitamin B12 or folate level. Distribution of
demographic findings and homocysteinemia status
are summarized in Table 1.

The mean age was 35.4+9.5, and the median age
was 38 in our study population. The mean disease
age was 12.8+9.6, and the median disease age was
10 in our study population. The mean serum
homocysteine level was 9.93+5.40 umol/L, and the
median level was 8.0 umol/L (min: 5.0 pmol/L -
max: 45.0 umol/L). Correlation analyses did not
reveal any linear relationship either between age
and homocysteine level (p=0.447, Spearman’s R
statistic: -0.078), or between disease age and homo-
cysteine level for whole group (p=0.605, Spear-
man’s R statistic: -0.053).

Table 1. Distribution of demographic findings and hyperho-
mocysteinemia status in our study group

Parameter Number Percentage (%)
Aura Absent 54 55.1
Present 44 44.9
Age <35 42 42.9
> 35 56 57.1
Age <45 78 79.6
> 45 20 20.4
Disease age < 12 years 55 56.1
> 12 years 43 43.9
Homocysteine level < 12 mmol/L 85 86.7
> 12 mmol/L 13 13.3

The mean ages were not statistically different
between the patients with migraine with aura and
migraine without aura (35.2+9.1 and 35.5+9.0,
respectively; p=0.870, t=0.164, df=96). Similarly,
the mean disease ages were not significantly differ-
ent between these two groups (12.7+9.9 and
12.849.5, respectively; p=0.965, t=0.045, df=96).
The mean serum homocysteine level was
10.22+4.90 umol/L, and the median level was 8.0
umol/L (min: 5.0 umol/L - max: 45.0 umol/L) in
patients of migraine with aura. The mean serum
homocysteine level was 9.57+6.00 pmol/L, and the
median level was 8.5 umol/L (min: 5.0 pmol/L -
max: 30.0 umol/L) in patients of migraine without
aura. The median serum homocysteine levels were
not statistically different between the patients with
migraine with aura and migraine without aura
(p=0.426, U statistic: 1077.0, z: 0.796). The fre-
quencies of hyperhomocysteinemia were also simi-
lar (9.1% versus 16.7%, respectively; p=0.373)
(Table 2). Correlation analyses did not reveal any
linear correlation between age and homocysteine
level either in group of migraine with aura (p=0.417,
Spearman’s R statistic: -0.125) or in group of
migraine without aura (p=0.647, Spearman’s R sta-
tistic: -0.064). Similarly, any linear correlation
between disease age and homocysteine level either
in group of migraine with aura (p=0.359,
Spearman’s R statistic: -0.142) or in group of

Table 2. Distribution of hyperhomocysteinemia between patients
of migraine with aura and patients of migraine without aura

Migraine subtype Hyperhomocysteinemia

Present Absent Total

Migraine without aura 9 (9.2%) 45 (45.9%) 54 (55.1%)
Migraine with aura 4 (4,1%) 40 (40.8%) 44 (44.9%)
Total 13 (13.3%) 85 (86.7%) 98 (100%)

p=0.373 (Fisher’s exact test, two-tailed)
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Figure 1. Linear correlation analyses between age/disease age and homocysteine level in the whole group, in group
of migraine with aura and in group of migraine without aura

migraine without aura was not detected (p=0.849,
Spearman’s R statistic: 0.027) (Figure 1).

There was no any statistically significant differ-
ence in terms of median ages between women hav-
ing hyperhomocysteinemia and women with nor-
mal serum homocysteine levels [33 (minimum=20 -

Table 3. Distribution of hyperhomocysteinemia between the
patients in stratified age groups

Age Hyperhomocysteinemia

Present Absent Total
<35 9 (9.2%) 33 (33.7%) 42 (42.9%)
> 35 4 (4.1%) 52 (53.0%) 56 (57.1%)
Total 13 (13.3%) 85 (86.7%) 98 (100%)
p=0.068 (Fisher’s exact test, two-tailed)
Age Hyperhomocysteinemia

Present Absent Total
<45 11 (11.2%) 67 (68.4%) 78 (79.6%)
> 45 2 (2.0%) 18 (18.4%) 20 (20.4%)
Total 13 (13.3%) 85 (86.7%) 98 (100%)
p=1.000 (Fisher’s exact test, two-tailed)

maximum=48) and 38 (minimum=16 - maximum
=49), respectively; p=0.192, U=428, z=1.305].
Similarly, the mean disease ages were not signifi-
cantly different between women having hyperho-
mocysteinemia and women with normal serum
homocysteine levels [8 (minimum=0 - maximum
=29) and 10 (minimum=0 - maximum=36), respec-
tively; p=0.781, U=526, z=0.278]. The frequencies
of hyperhomocysteinemia were not significantly
different between the various stratified age groups
(Table 3). The frequencies of hyperhomocysteine-
mia were not significantly different between
patients with disease age lower than 12 years and the
ones with more than 12 years (p=0.673) (Table 4).

Discussion

Migraine is a chronic episodic headache disorder
which has been proposed to be a risk factor for
ischemic stroke*'*. It has been associated with a 2-
fold increased risk of ischemic stroke, independent-
ly'=1%. Migraine could also act as an acute precipi-
tant of ischemic stroke because some migraineurs
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have a stroke during a migraine attack (migrainous
stroke)* 0. The previous researches revealed that
the ischemic stroke risk was elevated in patients
having migraine with aura, women of childbearing
ages, elders than 35 years of age and disease histo-
ry over 12 years*'*. Hyperhomocysteinemia, which
is also a risk factor for stroke, is reported to be more
frequent in migraineurs comparing with nonmi-
graineurs*. In this study, we searched a possible
difference in the frequencies of hyperhomocys-
teinemia between the female migraineurs with aura
of childbearing ages and the ones without aura. A
significant difference might have explained previ-
ously proposed higher ischemic stroke risk in the
first group. The frequency of hyperhomocysteine-
mia in female migraineurs of child bearing ages
was 13.3% in our study group, and it was similar
between the group with migraine with aura and
migraine without aura. Furthermore, we revealed
that the median serum homocysteine levels were
similar between these migraine types.

The case-control study of Chang et al. revealed
that a personal history of migraine was associated
with a significant increase in adjusted odds ratios
(ORs) for ischemic stroke (3.54; 95% confidence
interval 1.30 to 9.61) but not for hemorrhagic stroke
(1.10; 0.63 to 1.94)%. ORs for ischemic stroke asso-

Table 4. Distribution of hyperhomocysteinemia between patients
with disease age lower than 12 years and the ones with more

than 12 years

Disease age

Hyperhomocysteinemia

Present Absent Total
< 12 years 8 (8.2%) 47 (47.9%) 55 (56.1%)
> 12 years 5(5.1%) 38 (38.8%) 43 (43.9%)
Total 13 (13.3%) 85 (86.7%) 98 (100%)

p=0.671, Phi:- 0.04 (Chi-Square)

ciated with migraine with aura were tended to be
greater than for migraine without aura, but the dif-
ference was not statistically significant (3.81; 1.26
to 11.5, and 2.97; 0.66 to 13.5, respectively). In a
systemic review and meta-analysis of Shriiks et al.
a significantly higher risk among people who had
migraine with aura (2.16; 1.53 to 3.03) was shown
compared with ones without aura (1.23; 0.90 to
1.69)'°. Furthermore, their analyses suggested a
greater risk among women (2.08; 1.13 to 3.84)
compared with men (1.37; 0.89 to 2.11). In the
review of Etminan et al., the relative risks of stroke
are calculated as 2.88 (95% confidence interval
1.89 to 4.39) in people who had migraine with aura
and 1.56 (1.03 to 2.36) for migraine without aura'!.
More recently, Spector et al. revealed that pooled
adjusted OR of ischemic stroke in migraineurs was
2.30 (1.91 to 2.76) and the pooled adjusted relative
risk was 2.41 (1.81 to 3.20) comparing with nonmi-
graineurs in their meta-analysis'2. They reported a
stronger association of ischemic stroke and
migraine with aura (pooled adjusted OR: 2.51; 1.52
to 4.14) compared to the association of ischemic
stroke and migraine without aura (pooled adjusted
OR: 1.29; 95% CI, 0.81-2.06). They also calculated
pooled adjusted OR for ischemic stroke in the stud-
ies of only women migraineurs versus nonmi-
graineurs as 2.89 (2.42 to 3.45). In a population
based study, Adelborg et al. the cumulative inci-
dences per 1000 people for the migraine cohort
compared with the general population were 25 ver-
sus 17 for myocardial infarction, 45 versus 25 for
ischaemic stroke, 11 versus 6 for haemorrhagic
stroke after 19 years of follow-up'*. The associa-
tions, particularly for stroke outcomes, were
stronger in patients of migraine with aura than in
those without aura, and in women than in men.
Hyperhomocysteinemia is determined as a risk
factor for ischemic stroke in many previous stud-
ies'’?*. In a detailed clinical research, Parnetti et al.
studied 161 consecutive patients with first-ever
ischemic stroke and 152 healthy controls to assess
the association between risk of stroke and increas-
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ing values of homocysteine, and the interaction
between hyperhomocysteinemia and conventional
vascular risk factors®>. They revealed that mean
homocysteine levels were elevated in all stroke
subtypes (13.0 + 2.5 pmol/l in patients with
cardioembolic disease, 13.9 £ 5.4 umol/l in those
with small vessel diseases, 15.5 + 6.8 pmol/l in
cases of undetermined stroke, and 17.8 + 13.5
umol/l in patients with large vessel disease) com-
paring with the controls (8.10 = 2.5 pmol/l).
Therefore, they revealed that hyperhomocysteine-
mia had a significant role as a risk factor for all eti-
ological subtypes of stroke. Some previous studies
revealed that serum and CSF homocysteine levels
were higher in migraineurs compared with con-
trols*'=*. The T/T genotype of MTHFR C677T
gene has been associated with increased risk of
migraine with aura (not migraine without aura), and
with elevated homocysteine levels®. In the study of
Lea et al., lowering homocysteine levels through
vitamin supplementation was shown to reduce
migraine disability*®. They observed a greater treat-
ment response in carriers of the C allele of MTH-
FRC677T genotype comparing with TT genotypes
both in lowering homocysteine levels and migraine
disability. Therefore, genetic variances that affect
the homocysteine pathway and elevate the serum
homocysteine levels could play a role in association
of migraine with aura and ischemic stroke.
However, we did not detect any significant differ-
ence either in the median serum homocysteine lev-
els or in the frequencies of hyperhomocysteinemia
between the women of childbearing ages having
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® ESETISMERTETES

F-DOPA-JELZETT PET/CT-PET/MR ALAPU MODERN 3D
BESUGARZASTERVEZES GLIOBLASTOMA MULTIFORMES
(GBM-) BETEGEK KOMPLEX KEZELESEBEN.

AZ ELS® MAGYARORSZAGI TAPASZTALATOK

SIPOS Dévid'-3, TOTH Zoltan' 4, LUKACS Gdbor' 5, BAJZIK Gdbor?,
HADJIEV Janaki®, CSELIK Zsolt6 REPA Imre' 3 Kovécs Arpéd'-

Bevezetés — A glioblastoma multiforme (GBM) komplex
onkolégiai elladtdsdban a sugdrkezelésnek kiemelt
szerepe van. A modern 3D alapy sugdrterépids
kezelések tervezése hagyomdnyos CT- és MR-informdcié
alapjan valésul meg, azonban egyre nagyobb figyelem
terel8dik a daganatos elvéltozdsok bioldgiai és
funkciondlis morfolégidijét leiré funkciondlis hibrid
képalkotasra. A 18F-DOPA nagy specificitdst és szenzi-
tivitds aminosaviracer, melynek fontos szerepe lehet a
pontos céltérfogat-definiciéban GBM-es betegek besu-
gdrzdstervezése sordn. Jelen tanulmdényunk az els§ hazai
18F-DOPA alapt PET/CT/MR f0zién alapulé 3D besu-
gdrzdstervezési tapasztalatainkat mutatja be.

Anyag és médszer — Hazdnkban 2017 szeptembere éta
elérhetd a 18F-DOPA tracer klinikai alkalmazdasban. 2017
szeptembere és 2018 janudrja kézétt a Kaposi Mér Oktatd
Kérhéz Dr. Baka Jézsef Diagnosztikai, Onkoradiolégiai,
Kutatdsi és Oktatdsi Kézpontjdban hdarom, szdvettanilag
igazolt glioblastoma multiformés beteg részesilt 18F-DOPA
alapt 3D besugdrzdéstervezésben. Mind a hdrom beteg a
konvenciondlis képalkotas mellett protokoll szerinti ter-
vezéses PET-MR vizsgdlaton esett t. A kontGrozdshoz és
besugdrzdstervezéshez a Varian Eclipse 13.0 verzié|u
szoftvert alkalmaztuk. A tervezéses CT-re fuziondltuk

a PET/CT/MR vizsgdlatok sordn nyert T1-kontrasztos,

T2-, valamint 18F-DOPA-képsorozatokat. Definidltuk a
18F-DOPA-halmozé teriletet (BTV-F-DOPA), a T1-kontraszt-
anyagot halmozé teriletet (GTV-T1KA), valamint

a T2-oedemdt lefedd teriletet (CTV-oedema).
Eredmények — A hdrom esetet vizsgdlva az étlagos
18F-DOPA-tumortérfogat 22,7 cm?® volt (range
15,3-30,9; SD = 7,82). Az 4tlag GTV T1-CE 8,7 cm®
értéknek bizonyult (range 3,8-13,2; SD = 4,70). Az
4tlag CTV-oedematérfogat 40,3 cm®-nek adédott

(range 27,7-57,7; SD = 15,36). A PTV-definicié szem-

https://doi.org/10.18071/isz.72.0209 | www.elitmed.hu

F-DOPA PET/MR BASED TARGET DEFINITON

IN THE 3D BASED RADIOTHERAPY TREATMENT

OF GLIOBLASTOMA MULTIFORME PATIENTS.

FIRST HUNGARIAN EXPERIENCES

Sipos D, MD; Téth Z, MD; Lukécs G, MD; Bajzik G, MD;
Hadjiev J, MD; Cselik Zs, MD; Repa |, MD; Kovécs A, MD
Ideggyogy Sz 2019;72(5-6):209-215.

Introduction — Radiotherapy plays important role in the
complex oncological treatment of glioblastoma multiforme
(GBM). The modern 3D radiotherapy treatments are
based on cross-sectional CT and MR information, however
more attention is being paid to functional hybrid imaging
describing the biological and functional morphology of
tumor lesions. 18F-DOPA is an amino acid tracer with
high specificity and sensitivity, which may play an impor-
tant role in the precise definition of target volume in the
irradiation process of GBM patients. Our study presents
the first experiences with 18F-DOPA based PET/CT/MR 3D
irradiation planning process.

Methods - In Hungary the 18F-DOPA radiotracer has been
available for clinical use since September 2017. Between
September 2017 and January 2018, at the Somogy County
Kaposi Mér Teaching Hospital Dr. Jézsef Baka Diagnostic,
Radiation Oncology, Research and Teaching Center 3 histo-
logically verified glioblastoma multiforme patients received
18F-DOPA based 3D irradiation treatment. In the contour-
ing process the native planning CT scanes were fused with
the PET/MR series (T1 contrast enhanced, T2 and 18F-
DOPA sequences). We defined 18F-DOPA uptake volume
(BTV-F-DOPA), the T1 contrast enhanced MRI volume (GTV-
T1CE), and the volume of the area covered by oedema on
the T2 weighted MRI scan (CTV-oedema) in all patients. We
also registered the BTV-F-DOPA volumes not covered by the
conventional MR based target volumes.

Results — Examining the 3 cases, the average volume of
18F-DOPA tumor was 22.7 cm?® (range 15.3-30.9; SD =
7.82). The average GTV T1 CE was found to be 8.7 cm®
(range 3.8-13.2; SD = 4.70). The mean CTV oedema
volume was 40.3 cm?® (range 27.7-57.7; SD = 15.36).

A non-overlapping target volume difference (BTV-F-DOPA
not covered by CTV oedema area) was 4.5 cm® (range
1-10.3; SD = 5.05) for PTV definition.

Levelez8 szerz8 (correspondent): Dr. KOVACS Arpéd, Pécsi Tudomdényegyetem, Egészségtudomanyi Kar;
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pontjdbél fontos, egymdst nem fedd céltérfogati eltérés
(BTV-F-DOPA, amit nem fedett a CTV-oedema terilete)
4,5 cm?® térfogatt volt (range 1-10,3; SD = 5,05).
Konkl0zié — Eredményeink alapjén az aminosav-alapd
nyomjelz8 dltal definidlt tumorterilet nem teljesen
egyezik az MRI dltal definidalt T2-odemea CTV teriletével.
A 18F-DOPA ¢ltal definialt BTV médosithatja a PTV
terGletét, ezzel egyUtt a besugdrzdstervezés menetét és

a kezelés kimenetelét.

Kulcsszavak: F-DOPA, PET/MR, PET/CT,

besugdérzdstervezés

glioblastoma multiforme (GBM) a kozponti

idegrendszer leggyakoribb felndttkori malig-
nus primer daganata. A betegség kezelése komplex
onkoldgiai feladat, ami komoly kihivéast jelent nap-
jainkban is. 2004 6ta a betegség standard ellatdsa a
»Stupp-protokoll” ami konkurrens temozolomid
(TMZ) -alapu kemoradioterapiat (60 Gy 0sszdézi-
sig) és adjuvdans TMZ addsat jelenti'.

A primer agydaganatok 3D alapu sugdrterdpids
kezelésének tervezése hagyomdnyos CT- és MR-
informéci6 alapjan val6sul meg. Glioblastomds be-
tegek esetén a makroszképos céltérfogat (GTV),
valamint a klinikai céltérfogat (CTV) definidldsa
T1-kontrasztanyagos, valamint T2-, T2-flair-infor-
mécié alapjan torténik® 3. Napjainkban a konven-
ciondlis képalkotdsi mddszerek mellett egyre na-
gyobb figyelem terel6dik a daganatos elvéltozdsok
bioldgiai és funkciondlis morfoldgidjat leird funk-
ciondlis hibrid képalkotésra®. A jelzett aminosavtra-
cer-alapi pozitronemissziés tomogrifia (PET) al-
kalmazdsa lehet&séget kindl a primer agytumorok
kiterjedésének pontos meghatdrozaséara> °.

A 18-fluor-dezoxi-gliikéz (18F-FDG) volt az el-
s6 nyomjelzd, amit agydaganatok diagnosztizaldsa-
ra haszndltak. A 18F-FDG metabolizmuséval ellen-
tétben az aminosavak PET-nyomjelzdit a daganatos
szovetekben val6 fokozott halmozddas és a normal-
agyszovetben vald alacsony halmozdédas jellemzi’.

A legjobban tanulmanyozott aminosav-nyomjel-
z6 a 11C-metionin (MET). A 11C-MET rovid fele-
zési idejének koszonhetéen (20 perc), tovabba
mivel a metionin 18F-ral valé cimkézése kémiailag
nem kivitelezhet8, nem terjedt el széles kord hasz-
ndlatra®.

A szdzad elején Kkifejlesztették az 18F-jelzett
aminosav O-(2-[18F] fluor-etil)-L-tirozint (FET).
Az agytumorok FET-tel végzett képalkotdsdnak
els6 eredményei igéretesek, de eddig csak néhiny
klinikai vizsgdlat jelent meg a szakirodalomban® °,

Egy masik 18F-jelolt aminosav, amit kozel 30
éve PET-jelz6ként haszndlnak, a 3.4-dihidroxi-6-

Conclusion — Based on our results the tumor area defined
by the amino acid tracer is not fully identical with the MRI

defined T2 oedema CTV. 18F-DOPA defined BTV can
modify the definiton of the PTV, and the radiotherapy
tfreatment.

Keywords: F-DOPA, PET/MR, PET/CT,
radiotherapy planning

[18F] fluor-L-fenil-alanin (F-DOPA). A DOPA a
természetes dopamin prekurzora; a dopamin dontd
szerepet jatszik a motoros funkcidk agyi koordiné-
ciéjaban. Az F-DOPA-t széles korben hasznéljdk a
mozgésszervi rendellenességek, kiilondsen a Par-
kinson-kor teriiletén végzett kutatdsokban!'! '2,
A 18F-DOPA érzékenységét értékel6 vizsgalatok
azt mutattdk, hogy a 18F-FDG-PET nagyobb
abszolut standard felvételi értéket (SUV) mutatott,
mint a 18F-DOPA, az érzékenysége a magas és ala-
csony gradusu agydaganatokban 61%, mig a 18F-
DOPA esetében ugyanez a szempont 96% pontos-
sdgot demonstralt'* ¥, Hazankban 2017 szeptembe-
rétdl elérhet6 a 18F-DOPA aminosavtracer primer
agytumoros betegek PET-diagnosztikdjdban. Jelen
tanulmdnyunk az elsé hazai 18F-DOPA alapu
PET/CT/ MR fiizién alapul6 3D besugarzds terve-
z€si metddusat mutatja be a Kaposi Mor Oktatd
Kérhdz Dr. Baka Jozsef Diagnosztikai, Onkoradio-
16giai, Kutatdsi és Oktatdsi Kézpontjdban.

Anyag és moédszer

Retrospektiv elemzést végeztiink harom szdvettani-
lag igazolt GBM-es beteg esetében, akik protokoll
szerinti TMZ-alapt kemoradioterdpidban részesiiltek
kozpontunkban. A mintat két n6 és egy férfi alkotta,
akik életkora 35 évtdl 63 évig terjedt. Mind a hdrom
beteg a besugdrzastervezési folyamat részeként ter-
vezési pozicidban, protokoll szerinti PET-MR adat-
gyljtésen esett 4t, az adminisztraciés adatok alapjén
a betegekbe injektalt 186 + 111,9 MBq aktivitasu
18F-DOPA radiofarmakon nyomjelz6 alkalmazdsé-
val. A felvételezés sordn T2-stilyozott 3D sagittalis,
T2- és diffuzidsulyozott, FLAIR metddusi transver-
salis, T1-sdlyozott sagittalis, T2-sulyozott coronalis,
valamint ASL- és DTI-vizsgdlatok késziiltek, majd
intravénds kontrasztanyag addsat kovetden T1-
sulyozott 3D felvételek késziiltek, szimultdn foto-
nemisszios adatgy(jtéssel kiegészitve.
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Eredmények
1. ESET

A 63 éves nbbeteg epilepszids rohamot kdvetSen
keriilt a neuroldgidra, tiinetei antiepileptikum addsa
mellett stagnaltak. 2017 decemberében, bal oldali
temporomedialis térfoglalds hatterében glioblastoma
multiformét (kis orsésejtes varians, WHO grade IV)
diagnosztizaltak. 2017 decembere végén a tumor
szubtotdlis eltdvolitdsra keriilt, majd a tumor irradid-
cidja kovetkezett TMZ adédsa mellett, onkoteam don-
tése értelmében. A tervezési PET-MR sordn a mitéti
behatoldsnak megfeleléen kontraszthalmozé szEld
terime volt megfigyelhets, ami a temporalis lebeny
periventricularis és medialis részében, a hippocam-
pus mentéig hizédott. A kontrasztanyag halmozasa-
val identikusan, att6l kissé kiterjedtebben
kozepes/magas intenzitdsd, tobbgdcu, konfludld
18F-DOPA-dusulés volt kivehetd (1. abra).

2. ESET

Az 59 éves n6beteg folyamatos fejfdjdsra panaszko-
dott. 2017 decemberére a tiinetek allanddsultak,
elesett, a siirgdsségi CT a jobb féltekében nagy
kiterjedésd, térfoglald hatdssal rendelkezd cystosus
jellegli, malignus megjelenési térfoglaldst irt le. A
CT-felvételt kovet6 napon jobb oldali temporalis
feltardsbol a malignusnak impondl6é elvdltozast
radikélisan eltdvolitottdk. Az onkoteam TMZ-alapui
kemoradioterdpidt javasolt. A nyomjelz6 beaddsa
utdn, a felvételezést megkezdve jobb oldalon a tem-
poralis lebenynek megfeleléen reszekcids iireg
abrizolodott, aminek kornyezetében T2- és FLAIR-
felvételeken subcorticalisan, helyenként a corticalis
dllomdnyt is érintve, magas jelintenzitds volt latha-
t6. A jelintenzitdsi eltérésen beliil, elsGsorban az
ireggel hatdrosan, illetve a trigonum mellett,
kisebb, szabdlytalan alakd, koriilirt gécok forma;ja-
ban egyenetlen, inhomogén kontrasztanyag-
halmozas és intenziv, savszerd 18F-DOPA-dusitas
volt detektdlhatd, egészen a magas aktivitdsu torzs-
ddcokig (2. abra).

3. ESET

A 36 éves férfi masfél hoénapos diffuz fejfajasra
panaszkodott. Koponya-CT-vizsgalat bal oldalon,
frontoparietalisan tobbgécu, kontrasztanyagot rész-
ben halmozé térfoglaldst mutatott, a lelet alapjin
akut koponya-MRI tortént, ami igazolta a CT altal
leirt elvaltozast. Mitéti elGkészitést kovetben, bal
oldali frontdlis craniotomids feltardsbol az észlelt
elvéltozast mitétileg szubtotélisan eltdvolitottdk, a

1. abra. A PET/CT F-DOPA-felvételen fokozott aminosavtransz-
porttal jellemezhetd residualis térfoglalds figyelhetd meg (A).

A Tl-stilyozdsii felvételen (B) a bal temporalis lebeny helyén MR-
kontrasztanyagot intenziven halmozo teriilet ldthato, a T2-stilyo-
zdsti felvételen (C) fokozott jelintenzitds jellemzi az érintett régiot

2. abra. Koros kontrasztanyag-halmozdst mutaté és intenziv ami-
nosavtranszporttal jellemezhetd viabilis residualis tumor igazol-
hato a jobb temporalis reszekcios iireg kornyezetében (A, B).

A T2-felvételen subcorticalisan, helyenként corticalis dllomdnyt is
érintve inhomogén magas jelintenzitds ldtszik (C)

3. abra. A bal frontdlis térfoglaldssal identikusan koriilirt, inten-
ziv DOPA-akkumuldcio detektdalhato a PET/CT felvételen (A).
Az akkumuldcio kiterjedése meghaladja a T1-MR-en kontraszt-
anyag-halmozo teriiletet (B), azonban a kiterjedés elmarad a T2-
képen észlelhetd, magas jelintenzitasu teriilettdl (C)

végleges szovettan glioblastoma multiforme elvélto-
zast (WHO Grade 1V) igazolt. Posztoperativ MR
residualis tumor jelenlétét igazolta. Az onkoteam
TMZ-alapui kemoradioterdpidt javasolt, ezt kovetSen

Ideggyogy Sz 2019;72(5-6):209-215. 2 1 1



1. tablazat. BTV F-DOPA, GTV TIKA, CTV T2 és BTV F-DOPA — CTV T2 (egymdst nem fedd céltérfogati eltérés)

Beteg Tumorlokalizacié BTV F-DOPA GTV T1KA CTV T2 BTV FDOPA CTV T2
1. eset bal temporalis lebeny 30,9 cm3 13,2 cm?® 27,7 cm3 10,3 cm?

2. eset jobb temporalis lebeny 22,0 cm?® 9,0 cm?® 35,7 cm?® 2,2 cm?®

3. eset bal frontdlis lebeny 15,3 cm?® 3,8cm? 57,4 cm?® 1 cmd

jelentkezett intézetiinkben, ahol 18F-DOPA PET-
MR kivizsgaldson esett 4t. Az MR-felvételeken bal
oldalon frontdlisan a posztoperativ dllomdnyhidny és
a frontdlis szarv magassagatol, magasan a kamrasik
folé kovethetden 3,8%3,5x5,8 cm nagysagu, elmosé-
dott hatard, a T2- és FLAIR-felvételeken egyenetle-
niil, mérsékelten magas jelintenzitdsd térfoglalds volt
megfigyelhets. A 18F-DOPA-felvételeken ugyan-
ezen régié 3,5%x3x3,5 cm-es teriiletén dbrdzolddott
koriilirt, intenziv DOPA-akkumulacid, aminek Kkiter-
jedése meghaladta az MR-kontrasztanyag-halmozé
teriiletét, azonban elmaradt a FLAIR-képen észlelhe-
t6, magas jelintenzitasu teriilettdl (3. abra).

KontlUrozds és besugdarzdastervezés

A kontirozdshoz és besugdrzastervezéshez Varian
Eclipse 13.0 verzi6ju szoftvert alkalmaztunk. A ter-
vezéses CT-re fuzionaltuk a PET/MR vizsgélatok
sordn nyert T1-kontrasztos, T2-, valamint F-DOPA-
képsorozatokat. Definidltuk az F-DOPA-halmozé
teriiletet (BTV-F-DOPA), a T1-kontrasztanyagot
halmozé teriiletet (GTV-T1KA), a T2-oedemét
lefed6 teriiletet (CTV-oedema), valamint az F-
DOPA és T2-oedema egymast nem fedd teriiletét is

(4. abra, 1. tablazat). Ugyancsak definidltuk a
T1KA, F-DOPA és T2-oedema egymast fedd, illet-
ve egymast nem fedd volumeneit (2. tablazat).

Az F-DOPA és T2-oedema definidlta kozos
CTV-re a protokollnak megfelel6en 2 cm-es bizton-
sdgi zondt illesztettiink, ez definidlta a tervezési cél-
térfogatot (PTV). A besugérzastervezés mindhdrom
esetben VMAT technikdval, két sugariv felhaszna-

lasdval a PTV-re el6irt 60 Gy 6sszddzisig tortént (S.
abra).

Megbeszélés

A modern keresztmetszeti képalkotdsi modalitdsok
fontos szerepet toltenek be az agydaganatok diag-
nosztikai, kezelési algoritmusdban. Az anyagcserét
megjelenitd képalkoté mddszerek egyre inkédbb
kombindlédnak az anatémiai képalkoté mddsze-
rekkel (komputertomografia/CT és magneses rezo-
nancids képalkotds/MRI), amik értékes tobbletin-
formécidhoz juttatjdk a diagndzist alkoté szakem-
bereket'>.

Az agytumorok komplex onkoldgiai kezelésében
a sugdrterdpia kiemelt jelen8séggel bir. A magas
szintl keresztmetszeti képalkotdk nydjtotta infor-

4. abra. T-siilyozdsii (A), IS8F-DOPA PET/CT (B) és T2-suilyozdsii (C) felvétel: Miitéti eltdvolitds utdn a T2-siilyozott axidlis
felvételen inhomogénen fokozott, a kordbbi térfoglaldshoz hasonlo jelintenzitdsu eltérés dbrdzolodik. Az eltérés koriil a TI-
slyozasii és a 18F-DOPA felvételeken keskeny savban oedema figyelhetd meg. A 18F-DOPA-felvételen kozepes/magas intenzi-
tdsu, tobbgocu, helyenként gombhéjszerti, konfludlo halmozds detektdlhato, szabdlytalan alakii, inhomogén denzitdsu, helyen-
ként cystosus részeket is tartalmazo lagyrész-struktiiranak megfeleloen
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2. tablazat. BTV F-DOPA cn’-ben mért halmozdsdnak viszonyuldsa a GVT TIKA, CTV T2 és BTV szempontjdbdl,

lefedettség és lefedettség nélkiili teriiletek

Eset BTV FDOPA BTV FDOPA BTV FDOPA BTV FDOPA BTV FDOPA BTV FDOPA
és GTV T1KA GTV T1KA és CTV T2 CTV T2 és BTV BTV
kézos terilet kézos terilet kdzos terilet
1. eset 10,9 cm3 18,7 cm? 18,7 cm? 10,3 cm? 10,3 cm? 18,8 cm?®
2. eset 7,4 cm3 13,4 cm?® 18,8 cm?® 2,2 cm3 2,2 cm? 18,9 cm?®
3. eset 2,8 cm® 12,4 cm? 14 cm? 1 cmd 1 cmd 14,1 cm?

mdcidk és a dedikélt sugdrteripids technikdk fel-
haszndldsdval (IMRT, IGRT, SRT, SRSR) nagyobb
lokalis dozisokat érhetiink el a PTV teriiletén, ala-
csonyabb toxicitdssal. A modern besugirzastervezd
és kontiroz6 rendszerek lehetdvé teszik a képfizi-
0s és az automatikus szegmentéldsi eszkdzok hasz-
ndlatdt a jobb PTV és OR definici6 eléréséhez'®.

A CT és az MRI az agydaganat diagnosztizal4s4-
hoz hasznélt standard képalkotdsi mddszerek, amik
az anatomiai struktdrdk fizikai érintettségét képesek
megjeleniteni. A daganattal rendelkezd betegek
kezelését kovetSen kihivdst jelenthet a kezeléssel
0sszefliggd valtozdsok és a residualis vagy visszaté-
r6 tumorok kozotti kiilonbségtétel!”.

A 18F-fluorodeoxigliikéz (FDG) alapd PET/CT
széles korben hozzédférhetd vizsgdlati eljdras.
Agytumorok esetén az anatémiai képalkotds korla-
tai miatt a pozitronemisszids tomogréfiat (PET) kli-
nikailag hasznos képalkoté moddszerként tartjak
szdmon a recidiv daganatokkal kapcsolatos és a
kezeléssel Osszefiiggd valtozdsok megkiilonbozte-
tésére, glioma esetén a tumorgradus lefrdséra.

Azonban a normdlagy magas hattér-gliikézanyag-
cserét mutat, kiilondsen a kéregben, korldtozva az
FDG-PET érzékenységét és specifitdsit is az agy-
daganatnak a normdl agyi tartomdnytdl torténd dif-
ferencidldsaban's.

Az FDG hétrdnyai miatt az agytumorok PET-
diagnosztikdjdban olyan PET-radiotracerek alkal-
mazdsa javasolt, melyek alacsonyabb normadl agy-
szoveti halmozdéddst mutatnak, a daganat ponto-
sabb definici6ja mellett. A 18F-DOPA nyom-
jelzdt széleskorfien alkalmazzdk a dopaminerg
rendszer integritdsdnak felmérésére mozgas-rend-
ellenességekben, példdul Parkinson-kérban, a
mddszer az agydaganatok diagnosztikdjiaban csak
az utébbi id6ben mutatott igéretes eredménye-
ket'. Az F-DOPA rendszerint felhalmozddik a
basalis ganglionokban, tovdbbd kis 18F-DOPA-
aktivitds jelen van a normadlagykéregben és a
fehérdllomdnyban is. A 18F-DOPA-val végzett
PET-felvételek szakirodalomban leirt eredményei
alapjan elmondhatd, hogy gliomédknal nagyobb az
észlelt szenzitivitds (96%), mint a 18F-FDG PET-

5.A-D abra. Besugdrzdstervezéshez haszndlt F-DOPA és MR-T1KA axidlis sorozat. Definidltuk az F-DOPA-halmozo teriiletet
(BTV-F-DOPA), a Tl-kontrasztanyagot halmozo teriiletet
(GTV-TIKA), valamint a T2-oedemcdt lefedd teriiletet (CTV-oedema), a CT

vsumm

-ot, valamint a PTV-t
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képalkotds sordn. A kontrasztanyagos MR-felvé-
tellel ellentétben a 18F-DOPA-nyomjelzdvel ké-
sziilt felvétel nem fiigg a vér-agy gittél (BBB),
mivel a 18F-DOPA aktiv transzport mechaniz-
mussal jut a szovetbe?.

Ledezma és munkatdrsai szemléltették, hogy a
18F-DOPA PET/MRI fiizi6 pontos anatémiai loka-
liz4ciét eredményez a halmozé és a nem halmozé
gliomdk esetén egyardnt; kozleményiikben besza-
moltak négy olyan esetr8l, amikor a 18F-DOPA
nem tudta detektdlni a gliomdt, mig az MRI képes
volt behatdrolni azt, ezzel is felhivva a figyelmet a
hibrid képalkotds jelentGségére?!.

Karunanithi és munkatarsai 0sszehasonlitottak a
kontrasztanyagos MRI-vel és a 18F-DOPA-nyom-
jelzdvel végzett diagnosztikai vizsgédlat pontossdgat
kidjulé gliomdk esetén?’. A 18F-DOPA PET-MR
halmozédés 34 beteg esetében bizonyult helyesnek,
egy betegnél mutatott dlpozitiv eredményt. Ezzel
szemben az MR-eredmények 28 esetben bizonyul-
tak helyesnek, ot betegnél mutattak hamis pozitiv
eredményt, és tovabbi két esetben fals negativat. A
18F-DOPA 6nmagdban érzékenyebb modalitdsnak
bizonyult, mint az MRI, azonban az MRI és az 18F-
DOPA PET-informéci6 kiegésziti egymast.

Az irodalomban nagyon kevés kézlemény taldl-
haté6 F-DOPA alapi besugarzastervezésrol, igaz,
annak kompatibilitdsat és helyét a besugdrzasterve-
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