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ANOTACIJA

Siksnu plausu vézis (SSPV) ir visagresivakais plausu véza paveids, kur kimij-
terapija lauj ievérojami pagarinat pacienta dzivi un samazinat slimibas simptomus.
Daudzos gadijumos ir iespéjama pilnas remisijas sasnieg$ana. Tomeér metastatisku
SSPV uzskata par neizarstéjamu slimibu, jo praktiski vienmér audzéjs recidivé un
klast neuznémigs pret specifisko terapiju. Véza cilmes $tnas var bat atbildigas
par SSPV recidivu un rezistences attistibu. Hedgehog signalcel$ regulé vairakus
ar cilm$anam un proliferaciju saistitus génus, tadéjadi veicinot cilm$inu un audu
progenitoro $unu izdzivo$anu un proliferaciju.

Darba meérkis. Pieradit, ka kliniskajiem parametriem un Sonic Hedgehog
(Shh) embriogenézi reguléjosa signalcela aktivitatei ir prognostiska nozime sik-
$tnu plausu véza pacientiem, ka ari izvértét iespéjamo signalcela saistibu ar rezis-
tences veido$anos.

Darba uzdevumi.

1. Izvértét kliniskos prognostiskos faktorus un arstéSanas rezultatus sik$anu
plausu véza pacientiem Paula Stradina KUS Onkologijas klinika.

2. Izvertét iespéjamo prognostisko nozimi ar Shh signalcelu saistito génu aktivi-
tatei attieciba uz pétijuma SSPV pacientu dzivildzi.

3. Izvértét Shh signalcela iespéjamo nozimi rezistences attistiba, salidzinot ar
Sonic Hedgehog signalcelu saistito génu ekspresiju SSPV biopsiju paraugos
pirms terapijas un recidiva laika.

Materiali un metodes. Promocijas darbs tika sadalits tris dalas atkariba no
pétijuma uzdevuma.

Pirmaja pétijuma dala retrospektivi tika analizéti 100 secigi pirmreizéjie
SSPV pacienti, kas bija noziméti specifiskai terapijai laika posma no 2006. gada
augusta lidz 2009. gada decembrim. Tika apkopoti pacientu kliniskie un demo-
grafiskie dati un veikta korelaciju analize to ietekmei uz kopéjo dzivildzi (OS).

Otraja, prospektivaja, pétijuma dala laikd posma no 2010. gada oktobra lidz
2014. gada janvarim rekrutéja un analizéja 12 SSPV pacientus ar I1I un IV stadijas
slimibu. Pacienti tika iedaliti isas (OS < 9,6 ménesi) un garas (OS > 9,6 ménesi)
dzivildzes grupas un tajas tika salidzinata mRNS ekspresija katram Shh signalcela
asociétajam génam (Glil, SMO, SUFU, PTCHI, HHIE, BCL2, BMI1, ZEB1, ZEB2,
N-MYC, Twistl) pirmsterapijas audzéja biopsiju paraugos.

Tresaja pétijuma dala tika analizéti 3 SSPV slimnieki no prospektivas pétijuma
dalas, kam tika iegiti audzéja biopsiju paraugi ari recidiva laika. mRNS limeni kat-
ram Shh signalcela saistitajam génam salidzinaja viena un ta pasa pacienta pirms-
terapijas un recidivéjosa audzéja biopsiju paraugos, ka ari salidzinaja katra Shh
signalcela saistita géna ekspresijas limena vidéjas vértibas visos pirmsterapijas un
recidiva paraugos.

Darba rezultati. Pétjjuma apskatitajiem 100 siksinu plausu véza pacientiem
kopéjas dzivildzes raditaji bija 10,2 ménesi lokalizétai stadijai un 7,1 ménesis



izplatitai stadijai. 5 gadu dzivildze attiecigi bija 2,6% un 0%. Daudzfaktoru

Cox regresijas analizé neatkarigie prognostiskie raditaji bija sievie$u dzimums

(HR 2,4601; 95% CI 1,13-5,31; p = 0,0226) un pacienta ECOG 0-1 (HR 2,1437;

95% CI 1,35-3,41; p = 0,0014). Viena faktora Cox regresijas analizé labveéligs pro-

gnostisks raditajs bija lokalizéta slimibas stadija (HR 1,8618; 95% CI 1,21-2,86;

p = 0,0049).

Shh signalcela galvena mérka géna un atslégas transkripcijas faktora Glil
statistiski ticami augstakas ekspresijas vidéjas veértibas tika konstatétas garas dzi-
vildzes SSPV pacientiem pirmsterapijas biopsijas paraugos, salidzinot ar isas
dzivildzes grupu (p = 0,0196, 95% CI: 0,000016 to 0,000147). Paréjo Hedgehog
signalcela asociéto génu (SMO, SUFU, PTCHI1, HHIP, BCL2, BM11, ZEBI1, ZEB2,
N-MYC, Twistl) ekspresijas limenis starp grupam statistiski ticami neatskiras.

2,9 reizes zemaka Hedgehog signalcela aktivitates galvena markiera Glil
ekspresija tika novérota recidivéjosas slimibas biopsijas parauga (p = 0,0529), ka
ari statistiski nenozimigi samazinats Shh signalcela 6 saistito génu (PTCH1, HHIP,
N-MYC, ZEB2, Twistl un ZEBI) ekspresijas limenis tika novérots recidiva laika.
Salidzinot ar pirmsterapijas paraugu, para biopsijas $o génu ekspresija attiecigi
bija 2,6; 2,2; 1,9; 1,8; 1,2 un 1,1 reizes zemaka. 1,8 reizes zemaka ekspresija tika
noveérota recidiva biopsijas parauga Gli aktivatoram SMO bez statistiski nozimigas
atskiribas. Vienigi Hedgehog signalcela inhibitors SUFU un divi Shh inducéjamie
géni - BCL2 un BMII uzradija attiecigi 0,8; 0,9 un 0,8 reizes augstaku, bet statis-
tiski nenozimigu, ekspresiju pie recidiva.

Secinajumi.

1. Buatiskakie kliniskie prognostiskie faktori, kas statistiski ticami uzlaboja dzi-
vildzi, bija pacientu sieviesu dzimums, labs visparéjais stavoklis un lokalizéta
slimibas stadija. Arsté$anas rezultati analizétajiem 100 sik$tnu plausu véza
pacientiem bija sliktaki, salidzinot ar publicétiem literataras datiem.

2. Statistiski ticami augstaka Sonic Hedgehog signalcela galvena mérka géna un
atslégas transkripcijas faktora Glil ekspresija tika konstatéta garas dzivildzes
(OS > 9,6 ménesi) siksunu plau$u véza pacientiem pirmsterapijas biopsijas
paraugos, salidzinot ar isas dzivildzes grupu.

3. Hedgehog signalcela komponentu un ar to saistito génu ekspresijas tiess
salidzinajums viena sik§tnu plau$u véza pacienta para biopsijas pirms tera-
pijas un recidivéjo$a/ progreséjosa audzéja liecina par Hedgehog signalcela
lielakas komponentu dalas aktivitates samazinajumu recidivéjosa sik$anu
plausu véza audos, kaut starpiba nesasniedza statistiski nozimigu vértibu.
Tadéjadi Hedgehog signalcela aktivacija varétu nebat universals mehanisms
sik§tinu plausu véza rezistences attistibai.

Atslégas vardi. recidivéjoss SSPV; véza cilmes $iinas; Sonic Hedgehog signalcels;

génu ekspresija; para biopsijas
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DARBA IZMANTOTIE APZIMEJUMI UN SAISINAJUMI

Saisinajums Skaidrojums latviski Skaidrojums angliski
95% CI 95% ticamibas intervals 95% Confidence interval
AKT Proteinkinaze B Protein kinase B (PKB)

ASCLI (ASH1)

Achaete-scute homologs 1

Achaete-scute homologue 1

BCL2

B-$anu limfomas 2
antiapoptotiskais proteins

B-Cell Lymphoma 2 Apoptosis
Regulator

BMI1 BMI1 Protoonkogéns BMI1 Proto-Oncogene

CAV Ciklofosfamids-(doksorubicins) | Cyclophosphamide- (doxorubicin)
Adriamicins-Vinkristins Adriamycin-Vincristine

CE Karboplatins/Etopozids Carboplatin/Etoposide

CEA Ciklofosfamids/Etopozids/ Cyclophosphamide/Etoposide/
(doksorubicins)Adriamicins (doxorubicin)Adriamycin

DNS Dezoksiribonukleinskabe Deoxyribonucleic acid

ECOG Austrumu onkologu sadarbibas | Eastern Cooperative Oncology Group
grupa

ESMO Eiropas onkologu kimijterapeitu | European Society for Medical
biedriba Oncology

GLI Ar gliomu saistitais onkogéns Glioma-Associated Oncogene

GLI1 Ar gliomu saistita onkogéna Glioma-Associated Oncogene
homologs 1 Homolog 1

Gy Grejs Gray

HES HES saimes pamata spirales- HES family (hairy and enhancer
cilpas-spirales transkripcijas of split) Basic Helix-Loop-Helix
faktors transcription factor

HEY HEY saimes pamata spirales- HEY family (hairy ears, Y-linked)
cilpas-spirales transkripcijas Basic Helix-Loop-Helix transcription
faktors factor

Hh Hedgehog signalcel$ Hedgehog

Hhip/HHIP Hedgehog mijiedarbibas proteins | Hedgehog Interacting Protein

HR Riska attieciba Hazard ratio

LDH Laktatdehidrogenaze Lactate Dehydrogenase

MEK Mitogénu aktivéta ekstracelularo | Mitogen activated extracellular signal
signalu reguléta kinaze regulated kinase

MRI Magnétiskas rezonanses Magnetic resonance imaging

izmekléjums




mRNS Matricas ribonukleinskabe Messenger ribonucleic acid

mTOR Rapamicina mérka receptors Mammalian target of rapamycin
ziditajiem

MYC jeb Pamata spirales-cilpas-spirales Class E basic helix-loop-helix protein

BHLHE39 E klases proteins 39 39

NeuroD1 Neironu diferenciacijas faktors 1 | Neurogenic differentiation factor 1

N-MYC jeb Pamata spirales-cilpas-spirales E | Class E basic helix-loop-helix

BHLHE37 klases proteins 37 protein 37

PCI Profilaktiska galvas apstaro$ana | Prophylactic cranial irradiation

PE Cisplatins/Etopozids Cisplatin/Etoposide

PI3K Fosfatidilinozitola 3 kinaze Phosphatidylinositol 3 Kinase

PIK3CA PI3K katalitiska apaksvieniba alfa | PI3K Catalytic Subunit Alpha

PKR/PCR Polimerazes kédes reakcija Polymerase chain reaction

POU2F3 POU doména 2. klases POU Domain Class 2 Transcription
transkripcijas faktors 3 Factor 3

PSKUS Paula Stradina kliniska Paul Stradins Clinical University
universitates slimnica Hospital

Ptch/PTCH1 Proteins salapits homologs 1 Protein Patched Homolog 1

PTEN Fosfatazes un tensina homologs | Phosphatase and tensin homolog

RAF RAF saimes onkogéns RAF (Rapidly accelerated

fibrosarcoma) oncogene

RAS RAS saimes onkogéns RAS (rat sarcoma viral) oncogene

Shh Sonic Hedgehog signalcels Sonic Hedgehog

SMO Nogludinatais transmembranu Smoothened transmembrane protein
proteins

SSPV/SCLC Sikstnu plausu vézis Small cell lung cancer

SUFU Sapludusa homologa supresors Suppressor Of Fused Homolog

Twist1 jeb Pamata spirales-cilpas-spirales Class A Basic Helix-Loop-Helix

BHLHa38 A Klases proteins 38 Protein 38

YAP1 Ja saistitais proteins 1 Yes-associated protein 1

ZEB1/ ZEB2 Cinka pirkstu E-box saistoss Zinc Finger E-Box Binding Homeobox

homeobox 1 un 2

1and 2




1. PROMOCIJAS DARBA VISPARIGS
RAKSTUROJUMS

1.1. Pétijuma Tss teorétiskais pamatojums

Sikstunu plausu veézis ir visagresivakais plausu véza paveids. Pacientu vidéja
dzivildze bez terapijas vai pielietojot tikai lokalo terapiju (kirurgiska vai staru
terapija) ir no 1 lidz 3 meénesiem kop$ diagnozes briza. Sik§anu plausu véza
arstésanas pamatmetode ir sistémiska Kimijterapija, kas lauj ievérojami paga-
rinat pacienta dzivi un samazinat slimibas simptomus. Vidéja dzivildze pie-
aug 4-5 reizes. Daudzos gadijumos ir iesp&jama pilnas remisijas sasniegSana.
Tomeér metastatisku sik§tinu plausu vézi uzskata par neizarstéjamu slimibu, jo
gandriz vienmeér audzéjs recidivé un klast neuznémigs pret specifisko terapiju.
Rezistences veido$anas mehanisma izprasana var palidzét arstiem prognozét
terapijas efektivitati, ka ari radit jaunus terapeitiskus lidzeklus §i véza arstésana.

Peédéjos gados aizvien vairak zinatnisko pieradijumu guvusi ta saucama
véza cilmsanu teorija, kas lauj izskaidrot, kapéc laundabigiem audzéjiem tera-
pijas gaita attistas rezistence. Véza cilm$tnu hipotézes butiba ir ta, ka audzéja
pastav $inu hierarhija, kad pasatjaunojoso cilmstnu neliela populacija izveido
visas paréjas audzéja $tnas asimetriskas dali$anas, proliferacijas un defektivas
diferenciacijas cela. Zinatnieki turpina debates vai §is audzéju iniciéjosas $tnas
rodas normalo audu cilm$tnu malignas transformacijas rezultata, vai no augs-
tak diferencétam audzéja Sinam, kas malignizacijas gaita ir ieguvusas cilmsa-
nam lidzigas ipaSibas. Neatkarigi no to izcelsmes, véza $unu subpopulacija ar
cilm$anu ipasibam, ieskaitot lénu daliSanos un rezistenci uz pretvéza terapiju,
var butiski ietekmét arstésanas rezultatus. Ja laundabiga audzéja ir $inas, kuras
netiek nogalinatas ar standarta Kimijterapiju un staru terapiju, tiesi $is $tinas ir
atbildigas par audzéja recidivu un/vai metastazém péc acimredzami veiksmigas
sakotnéjas arstéSanas. Sik$§unu plau$u vézis ir Jaundabiga slimiba, kur kliniska
pieredze liecina par véza cilm$anu subpopulacijas esamibu audzéja. Standarta
kimijterapija var reducét audzéja masu loti efektivi un pat inducét pilnu remisiju
lielakajai pacientu dalai. Diemzeél, recidivs rodas gandriz vienmer. Tas liecina, ka
noteiktas, uz terapiju nejutigas $tnas izdzivo sakotnéjas arstésanas laika un turp-
mak audzéju atjauno. Turklat, recidivéjosa audzéja lielaka véza $tnu populaci-
jas dala iegiist cilm$tinam raksturigu rezistenci uz pretvéza lidzekliem. Nemot
veéra, ka audzéja recidivi péc panaktas remisijas ir galvenais mirstibas célonis
onkologiskiem pacientiem, ipasi aktuala ir jaunu, tie$i véza cilm$anas selektivi
ietekméjosu terapeitisko lidzeklu izstrade.

Daudz vél ir japrecizé par véza cilm$inam katra konkréta Jaundabiga sli-
miba. Tomer jau tagad ir ieguti dati par embriogenézi reguléjoso signalcelu
nozimigumu véza cilm$inu funkcioné$ana. Ipasi svarigi starp tiem ir Notch,



Hedgehog un Wnt signalceli. Hedgehog signalcel$ regulé vairakus ar cilm$anam
un proliferaciju saistitus génus, tadéjadi veicinot cilms$anu un audu progenitoro
$tnu izdzivo$anu un augSanu.

1.2. Darba aktualitate un novitate

Pédéja laika literatiira paradijusies dati par Hedgehog signalcela saistibu
ar medikamentu izvadi$anas mehanismiem no audzéja $inam un multi-zalu
rezistences attistibu (Sims-Mourtada et al., 2007). Véza cilm$anam raksturiga
Hedgehog signalcela paaugstinata aktivitate tika aprakstita siksinu plausu véza
$inu linijas un audzéju paraugos (Watkins et al., 2003). Si signalcela ligandu
inhibicija paléninaja sik§anu plausu véza $unu liniju un ksenograftu proliferaciju
(Pasca di Magliano and Hebrok, 2003). leguti dati par Hedgehog sistémas sais-
tibu ar aizkunga dziedzera véza (Xu et al., 2009), prostatas véza (Sanchez et al.,
2004), B-stnu hroniskas limfoleikozes (Hegde et al., 2008), nieru $tnu karci-
nomas (Dormoy et al., 2009) proliferacijas uzturé$anu un apoptozes inhibiciju.
Pétijumos ir iegati ari kliniski pieradijumi par paaugstinatas Hedgehog signal-
cela aktivitates un nelabvéligas slimibas gaitas korelaciju pie krats véza (ten Haaf
et al.,, 2009), baribas vada véza (Yoshikawa et al., 2008) un anala kanala véza
(Ajani et al., 2010). Daudzos audzéjos Hh signalcela izmainita aktivitate saistita
ar kliniski novéroto rezistenci uz pretvéza terapiju un nelabveéligu prognozi. Hh
signalcela paaugstinata aktivitate biezi tiek konstatéta plausu audzéjos, it ipasi
sikstnu plausu véza $tinas. Vairakos pétijumos ir iegtti dati, ka Hh signalcels ir
nozimigs normalo plausu neiroendokrino cilmsianu un atbilstosi sikstnu plausu
véza cilm$ianu funkcionésana. Pastav ierobezojumi Hh signalcela izpétei in vitro
modelos - t. i. sik§inu plausu véza $anu linijas un ksenograftos. Ir maz publi-
céto datu par Hh signalcela komponentu aktivitati génu/mRNS limeni sik§inu
plau$u véza $unas sakara ar §i audzéja svaigi sasaldéto paraugu pieejamibas tra-
kumu. Pétjjumos parsvara tiek izmantoti formalina fikséti, parafina imbibéti
paraugi, kur Hh signalcela komponentu aktivitate tiek noteikta semikvantita-
tivi proteinu limeni ar imanhistokimijas metodi vai retak mRNS limeni ar in
situ hibridizacijas metodi. Respektivi, pagaidam ir maz zinatniskas informacijas
par iespéjamam aktivéjosam/inaktivéjosam mutacijam $i signalcela génos, kas
var neizpausties proteinu limeni, bet var bt loti nozimigas kliniski (pieméram,
ka aktivéjosas EGFR mutacijas ne-sik$tnu plausu vézim). Vel viens iesp&jamais
célonis Hh signalcela izmainitai aktivitatei varétu but epigenétiskie traucéjumi
un to ietekméjosas izmainas citos molekularajos signalcelos. Molekularo meha-
nismu izpéte uzrada Hh signalcela cie$u saistibu ar multizalu rezistences génu
aktivitati, epitelialas-uz-mezenhimalo parejas, ka ari anti-apoptotiskiem notiku-
miem.

Sis projekts ir ipasi aktuals, jo sniedz informaciju génu/mRNS limeni par
lidz $im maz pétitu in vivo Hh signalcela génu ekspresiju un dod iespé&ju to



salidzinat pirmsterapijas un rezistenta sik$tnu plausu audzéja. Publicétas infor-
macijas par $ada dizaina pétijumiem pasaules literatira pagaidam nav.

Pirmo reizi Latvija veikta sik§anu plau$u véza pacientu sanemtas arstéSanas
un dzivildzes datu analize. Pétijjuma dati norada uz Sonic Hedgehog signalcela
galvena mérka géna Glil paaugstinatu ekspresiju ka iespéjamo sik$unu plausu
véza prognostisko biomarkieri, ka arl uz samazinatu Sonic Hedgehog signalcela
aktivitati recidivéjosa audzéja.

1.3. Darba meérkis

Izvértét, vai Sonic Hedgehog signalcela aktivitatei ir prognostiska nozime
un saistiba ar sik$inu plausu véza rezistences attistibu.

1.4. Darba uzdevumi

1. Izvértét kliniskos prognostiskos faktorus un arstésanas rezultatus sik$anu
plausu véza pacientiem Paula Stradina KUS Onkologijas klinika.

2. Izveértét iespéjamo prognostisko nozimi ar Sonic Hedgehog signalcelu sais-
tito génu aktivitatei attieciba uz pétijuma sik$unu plausu véza pacientu dzi-
vildzi.

3. Izvértét Shh signalcela iespéjamo nozimi rezistences attistiba, salidzinot
ar Sonic Hedgehog signalcelu saistito génu ekspresiju sik$tinu plausu véza
biopsiju paraugos pirms terapijas un recidiva laika.

1.5. Darba hipotéze

Embriogenézi reguléjosa Sonic Hedgehog signalcela aktivitatei ir nozime
sik$tnu plausu véza slimibas prognozé un rezistences attistiba.
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2. MATERIALS UN METODES

2.1. Klinisko prognostisko faktoru un arstésanas rezultatu
analize sik3unu plausu véZa pacientiem Paula Stradina KUS
Onkologijas klinika

Pétama grupa

Retrospektiva pétijjuma apkopoti 100 secigi pirmreizéjie pacienti ar mor-
fologiski pieraditu sik§iinu plausu vézi (C34), kas multidisciplinaraja konsilija
bija noziméti specifiskai terapijai Paula Stradina KUS Onkologijas klinika laika
posma no 2006. gada augusta lidz 2009. gada decembrim (Kozirovskis et al.,
2012). Dati iegati no mediciniskas dokumentacijas — multidisciplinaro konsi-
liju slédzieniem, ambulatorajam kartém, dienas stacionara un stacionara kar-
tém, programmas “Arstu birojs’, radiologisko izmekléjumu atbilzu programmas
“AI-RIS PSKUS” Pacientu naves datumi iegtti no Nacionala veselibas dienesta
Pétniecibas un statistikas departamenta datu bazes “PREDA”.

leklauSanas kriteriji:

1. Pacientam morfologiski (histologiski vai citologiski) pieradits sik$anu
plausu vézis.

2. Pacients multidisciplinaraja konsilija bija noziméts specifiskai terapijai

(“Intention-To-Treat” grupa).

Jauzsver, ka $eit netika analizéti pacienti, kam jau sakotnéji péc diagnozes
noteiksanas nebija iespéjama kimijterapija un kam péc literattras datiem vidéja
dzivildze bez arsté$anas vai pielietojot tikai lokalo terapiju (kirurgiska vai staru
terapija) ir no 1 lidz 3 ménesiem kop$ diagnozes briza (Zelen, 1973).

Datu iegiSanas metodes

Tika apkopoti dati par vecumu, dzimumu, diagnostiskas procediras veidu un
datumu, veselibas apripes iestadi, kur veikta diagnostika, stadiju un metastazu
lokalizaciju, pacientu visparéjo stavokli péc ECOG skalas (Oken et al., 1982),
laiku no diagnozes lidz specifiskas terapijas uzsaksanai, sanemtas kimijterapijas
veidu un liniju skaitu, sanemtas staru terapijas veidu, radiologiskajos izmekléju-
mos apstiprinatu labako atbildes reakciju uz sanemto terapiju un naves datumu.

Statistiska analize

Ieguitos rezultatus ievadija MS Excel datu bazé, statistiska analize veikta,
izmantojot MedCalc statistiskas analizes programmu, v.10.2.0.0 (MedCalc
Software, Ostend, Belgija). Kopé&jo dzivildzi (OS) aprékinaja un salidzinaja,
izmantojot Kaplana-Meijera metodi un log-rank testu. Korelaciju analizi veica,
izmantojot Cox proporcionala riska regresijas metodi.
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2.2. Hedgehog signalcela asociéto génu ekspresija ka stkSinu
plausu véza prognostiskais faktors

petama grupa

Prospektivs pétijums, kura ieklauti 12 pirmreizéjie pacienti ar histolo-
giski pieraditu III un IV stadijas sik§tnu plausu vézi, kas ir piekritusi pétijuma
audzgja biopsiju paraugu iegtiSanai diagnostiskas fibrobronhoskopijas laika no
2010. gada oktobra lidz 2014. gada janvarim un kuri vélak sanéma specifisku
terapiju Paula Stradina KUS Onkologijas klinika. Pirmsterapijas pétijjuma biop-
sijas tika iegtitas 20 pacientiem. Péc ieklausanas kritériju izvértéSanas 8 pacienti
tika izslégti no analizes, jo 5 pacientiem pétijuma biopsija véza $anu klatbitne
nebija citologiski apstiprinata un vél 2 pacientiem tika iegata sliktas kvalitates
parauga RNS. 1 pacients nomira agrini arstéSanas laika no ar vézi nesaistitiem
iemesliem un ari tika izslégts no analizes.

leklauSanas kriteriji:

1. Parakstita pacienta informétas piekrisanas lapa

2. Pacientam histologiski pieradits III vai IV stadijas siksiinu plausu vézis.

3. Citologiski apstiprinata véza $tnu klatbitne pétijuma biopsija, izmekléjot
parauga nospiedumu uz priek$metstiklina pirms ievieto$anas konservanta.

4. Labas kvalitates RNS pétijuma biopsija.

Pacients ir sanémis vismaz divus paliativas kimijterapijas kursus.

6. Pacientam ir veikti kontroles izmekléjumi dinamika un fikséts progresijas
un naves datums.

wo

Datu iegiSanas metodes:

1. Tika apkopota kliniska informacija par pétijjuma pacientu vecumu, dzi-
mumu, stadiju un metastazu lokalizaciju, pacientu visparéjo stavokli péc
ECOG skalas, sanemto specifisku terapiju, radiologiskajos izmekléjumos
apstiprinatu labako atbildes reakciju uz sanemto terapiju, novirzes sanemtas
kimijterapijas devas un intervalos, slimibas progresijas laiku/veidu un naves
datumu.

2. Pétijuma audzéja biopsiju paraugi péc panemsanas un nospieduma uz cito-
logijas stiklina izdari$anas tika ievietoti RNS konservanta — RNAlater solu-
tion (Thermo Fisher Scientific, USA) un lidz analizei uzglabati —-20°C.

3. Pétijjuma biopsijas audu mRNS sagatavo$ana ar Lysing Matrix D (MP
Biomedicals, USA) tika veikta audu homogenizatora (FastPrep®-24
Instrument) ar atrumu 0.4 m/s 40 sekunzu laika. Kopéja RNS tika izo-
léta ar MirVana total RNA Isolation Kit (Thermo Fisher Scientific, USA)
atbilsto$i razotaja protokolam. RNS tika apstradata ar DNAse I (Thermo
Fisher Scientific, USA) un RNS koncentracija un tiribas pakape tika noteikta
Nanodrop ND-100 spektrofotometra. ¢cDNS tika sintezéta, izmantojot
nejau$us heksameru praimerus no kopéjas RNS 1 pg, izmantojot Revert
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Aid First Strand cDNA Synthesis kit (Thermo Fisher Scientific, MA, USA)
atbilstosi razotaja instrukcijam.

4. Reala laika kvantitativa polimerazes kédes reakcija (qQPCR) tika veikta,
izmantojot 2 ul 1:10 at$kaiditus cDNA reakcijas maisijumus, ABSolute
Blue™ SYBR green Low ROX (Thermo Fisher Scientific, USA) un ViiA 7
real-time polymerase chain reaction system (Applied Biosystems, Life
Technologies, USA). Ekspresijas datu normalizacijai tika aprékinats nor-
malizacijas faktors katram cDNS no 3 visstabilako references génu (ACTB,
LRP10, YWHAZ) ekspresijas limeniem, kas tika atlasiti no 7 biezak lietotiem
endogénas kontroles géniem ar geNorm programmataru. Visi salidzinosie
reala laika qPCR eksperimenti tika veikti dublikatos un dati tika analizéti ka
to vidéjas vértibas + standartnovirzes.

Statistiska analize

Datu statistiskajai apstradei vispirms izveidoja datubazi datorprogramma MS
Excel, péc tam datus konvertéja profesionalaja pétijumu datu statistiskas apstra-
des programma SPSS (Statistical Pacade for Social Sciences) for Windows 21.0
versija. Vidéjo kopéjo dzivildzi aprékinaja, izmantojot Kaplana-Meijera metodi
un log-rank testu. Péc aprékinatas vidéjas kopéjas dzivildzes pacientus sadalija
isas dzivildzes un garas dzivildzes grupas. Veicot salidzino$o analizi, atkariba
no mainigo vértibu tipa izmantoja Stjudenta (t-testu) vai hi kvadrata (x2) testu.
mRNS ekspresijas limena vidéjas vértibas katram Shh signalcela asociétajam
génam (Glil, SMO, SUFU, PTCHI1, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC,
Twist]) salidzinaja isas dzivildzes un garas dzivildzes grupu pacientu pirmste-
rapijas pétijuma audzéja biopsiju paraugos, izmantojot neatkarigo paraugkopu
t-testu un aprékinot 95% ticamibas intervalu. Visu hipotézu parbaudés izman-
toja abpuséjas (2-tailed) statistiskas hipotézes, un atskiribas starp grupam tika
uzskatitas par batiskam pie p < 0,05.

2.3. Hedgehog signalcela saistito génu ekspresijas salidzinajums
para biopsijas pirms terapijas un recidiva laika

Pétama grupa

Punkta 2.2. aprakstito pétjjuma pacientu apaksgrupa no 3 siksunu plausu
véza slimniekiem, kam tika iegiti pétijuma audzéja biopsiju paraugi pirms
terapijas un recidiva laika.

leklauSanas kritériji:

1. Visi punkta 2.2. aprakstitie ieklau$anas kriteériji.

2. Citologiski apstiprinata véza Sanu klatbatne recidivéjosa audzéja pétijuma
biopsija, izmekléjot parauga nospiedumu uz priek$metstiklina pirms ievie-
tosanas konservanta.

3. Labas kvalitates RNS recidivéjosa audzéja pétijuma biopsija.
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Datu iegiSanas metodes
Visas punkta 2.2. aprakstitas datu iegiianas metodes

Statistiska analize

legitos rezultatus ievadija MS Excel datu bazé, veikta statistiska ana-
lize, izmantojot MedCalc statistiskas analizes programmu, v.10.2.0.0 (MedCalc
Software, Ostend, Belgija). Veicot salidzino$o analizi, atkariba no mainigo vér-
tibu tipa izmantoja Stjidenta (t-testu) vai hi kvadrata (x2) testu. mRNS limeni
katram Shh signalcela saistitajam génam (Glil, SMO, SUFU, PITCHI1, HHIP,
BCL2, BMI1, ZEB1, ZEB2, N-MYC, TwistI) salidzinaja viena un ta pasa pacienta
pirmsterapijas un recidivéjo$a pétijjuma audzéja biopsiju paraugos, izmantojot
divu saparotu paraugkopu t-testu. Katra Shh signalcela saistita géna ekspresijas
limena vidéjas vértibas ari salidzinaja visos pirmsterapijas un recidivéjosos
paraugos, aprékinot 95% ticamibas intervalu. Visu hipotézu parbaudés izmantoja
abpuséjas (2-tailed) statistiskas hipotézes, un atskiribas starp grupam tika uzska-
titas par batiskam pie p < 0,05.
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3. REZULTATI

3.1. Klinisko prognostisko faktoru analize sikSiinu plausu véza
pacientiem Paula Stradina KUS Onkologijas klinika

100 secigi pirmreizéjie pacienti ar morfologiski pieraditu siksanu plausu
vézi, kas multidisciplinaraja konsilija bija noziméti specifiskai terapijai Paula
Stradina KUS Onkologijas klinika laika posma no 2006. gada augusta lidz
2009. gada decembrim tika ieklauti retrospektiva pétijuma.

Teklauto pacientu vidéjais vecums bija 61,52 + SD 7,13 (47-77, 95% CI 60,1-
62,9) gadi (3.10. attéls), no tiem 90 bija viriesi (90 %) un 10 sievietes (10 %).
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3.10. attels. Pacientu sadalijums pa vecuma grupam

Péc diagnostiskas procediras veida slimibas morfologiskai verifikacijai
visbiezak izmantoja fibrobronhoskopijas procediiru - 71 pacientam. 9 pacien-
tiem tika veikta mediastinoskopija, 7 pacientiem supraklavikulara limfmezgla
biopsija, 5 pacientiem veiktas torakotomijas ar 3 diagnostiskam operacijam un
2 arstnieciskam operacijam - 1 pneimonektomiju un 1 lobektomiju. Vienam
pacientam metastatiska slimiba morfologiski tika apstiprinata aknu veido-
juma punkcijas biopsijas materiala un vél vienam pacientam galvas smadzenu
metastazes rezekcijas materiala.

87 pacientiem slimiba tika pieradita ar histologisko (imanhistokimisko)
biopsijas materiala izmekléjumu, 13 pacientiem - tikai citologiski, nepietiekosi
liela biopsijas parauga dél.

Péc veselibas aprupes iestades, kur tika veikta diagnostika, 93 pacienti bija
no Paula Stradina KUS torakalas kirurgijas, pneimonologijas un neirokirurgijas
nodalam, bet 7 pacienti tika novirziti no Rigas 1. slimnicas, Tuberkulozes un
plausu slimibu centra, stacionariem “Bikernieki” un “Gailezers”.
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66 pacientiem (66%) bija lokalizéta sikstnu plausu véza stadija (bez attalam
metastazém) un 34 pacientiem (34%) bija izplatita slimibas stadija (ar attdlam

metastazém) (3.11. attéls).

[ Lokalizéta stadija
(bez attalam metastazem)
bija 66 pacientiem (66%)

I zplatita stadija
(ar attalam metastazem)
bija 34 pacientiem (34%)

3.11. attéls. Pacientu sadalijums pa stadijam

Izplatitas stadijas pacientiem visbiezak metastazes noveéroja

izoléti

aknas - 10 pacientiem (29%), tad sekoja kombinétas metastazu lokalizaci-
jas — 8 pacientiem (23%), metastazes galvas smadzenés — 4 pacientiem (12%),
metastazes virsnierés — 4 pacientiem (12%), metastazes plausas — 2 pacientiem
(6%), metastazes ne-regionalos limfmezglos - 3 pacientiem (9%), metastazes
pleira — 2 pacientiem (6%) un vienam pacientam bija zemadas metastazes (3%)
(3.12. attéls). Interesanti, ka izolétas kaulu metastazes pacientiem netika novéro-
tas. 2 pacientiem bija kaulu + aknu metastazu kombinacija un vél vienam vien-
laicigi bija kaulu + plau$u metastazes. 2 pacientiem metastazes ne-regionalos
limfmezglos kombinéjas ar aknu vai virsnieru metastazém. Pa vienam pacien-
tam bija ar aknu + virsnieru, aknu + plau$u + zemadas un pleiras + perikarda

metastazu kombinaciju.

Multiplas mts

23% Aknu mts

29% u Aknu mts
u Virsnieru mts
u PlauSu mts

Pleira m Galvas
6% smadzenu mts
u Attalie I/m
Zemadas mts

3% m Zemadas mts

Virsnieru mts ™ Pleira

Attalie I/m 12% B Multiplas mts

9%

Plausu mts
6%

Galvas smadzenu mts
12%

3.12. attels. Metastazu lokalizacija pétijuma ieklautajiem pacientiem
(mts — metastazes, I/m - limfmezgli)
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Analizéjot pacientu vispargjo stavokli péc ECOG skalas (Oken et al,
1982), visvairak pétijuma populacija bija slimnieku ar ECOG 1-56 pacienti un
ECOG 2-33 pacienti. 7 pacienti bija ar ECOG 3, 3 - ar ECOG 4 un 1 - ar
ECOG 0 (3.13. attéls). ECOG 4 pacienti specifisku terapiju nav sanémusi, tika
arstéti simptomatiski.
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3.13. attéls. Pacientu sadalijums péc visparéja stavokla péc ECOG skalas

Péc laika no diagnozes lidz specifiskas terapijas uzsaksanai vidéjais gaidisa-
nas laiks pétijuma pacientiem bija 15,55 + SD 15,62 (0-96, 95% CI 12,4-18,7)
dienas (3.14. attéls).
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3.14. attéls. Laiks no diagnozes lidz specifiskas terapijas uzsaksanai (dienas)

Péc sanemtas kimijterapijas veida un liniju skaita 97 pétijjuma pacienti tika
arstéti ar 1. linijas paliativu kimijterapiju (73 - PE shému, 19 - CE shému, 5 -
CAV shémuy), 29 pacienti bija sanémusi 2. linijas terapiju (25 - CAV shému, 1 -
CEA shému, 1 - PE shému, 2 - peroralu Etopozidu). 6 pacienti bija sanémusi
ar 3. linijas terapiju (1 — Topotekanu, 1 - Paklitakselu, 3 — peroralu Etopozidu,
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1 - peroralu Ciklofosfamidu). 1 pacients bija sanémis paliativas kimijterapijas
4. liniju ar Paklitakselu.

Staru terapiju primarajam audzéjam un metastatiskiem videnes limfmez-
gliem bija sanémusi 39 pétijuma pacienti. Tikai 1 pacients bija sanémis vien-
laicigu staru-kimijterapiju, péréjiem pacientiem staru terapiju veica secigi péc
pabeigtas kimijterapijas. Konsolidéjosa profilaktiska galvas apstaroSana tika
veikta 9 pacientiem. 15 pacienti staru terapiju bija sanémusi simptomatiski —
audzéja vai metastazu izraisito simptomu mazinasanai.

Analizéjot radiologiskos izmekléjumos apstiprinatu labako atbildes reakciju
uz sanemto terapiju, pilna remisija tika sasniegta 5 lokalizétas stadijas pacien-
tiem un 1 izplatitas stadijas pacientam, bet daléja remisija attiecigi bija 39 un
15 pacientiem. Aprékinot atbildes biezumu uz terapiju péc pilnas un daléjas
remisijas kopa - ta tika novérota 67% lokalizétas stadijas pacientiem un 47%
izplatitas stadijas pacientiem. Stabila slimiba attiecigi bija 12 un 3 pacientiem,
bet slimibas progresija — 11 lokalizétas stadijas pacientiem un 14 izplatitas sta-
dijas pacientiem (3.11. tabula).

3.11. tabula. Radiologiski apstiprinata vislabaka atbildes reakcija uz sanemto terapiju,
atbildes reakcijas biezums un dzivildzes dati pétijuma ieklautajiem pacientiem

Stadija | Pacienti Labalka atbildes rea}(.cu auz Dzivildze
sanemto terapiju
CR| PR | SD | PD bies ) dzivildze |1 gada |2 gadu |3 gadu|5 gadu
IZUMS | (menesi)
(CR+PR)
LS 66 51391211 67% 10 42% | 14% 6% | 2,6%
IS 34 1 (15| 3 |14 47% 7 27% | 0% - -

LS - Lokalizéta stadija (bez attalam metastazém); IS - Izplatita stadija (ar attalam metastazém); CR -
complete response (pilna remisija); PR - partial response (daléja remisija); SD - stable disease (stabila
slimiba); PD - progressive disease (slimibas progresija)

Vidéja kopéja dzivildze (mOS) pétijuma pacientiem ar lokalizétu stadiju
bija 10,2 ménesi, 1 gada dzivildze - 42%, 2 gadu dzivildze - 14%, 3 gadu dzivil-
dze - 6%, 5 gadu dzivildze - 2,6%, bet pacientiem ar izplatitu stadiju attiecigi
mOS bija 7,1 ménesi, 1 gada dzivildze - 27%, 2 gadu dzivildze — 0% (3.15. attéls
un 3.11. tabula). Salidzinot dzivildzes datus, atskiriba starp stadijam bija sta-
tistiski ticama HR 2,03; 95% CI 1,25-3,29; p = 0,0041. Tikai 4 (2.6%) lokali-
zétas stadijas pacienti sasniegusi dzivildzi virs 5 gadiem - 2 sievietes (33%) un
2 viriedi (3%). Abam sievietém terapijas rezultata sasniegta daléja remisija, viena
paciente pazudusi no uzraudzibas péc 5,5 gadiem, bet otra joprojam ir dziva
un bez slimibas progresijas jau 13 gadus. Vienam ilgdzivotdjam virietim bija
panakta pilna remisija un vins$ ir pazudis no uzraudzibas péc 9 gadiem. Otram
pacientam ar daléjo remisiju slimibas progresijas nav jau 13,5 gadu laika.
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HR 2,03; 95% Tl 1,25-3,29; p = 0,0041. mOS 10,2 mén. vs 7,1 mén.

100

80

60 Stadija

— IS
_____ LS

40

20

Kumulativa izdzivotiba (%)

Laiks (ménesi)
Riskam paklauto skaits

Grupa: IS
34 1 1 0 0 0 0

Grupa: LS
66 36 11 8 4 2 1

LS - lokalizéta stadija (bez attalam metastazém); IS - izplatita stadija (ar attalam metastazém);

mOS - vidéja kopéja dzivildze

3.15. attels. Kaplana-Maijera kopéjas dzivildzes (OS) likne pétijjuma pacientiem ar
lokalizétu un izplatitu stadiju

Daudzfaktoru Cox regresijas analize parada, ka neatkarigie prognostiskie
raditaji, kas pétijuma pacientiem ietekméja kopéjo dzivildzi, ir sievie$u dzi-
mums un pacienta labs visparégjais stavoklis (ECOG 0-1). Viena faktora Cox
regresijas analize uzradija arl lokalizétu slimibas stadiju ka labvéligu prognos-
tisku raditaju (3.12. tabula).

3.12. tabula. Klinisko prognostisko faktoru analize pétijuma ieklautajiem pacientiem
péc Cox proporcionala riska modela

Faktors
Viena faktora (univariate) Daudzfaktoru (multivariate)
Dzimums 1,9532  0,97-3,92 0,0610 2,4601 1,13-5,31 0,0226
ECOG 0-1 vai 2-3 2,2687  1,48-3,47 0,0002 2,1437 1,35-3,41 0,0014

L)l el el e 1,8618 1,21-2,86 0,0049 155840 0,97-2,58  0,0651
stadija

;’gcg“’:s Zem vat virs 1,080 0,80-1,82  0,3665 0,920 0,64-1,53 09713
Laiks lidz terapijai zem vai ) cc) 051 145 05610 06395 037-1,10  0,1055
virs 4 nedélam

‘L;i’izs vai kreisas plausas 007 6> 138 07108 1,0631 0,68-1,66 07886

RA - riska attieciba; 95% TI — 95% ticamibas intervals
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3.2. Hedgehog signalcela asociéto génu ekspresija ka stkSinu
plausu véza prognostiskais faktors

12 pirmreizéjiem III/IV stadijas sikStinu plausu véza pacientiem ar kvali-
tativu pirmsterapijas pétjjuma biopsijas paraugu un izvértéjamiem kliniskiem
datiem tika aprékinata vidéja kopéja dzivildze (OS) - 9,6 ménesi, péc kuras
talak pacientus iedalija isas dzivildzes un garas dzivildzes grupas. Abu grupu
pacientu demografiskie un kliniskie dati ir paraditi 3.21. tabula. Statistiski tica-
mas atskiribas starp grupam nebija ne péc viena no analizétajiem demografis-
kajiem vai kliniskajiem parametriem. Dzivildzes un sanemtas terapijas dati ir
paraditi 3.22. tabula.

3.21. tabula. Demografiskie un kliniskie dati 12 pacientiem, kam analizéja dzivildzi
un Hedgehog signalcela asociéto génu ekspresiju. Veicot grupu salidzino$o analizi,
izmantoja Stjidenta (t-testu) vai hi kvadrata (x2) testu atkariba no mainigo veértibu tipa.

Pacientu parametrs Garas dzivildzes grupa | Isas dzivildzes grupa | p-vértiba
(OS > 9,6 ménesi, (OS < 9,6 ménesi,
n=6) n=6)
Dzimums p=10
Viriesi 5 5
Sievietes
Vecums p = 0,078
Vidgjais (robezas) 61,5 (54-77) 51,5 (49-70)
Vispargjais stavoklis péc p = 0,446
ECOG skalas
0 1 1
1 0 2
2 4 2
3 1 1
4 0 0
Stadija p = 0,565
I A 1 0
III B 2
v
Arstésanas devu/intervalu p =0,079
novirzes toksicitates dél
Nav 2 5
Ir
Labaka atbildes reakcija uz p = 0,301
sanemto terapiju
CR 0 0
PR 6 4
SD 0 1
PD 0 1
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Pacientu parametrs Garas dzivildzes grupa | Isas dzivildzes grupa | p-vértiba
(OS > 9,6 ménesi, (OS < 9,6 ménesi,
n=6) n=6)
Slimibas progresijas veids p = 0,601
Lokala 2 1
Attala 2 3
Kombinéta 1 2
Nav progreséjusi 1 0
(uz 01.10.2018)

CR - complete response (pilna remisija); PR - partial response (daléja remisija); SD - stable disease
(stabila slimiba); PD - progressive disease (slimibas progresija); OS - overall survival (kopéja
dzivildze)

3.22. tabula. Dzivildzes un sanemtas terapijas dati 12 pacientiem, kam analizéja
dzivildzi un Hedgehog signalcela asociéto génu ekspresiju.

Pacienta Dz_ivilflze Dz_ivilfize ) )
ID Nr. ménesos ménesos Sanemta terapija
(dienas) (dienas)

LC145 4 (140) 4 CE

LC137 6 (191) 6 PE > RT (57,6/50,4/45 Gy)

LC146 8 (250) 4 PE 2 3 CAV

LC102 8 (252) 5PE

LC171 8 (267) 1 PE = 5 CAV

LC135 8 (269) 4 PE > RT (54/50,4 Gy) > 37,5 Gy WBRT

LC130 10 (305) 5PE = 3 CAV

LC127 10 (318) 5 PE = 30 Gy WBRT

LC134 12 (383) 5 PE - RT (54/54/45 Gy) = 36 Gy WBRT

LC139 13 (396) 6 PE 2 RT (54/50,4 Gy)—> PCI (30 Gy)

LC121 15 (462) 6 CE = RT (54/50,4/50,4 Gy) - PCI (36 Gy) -2 1 CAV
82 (2499)

LC126 uz 5 PE > RT (56/50,4 Gy) = PCI (36 Gy)
01.10.2018

CE - Karboplatins/Etopozids; PE - Cisplatins/Etopozids; RT - radiation therapy (staru terapija);

CAV - Ciklofosfamids/(doksorubicins) Adriamicins/Vinkristins; WBRT - whole brain radiation
therapy (visu galvas smadzenu apstarosana); PCI - prophylactic cranial irradiation (profilaktiska galvas
apstaro$ana)

mRNS ekspresijas limena vidéjas vértibas katram Shh signalcela asociétajam
génam (Glil, SMO, SUFU, PTCHI1, HHIP, BCL2, BMI1, ZEBI, ZEB2, N-MYC,
Twistl) salidzinaja isas dzivildzes un garas dzivildzes grupu pacientu pirmstera-
pijas pétijuma audzéja biopsiju paraugos.

Hedgehog signalcela galvena meérka géna un signalcela aktivitates mar-
kiera Glil vidéja ekspresija 6 sik$tnu plau$u véza pacientiem garas dzivildzes

21



grupa (OS > 9,6 ménesi) bija 0,000141757 + 0,000038223. Isas dzivildzes gru-
pas (OS < 9,6 ménesi) 6 pacientiem pirmsterapijas Glil mRNS vidéja ekspre-
sija attiecigi bija 0,000060198 + 0,000016324. Statistiski ticami augstakas Glil
ekspresijas vidéjas vertibas tika konstatétas garas dzivildzes sik§tinu plausu véza
pacientiem pirmsterapijas biopsijas paraugos, salidzinot ar isas dzivildzes grupu
(p = 0,0196, 95% CI: 0,000016 lidz 0,000147) (3.23. tabula, 3.201. attéls).

3.23. tabula. Hedgehog signalcela saistito génu vidéjas ekspresijas salidzinajums isas
dzivildzes (OS < 9,6 ménesi) un garas dzivildzes (OS > 9,6 ménesi) grupu pacientu
pirmsterapijas pétijjuma audzéja biopsiju paraugos

_ Ekspresijas limena vidéjas vértibas 12 SSPV pacientu pirmsterapijas Starpibas
Géns L o e e
biopsijas, atkariba no dzivildzes grupas novertéjums
Lielaka
Isas dzivildzes grupa Garas dzivildzes grupa eksg:iejili:llzg‘ras
(OS < 9,6 ménesi) (OS > 9,6 ménesi) N
grupa
(reizu skaits)
Videéja vertiba un 95% TI Videéja vertiba un 95% TI
N-MYC [0,016264 |-0,007006 lidz 0,060377 |0,042949 |-0,003721 lidz 0,057092 (2,6 (p = 0,1)
Glil 0,000060 | 0,000016 lidz 0,000147 |0,000142 | 0,000016 lidz 0,000147 (2,3 (p = 0,0196)
Twistl |0,003897 |-0,001798 lidz 0,006485 |0,006241 |-0,001770 lidz 0,006458 |1,6 (p = 0,233)
ZEB2 0,019992 |-0,009917 lidz 0,034784 |0,032425 |-0,009893 lidz 0,034760 | 1,6 (p = 0,243)
HHIPI |0,000619 |-0,000696 lidz 0,000741 |0,000642 |-0,000691 lidz 0,000736 |1,04 (p = 0,946)
ZEBI 0,008411 |-0,007233 lidz 0,007438 |0,008514 |-0,006344 lidz 0,006550 | 1,01 (p = 0,972)
Lielaka
ekspresija isas
dzivildzes
grupa
(reizu skaits)
Videéja vertiba un 95% TI Videéja vertiba un 95% TI
Smo 0,031924 |-0,062936 lidz 0,018025 |0,009469 |-0,058077 lidz 0,013166 | 3,37 (p = 0,190)
PTCHI |0,074138 |-0,127133 lidz 0,029657 |0,0254 -0,118672 lidz 0,021196 |2,9 (p = 0,152)
BCL2 0,063502 |-0,088504 lidz 0,015920 |0,027210 |-0,084603 lidz 0,012019 |2,3 (p = 0,142)
SUFU |0,008958 |-0,007238 lidz 0,002349 |0,006513 |-0,007118 lidz 0,002229 |1,3 (p = 0,271)
BMI1 0,099527 |-0,070536 lidz 0,058079 |0,093298 |-0,067628 lidz 0,055171 |1,06 (p = 0,826)

OS - overall survival (kopéja dzivildze); SSPV - Siksiinu plausu vézis; 95% TI - 95% ticamibas
intervals; Glil- Glioma-Associated Oncogene Homolog 1; PTCHI - Protein Patched Homolog I;
HHIPI - Hedgehog Interacting Protein; N-MYC - Class E basic helix-loop-helix protein 37; Smo -
Smoothened; ZEB1, ZEB2 - Zinc Finger E-Box Binding Homeobox 1 and 2; Twist1 — Class A Basic
Helix-Loop-Helix Protein 38; BCL2 - B-Cell Lymphoma 2 Apoptosis Regulator; SUFU - Suppressor Of

Fused Homolog; BMI1 - BMI1 Proto-Oncogene
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0OS - kopéja dzivildze

1sas dzivildzes grupa
0S < 9,6 ménesi

LC145 0,000029349
LC137 0,000091706
LC146 0,000151824
LC102 0,000007320
LC171 0,000034052
LC135 0,000046939

+0,000007678
+0,000055107
+0,000000007
+0,000000880
+0,000021570
+0,000012702

Abpusgjs neatkarigo paraugkopu t-tests

T

Garas dzivildzes grupa

0S > 9,6 ménesi
LC130 0,000195451 +0,000043416
LC127 0,000179067 +0,000118971
LC134 0,000169819  0,000023397
LC139 0,000113689 + 0,000000022
LCI21 0,000127038 <+ 0,000004607
LC126 0,000065476 +0,000038924

1 p = 10,0196, 95% TI: 0,000016 lidz 0,000147

3.201. attéls. Glil mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas

23



250000000
0 2000000007
c
Q
£
=
T
S 150000000
~
Q
[%)
4=
v
N
= 100000000
£
S
o
2
0500000009
000000000

1

=

OS - kopéja dzivildze
LC145
LC137
LC146
LC102
LC171
LC135

T

Tsas dzivildzes grupa

0S <9,
0,094446416
0,026907990
0,215460534
0,011369743
0,039283761
0,057361258

6 meénesi
+0,014295292
+0,000606608
£0
+0,000072447
+0,002309179
+0,005418027

Abpusgjs neatkarigo paraugkopu t-tests

Garas dzivildzes grupa
0S > 9,6 ménesi

LC130
LC127
LC134
LC139
LC121
LC126

:p=0,1515,95% TI: -0,118672 lidz 0,021196

0,016683847
0,055043689
0,031099850
0,015922051
0,028625988
0,005026025

+0,001811774
+0,011726647
+0,001021085
+0,004059963
+0,001206266
+0,001319678

3.202. attéls. PTCHI mRNS vértibas SSPV pacientiem atkariba no dzivildzes

grupas

Paréjo Hedgehog signalcela asociéto génu (SMO, SUFU, PTCHI, HHIP
BCL2, BMI1, ZEBI, ZEB2, N-MYC, Twistl) ekspresijas limenis isas dzivildzes
un garas dzivildzes grupu pacientu pirmsterapijas pétijjuma audzéja biopsiju

paraugos statistiski ticami neatskiras (3.202.— 3.211. attéli).
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Tsas dzivildzes grupa Garas dzivildzes grupa
0OS - kopéja dzivildze 0S £9,6 ménesi 0S > 9,6 ménesi

LC145 0,020202431 +0,000594036 LC130 0,007277405 +0,000836368
LC137 0,109027230 +0,004914628 LC127 0,003468303 +0,001272382
LC146 0,026588872 +0,012033562 LC134 0,008083198 + 0,002022772
LC102 0,003148869 +0,000487283 LC139 0,006562945 + 0,000747863
LC171 0,011730179 +0,000758379 LCI121 0,021589397 +0,001195098
LC135 0,020848733 +0,002213249 LC126 0,009831779 =+ 0,001297305

Abpusgjs neatkarigo paraugkopu t-tests: p = 0,1904, 95% TI: -0,058077 lidz 0,013166

3.203. attéls. SMO mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
0OS - kopéja dzivildze 0S £9,6 ménesi 0S > 9,6 ménesi

LC145 0,015297724 +0,002426543 LC130 0,008707436 +0,000669377
LCI37 0,011631138 +0,000490123 LCI27 0,009062734 +0,000004448
LC146 0,006217903 +0,002974407 LC134 0,007288810 +0,000876702
LC102 0,004944124 +0,000329323 LCI139 0,003020828 +0,000414737
LC171 0,011058726 =+ 0,000016262 LCI21 0,007889118 +0,002049026
LCI35 0,004595684 +0,000002256 LCI126 0,003109543 +0,000048768

Abpusgjs neatkarigo paraugkopu t-tests: p = 0,2709, 95% TI: -0,007118 lidz 0,002229

3.204. attéls. SUFU mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
OS - kopéja dzivildze 0S < 9,6 ménesi 0S > 9,6 ménesi

LC145 0,000474389 +0,000243650 LC130 0,000103753 +0,000071984
LC137 0,000321201  +0,000126017 LC127 0,000299629 + 0,000093874
LC146 0,000344487 +0,000254198 LC134 0,000495428 + 0,000039538
LC102 0,000189494 +0,000084006 LC139 0,001679003 +0,001370917
LC171 0,001490653  +0,000204656 LC121 0,000206701 +0

LC135 0,000895249 +0,000137672 LC126 0,001065406 = 0,000063669

Abpusgjs neatkarigo paraugkopu t-tests: p = 0,9456, 95% TI: -0,000691 lidz 0,000736

3.205. attéls. HHIP mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
OS - kopéja dzivildze 0S <£9,6 ménesi 0S > 9,6 ménesi

LC145 0,149015458 +0,00533069 LCI130 0,021056912 +0,00256346
LCI37 0,096306496 +0,00099123 LCI27 0,028770795 +0,00315240
LC146 0,027607673 +0,00204138 LC134 0,041215697 +0,00371196
LC102 0,050560663 +0,00821572 LCI139 0,055592532  +0,00544076
LCI71 0,023693231 +0,00778662 LCI21 0,012649696 +0,00086113
LCI35 0,033829133 +0,00145866 LCI126 0,003974099  +0,00239286

Abpusgjs neatkarigo paraugkopu t-tests: p = 0,1251, 95% TI: -0,084603 lidz 0,012019

3.206. attéls. BCL2 mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas

28



250000000
o 200000000
c
Q
£
=
=
S 1500000007
Q
w
2
]
N
T 100000000
€
S
o
2
050000000+ I ==
000000000 T T
Tsas dzivildzes grupa Garas dzivildzes grupa
OS - kopéja dzivildze 0S £ 9,6 ménesi 0S > 9,6 ménesi

LC145 0,128991475 +0,004740666 LCI130 0,108642625 # 0,042279440
LC137 0,205574735 £ 0,004936653 LCI27 0,110186426 +0,015662472
LC146 0,084690401 +0,033456332 LC134 0,094214428 +0,006828276
LC102 0,051651239 +0,002833931 LC139 0,133050930 #0,010358272
LC171 0,081953123 +0,015412849 LCI21 0,052591530 2 0,005608601
LC135 0,044300493 +0,005673193 LCI26 0,061104768 + 0,006069655

Abpusgjs neatkarigo paraugkopu t-tests: p = 0,8257, 95% TI: -0,067628 lidz 0,055171

3.207. attéls. BMI1 mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
OS - kopéja dzivildze 0S < 9,6 ménesi 0S > 9,6 ménesi

LC145 0,021975427 +0,001270246 LC130 0,007008366 +0,000446246
LCI37 0,007124981 +0,000394416 LCI127 0,008354126 +0,000090085
LC146 0,003317516 +0,001395528 LC134 0,007542413 +0,001090416
LC102 0,002738933 +0,00030544 LC139 0,00921585 +0,000766996
LCI71 0,008045885 +0,000807064 LCI21 0,009901585 +0,000111612
LCI35 0,007264916 +0,000412821 LC126 0,009062804 +0,000993005

Abpusgjs neatkarigo paraugkopu t-tests: p = 0,9723, 95% TI: -0,006344 lidz 0,006550

3.208. attéls. ZEBI mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
0OS - kopéja dzivildze 0S <£9,6 ménesi 0S > 9,6 ménesi

LC145 0,051335485 #0,003595073 LC130 0,069094371 +0,007604267
LCI137 0,019914897 +0,002666470 LCI127 0,027204291 +0,001292875
LC146 (,017788421 #+0,002890481 LCI134 0,022334607 +0,000602007
LC102 0,005326964 =+ 0,000935079 LC139 0,022266543 = 0,002092295
LC171 0,007068401 # 0,001872659 LCI21 0,027562301 +0,000148595
LC135 0,018516217 +0,000644228 LC126 0,026089435 +0,003150740

Abpusgjs neatkarigo paraugkopu t-tests: p = 0,2430, 95% TI: -0,009893 Iidz 0,034760

3.209. attéls. ZEB2 mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa

OS - kopéja dzivildze 0S < 9,6 ménesi 0S > 9,6 ménesi

LC145 0,015453741 +0,001082255 LC130 0,079077140 + 0,014109806
LCI37 0,008780047 =+ 0,000644921 LC127 0,015833139 +0,000907460
LC146 0,033658941 +0,003376282 LC134 0,069479458 +0,000953475
LC102 0,017156808 +0,00559071 LCI39 0,012540391 +0,000908876
LCI71 0,011012830 = 0,000010800 LCI21 0,013047139 +0,001423201
LCI35 0,011520686 +0,00071102 LC126 0,067718906 +0,026537455

Abpusgjs neatkarigo paraugkopu t-tests: p = 0,0790, 95% TI: -0,003721 Iidz 0,057092

3.210. attéls. N-MYC mRNS vértibas SSPV pacientiem atkariba no dzivildzes
grupas
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Normalizéts Twist1 limenis

005000000
000000000 T T
Tsas dzivildzes grupa Garas dzivildzes grupa
OS - kopéja dzivildze 0S < 9,6 ménesi 0S > 9,6 ménesi

LC145 0,008695354 #0,000166200 LCI130 0,012744288 +0,000724193
LC137 0,002923860 +0,000047291 LCI127 0,002267573 + 0,000406793
LC146 0,005752802 #0,000739508 LC134 0,004203714 +0,000187434
LC102 0,000992411 #0,000071926 LC139 0,006304072 +0,000788918
LC171 0,002760105 +0,000327957 LCI21 0,005806505 +0,001617827
LC135 0,002256888 = 0,000027653 LCI126 0,006118291 #0,001221279

Abpusgjs neatkarigo paraugkopu t-tests: p = 0,2330, 95% TI: -0,001770 lidz 0,006458

3.211. attéls. Twist] mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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3.3. Hedgehog signalcela saistito génu ekspresijas
salidzinajums para biopsijas pirms terapijas un recidiva
laika

Hedgehog signalcela saistito génu ekspresija tika salidzinata para biopsijas
[I/IV stadijas sik§inu plau$u véza pétjjuma pacientu nelielai apaksgrupai (3
slimniekiem) ar kvalitativiem pirmsterapijas un recidivéjosa audzéja pétijjuma
biopsijas paraugiem. Sis apakigrupas pacientu demografiskie, kliniskie un dzi-
vildzes dati ir paraditi 3.31. tabula salidzinajuma ar to pétfjuma pacientu datiem,
kam netika veikta saparota génu ekspresijas analize. Apaksgrupa bija nelidzvér-
tiga péc pacientu visparéja stavokla parametriem. Netika novérotas statistiski
ticamas atskiribas péc pacientu dzimuma, vecuma, slimibas stadijas, sanemtas
specifiskas terapijas, radiologiskos izmekléjumos apstiprinatas labakas atbildes
reakcijas uz sanemto terapiju, novirzém sanemtas kimijterapijas devas un inter-
valos, slimibas progresijas veida un dzivildzes datiem.

3.31. tabula. Demografiskie un kliniskie dati 3 siks$inu plausu véza pacientu
apaksgrupai, kam veica Hedgehog signalcela saistito génu ekspresijas salidzinajumu
pirmsterapijas un recidivéjosa audzéja para biopsijas. Veicot salidzino$o analizi ar
pacientiem, kam netika veikta saparota génu ekspresijas analize, izmantoja Stjudenta
(t-testu) vai hi kvadrata (x2) testu atkariba no mainigo vértibu tipa.

Pacientu parametrs Saparota génu Saparota génu p-vértiba
ekspresijas analizé ekspresijas
ieklautie pacienti analizé
(n=3) neieklautie
pacienti (n = 17)

Dzimums Viriesi 3 13
. p = 0,348

Sievietes 0 4
Vecums Vidéjais (robezas) 60 (49-77) 56,9 (47-70) p = 0,759
Visparéjais stavoklis pec ECOG skalas p = 0,048

0 2 1

1 0 7

2 1 7

3 0 2
Stadija p = 0,822

I A 0 2

I B 1 5

v 2 10
Arstésanas devu/intervalu novirzes p=0.212

toksicitates dél
Nav 1 12
Ir 2 5
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Pacientu parametrs Saparota génu Saparota génu p-vértiba
ekspresijas analizé ekspresijas
ieklautie pacienti analize
(n=23) neieklautie
pacienti (n = 17)
Sanemta terapija p = 0,948
Tikai kimijterapija 1 6
Kimijterapija un 5 11
staru terapija
Labaka atbildes reakcija uz terapiju p = 0,093
CR 0 2
PR 2 13
SD 0 2
PD 1 0
Slimibas progresijas veids p = 0,075
Lokala 1 4
Attala 0 8
Kombinéta 2 1
NK 0 2
Nav progreséjusi 0 )
(uz 01.10.2018)
Dzivildze Vidéja PFS (ménesi) 6,7 25,8 p = 0,469
Vidéja OS (ménesi) 11 28,2 p = 0,506

CR - complete response (pilna remisija); PR — partial response (daléja remisija); SD - stable disease
(stabila slimiba); PD — progressive disease (slimibas progresija); NK - not known (nav zinams); PFS -
progression-free survival (bezprogresijas dzivildze); OS - overall survival (kopéja dzivildze)

mRNS limeni katram Shh signalcela saistitajam génam (Glil, SMO, SUFU,
PTCHI, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twistl) salidzinaja viena
un ta pasa pacienta pirmsterapijas (Pre) un recidivéjosa (Rel) pétijuma audzéja
biopsiju paraugos, izmantojot divu saparotu paraugkopu t-testu. Katra Shh
signalcela saistita géna ekspresijas limena vidéjas vértibas ari salidzinaja visos
pirmsterapijas un recidivéjo$os paraugos, aprékinot 95% ticamibas intervalu.

Viena un ta paSa pacienta pirmsterapijas un recidivéjosa audzéja biop-
siju paraugos Hedgehog signalcela aktivitates galvena markiera Glil limenis
bija zemaks pie recidiva/progresijas, kaut starpiba nav sasniegusi statistiski
nozimigu vértibu (p = 0,0529, 95% CI: -0,0002023 lidz 0,000003115, abpuséjs
divu saparotu paraugkopu t-tests).

2.9 reizes zemaka Glil ekspresija tika novérota pie recidiva/progresi-
jas, izveértéjot vidéjas vértibas visos pirmsterapijas un recidivéjosos paraugos
(3.301. attels, 3.32. tabula).
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3.32. tabula. Hedgehog signalcela saistito génu vidéjas ekspresijas salidzinajums visu
3 pacientu pirmsterapijas un recidivéjosas slimibas paraugos

_ Ekspresijas limena vidéjas vértibas 3 SSPV pacientu pirmsterapijas Ekspre_:su as
Geéns ’ e e s . L starpibas
(Pre) un recidivéjosas (Rel) slimibas biopsijas .
noveértéjums
Ekspresijas
samazina-
Pre |Vidéjas vértibas95% TI| Rel | Vidéjas vertibas 95% T1 | 1umS Rel
biopsijas
(reizu
skaits)
Gli1 0,000153 | 0,000088 lidz 0,0002173 | 0,000053 | -0,000004 lidz 0,0001101 2,9
PTCHI |0,09971 |-0,1515 lidz 0,3509 0,03881 | 0,01099 lidz 0,06664 2,6
HHIPI |0,000284 | 0,000109 lidz 0,0004582 | 0,000130 | -0,0001989 lidz 0,0004598 2,2
N-MYC | 0,02085 | -0,006934 lidz 0,04863 0,01094 | -0,001096 lidz 0,02297 1,9
Smo 0,01722 | -0,0130 lidz 0,04744 0,009398 | -0,01974 lidz 0,03854 1,8
ZEB2 0,02419 | 0,01042 lidz 0,03795 0,01354 | 0,004276 lidz 0,0228 1,8
Twist] | 0,004609 | -0,0004286 lidz 0,009646 | 0,003798 | -0,002644 lidz 0,01024 1,2
ZEBI 0,007191 | -0,001361 lidz 0,01574 0,006662 | 0,004601 lidz 0,008722 1,1
Ekspresijas
pieaugums
Pre | Videéjas vertibas 95% TI| Rel Vidgjas vértibas 95% TI . Re!‘_
biopsijas
(reizu
skaits)
BCL2 0,02301 |0,0006755 lidz 0,04534 | 0,02509 | -0,01966 lidz 0,06984 0,9
SUFU | 0,007723 | 0,004172 lidz 0,01127 0,009916 | 0,002686 lidz 0,01715 0,8
BMI1 0,08249 |0,0108 lidz 0,1542 0,09763 | -0,02615 lidz 0,2214 0,8

SSPV - Sik$anu plausu vézis; 95% TI - 95% ticamibas intervals; Glil- Glioma-Associated Oncogene
Homolog 1; PTCHI - Protein Patched Homolog 1; HHIPI - Hedgehog Interacting Protein; N-MYC -
Class E basic helix-loop-helix protein 37; Smo - Smoothened; ZEB1, ZEB2 - Zinc Finger E-Box Binding
Homeobox 1 and 2; Twistl - Class A Basic Helix-Loop-Helix Protein 38; BCL2 - B-Cell Lymphoma 2
Apoptosis Regulator; SUFU - Suppressor Of Fused Homolog; BMI1 - BMI1 Proto-Oncogene
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Gli1

® 0,00025 [
C

[0

£ 0,00020 |

(7))

3 0,00015 |

(7]

o

2 0,00010 |

X

(0]

© 0,00005 |

C

S

@ 0,00000 |

X

= -0,00005 E

= Pre Rel

(ZD LC121 0,000127038 + 0,000004607 LC121R 0,000075173 + 0,000032693

LC127 0,000179067 + 0,000118971  LC127R 0,000054643 + 0,000005748
LC146 0,000151824 + 0,000000007 LC146R 0,000029327 + 0,000013569

Abpusgéjs divu saparotu paraugkopu t-tests:
p = 0,0529, 95% TI: -0,0002023 I1dz 0,000003115

3.301. attéls. Glil mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel) siksunu
plausu véza para biopsiju paraugos (savienotas ar linijam); stabini atspogulo visu
pacientu mRNS vidéjas vértibas

Samazinats Hedgehog signalcela 6 saistito génu (PTCHI, HHIB, N-MYC,
ZEB2, Twistl un ZEBI) ekspresijas limenis tika novérots recidiva laika. Salidzinot
ar pirmsterapijas paraugu, para biopsijas $o génu ekspresija attiecigi bija 2,6; 2,2;
1,9; 1,8; 1,2 un 1,1 reizes zemaka Rel parauga bez statistiski nozimigas starpi-
bas (attiecigi p = 0,4252, p = 0,1268, p = 0,2480, p = 0,1169, p = 0,1480 un
p = 0,7595) (3.302.-3.307 attéli, 3.32. tabula).
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PTHC1

Pre Rel

LC121 0,028625988 + 0,001206266 LC121R 0,032651666 + 0,003275214
LC127 0,055043689 + 0,011726647 LC127R 0,051743079 + 0,003699516
LC146 0,215460534 £ 0 LC146R 0,032049930 + 0,000926679

Normalizéts géna ekspresijas [Tmenis
o ©
() -
T T

Abpuséjs divu saparotu paraugkopu t-tests:
p = 0,4252, 95% TI: -0,3246 lidz 0,2028

3.302. attels. PTCHI mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel)

siksinu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidéjas vértibas
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HHIP

0,0005 F

0,0004 +
0,0003 +
0,0002 +
0,0001 |

0,0000 F
-0,0001

-0,0002 L —

Pre Rel

LC121 0,000206701 + 0 LC121R 0,000078777 + 0,000012038
LC127 0,000299629 + 0,000093874 LC127R 0,000031499 + 0

LC146 0,000344487 + 0,000254198 LC146R 0,000281103 + 0,000112063

Normalizéts géna ekspresijas limenis

Abpuséjs divu saparotu paraugkopu t-tests:
p =0,1268, 95% TI: -0,0004132 Iidz 0,0001069

3.303. attéls. HHIP mRNS veértibas pirmsterapijas (Pre) un recidivéjosa (Rel)

sik§anu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidéjas vértibas
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N-MYC

0,05 F
0,04 |
0,03 |
0,02
0,01

0,00

-0,01 k

Pre Rel

LC121 0,013047139 + 0,001423201 LC121R 0,014048834 + 0,002235250
LC127 0,015833139 + 0,000907460 LC127R 0,005356463 + 0,001633191
LC146 0,033658941 + 0,003376282 LC146R 0,013409648 + 0,000354864

Normalizéts géna ekspresijas [imenis

Abpuséjs divu saparotu paraugkopu t-tests:
p = 0,2480, 95% TI: -0,03633 I1dz 0,01652

3.304. attéls. N-MYC mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel)

sik§anu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidéjas vértibas
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ZEB2

0,040 F
0,035
0,030
0,025
0,020 +
0,015 +
0,010 |
0,005 t
0,000 L

Pre Rel

LC121 0,027562301 + 0,000148595 LC121R 0,016998815 + 0,001389826
LC127 0,027204291 + 0,001292875 LC127R 0,009589461 + 0,000023505
LC146 0,017788421 +0,002890481 LC146R 0,014028500 + 0,003650249

Normalizéts géna ekspresijas [imenis

Abpuséjs divu saparotu paraugkopu t-tests:
p =0,1169, 95% TI: -0,02786 lidz 0,006564

3.305. attels. ZEB2 mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel)
sik§anu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidgjas vértibas
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Twist?

0,012
0,010 |
0,008 -
0,006
0,004 -
0,002
0,000
-0.002 |
-0.004 |

Pre Rel

LC121 0,005806505 +0,001617827 LC121R 0,005579031 + 0,000303374
LC127 0,002267573 + 0,000406793 LC127R 0,000822888 + 0,000024599
LC146 0,005752802 + 0,000739508 LC146R 0,004992653 + 0,000481317

Normalizéts géna ekspresijas [imenis

Abpuséjs divu saparotu paraugkopu t-tests:
p = 0,1480, 95% TI: -0,002327 I1dz 0,000705

3.306. attels. Twist] mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel)
sik$unu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidgjas vértibas
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ZEB1

0,016 F
0,014 |
0,012 |
0,010
0,008 |
0,006
0,004
0,002
0,000
-0,002 E

Pre Rel

LC121 0,009901585 + 0,000111612  LC121R 0,007368567 + 0,000375439
LC127 0,008354126 + 0,000090085 LC127R 0,006868277 + 0,000006735
LC146 0,003317516 + 0,001395528 LC146R 0,005748559 + 0,000152126

Normalizéts géna ekspresijas [imenis

Abpuséjs divu saparotu paraugkopu t-tests:
p =0,7595, 95% TI: -0,007029 I1dz 0,005971

3.307. attels. ZEBI mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel)
sik$unu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidgjas vértibas

1,8 reizes zemaka ekspresija tika novérota recidivéjosas slimibas biopsijas

parauga Gli aktivatoram SMO bez statistiski nozimigas starpibas (p = 0,4111)
(3.308. attels, 3.32. tabula).
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SMO

0,05 |
0,04 -
0,03
0,02 |
0,01
0,01
-0,01

-0,02 & —
Pre Rel
LC121 0,021589397 + 0,001195098 LC121R 0,022888842 + 0,000370183
LC127 0,003468303 + 0,001272382 LC127R 0,001595450 + 0,000608580
LC146 0,026588872 + 0,012033562 LC146R 0,003710934 + 0,000469816

Normalizéts géna ekspresijas [imenis

Abpuséjs divu saparotu paraugkopu t-tests:
p = 0,4111, 95% TI: -0,04046 lidz 0,02482

3.308. attels. SMO mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel)
sik$unu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidgjas vértibas

Vienigi Hedgehog signalcela inhibitors SUFU un divi Shh inducéjamie
géni — BCL2 un BMII uzradija attiecigi 0,8; 0,9 un 0,8 reizes augstaku ekspresiju
Rel biopsijas parauga, salidzinot ar pirmsterapijas stavokli. Pieaugums nebija
statistiski ticams ar atbilstosiem p = 0,3074, p = 0,7921 un p = 0,3822 (3.309.—
3.311. attéli, 3.32. tabula).
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SUFU

0,018 F
0,016 |
0,014 |
0,012 |
0,010 |
0,008
0,006 |
0,004 |
0,002 [
0,000 E

Pre Rel

LC121 0,007889118 + 0,002049026 LC121R 0,006861530 + 0,001811364
LC127 0,009062734 + 0,000004448 LC127R 0,012656821 + 0,000917315
LC146 0,006217903 + 0,002974407 LC146R 0,010228300 + 0,000551187

Normalizéts géna ekspresijas [imenis

Abpuséjs divu saparotu paraugkopu t-tests:
p =0,3074, 95% TI: -0,004754 I1dz 0,009139

3.309. attels. SUFU mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel)
sik$unu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidgjas vértibas
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BCL2

0,07 F
0,06 |
0,05 |
0,04 [
0,03 [
0,02 |
0,01}
0,00 |
-0,01 |
-0,02 k

Pre Rel

LC121 0,012649696 + 0,000861131  LC121R 0,009112428 + 0,000513348
LC127 0,028770795 + 0,003152397 LC127R 0,044614275 + 0,003887383
LC146 0,027607673 + 0,002041380 LC146R 0,021542361 + 0,003469204

Normalizéts géna ekspresijas [imenis

Abpuséjs divu saparotu paraugkopu t-tests:
p =0,7921, 95% TI: -0,02769 I1dz 0,03186

3.310. attels. BCL2 mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel)
sik$unu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidgjas vértibas
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Bm/

0,25 F
0,20
0,15
0,10 |
0,05 |

0,00

-0,05 L

Pre Rel

LC121 0,052591530 + 0,005608601 LC121R 0,055294280 + 0,008503181
LC127 0,110186426 + 0,015662472 LC127R 0,152540848 + 0,002168053
LC146 0,084690401 + 0,033456332 LC146R 0,085049790 + 0,000958694

Normalizéts géna ekspresijas [imenis

Abpuséjs divu saparotu paraugkopu t-tests:
p =0,3822, 95% TI: -0,04348 I1dz 0,07376

3.311. attéls. BMI mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel) sik§tinu
plausu véZa para biopsiju paraugos (savienotas ar linijam); stabini atspogulo visu
pacientu mRNS vidgjas vértibas
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4. DISKUSIJA

4.1. Klinisko prognostisko faktoru analize sikSiinu plausu véza
pacientiem Paula Stradina KUS Onkologijas klinika

Viens no promocijas darba uzdevumiem bija informacijas iegiiSana par
Latvijas sikstinu plausu véza pacientu populacijas kliniskajiem parametriem un
arstéanas rezultatiem, kas lidz $im nekur nav bijis publicéts. Nemot véra SSPV
augsto jutibu uz Kimijterapiju un biezas slimibas remisijas péc pretvéza terapi-
jas uzsaksanas, prognostisko klinisko faktoru noteik$ana un izvértésana ir ipasi
svariga, lemjot par specifiskas terapijas ieguvumiem un riskiem pirmreizéjiem
pacientiem. Loti saisto$i batu jau agrini spét identificét tos pacientus, kam ir
prognozéjama ilga dzivildze - par ilgdzivotajiem tiek uzskatiti siksanu plausu
véza pacienti, kas izdzivo ilgak par 2-3 gadiem (Tartarone et al., 2014, Lewinski
and Zulawski, 2003). Peédéjos 40 gados literatara var atrast lielu publikaciju
skaitu par pétfjumiem, kas analizé demografiskos, ar audzéju un pacientu saisti-
tos kliniskos prognostiskos faktorus. Tomér pagaidam nav izdevies definét vie-
notu prognostisku algoritmu vai nomogrammas modeli, jo par vairakiem para-
metriem dati ir pretrunigi. Visvairak pieradijumu ir par slimibas izplatibu un
pacienta visparéjo stavokli (Albain et al., 1990, Hong et al., 2010). Aprakstiti ari
vairaki citi kliniskie un laboratoriskie faktori, kas pétijumos uzradija negativu
prognostisku lomu - svara zudums, vecums zem 60 gadiem, viriesu dzimums,
metastazes galvas smadzenés un limfmezglos, pirmsterapijas limfopénija, augsta
neitrofilo leikocitu/limfocitu vai trombocitu/limfocitu attieciba un augsts LDH
(Suzuki et al., 2019, Brueckl et al., 2006). Prognostiska nozime aprakstita ari
blakus slimibu veidam un skaitam, kur kardiovaskularam slimibam ir negativa,
bet gastrointestinalam blakus slimibam - pozitiva ietekme (Aarts et al., 2015).
Interesanti ir novérojumi par labaku onkologisku prognozi SSPV pacientiem
ar paraneoplastiskiem neirologiskiem sindromiem (Iams et al., 2019, Maddison
et al., 2017).

Saja promocijas darba analizéto pacientu dati neatklaja dzivildzes korelaciju
ar slimnieku vecumu, laiku lidz terapijas uzsaksanai un audzéja skartas plausas
pusi. Analize apstiprinaja sievieSu dzimumu un pacienta labu visparéjo stavokli
ka neatkarigos prognostiskos raditajus lielakai kopéjai dzivildzei. Interesanti, ka
slimibas stadija netika noteikta ki neatkarigais prognostiskais faktors un
statistiski nozimiga bijusi tikai viena faktora (univariate) Cox regresijas analizé.

Iespéjamais izskaidrojums tam varétu bat, ka lokalizétas stadijas sik$unu
plausu véza pétijuma pacientu dalai diagnozes bridi jau ir bijusas asimptomatis-
kas galvas smadzenu metastazes un attiecigi izplatita slimibas stadija, jo pétijuma
norises laika galvas smadzenu datortomografijas vai MRI izmekléjums péc ESMO
vadlinijam (Felip et al., 2005) vél nebija indicéts pacientiem bez simptomiem. Ar
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$o iespéjams neatklato izplatitas stadijas pacientu apaksgrupu varétu izskaidrot
ari sliktakus kopéjas dzivildzes rezultatus analizétajiem pacientiem: 10,2 ménesi
lokalizétai stadijai un 7,1 meénesis izplatitai stadijai. 5 gadu dzivildze attiecigi
bija 2,6% un 0%. Publicétajos literattiras datos galvenokart no kliniskiem
pétijumiem, kur atskiriba no realas dzives situacijas pacientiem pie ieklausanas
pétijuma veica galvas smadzenu radiologisku izmekléSanu, kopéja dzivildze un
5 gadu dzivildze bija augstakas — attiecigi 16-24 ménesi un 14% lokalizétai sta-
dijai un 6-12 ménesi izplatitai stadijai ar praktiski neesosiem ilgdzivotajiem
(Huber and Tufman, 2012).

Galvas smadzenu metastazes sik$inu plaudu véza izplatitas stadijas gadi-
juma ir aptuveni tre$dalai pacientu un ir sliktas prognozes faktors. Daléji to
nelabvéligo ietekmi var neitralizét ar konsolidéjosas profilaktiskas galvas apsta-
ro$anas (PCI) pielietosanu, kas ievérojami samazina simptomatisko galvas sma-
dzenu metastazu risku un palielina kopéjo dzivildzi lokalizéta SSPV tiem pacien-
tiem, kuru slimiba labi noreagéjusi uz kombinétu staru-kimijterapiju. Salidzinot
ar literatiras datiem sliktakus dzivildzes rezultatus var tapéc izskaidrot ari ar
nepietiekosi biezu PCI pielietojumu $aja pétijuma ieklautiem lokalizétas stadijas
pacientiem - to ir sanémusi tikai 9 no 44 pilno/daléjo remisiju sasniegusajiem
pacientiem.

Vel viens faktors, kas var izskaidrot sliktakus dzivildzes raditajus $i retros-
pektiva pétijjuma lokalizétas stadijas pacientiem, ir praktiski totala staru tera-
pijas pielietosana secigi péc pabeigtas kimijterapijas nevis kopa ar to. Tikai
1 pacients ir sanémis vienlaicigu staru-kimijterapiju, kur sistémiska terapija
potencé staru terapijas lokalu pretvéza efektu. Tas izskaidrojams ar taja laika
vél salidzinosi nenobriedusiem publicétajiem datiem par vienlaicigas staru-ki-
mijterapijas parakumu par secigu pieeju, ka arl modernas staru terapijas iekar-
tas trakumu slimnica. Pateicoties tie$i progresam staru terapijas tehnologijas, ir
izdevies ievérojami uzlabot SSPV arstésanas rezultatus pédéjo 3 dekazu laika.
Musdienigas tehnologijas ar 3D konformalu vai intensitates modulétu apstaro-
$anu lauj pievadit lielaku starojumu ar mazdkam blakném un vienlaiciga sta-
ru-kimijterapija pasreiz lauj sasniegt 5 gadu dzivildzi pat lidz ~30% pacientu
(Faivre-Finn et al., 2017). Péc moderna lineara paatrinataja iegadasanas Paula
Stradina KUS Onkologijas klinika 2010. gada vienlaicigu staru-kimijterapijas
sanémuso plausu véza pacientu skaits ir strauji palielinajies. Japiebilst, ka dzivil-
dzes pagarinasana notiek uz paaugstinatas toksicitates rékina un pacientu atlasei
un atbalsta terapijai arstéSanas laika ir iz§kiro$a loma. Promocijas darba autors
analizéjis 37 plausu véza pacientu toksicitates un efektivitates datus, kas sanéma
vienlaicigu staru-kimijterapiju Paula Stradina KUS Onkologijas klinika 2011.-
2014. gados. Dati prezentéti 2014. gada 6. Baltijas Onkologu kongresa.

Ka prognostisku faktoru pacientu dzivildzei promocijas darba izvértéja tikai
lokalizétu (bez attalam metastazém) vai izplatitu slimibas stadiju (ar attalam
metastazém). Lokalizéts sik§tnu plausu vézis ir heterogéna slimiba, kura ietilpst
gan agrinas stadijas slimiba ar izolétu operablu plausu mezglu bez metastazém
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videnes limfmezglos un attalos organos (I-II stadija péc TNM Kklasifikacijas),
gan lokali izplatita slimiba ar inoperablu primaru audz&ju vai metastazém vide-
nes limfmezglos un bez metastazém attalos organos (III stadija pec TNM kla-
sifikacijas). Kaut I-1I stadijas SSPV ir sastopams tikai aptuveni 15% pacientu
(Salem et al., 2019), viens no iespéjamiem ierobezojumiem $aja darba ir lokali-
z&tas stadijas sik§tinu plausu véza pacientu supgrupu analizes trikums, vadoties
péc TNM Kklasifikacijas — respektivi I, II un III stadijas ietekme uz dzivildzi.
3 pétijuma pacientiem agrinas lokalizétas slimibas grupa tika veikta operativa
terapija ar radikalu noliku - 1 pneimonektomija, 1 lobektomija un 1 plausu
audzéja marginala rezekcija.

4.2. Hedgehog signalcela asociéto génu ekspresija ka stkSiinu
plausu véZa prognostiskais faktors

Planojot arstésanas taktiku sik$tnu plausu véza pacientiem, papildus kli-
niskiem prognostiskiem faktoriem bitu loti svarigi izvértét ari ar audz&ja mole-
kularo biologiju saistitos parametrus, kas var ietekmeét slimibas gaitu un atbil-
des reakciju uz terapiju. Pagaidam ikdienas praksé iespéjams izmantot tikai
neiroendokrino markieru (CD56, sinaptofizins, hromogranins A) iminhisto-
kimisku izvértésanu histologiskas izmeklésanas laika un atkariba no to klat-
butnes vai trakuma uz $tnu virsmas slimibu sagrupét “klasiskaja” vai “varian-
taja” apakstipa. Variantais apakstips ir primari neuznémigs pret platina bazes
kimijterapiju un staru terapiju ar attiecigi daudz sliktaku prognozi. 2019. gada
Rudin et al. pétnieku grupai molekularu pamatojumu §im atskirigajam siksinu
plausu véza formam izdevas atrast nevis konkrétu génu mutacijas, bet specifisko
transkripcijas faktoru ASCLI1 (achaete-scute homologue 1) un NeuroD1 (neu-
rogenic differentiation factor 1) ekspresijas atskiribas. Klasiskajam SSPV veidam
bija raksturiga augsta ASCL1 aktivitate, savukart augsta NeuroD1 - variantajam.
Izvértéjot ASCL1, NeuroD1 un veél divu papildus svarigo transkripcijas regu-
letaju YAP1 (yes-associated protein 1) un POU2F3 (POU class 2 homeobox 3)
prevaléjosu ekspresiju, pétnieki rekomendéja siksinu plausu vézi iedalit 4 mole-
kularajos apakstipos - SCLC-A, SCLC-N, SCLC-Y and SCLC-P (Rudin et al.,
2019). Prognostiska nozime $im molekularajam iedalijumam pagaidam nav
validéta, ir ari piedavajumi molekularos apakstipus noteikt un grupét nedaudz
atskirigi, no citam pétnieku komandam (Baine et al., 2020, Wooten et al., 2019,
Simpson et al., 2020). Jebkura gadijuma padreiz ir ieghti signali par dazadu
atslégas transkripcijas regulétaju potencialu biomarkiera lomu, kas nakotné
varétu palidzét personalizét sik§tinu plausu véza pacientu arsté$anu atkariba
no vinu audz&ju apakstipa specifiskas ievainojamibas (Poirier et al, 2020,
Schwendenwein et al., 2021).

Saja promocijas darba autors salidzinaja Sonic Hedgehog signalcela galvena
meérka géna un atslégas transkripcijas faktora Glil, ka ari citu ar to asociéto génu
(SMO, SUFU, PTCHI, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twistl) mRNS
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ekspresiju isas dzivildzes (OS < 9,6 ménesi) un garas dzivildzes (OS > 9,6 ménesi)
grupu II/IV stadiju SSPV pacientu pirmsterapijas pétijuma audzéja biopsiju
paraugos. Statistiski ticami augstakas Glil ekspresijas vidéjas vértibas tika kon-
statétas garas dzivildzes sik$unu plau$u véza pacientiem pirmsterapijas biopsi-
jas paraugos, salidzinot ar isas dzivildzes grupu (p = 0,0196, 95% CI: 0,000016
to 0,000147). Pargjo Hedgehog signalcela asociéto génu (SMO, SUFU, PTCH]I,
HHIB BCL2, BMI1, ZEBI, ZEB2, N-MYC, Twistl) ekspresijas limenis isas dzi-
vildzes un garas dzivildzes grupu pacientu pirmsterapijas pétijuma audzéja biop-
siju paraugos statistiski ticami neatskiras.

Glil prognostiska nozime ir aprakstita vairakos pétijumos un meta-anali-
z&s krits vézim (Wang et al., 2017), kunga vézim (Jian-Hui et al., 2016), plausu
adenokarcinomai un plakan$tnu plausu vézim (Berardi et al., 2014, Cui et al.,
2017), hepatobiliariem audzéjiem, dzemdes kakla vézim, rabdomiosarkomai,
resnas zarnas vézim, olnicu vézim, urinpasla vézim, baribas vada vézim, pla-
kansanu galvas un kakla vézim un aizkunga dziedzera vézim (Cheng et al,,
2016). Paaugstinata Glil ekspresija $tnas vairak tika novérota audzéju izplati-
tajas stadijas un bija saistita ar nelabvéligu prognozi. Vienigi intrakranialiem
audzgjiem Glil pozitivitate nekoreléja ar sliktaku dzivildzi. Tiesi otradi, paze-
minatai Glil ekspresijai glioblastomu $iinu kodolos bija negativa prognostiska
nozime (Kim et al., 2017). Attieciba uz Glil prognostisko lomu plau$u adeno-
karcinomas slimniekiem, ir pétijums, kas uzradija garaku dzivildzi pacientiem
ar Glil pozitiviem audzéjiem (Kim et al., 2013). Pagaidam literat@ira var atrast
tikai vél vienu pétijumu, kas izvértéja Glil, PTCHI, SHH un SMO proteinu
ekspresijas prognostisko lomu sikstinu plausu vézim. Saja pétijuma tika imi-
nhistokimiski izmekléti 36 izplatitas stadijas SSPV pacientu formalina fiksétus
parafina iegulditus audzéju biopsijas paraugi un datu korelécija ar pacientu dzi-
vildzi. Paaugstinata Glil, PTCHI, SHH un SMO ekspresija tika atrasta attie-
cigi 12 (33,3%), 5 (13,9%), 5 (13,9%) un 6 (16,7%) paraugiem. Vienigi Sonic
Hedgehog signalproteina SHH paaugstinata ekspresija bija statistiski ticami sais-
tita ar sliktakiem dzivildzes raditajiem (Lim et al., 2019).

Sik$anu plausu vézis ir specifiska malignitate ar dazam biezi novérotam kri-
tiskam genétiskam un epigenétiskam izmainam, kas noved pie Hedgehog sig-
nalcela liganda-neatkarigas aktivacijas un Glil paaugstinatas aktivitates. Glil
parekspresija var but izraisita pieméram ar bi-allelisku TP53 géna inaktivaciju,
kas tiek novérota praktiski visos SSPV gadijumos (Mazza et al., 2013, George
etal., 2015). Vel viena biezi novérota Glil aktivaciju izraiso$a molekulara
novirze ir NOTCH signalcela inhibicija, pateicoties liganda-neatkariga inhi-
bitora DLK1 (Delta Like Non-Canonical Notch Ligand 1) augstai ekspresijai,
kas tika novérota 77% no 110 SSPV audzéju paraugiem. 25% no Siem audzéju
paraugiem tika novérotas ari inaktivéjosas NOTCH signalcela génu mutaci-
jas (George et al., 2015). Neiroendokriniem audzéjiem un ari sikSinu plausu
vézim ir raksturiga DLL3 (Delta-like ligand 3) augsta ekspresija. DLL3 ir inhi-
béjoss NOTCH ligands, kas veicina endosomalu/lizosomalu degradaciju gan
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aktivéjosiem NOTCH transmembranu receptoriem, gan aktivéjosam membra-
nas ligandam DLL1 (Chapman et al,, 2011, Serth et al., 2015). NOTCH signali
samazina Glil ekspresiju caur HES/HEY saimes proteiniem (Katoh and Katoh,
2009), pie samazinatas NOTCH aktivitates tapéc ir iespéjama Glil funkciju
pastiprinasanas. Papildus pétijumi pie NOTCH aktivacijas uzradija $tnu cikla
inhibiciju, samazinatu audzéja aug$anu un metastazu veidos$anas potencialu,
ka ari samazinatus $unu neiroendokrinos markierus. Kopuma tas demons-
tré NOTCH signalcela audzéja supresora ipasibas (Hassan et al., 2014). AKT
endogéna inhibitora audzéja supresorgéna PTEN (fosfatazes un tensina homo-
loga) delécijas dél siksiinu plausu véza $tinas var notikt onkogéna PI3K/AKT/
mTOR signalcela paraktivacija ar sekundari palielinatu liganda-neatkarigu Glil
ekspresiju (Pietrobono et al., 2019). PTEN inaktivéjosas mutacijas aprakstitas
10-18% sik$tinu plausu vézu paraugos (Yokomizo et al., 1998). Tomér biezak
novéro citu PI3K/AKT/mTOR signalcela komponentu (PIK3CA, AKT2, AKT3,
RICTOR, mTOR) aktivéjosas mutacijas vai amplifikacijas (Umemura et al., 2014,
Ross et al., 2014).

Si promocijas darba atradne ar augstaku Glil ekspresiju garas dzivildzes
sik§tnu plausu véza pacientiem, iesp&jams, norada uz zemaku mutaciju un
epigenétisko novirzu slogu un tadéjadi saglabatu sik$tnu plausu vézim rakstu-
rigu augstu Glil aktivitati. Pieaugot genétisko un epigenétisko bojajumu skai-
tam audzéja $unas, sakotnéji augsta Glil ekspresija var samazinaties un attiecigi
noradit uz agresivaku slimibas gaitu un pretvéza terapijas rezistenci. Pétijums
uzradija Sonic Hedgehog signalcela galvena meérka géna Glil paaugstinatu
ekspresiju ka iespéjamo sik$anu plausu véza pozitivu prognostisko biomarkieri
atskiriba no ta negativas prognostiskas nozimes citu audzéju gadijuma. legato
rezultatu validé$anai ir nepiecieSama talaka izpéte, nemot véra mazu pacientu
skaitu pétijuma.

Viens butisks promocijas darba ierobezojums ir génu ekspresijas noverte-
jums mRNA, nevis proteinu limeni. Kvantitativi mRNS dati ne vienmér atspo-
gulo realo proteina ekspresiju Joti isa mRNS pussabruksanas perioda, ribosomu
noslogojuma faktora, ka ari iespéjamas péctranskripcijas regulacijas dé] (pieme-
ram mikroRNS izraisitas translacijas nomaksanas vai mRNS destabilizacijas dél)
(Payne, 2015).

Vél viens no iespéjamiem trikumiem $aja darba ir tikai lokali izplatitas (III
stadija péc TNM Kklasifikacijas) un izplatitas stadijas (IV stadija péc TNM Kklasi-
fikacijas — sik$tunu plau$u vézis ar metastazém attalos organos) pacientu ieklau-
$ana analizé. To var izskaidrot ar ierobezotam fibrobronhoskopiskas audzéja
biopsijas iespéjam agrinas lokalizétas slimibas (I-II stadija péc TNM klasifika-
cijas) pacientiem, kur parasti ta tiek iegtita operacijas cela.

Atskiriga sanemta terapija garas un isas dzivildzes grupu pacientiem
(3.22. tabula) izskaidrojama ar labaku atbildes reakciju uz sanemto kimijterapiju
garas dzivildzes grupa - daléja remisija bija visiem 6 pacientiem, salidzinot ar
4 pacientiem isas dzivildzes grupa. Lidz ar to vairak neka pusei pacientu varéja
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pielietot secigu staru terapiju un pusei pacientu ari konsolidéjosu profilaktisku
galvas apstaro$anu (PCI).

4.3. Hedgehog signalcela saistito genu ekspresijas

salidzinajums para biopsijas pirms terapijas un recidiva
laika

Izskatot literatiras datus, promocijas darba autors neatrada publikacijas
par lidziga dizaina pétijumiem un $o darba dalu tapéc var uzskatit par pirmo
zinojumu, kas tiesi salidzina Hedgehog signalcela komponentu un ar to saistito
génu ekspresiju viena sik$tinu plausu véza pacienta para biopsijas pirms terapi-
jas un pie slimibas recidiva/progresijas. Prekliniska izpéte sik§tnu plausu vézim
balstas galvenokart uz eksperimentiem ar $tinu linijam un ksenograftiem, sakara
ar ierobezoti pieejamiem audz&ju paraugiem (Hamilton et al., 2012). In vitro
modeli iegutie dati ne vienmeér atspogulo audzéja realo situaciju in vivo, jo Sinu
liniju/ksenograftu veido$anas procesa no pacienta iegiitajam véza Sinam péde-
jas var notikt neatgriezeniskas génu ekspresijas izmainas (Daniel et al., 2009).
Attieciba uz Hedgehog signalcelu ir pétjjumi, kas uzradija ievérojami augstaku
vidéjo Glil ekspresiju sik§inu plausu véza biopsijas, salidzinot ar $tnu linijas
novéroto (Pedersen et al., 2003, Vestergaard et al., 2006). Si promocijas darba
prieksrociba ir ta, ka Hedgehog signalcela génu mRNS ekspresija tika izvértéta
audzeéju svaigas biopsijas (in vivo).

Recidivéjosas slimibas biopsijas parauga tika novérota 2,9 reizes zemaka
Hedgehog signalcela aktivitates galvena markiera Glil ekspresija, kaut starpiba
nesasniedza statistiski nozimigu vértibu (p = 0,0529).

Samazinats Hedgehog signalcela 6 saistito génu (PTCHI, HHIB, N-MYC,
ZEB2, Twist] un ZEBI) ekspresijas limenis tika novérots recidiva laika. Salidzinot
ar pirmsterapijas paraugu, para biopsijas $o génu ekspresija attiecigi bija 2,6; 2,2;
1,9; 1,8; 1,2 un 1,1 reizes zemaka, ari statistiski nenozimiga (attiecigi p = 0,4252,
p = 0,1268, p = 0,2480, p = 0,1169, p = 0,1480 un p = 0,7595), ka ari 1,8 rei-
zes zemaka ekspresija tika novérota recidivéjosas slimibas biopsijas parauga Gli
aktivatoram SMO bez statistiski nozimigas atskiribas (p = 0,4111).

Vienigi Hedgehog signalcela inhibitors SUFU un divi Shh induc&jamie
géni - BCL2 un BMII uzradija attiecigi 0,8; 0,9 un 0,8 reizes augstaku ekspresiju
Rel biopsijas parauga, salidzinot ar pirmsterapijas stavokli. Pieaugums ari nebija
statistiski ticams ar atbilsto$iem p = 0,3074, p = 0,7921 un p = 0,3822.

Véza cilmes Siinas var but par pamatu laundabiga audzéja attistibai, atjau-
nosanai un rezistences iegsanai. Daudzi pétnieki ir sasaistijusi izmainitu
Hedgehog signalcela aktivitati ar plausu normalo neiroendokrino cilm$anu un
atbilstosi siksunu plausu véza cilm$anu funkcionésanu un izdzivosanu, tadéjadi
padarot to par potencialo terapeitisko mérki. Tika iegati daudzsolosi prekliniski
dati, kas uzradija kanonisku Hedgehog signalcela inhibitoru un kimijterapijas
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sinergistisku efektu sik$tnu plausu véza kimijrezistento $tnu subpopulacija.
Tomeér kliniskajos pétijumos ar SMO inhibitoru (Vismodegib, LDE-225, BMS-
833923 un LY2940680) pievienosanu sik$inu plau$u véza pacientu arstéSana
pozitivi rezultati netika ieguti.

Iespéjamais izskaidrojums $adai neveiksmei varétu but Hedgehog cela
saistito signalproteinu ne-kanoniska aktivacija. Ka pieméru liganda-neatkari-
gai Glil aktivacijai var minét Glil géna parekspresiju, ko novéro TP53 deficita
gadijuma. Pétjjuma ar cilvéka medulloblastomas $anu linijam un Ptc-/- peles
embrioniskiem fibroblastiem to ekspozicija DNS bojajosiem citotoksiskiem
medikamentiem sakuma inducéja p53 ekspresiju, kas sekojodi veicinaja Glil
samazinasanos ta p53 atkarigas ubikvitinizé$anas un degradacijas rezultata
(Mazza et al., 2013). Si sakariba var bt izskirosa sikstnu plausu véza gadijuma,
kur bi-aléliska TP53 un RBI génu inaktivacija tiek novérota praktiski visiem
pacientiem (George et al., 2015). Liganda-neatkariga Hedgehog signalcela akti-
vacija var notikt ari aktivéjoso mutaciju un amplifikaciju gadijuma citos signal-
celos (RAS-RAF-MEK vai PI3K/AKT/mTOR). Pieméram, pétijumos ar mela-
nomas, prostatas véza un cilvéku gliomas $inam H-RAS vai N-RAS vai AKTI
onkogénas mutacijas potencé Glil funkcijas, pastiprinot ta transkripciju un par-
vieto$anu uz kodolu, ka ari samazinot SUFU atkarigu degradaciju (Stecca et al,,
2007). Ar1 C-MYC ir onkogeéns, kas var aktivét Glil neatkarigi no Hedgehog sig-
nalcela ligandiem. Tas ir biezi parekspreséts gan siksinu, gan ne-sik§anu plausu
véza $tnas (Wistuba et al., 2001). C-MYC tiesi piesaistas pie Glil promotera
un aktivé ta transkripciju. C-MYC neitralizacija ar mazo molekulu inhibito-
riem samazinaja Glil mRNS daudzumu un izraisija apoptozi eksperimentos ar
Bérkita limfomas $tanu linijam (Yoon et al., 2013). NOTCH signalcela inhibicija
ir vél viens biezi novérotais molekularais mehanisms Glil aktivacijai sik§inu
plausu véza $anas.

Nemot véra multiplas iespéjamas liganda-neatkarigas mijiedarbibas saistiba
ar Hedgehog signalcelu, zemaka Glil ekspresija recidivéjosas slimibas biopsijas
parauga var atspogulot talaku audzéja notikuso dazadu signalcelu un/vai epi-
genétisko procesu deregulaciju. Saja gadijuma papildu genétisko/epigenétisko
izmainu uzkrasanas audzéja arstéSanas laika samazina sakotnéji augstu Glil
limeni, kas ir raksturigs sik§anu plausu vézim un izskaidrojams ar dazam kritis-
kam molekularam novirzém, tadam ka biezi novérotais TP53 deficits vai sama-
zinata NOTCH signalcela aktivitate.

Si pétijuma sadalas iespéjamais trikums ir primari rezistenta pacienta
ieklau$ana analizé. Vienam pacientam sik$tnu plau$u vézis nav reagéjis uz
pretvéza terapiju, kas varétu liecinat par rezistenci asociétu novirzu klatbatni
jau pirmsterapijas parauga.

Sis promocijas darbs bija pirmais méginajums atrisinat viena sik$inu plausu
véza pacienta para biopsiju pieejamibas trikumu, lai varétu pétit izmainas
véza $0inas pirms terapijas un slimibas recidiva/progresijas gadijuma. Diemzél
tikai 5 pacientiem no 20 bija iespéjams veikt pétijuma fibrobronhoskopiju
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progreséjosa audzéja parauga iegtiSanai un tikai trim no viniem izdevas iegit
kvalitativus abus paraugus. Galvenie iemesli $adam zemam atkartotu biopsiju
raditajam bija slimibas progresija arpus krasu kurvja un pacientu atteiksanas
no atkartotas invazivas proceduras. Problémas sagadaja ari fibrobronhoskopi-
jas cela ieguito audzéja biopsijas audu mazie izméri un ievérojamas pétijuma
pacientu dalas izslég§ana no analizes, jo citologiski nebija apstiprinata véza $iinu
klatbatne parauga.

Pétijuma dati liecina par Hedgehog signalcela lielakas komponentu dalas
aktivitates samazinajumu recidivéjosa siksinu plausu véza audos, kaut atkiriba
nesasniedza statistiski nozimigu vértibu. Tadéjadi Hedgehog signalcela akti-
vacija varétu nebut universals mehanisms sik§tinu plausu véza recidivam
un rezistences attistibai. Lai $aja pétijjuma iegutos rezultatus apstiprinatu un
atrastu pielietojumu klinika, batu nepiecieSams lielaks pacientu skaits. Ilgaks
laika periods sik§tinu plausu véza audu paraugu savaksanai vai papildu centru
ieklausana biopsiju savak$anas programma varétu atrisinat $o problému.
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SECINAJUMI

1. Buatiskakie kliniskie prognostiskie faktori, kas statistiski ticami uzlaboja dzi-
vildzi, bija pacientu sievieSu dzimums, labs visparéjais stavoklis un lokali-
zéta slimibas stadija. Arsté3anas rezultati analizétajiem 100 sik$tnu plausu
véza pacientiem bija sliktaki, salidzinot ar publicétiem literatiiras datiem.

2. Statistiski ticami augstaka Sonic Hedgehog signalcela galvena mérka géna
un atslégas transkripcijas faktora Glil ekspresija tika konstatéta garas
dzivildzes (OS > 9,6 ménesi) sik$tnu plausu véza pacientiem pirmsterapijas
biopsijas paraugos, salidzinot ar isas dzivildzes grupu.

3. Hedgehog signalcela komponentu un ar to saistito génu ekspresijas tiess
salidzinajums viena sik§tnu plau$u véza pacienta para biopsijas pirms
terapijas un recidivéjosa audzéja liecina par Hedgehog signalcela lielakas
komponentu dalas aktivitates samazinajumu recidivéjosa sik$tnu plausu
véza audos, kaut starpiba nesasniedza statistiski nozimigu vértibu. Tadéjadi
Hedgehog signalcela aktivacija varétu nebut universals mehanisms sik§anu
plausu véza rezistences attistibai.

PROMOCIJAS DARBA PRAKTISKA NOZIME

Planojot arstésanas taktiku sikSinu plausu véza pacientiem, rekomendé nemt
veéra batiskakos kliniskos prognostiskos faktorus - pacienta dzimumu, visparéjo
stavokli un slimibas stadiju.
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ABSTRACT

Small cell lung cancer (SCLC) is the most aggressive type of lung cancer where
chemotherapy allows to prolong the life of the patient and reduce the symptoms of
the disease significantly. Complete remission is possible in many cases. However,
metastatic SCLC is considered to be an incurable disease because the tumour
almost always recurs and becomes resistant to the specific treatment. Cancer
stem cells may be responsible for the recurrence of SCLC and development of
resistance. The Hedgehog signalling pathway regulates several genes associated
with stem cells and proliferation, thus promoting the survival and proliferation of
stem cells and tissue progenitor cells.

Research Objective. To demonstrate that clinical parameters and the activity
of the Sonic Hedgehog (Shh) embryonic signalling pathway are of prognostic
relevance in small cell lung cancer patients and to evaluate the possible association
of the signalling pathway with the development of resistance.

Research Tasks.

1. To evaluate the prognostic clinical factors and treatment results in small
cell lung cancer patients at the Oncology Clinic of Pauls Stradins Clinical
University Hospital.

2. To evaluate the potential prognostic role of the activity of the Shh-associated
genes on the survival of the SCLC patients in the study.

3. To evaluate the potential role of the Shh pathway in the development of
resistance by comparing the expression of the genes associated with the Sonic
Hedgehog signalling pathway in matched pre-treatment and relapsed SCLC
biopsies.

Materials and Methods. Based on the research task, the Doctoral Thesis was
divided into three parts.

The first part of the research included a retrospective analysis of 100 consecutive
primary SCLC patients assigned to a specific treatment between August 2006 and
December 2009. The clinical and demographic data of the patients were collected,
and a correlation analysis was carried out to establish their impact on the overall
survival (OS).

In the second, the prospective, part of the research, 12 stage III and IV SCLC
patients were recruited and analysed between October 2010 and January 2014.
The patients were divided into short-term (OS < 9.6 months) and long-term (OS
> 9.6 months) survival groups, and the mRNA expression for each Shh-associated
gene (Glil, SMO, SUFU, PTCHI1, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, TwistI)
in the pre-treatment tumour biopsy samples was compared between the groups.

The third part of the research included analysis of 3 SCLC patients from
the prospective part of the study from whom tumour biopsy samples were also
obtained during the relapse. The mRNA levels for each Shh-associated gene were
compared between the pre-treatment and relapsed tumour biopsies from the same
patient, and comparisons were also made between the mean levels of expression
for each Shh-associated gene in all pre-treatment and relapsed samples.
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Study Results. The overall survival in the 100 SCLC patients in the study was
10.2 months for the limited stage and 7.1 months for the extensive stage. The 5-year
survival rates were 2.6% and 0%, respectively. The independent prognostic factors
in the multivariable Cox regression analysis were female sex (HR 2.4601; 95%
CI 1.13-5.31; p = 0.0226) and patient ECOG 0-1 (HR 2.1437; 95% CI 1.35-3.41;
p = 0.0014). In the univariate Cox regression analysis, limited-stage disease was
a favourable prognostic factor (HR 1.8618; 95% CI 1.21-2.86; p = 0.0049).

The mean expression values for the major Shh pathway target gene and
the key transcription factor Glil were statistically significantly higher in the pre-
treatment biopsy samples of the long-term survivors, compared with the short-
term group (p = 0.0196, 95% CI: 0.000016 to 0.000147). The expression levels for
the other Hedgehog-associated genes (SMO, SUFU, PTCH1, HHIP, BCL2, BMII,
ZEBI1, ZEB2, N-MYC, Twistl) were not statistically significantly different between
the groups.

2.9 times lower mean expression of the key Hedgehog pathway activity marker
Glil was observed in the relapsed samples (p = 0.0529), and a reduced expression
of 6 Shh-associated genes (PTCHI, HHIB, N-MYC, ZEB2, Twistl and ZEBI) was
observed during relapse, although statistically insignificant. Compared to the pre-
treatment sample, the expression of these genes in the matched biopsies was 2.6,
2.2, 1.9, 1.8, 1.2 and 1.1 times lower, respectively. A 1.8 times lower expression
was observed in the relapsed biopsy sample for the GLI activator SMO, with no
statistically significant difference. Only the Hedgehog pathway inhibitor SUFU and
two Shh inducible genes, the BCL2 and BMII, showed a 0.8, 0.9 and 0.8 times
higher, but statistically insignificant, expression at relapse, respectively.

Conclusions.

1. Female sex, good performance status and limited-stage disease were the most
significant prognostic clinical factors statistically significantly associated with
improved survival. Based on a comparison with the published literature data,
the treatment results were worse in the 100 analysed small cell lung cancer
patients.

2. A significantly higher expression of the major Shh pathway target gene and
the key transcription factor Glil was found in the pre-treatment biopsy
samples from the long-term (OS > 9.6 months) survivors, compared with
the short-term survival group.

3. A direct comparison of the Hedgehog signalling pathway components and
the associated gene expression between the matched pre-treatment and
relapsed tumour biopsies from the same small cell lung cancer patient suggest
a decreased activity of a majority of the Hedgehog pathway components in
relapsed small cell lung cancer tissue, although the difference did not reach
statistical significance. Thus, activation of the Hedgehog pathway might not
be a universal mechanism for the development of resistance in small cell lung
cancer.

Keywords: relapsed SCLC; cancer stem cells; Shh signalling pathway; gene expres-

sion; matched biopsies
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LEGEND AND ABBREVIATIONS USED IN THE THESIS

Abbreviation Explanation in Latvian Explanation in English

95% CI 95% ticamibas intervals 95% confidence interval

AKT Proteinkinaze B Protein kinase B (PKB)

ASCL1 Achaete-scute homologs 1 Achaete-scute homologue 1

(ASH1)

BCL2 B-$anu limfomas 2 B-Cell Lymphoma 2 Apoptosis
antiapoptotiskais proteins Regulator

BMI1 BMI1 Protoonkogéns BMI1 Proto-Oncogene

CAV Ciklofosfamids-(doksorubicins) | Cyclophosphamide- (doxorubicin)
Adriamicins-Vinkristins Adriamycin-Vincristine

CE Karboplatins/Etopozids Carboplatin/Etoposide

CEA Ciklofosfamids/Etopozids/ Cyclophosphamide/Etoposide/
(doksorubicins) Adriamicins (doxorubicin) Adriamycin

DNS Dezoksiribonukleinskabe Deoxyribonucleic acid

ECOG Austrumu onkologu sadarbibas | Eastern Cooperative Oncology Group
grupa

ESMO Eiropas onkologu European Society for Medical Oncology
kimijterapeitu biedriba

GLI Ar gliomu saistitais onkogéns Glioma-Associated Oncogene

GLI1 Ar gliomu saistita onkogéna Glioma-Associated Oncogene
homologs 1 Homolog 1

Gy Grejs Gray

HES HES saimes pamata spirales- HES family (hairy and enhancer
cilpas-spirales transkripcijas of split) Basic Helix-Loop-Helix
faktors transcription factor

HEY HEY saimes pamata spirales- HEY family (hairy ears, Y-linked)
cilpas-spirales transkripcijas Basic Helix-Loop-Helix transcription
faktors factor

Hh Hedgehog signalcel$ Hedgehog

Hhip/HHIP Hedgehog mijiedarbibas Hedgehog Interacting Protein
proteins

HR Riska attieciba Hazard ratio

LDH Laktatdehidrogenaze Lactate Dehydrogenase

MEK Mitogénu aktivéta Mitogen activated extracellular signal

ekstracelularo signalu reguléta
kinaze

regulated kinase
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MRI Magneétiskas rezonanses Magnetic resonance imaging
izmekléjums

mRNA Matricas ribonukleinskabe Messenger ribonucleic acid

mTOR Rapamicina mérka receptors Mammalian target of rapamycin
z1ditajiem

MYC jeb Pamata spirales-cilpas-spirales | Class E basic helix-loop-helix protein 39

BHLHE39 E klases proteins 39

NeuroD1 Neironu diferenciacijas Neurogenic differentiation factor 1
faktors 1

N-MYC jeb Pamata spirales-cilpas-spirales | Class E basic helix-loop-helix protein 37

BHLHE37 E klases proteins 37

PCI Profilaktiska galvas apstaro$ana | Prophylactic cranial irradiation

PE Cisplatins/Etopozids Cisplatin/Etoposide

PI3K Fosfatidilinozitola 3 kinaze Phosphatidylinositol 3 Kinase

PIK3CA PI3K Kkatalitiska apaksvieniba PI3K Catalytic Subunit Alpha
alfa

PKR/PCR Polimerazes kédes reakcija Polymerase chain reaction

POU2F3 POU domeéna 2. klases POU Domain Class 2 Transcription
transkripcijas faktors 3 Factor 3

PSKUS Paula Stradina kliniska Pauls Stradins Clinical University
universitates slimnica Hospital

Ptch/PTCHI | Proteins salapits homologs 1 Protein Patched Homolog 1

PTEN Fosfatazes un tensina homologs | Phosphatase and tensin homolog

RAF RAF saimes onkogéns RAF (Rapidly accelerated fibrosarcoma)

oncogene

RAS RAS saimes onkogéns RAS (rat sarcoma viral) oncogene

Shh Sonic Hedgehog signalcels Sonic Hedgehog

SMO Nogludinatais transmembranu | Smoothened transmembrane protein
proteins

SSPV/SCLC Sik$anu plausu vézis Small cell lung cancer

SUFU Sapladusa homologa supresors | Suppressor Of Fused Homolog

Twistl jeb Pamata spirales-cilpas-spirales | Class A Basic Helix-Loop-Helix Protein

BHLHa38 A Kklases proteins 38 38

YAP1 Ja saistitais proteins 1 Yes-associated protein 1

ZEB1/ ZEB2 | Cinka pirkstu E-box saistoss Zinc Finger E-Box Binding Homeobox

homeobox 1 un 2

1and 2
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1. GENERAL DESCRIPTION OF DOCTORAL THESIS

1.1. Brief Theoretical Justification for the Study

Small cell lung cancer is the most aggressive type of lung cancer. The average
patient survival time without treatment or when using local therapy (surgery
or radiation therapy) only is between 1 and 3 months from the confirmation
of the diagnosis. The main method for the treatment of small cell lung cancer
is systemic chemotherapy which allows to prolong the life of the patient and
reduce the symptoms of the disease significantly. The average survival time
increases 4-5 times. Complete remission is possible in many cases. However,
metastatic small cell lung cancer is considered to be an incurable disease because
the tumour almost always recurs and becomes resistant to the specific treatment.
Understanding the mechanism of developing resistance may help clinicians to
prognosticate the efficacy of the treatment and create new therapeutic options
for the treatment of this type of cancer.

In the past few years, increasingly more scientific evidence has been
obtained for the so-called cancer stem cell theory which allows to explain
why malignant tumours develop resistance during the treatment. The idea of
the cell stem cell hypothesis is that a hierarchy of cells exists in the tumour
where a small population of self-renewing stem cells forms all of the other
tumour cells via asymmetric division, proliferation and defective differentiation.
Scientists continue a debate on whether such tumour-initiating cells develop as
a result of a malignant transformation of the normal tissue stem cells or from
more differentiated tumour cells that have acquired properties similar to those
of the stem cells during the malignisation. Regardless of their origin, the cancer
cell sub-population with the properties of stem cells, including slow division
and resistance to cancer therapy, may have substantial impacts on the treatment
outcomes. If a malignant tumour contains cells which are not killed by using
the standard chemotherapy and radiation therapy, specifically these cells
are responsible for the relapse of the tumour and/or metastases following an
apparently successful initial treatment. Small cell lung cancer is a malignancy
where the clinical experience suggests the presence of a cancer stem cell sub-
population in the tumour. The standard chemotherapy may reduce the tumour
mass very efficiently and even induce a complete remission in a majority of
patients. Unfortunately, a relapse occurs almost always. This suggests that certain
treatment-resistant cells survive during the initial treatment and subsequently
renew the tumour. Furthermore, in a relapsing tumour, the majority of the cancer
cell population develops a resistance to anti-cancer agents, which is typical for
stem cells. Given that tumour relapses following an achieved remission are
the predominant cause of death in oncological patients, the development of new
treatments selectively effective against cancer stem cells is of utmost importance.
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A lot of additional details still need to be obtained regarding cancer
stem cells in each particular malignant disease. Nonetheless, data regarding
the relevance of embryonic signalling pathways in the functioning of cancer
stem cells have already been obtained. The Notch, Hedgehog and Wnt signalling
pathways are of particular relevance amongst them. The Hedgehog signalling
pathway regulates several genes associated with stem cells and proliferation,
thus facilitating the survival and growth of stem cells and tissue progenitor cells.

1.2. Relevance and Novelty Aspect of the Research

Recent literature data have appeared regarding the association of
the Hedgehog pathway with the mechanisms of elimination of medications from
tumour cells and the development of multiple drug resistance (Sims-Mourtada
et al., 2007). Increased activity of the Hedgehog pathway, which is characteristic
of cancer stem cells, was described in small cell lung cancer cell lines and
tumour samples (Watkins et al., 2003). This inhibition of the signalling pathway
ligands slowed down the proliferation of the small cell lung cancer cell lines
and xenografts (Pasca di Magliano and Hebrok, 2003). Data have been obtained
regarding the association of the Hedgehog system with the maintenance of
proliferation and inhibition of apoptosis in pancreatic cancer (Xu et al., 2009),
prostate cancer (Sanchez et al,, 2004), B-cell chronic lymphocytic leukemia
(Hegde et al., 2008), renal cell carcinoma (Dormoy et al., 2009). Clinical evidence
has also been obtained regarding a correlation between an increased activity
of the Hedgehog signalling pathway and an untoward course of the disease
in breast cancer (ten Haaf et al., 2009), oesophageal cancer (Yoshikawa et al.,
2008) and anal canal cancer (Ajani et al., 2010). In many tumours, the increased
activity of the Hh pathway is associated with the clinically observed resistance to
cancer therapy and an unfavourable prognosis. An increased activity of the Hh
pathway is commonly found in lung tumours, especially in small cell lung
cancer cells. Data have been obtained in several studies that the Hh pathway is
of relevance in the functioning of the normal pulmonary neuroendocrine stem
cells and, accordingly, small cell lung cancer stem cells. There are limitations for
research of the Hh pathways in in vitro models, i.e., small cell lung cancer cell
lines and xenografts. There are scarce published data regarding the activity of
the Hh pathway components on the gene/mRNA level in small cell lung cancer
cells due to the limited availability of fresh-frozen samples of this tumour.
Formalin-fixed and paraffin-embedded samples are most commonly used in
the research, where the activity of the Hh pathway components is determined
semi-quantitatively on the level of proteins using the immunohistochemistry
method or, more infrequently, on the mRNA level using the in situ hybridisation
method. Consequently, little scientific data are currently available regarding
the potentially activating/inactivating mutations in the genes of this signalling
pathway, which may not manifest on the protein level, but could be of very high

75



clinical relevance (such as EGFR activating mutations in non-small cell lung
cancer). Another potential cause for an altered activity of the Hh pathway might
be epigenetic disruptions and the alterations in the other molecular signalling
pathways that affect it. The investigation of the molecular mechanisms reveals
a close association between the Hh pathway and the activity of multiple drug
resistance genes, epithelial-mesenchymal transition and also anti-apoptotic
events.

This project is of a particular relevance because it provides information
on the gene/mRNA level regarding the currently poorly researched in vivo
expression of the Hh pathway genes and enables to compare it between pre-
treatment and resistant small cell lung tumours. There is currently no published
information in the global literature regarding any research studies of this design.

An analysis of the data regarding the treatment received by small cell lung
cancer patients and the survival time has been carried for the first time in
Latvia. The study data are suggestive of an increased expression of the key Shh
pathway target gene Glil as a potential prognostic biomarker of small cell lung
cancer and also of a decreased activity of the Shh pathway in a relapsed tumour.

1.3. Research Objective

To assess whether the activity of the Shh pathway is of a prognostic relevance
and is associated with the development of resistance in small cell lung cancer.

1.4. Research Tasks

1. To evaluate the prognostic clinical factors and treatment results in small
cell lung cancer patients at the Oncology Clinic of Pauls Stradins Clinical
University Hospital.

2. To evaluate the potential prognostic relevance of the activity of the Shh
pathway associated genes on the survival of the small cell lung cancer
patients in the study.

3. To evaluate the potential role of the Shh pathway in the development
of resistance by comparing the expression of the genes associated with
the Sonic Hedgehog signalling pathway in matched pre-treatment and
relapsed small cell lung cancer biopsies.

1.5. Research Hypothesis

The activity of the Sonic Hedgehog embryonic signalling pathway is of
relevance in the prognostication of small cell lung cancer and the development
of resistance.
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2. MATERIALS AND METHODS

2.1. Analysis of Prognostic Clinical Factors and Treatment
Results in Small Cell Lung Cancer Patients at Oncology
Clinic of Pauls Stradins Clinical University Hospital

Study Population

The retrospective study involved collection of data regarding 100 consecutive
first-time patients with morphologically confirmed small-cell lung cancer
(C34), who were assigned to a specific treatment by the multidisciplinary
tumour board at Pauls Stradins Clinical University Hospital between August
2006 and December 2009 (Kozirovskis et al., 2012). The data were obtained
from the medical records, i.e., multidisciplinary tumour board conclusions,
out-patient medical records, daytime in-patient facility and hospital patient
records, the “Arstu birojs” software program, the AI-RIS PSKUS radiological
examination report software program. The patient death dates were obtained
from the PREDA database of the Research and Statistics Department of
the National Health Service.

Inclusion Criteria:

1. A patient with morphologically (histologically or cytologically) con-

firmed small cell lung cancer.

2. 'The patient assigned to a specific treatment by the multidisciplinary

tumour board (“Intention-To-Treat” population).

It should be emphasised that the analysis did not include any patients not
eligible for chemotherapy after the initial diagnostic workup and with a average
survival time of 1 to 3 months from the confirmation of the diagnosis without
treatment or using local therapy (surgery or radiation therapy) only, based on
literature data (Zelen, 1973).

Data Collection Methods

Data were collected regarding the age, gender, type and date of the diagnostic
procedure, the diagnosing healthcare facility, the stage and the localisation of
metastases, the ECOG performance status of the patients (Oken et al., 1982),
the time from the diagnosis to the initiation of the specific treatment, the type
of chemotherapy received and the number of treatment lines, the type of
the radiation therapy received, the best radiologically confirmed response to
the received treatment, and the date of death.

Statistical Analysis

The obtained results were entered into an MS Excel database, the statistical
analysis was performed using the MedCalc statistical analysis software program,
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v.10.2.0.0 (MedCalc Software, Ostend, Belgium). The overall survival (OS) was
calculated and compared using the Kaplan-Meier method and the Log-rank
Test. The correlation analysis was carried out using the Cox Proportional
Hazards Method.

2.2. Expression of Hedgehog Pathway Associated Genes as
a Prognostic Factor in Small Cell Lung Cancer

Study Population

A prospective study enrolling 12 first-time patients with histologically
confirmed stage III and IV small cell lung cancer who had consented to
the collection of study tumour biopsy samples during diagnostic fibrobroncho-
scopy between October 2010 and January 2014 and consequently received
a specific treatment at the Oncology Clinic of Pauls Stradins Clinical University
Hospital. Pre-treatment study biopsies were obtained from 20 patients. 8 patients
were excluded from the analysis following the evaluation of the inclusion
criteria because presence of cancer cells was not cytologically confirmed in
the study biopsy for 5 patients, and poor quality sample RNA was obtained
from 2 additional patients. 1 patient died early during the treatment for reasons
not related to cancer and was also excluded from the analysis.

Inclusion Criteria:

1. Signed Patient Informed Consent Form.

2. The patient has histologically confirmed stage IIT or IV small cell lung
cancer.

3. Cytologically confirmed presence of cancer cells in the study biopsy by
examining a sample imprint on a glass slide prior to its placement into
the preserving agent.

4. Good quality RNA in the study biopsy.

The patient has received at least two cycles of palliative chemotherapy.
6. The patient has undergone follow-up examination, and progression and
date of death have been recorded.

wu

Data Collection Methods:

1. Clinical information was collected regarding the age, gender, the stage
and the localisation of metastases, the ECOG performance status of
the patients, the received specific treatment, the best radiologically con-
firmed response to the received treatment, deviations in the received
chemotherapy doses and intervals, time/type of disease progression,
and the date of death.

2. Following the collection and making an imprint on a glass cytology slide,
the study tumour biopsy samples were placed in an RNA preserving
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agent, the RNAlater solution (Thermo Fisher Scientific, USA), and stored
at -20°C until the testing.

3. The preparation of the study biopsy tissue mRNA with Lysing Matrix
D (MP Biomedicals, USA) was carried out in a tissue homogeniser
(FastPrep®-24 Instrument) with the speed of 0.4 m/s for 40 seconds.
The total RNA was isolated using a MirVana Total RNA Isolation Kit
(Thermo Fisher Scientific, USA) following the manufacturer’s protocol.
The RNA was treated with DNAse I (Thermo Fisher Scientific, USA), and
the concentration and purity of RNA were determined in a Nanodrop
ND-100 spectrophotometer. cDNA was synthesised using random
hexamer primers from the total RNA 1 pg by applying a Revert Aid
First Strand cDNA Synthesis kit (Thermo Fisher Scientific, MA, USA) in
accordance with the instructions provided by the manufacturer.

4. 'The real-time quantitative polymerase chain reaction (QPCR) was car-
ried out using 2 ul of 1:10 diluted cDNA reaction mixtures, ABSolute
Blue ™ SYBR green Low ROX (Thermo Fisher Scientific, USA) and ViiA 7
real-time polymerase chain reaction system (Applied Biosystems, Life
Technologies, USA). For normalisation of the expression data, the nor-
malisation factor was calculated for each cDNA using the expression
levels of the 3 most stable reference genes (ACTB, LRP10, YWHAZ)
selected from the 7 most commonly used housekeeping genes by
the geNorm software. All of the comparative real-time qPCR experi-
ments were duplicated, and the data were analysed as their mean val-
ues + the standard deviations.

Statistical Analysis

An MS Excel database was primarily created for the statistic data processing
purposes, followed by conversion of the data in the professional study data
statistic processing software program SPSS (Statistical Pacade for Social Sciences)
for Windows, version 21.0. The median overall survival was calculated using
the Kaplan-Meier method and the Log-rank Test. Based on the estimated
median overall survival, the patients were divided into short-term and long-term
survival groups. In the comparative analysis, the Student (t-test) or the Chi-
squared (x2) test was used depending on the type of the variables. The mean
values of the mRNA expression levels for each Shh pathway associated gene
(Gli1, SMO, SUFU, PTCHI, HHIB, BCL2, BMI1, ZEBI1, ZEB2, N-MYC, TwistI)
were compared between the pre-treatment study tumour biopsy samples from
the patients of the short-term and long-term survival groups by applying
the Independent Samples t Test and calculating the 95% confidence interval.
All of the hypotheses were tested using two-tailed statistical hypotheses, and
the differences between the groups were considered significant at p < 0.05.
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2.3. Comparison of Hedgehog Pathway Associated Gene
Expression Between Matched Pre-treatment and Relapsed
Biopsies

Study Population

A sub-population of 3 small cell lung cancer patients (out of the study
patients described in Section 2.2) from whom pre-treatment and relapsed study
tumour biopsies were obtained.

Inclusion Criteria:
1. All of the inclusion criteria described in Section 2.2
2. Cytologically confirmed presence of cancer cells in the study biopsy of
the relapsed tumour by examining a sample imprint on a glass slide
prior to its placement into the preserving agent
3. Good quality RNA in the study biopsy of the relapsed tumour

Data Collection Methods
All of the data acquisition methods described in Section 2.2.

Statistical Analysis

The obtained results were entered into an MS Excel database, the statis-
tical analysis was carried out using the MedCalc statistical analysis software
program, v.10.2.0.0 (MedCalc Software, Ostend, Belgium). In the comparative
analysis, the Student (t-test) or the Chi-squared (x2) test was used depending on
the type of the variables. The mRNA levels for each Shh pathway associated gene
(Gli1, SMO, SUFU, PTCH1, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twist1)
were compared between the pre-treatment and relapsed study tumour biopsy
samples of the same patient by applying the paired two sample t-test. The mean
values obtained for each of the Shh pathway associated gene expression levels
were also compared between all of the pre-treatment and relapsed samples by
calculating the 95% confidence interval. All of the hypotheses were tested using
the two-tailed statistical hypotheses, and the variations between the groups were
considered significant at p < 0.05.
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3. RESULTS

3.1. Analysis of Prognostic Clinical Factors in Small Cell Lung
Cancer Patients at Oncology Clinic of Pauls Stradins Clinical
University Hospital

100 consecutive first-time patients with morphologically confirmed small-
cell lung cancer, who were assigned to a specific treatment by the multidiscip-
linary tumour board at Pauls Stradins Clinical University Hospital between
August 2006 and December 2009, were enrolled in the retrospective study.

The mean age of the enrolled patients was 61.52 + SD 7.13 (47-77, 95%
CI 60.1-62.9) years (Figure 3.10), of which 90 males (90%) and 10 females (10%).
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Figure 3.10. Patients by Age Groups

According to the type of the diagnostic procedure, the fibrobronchoscopy
procedure was most commonly (in 71 patients) used for the morphological veri-
fication of the disease. 9 patients had a mediastinoscopy, 7 patients had a sup-
raclavicular lymph node biopsy, 5 patients had thoracotomies with 3 diagnostic
surgeries and 2 therapeutic surgeries (1 pneumonectomy and 1 lobectomy). In
one patient, metastatic disease was morphologically confirmed by liver metastasis
core biopsy, and another patient had it confirmed in the resected brain metastasis.

In 87 patients, the disease was confirmed in a histological (immuno-
histochemical) examination of the biopsy, and 13 patients had it confirmed
cytologically only due to an insufficient size of the biopsy sample.

By the healthcare facility where the diagnostic workup took place,
93 patients were from the Thoracic Surgery, Pneumology and Neurosurgery
Departments of Pauls Stradins Clinical University Hospital, and 7 patients were
referred from Riga Hospital No. 1, the Tuberculosis and Lung Diseases Centre,
and the Bikernieki and Gailezers hospitals.
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66 patients (66%) had limited-stage small cell lung cancer (with no distant
metastases), and 34 patients (34%) had extensive-stage disease (with distant
metastases) (Figure 3.11).

[1] 66 patients (66%) had
a limited-stage disease
(no distant metastases)

[ 34 patients (34%) had
extensive-stage disease
(with distant metastases)

Figure 3.11. Patients by Stages

In the extensive-stage patients, metastases were most commonly localised
in the liver only - 10 patients (29%), followed by combined localisations of
metastases in 8 patients (23%), brain metastases in 4 patients (12%), adrenal
metastases in 4 patients (12%), lung metastases in 2 patients (6%), non-regional
lymph node metastases in 3 patients (9%), pleural metastases in 2 patients (6%),
and subcutaneous metastases in one patient (3%) (Figure 3.12). It is interesting
to note that no isolated bone metastases were found. 2 patients had a combina-
tion of bone + liver metastases, and another patient had bone + lung metastases
simultaneously. In 2 patients, non-regional lymph node metastases were combi-
ned with liver or adrenal metastases. One patient had a combination of liver +
adrenal metastases, one patient had a combination of liver + lung + subcuta-
neous metastases, and one patient had a combination of pleural + pericardial
metastases.

Multiple mts
23% Liver mts

299% Liver mts

Suprarenal mts

Pleural mts Lung mts
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Brain mts
Non-regional LNs

Subcutaneous mts
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(]

Non-regional LNs
9%

Multiple mts
Lung mts

6%

Brain mts
12%

Figure 3.12. Localisation of Metastases in the Study Patients (mts — metastases,
LNs - lymph nodes)
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Based on the analysis of the patient ECOG performance status (Oken
et al., 1982), the majority of the study population had ECOG 1 (56 patients)
and ECOG 2 (33 patients). 7 patients had ECOG 3, 3 had ECOG 4, and 1 had
ECOG 0 (Figure 3.13). The ECOG 4 patients had received no specific treatment
and had received symptomatic treatment.
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Figure 3.13. Patients by ECOG Performance Status

Based on the time from the diagnosis until the initiation of the specific tre-
atment, the mean waiting time for the study patients was 15.55 + SD 15.62
(0-96, 95% CI 12.4-18.7) days (Figure 3.14).
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Figure 3.14. Time From Diagnosis Until Initiation of Treatment

Based on the type of the received chemotherapy and the number of lines,
97 of the study patients received 1Ist line palliative chemotherapy (73 - the PE
regimen, 19 — the CE regimen, 5 — the CAV regimen), 29 patients had received
2nd line treatment (25 — the CAV regimen, 1 — the CEA regimen, 1 - the PE
regimen, 2 — oral etoposide). 6 patients had received 3rd line treatment (1 —
topotecan, 1 - paclitaxel, 3 - oral etoposide, 1 - oral cyclophosphamide).
1 patient had received 4th line palliative chemotherapy with paclitaxel.
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30 study patients had received radiation therapy for their primary tumour and
metastatic mediastinal lymph nodes. Only 1 patient had received concomitant
radiation and chemotherapy, whereas the other patients underwent radiation
therapy subsequently, after the completion of the chemotherapy. Consolidating
prophylactic cranial irradiation was carried out in 9 patients. 15 patients had
received radiation therapy symptomatically to mitigate the symptoms caused by
the tumour or the metastases.

Based on the analysis of the best radiologically confirmed response to
the received treatment, a complete response was achieved in 5 limited-stage
patients and 1 extensive-stage patient, whereas a partial response was achieved
in 39 and 15 patients respectively. Based on the estimation of the incidence of
the response to treatment after complete or partial response together, it was
observed in 67% of the limited-stage patients and 47% of the extensive-stage
patients. 12 and 3 patients had stable disease respectively, whereas disease
progression was observed in 11 limited-stage patients and 14 extensive-stage
patients (Table 3.11).

Table 3.11. Radiologically Confirmed Best Response to Received Treatment,
Incidence of Response, and Survival Data in the Study Patients

Best response to received

Survival
treatment

Stage | Patients

Response | Median
CR | PR | SD | PD |incidence | survival |1-year | 2-year | 3-year | 5-year
(CR+PR) | (months)

LS 66 5 (39 12|11 67% 10 42% | 14% 6% 2.6%
ES 34 1 15| 3 | 14 47% 7 27% 0% - -

LS - limited stage (with no distant metastases); ES - extensive stage (with distant metastases);
CR - complete response; PR - partial response; SD - stable disease; PD - progressive disease

The median overall survival (mOS) in the limited-stage study patients was
10.2 months, 1-year survival — 42%, 2-year survival - 14%, 3-year survival -
6%, 5-year survival — 2.6%, whereas respectively, in the extensive-stage patients,
the mOS was 7.1 months, 1-year survival — 27%, 2-year survival - 0% (Figure 3.15
and Table 3.11). Based on the comparison of the survival data, the difference
between the stages was statistically significant HR 2.03; 95% CI 1.25-3.29;
p = 0.0041. Only 4 (2.6%) of the limited-stage patients had achieved a survival
exceeding 5 years — 2 females (33%) and 2 males (3%). A partial response was
achieved in both female patients as a result of the treatment, one of the patients
was lost to follow-up after 5.5 years, but the other female patient is still alive
and without disease progression for already 13 years. A complete response was
achieved in one of the male long-term survivors, and he was lost to follow-up
after 9 years. The second male patient with a partial response has not had
a disease progression for already 13.5 years.
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HR 2.03; 95% Cl 1.25-3.29; p = 0.0041. mOS 10.2 months vs 7.1 months

Cumulative survival (%)

Time (months)

Number at risk

Group: ED

34 11 1
Group: LD

66 36 11

8

4

0

2

1

LD - limited disease (with no distant metastases); ED - extensive disease (with distant metastases);

mOS - median overall survival

Figure 3.15. Kaplan-Meier Overall Survival (OS) Curve in Limited and Extensive

Stage Study Patients

The multivariable Cox regression analysis demonstrates that the independent
prognostic variables influencing the overall survival of the study patients are
the female gender and a good performance status of the patient (ECOG 0-1).
The univariate Cox regression analysis also demonstrated limited-stage disease

as a favourable prognostic factor (Table 3.12).

Table 3.12. Analysis of Prognostic Clinical Factors in Study Patients Based on Cox

Proportional Hazards Model

i | e | [ | o] o
Factor

Gender 1.9532
ECOG 0-1 or 2-3 2.2687
Limited or extensive stage 1.8618
Age below or above 60 years 1.2080
Right or left lung cancer 0.9275

Univariate

0,97-3.92
1.48-3.47
1.21-2.86
0.80-1.82

0.51-1.45

0.62-1.38

HR - hazard ratio; 95% CI - 95% confidence interval
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0.0610

0.0002

0.0049

0.3665

0.5610

0.7108

2.4601

2.1437

1.5840

0.9920

0.6395

1.0631

1.13-5.31

1.35-3.41

0.97-2.58

0.64-1.53

0.37-1.10

0.68-1.66

Multivariate

0.0226

0.0014

0.0651

0.9713

0.1055
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3.2. Expression of Hedgehog Pathway Associated Genes as
a Prognostic Factor in Small Cell Lung Cancer

The median overall survival (OS) of 9.6 months was calculated for
12 first-time stage III/IV small cell lung cancer patients with a good quality
pre-treatment study biopsy sample and evaluable clinical data, and it was
used to divide the patients further into short-term and long-term survivor
groups. The demographic and clinical data for the patients of the two groups
are presented in Table 3.21. None of the analysed demographic or clinical
parameters demonstrated any statistically significant differences between
the groups. The survival and received treatment data are presented in Table 3.22.

Table 3.21. Demographic and Clinical Data for the 12 Patients Analysed for Survival
and Expression of Hedgehog Pathway Associated Genes. The Student (t-test)

or the Chi-squared (x2) test was used in the comparative analysis of the groups
depending on the type of the variables.

Patient parameter Long-term survivors Short-term survivors p-value
(OS > 9.6 months, n = 6) | (OS < 9.6 months, n = 6)
Gender p=1.0
Males 5 5
Females 1 1
Age p =0,078
Mean (limits) 61.5 (54-77) 51.5 (49-70)
ECOG performance p = 0.446
status
0 1 1
1 0 2
2 4 2
3 1 1
4 0 0
Stage p = 0.565
1T A 1 0
11 B 2 2
I\ 3 4
Treatment dose/interval p =0.079
deviations due to toxicity
No 2 5
Yes 4 1
Best response to received p =0.301
treatment
CR 0 0
PR 6 4
SD 0 1
PD 0 1
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Patient parameter

Long-term survivors Short-term survivors p-value
(OS > 9.6 months, n = 6) | (OS < 9.6 months, n = 6)

Disease progression type p =0.601
Local 2 1
Distant 2 3
Combined 2
No progression
(as of 1 0
01.10.2018)

CR - complete response; PR - partial response; SD - stable disease; PD - progressive disease; OS -
overall survival

Table 3.22. Survival and Received Treatment Data for the 12 Patients Analysed for
Survival and Expression of Hedgehog Pathway Associated Genes

Patient Survival Survival
atent | 4 months | in months Received treatment
ID
(days) (days)
LC145 4 (140) 4 CE
LC137 6 (191) 6 PE > RT (57.6/50.4/45 Gy)
LC146 8 (250) 4 PE 2 3 CAV
LC102 8 (252) 5PE
LC171 8 (267) 1 PE = 5 CAV
LC135 8 (269) 4 PE - RT (54/50.4 Gy) = 37.5 Gy WBRT
LC130 |10 (305) 5PE 2 3 CAV
LC127 |10 (318) 5 PE - 30 Gy WBRT
LC134 |12 (383) 5 PE - RT (54/54/45 Gy) = 36 Gy WBRT
LC139 |13 (396) 6 PE > RT (54/50.4 Gy)~> PCI (30 Gy)
LC121 |15 (462) 6 CE 2 RT (54/50.4/50.4 Gy) - PCI (36 Gy) > 1 CAV
82 (2499)
LC126 |asof 5 PE < RT (56/50.4 Gy) > PCI (36 Gy)
01.10.2018

CE - Carboplatin/Etoposide; PE — Cisplatin/Etoposide; RT - radiation therapy; CAV -
Cyclophosphamide/(doxorubicin) Adriamycin/Vincristine; WBRT — whole brain radiation therapy;

PCI - prophylactic cranial irradiation

The mean values of the mRNA expression levels for each Shh pathway
associated gene (Glil, SMO, SUFU, PTCHI1, HHIE, BCL2, BMI1, ZEB1, ZEB2,
N-MYC, Twist]) were compared between the pre-treatment study tumour biopsy
samples from the patients of the short-term and long-term survival groups.

The mean expression of the key Hedgehog pathway target gene and
the signalling pathway activity marker Glil in the 6 small cell lung cancer
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patients in the long-term survival group (OS > 9.6 months) was 0.000141757 +
0.000038223. The pre-treatment mean Glil mRNA expression in the 6 patients
of the short-term survival group (OS < 9.6 months) was 0.000060198 =+
0.000016324 respectively. The mean Glil expression values were statistically
significantly higher in the pre-treatment biopsy samples of the long-term
survivors, compared with the short-term group (p = 0.0196, 95% CI: 0.000016
to 0.000147) (Table 3.23, Figure 3.201).

Table 3.23. Comparison of Mean Expression of Hedgehog Pathway Associated
Genes Between Short-term Survivor (OS < 9.6 Months) and Long-term Survivor
(OS > 9.6 Months) Pre-treatment Study Tumour Biopsy Samples

Gene Mean expression level values in the pre-treatment biopsies of Evaluation of
the 12 SCLC depending on the survival group difference
Higher
expression in
Short-term survivors Long-term survivors the long-term
(OS < 9.6 months) (OS > 9.6 months) survival group
(number of
times)
Mean value and 95% CI Mean value and 95% CI
N-MYC | 0.016264 | -0.007006 to 0.060377 | 0.042949 | -0.003721 to 0.057092 2.6 (p=0.1)
Glil 0.000060 | 0.000016 to 0.000147 | 0.000142 | 0.000016 to 0.000147 | 2.3 (p = 0.0196)
Twistl | 0.003897 | -0.001798 to 0.006485 | 0.006241 | -0.001770 to 0.006458 | 1.6 (p = 0.233)
ZEB2 0.019992 | -0.009917 to 0.034784 | 0.032425 | -0.009893 to 0.034760 | 1.6 (p = 0.243)
HHIPI |0.000619 | -0.000696 to 0.000741 | 0.000642 | -0.000691 to 0.000736 | 1.04 (p = 0.946)
ZEBI 0.008411 | -0.007233 to 0.007438 | 0.008514 | -0.006344 to 0.006550 | 1.01 (p = 0.972)
Higher
expression in
the short-term
survival group
(number of
times)
Mean value and 95% CI Mean value and 95% CI
Smo 0.031924 | -0.062936 to 0.018025 | 0.009469 | -0.058077 to 0.013166 | 3.37 (p = 0.190)
PTCHI |0.074138 | -0.127133 to 0.029657 | 0.0254 |-0.118672 to 0.021196 | 2.9 (p = 0.152)
BCL2 0.063502 | -0.088504 to 0.015920 | 0.027210 | -0.084603 to 0.012019 | 2.3 (p = 0.142)
SUFU | 0.008958 | -0.007238 to 0.002349 | 0.006513 | -0.007118 to 0.002229 | 1.3 (p = 0.271)
BMI1 0.099527 | -0.070536 to 0.058079 | 0.093298 | -0.067628 to 0.055171 | 1.06 (p = 0.826)

OS - overall survival; SCLC - small cell lung cancer; 95% CI - 95% confidence interval; Glil -
Glioma-Associated Oncogene Homolog 1; PTCHI - Protein Patched Homolog 1; HHIPI - Hedgehog
Interacting Protein; N-MYC - Class E basic helix-loop-helix protein 37; Smo — Smoothened; ZEBI,
ZEB2 - Zinc Finger E-Box Binding Homeobox 1 and 2; Twistl - Class A Basic Helix-Loop-Helix

Protein 38; BCL2 - B-Cell Lymphoma 2 Apoptosis Regulator; SUFU - Suppressor Of Fused Homolog;
BMII - BMI1 Proto-Oncogene
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LC146 0.000151824 +0.000000007 LC134 0.000169819 +0.000023397
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LC171 0.000034052 +0.000021570 LC121 0.000127038 +0.000004607
LC135 0.000046939 +0.000012702 LCI126 0.000065476 + 0.000038924

Two-tailed independent samples t-test: p = 0.0196, 95% CI: 0.000016 to 0.000147

Figure 3.201. Glil mRNA Values for SCLC Patients Depending on Survival Group
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Two-tailed independent samples t-test: p=0.1515, 95% CI: -0.118672 to 0.021196

Figure 3.202. PTCHI mRNA Values for SCLC Patients Depending on Survival
Group

The expression levels for the other Hedgehog pathway associated genes
(SMO, SUFU, PTCHI, HHIP, BCL2, BMI1, ZEBI1, ZEB2, N-MYC, Twistl) are
not statistically significantly different between the pre-treatment study tumour

biopsy samples of the short-term and long-term survival patient groups (Figures
3.202-3.211).

90



.120000000]

100000000

050000000

060000000

0400000001

Normalized SMO level

020000000

1 =

000000000

OS - overall survival

T T

Short-term survivors group Long-term survivors group
0S <9.6 months 0OS > 9.6 months

LC145 0.020202431 +0.000594036 LC130 0.007277405 +0.000836368
LCI37 0.109027230 +0.004914628 LC127 0.003468303 +0.001272382
LC146 0.026588872 +0.012033562 LC134 0.008083198 +0.002022772
LC102 0.003148869 +0.000487283 LC139 0.006562945 +0.000747863
LCI71 0.011730179 +0.000758379 LCI21 0.021589397 +0.001195098
LC135 0.020848733 +0.002213249 LC126 0.009831779 +0.001297305

Two-tailed independent samples t-test: p = 0.1904, 95% CI: -0.058077 to 0.013166

Figure 3.203. SMO mRNA Values for SCLC Patients Depending on Survival Group
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Two-tailed independent samples t-test: p = 0.2709, 95% CI: -0.007118 to 0.002229

Figure 3.204. SUFU mRNA Values for SCLC Patients Depending on Survival
Group
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Figure 3.205. HHIP mRNA Values for SCLC Patients Depending on Survival
Group
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Figure 3.206. BCL2 mRNA Values for SCLC Patients Depending on Survival
Group
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Two-tailed independent samples t-test: p = 0.8257, 95% CI: -0.067628 to 0.055171

Figure 3.207. BMI1 mRNA Values for SCLC Patients Depending on Survival
Group
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Two-tailed independent samples t-test: p = 0.9723, 95% CI: -0.006344 to 0.006550

Figure 3.208. ZEBI mRNA Values for SCLC Patients Depending on Survival

Group
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Two-tailed independent samples t-test: p = 0.2430, 95% CI: -0.009893 to 0.034760

Figure 3.209. ZEB2 mRNA Values for SCLC Patients Depending on Survival
Group
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Figure 3.210. N-MYC mRNA Values for SCLC Patients Depending on Survival
Group
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Figure 3.211. Twist] mRNA Values for SCLC Patients Depending on Survival
Group
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3.3. Comparison of Hedgehog Pathway Associated Gene
Expression Between Matched Pre-treatment and Relapsed
Biopsies

The expression of the Hedgehog pathway associated genes was compared
between matched biopsies in a small sub-population (3 patients) of stage III/IV
small cell lung cancer patients with good quality pre-treatment and relapsed
study tumour biopsy samples. The demographic, clinical and survival data for
this sub-population of patients are presented in Table 3.31, compared with
the data for the study patients for whom no matched gene expression analysis
was carried out. The sub-population was non-equivalent based on the patient
performance status parameters. No statistically significant differences were
found based on patient gender, age, disease stage, received specific treatment,
radiologically confirmed best response to the received treatment, deviations in
the doses and intervals of the received chemotherapy, type of disease progression
and survival data.

Table 3.31. Demographic and Clinical Data for the Sub-population of 3 SCLC
Patients for Whom a Comparison Was Made Between the Expression of

the Hedgehog Pathway Associated Genes in Matched Pre-treatment and Relapsed
Tumour Biopsies. In the comparative analysis with the patients for whom no
matched gene expression analysis was carried out, the Student (t-test)

or the Chi-squared (x2) test was used depending on the type of the variables

Patient parameter Patients included Patients not included p-value
in matched gene in matched gene
expression analysis expression analysis
(n=3) (n=17)

Gender Males 3 13
p =0.348

Females 0 4
Age Mean (limits) 60 (49-77) 56.9 (47-70) p =0.759
ECOG performance status p = 0.048

0 2 1

1 0 7

2 1 7

3 0 2
Stage p = 0.822

I A 0 2

I B 1 5

v 2 10
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Patient parameter Patients included Patients not included p-value
in matched gene in matched gene
expression analysis expression analysis
(n=3) (n=17)
Treatment dose/interval p=0.212
deviations due to toxicity
No 1 12
Yes 2 5
Received treatment p =0.948
Chemotherapy
1 6
only
Chemotherapy and
- 2 11
radiation therapy
Best response to treatment p =0.093
CR 0 2
PR 2 13
SD 0 2
PD 1 0
Disease progression type p =0.075
Local 1 4
Distant 0 8
Combined 2 1
NK 0 2
No progression 0 )
(as 0of 01.10.2018)
Survival Median PFS 6.7 25.8 p = 0.469
(months)
Median OS 1 8.2 p = 0.506
(months)

CR - complete response; PR - partial response; SD - stable disease; PD — progressive disease; NK —
not known; PES - progression-free survival; OS - overall survival

The mRNA levels for each Shh pathway associated gene (Glil, SMO, SUFU,
PTCHI, HHIP, BCL2, BMI1, ZEBI, ZEB2, N-MYC, Twistl) were compared
between the pre-treatment (Pre) and relapsed (Rel) study tumour biopsy
samples of the same patient by applying a paired two sample t-test. The mean
values obtained for each of the Shh pathway associated gene expression levels
were also compared between all of the pre-treatment and relapsed samples by
calculating the 95% confidence interval.
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In the pre-treatment and relapsed tumour biopsy samples of the same
patient, the level of Glil (the key Hedgehog pathway activity marker) was
lower at relapse, with no statistically significant difference achieved however
(p = 0.0529, 95% CI: -0.0002023 to 0.000003115, two-sided paired two sample
t-test).

2.9 times lower expression of Glil was observed at relapse, based on
evaluation of the mean values in all of the pre-treatment and relapsed samples
(Figure 3.301, Table 3.32).

Table 3.32. Comparison of Mean Expression of Hedgehog Pathway Associated Genes
in the Pre-treatment and Relapsed Disease Samples of All 3 Patients

Evaluati f
Mean expression level values in the pre-treatment (Pre) and ‘fa uation ,0
Gene . .. R difference in
relapsed (Rel) disease biopsies of 3 SCLC patients .
expression
Reduction of
expression in
Pre Mean values 95% CI | Rel Mean values 95% CI Rel biopsies
(number of
times)
Glil 0.000153 | 0.000088 to 0.0002173 | 0.000053 | -0.000004 to 0.0001101 29
PTCHI |0.09971 |-0.1515 to 0.3509 0.03881 0.01099 to 0.06664 2.6
HHIP1 |0.000284 | 0.000109 to 0.0004582 | 0.000130 |-0.0001989 to 0.0004598 2.2
N-MYC | 0.02085 | -0.006934 to 0.04863 0.01094 | -0.001096 to 0.02297 1.9
Smo 0.01722 | -0.0130 to 0.04744 0.009398 | -0.01974 to 0.03854 1.8
ZEB2 0.02419 0.01042 to 0.03795 0.01354 0.004276 to 0.0228 1.8
Twistl |0.004609 | -0.0004286 to 0.009646 | 0.003798 | -0.002644 to 0.01024 1.2
ZEB1 0.007191 | -0.001361 to 0.01574 0.006662 | 0.004601 to 0.008722 1.1
Increase of
expression in
Pre Mean values 95% CI Rel Mean values 95% CI Rel biopsies
(number of
times)
BCL2 0.02301 | 0.0006755 to 0.04534 0.02509 | -0.01966 to 0.06984 0.9
SUFU [0.007723 | 0.004172 to 0.01127 0.009916 | 0.002686 to 0.01715 0.8
BMI1 0.08249 |0.0108 to 0.1542 0.09763 |-0.02615 to 0.2214 0.8

SCLC - small cell lung cancer; 95% CI - 95% confidence interval; Glil — Glioma-Associated
Oncogene Homolog 1; PTCHI - Protein Patched Homolog 1; HHIP1 - Hedgehog Interacting
Protein; N-MYC - Class E basic helix-loop-helix protein 37; Smo- Smoothened; ZEB1, ZEB2 - Zinc
Finger E-Box Binding Homeobox 1 and 2; Twist] — Class A Basic Helix-Loop-Helix Protein 38;
BCL2 - B-Cell Lymphoma 2 Apoptosis Regulator; SUFU - Suppressor Of Fused Homolog; BMII -
BMI1 Proto-Oncogene
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Figure 3.301. Gli] mRNA values in matched pre-treatment (Pre) and relapsed (Rel)
SCLC biopsy samples (connected with lines); the bars show the mean mRNA values
for all patients

A reduced expression of 6 Hedgehog pathway associated genes (PTCHI,
HHIP, N-MYC, ZEB2, Twistl and ZEBI) was observed during relapse. Compared
to pre-treatment sample, the expression of these genes in the matched biopsies
was respectively 2.6, 2.2, 1.9, 1.8, 1.2 and 1.1 times lower in the Rel sample
with no statistically significant difference (respectively p = 0.4252, p = 0.1268,
p = 02480, p = 0.1169, p = 0.1480 and p = 0.7595) (Figures 3.302-3.307,
Table 3.32).
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Figure 3.302. PTCHI mRNA values in matched pre-treatment (Pre) and relapsed
(Rel) SCLC biopsy samples (connected with lines); the bars show the mean
mRNA values for all patients
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Figure 3.303. HHIP mRNA values in matched pre-treatment (Pre) and relapsed
(Rel) SCLC biopsy samples (connected with lines); the bars show the mean
mRNA values for all patients
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(Rel) SCLC biopsy samples (connected with lines); the bars show the mean
mRNA values for all patients
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Figure 3.305. ZEB2 mRNA values in matched pre-treatment (Pre) and relapsed
(Rel) SCLC biopsy samples (connected with lines); the bars show the mean
mRNA values for all patients
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Figure 3.306. Twist] mRNA values in matched pre-treatment (Pre) and relapsed
(Rel) SCLC biopsy samples (connected with lines); the bars show the mean
mRNA values for all patients
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Figure 3.307. ZEBI mRNA values in matched pre-treatment (Pre) and relapsed
(Rel) SCLC biopsy samples (connected with lines); the bars show the mean
mRNA values for all patients

A 1.8 times lower expression was observed in the relapsed disease biopsy
sample for the GIli activator SMO, with no statistically significant difference
(p = 0.4111) (Figure 3.308, Table 3.32).
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Figure 3.308. SMO mRNA values in matched pre-treatment (Pre) and relapsed
(Rel) SCLC biopsy samples (connected with lines); the bars show the mean
mRNA values for all patients

Only the Hedgehog pathway inhibitor SUFU and two Shh inducible genes,
the BCL2 and BMII, showed a 0.8, 0.9 and 0.8 times higher expression in
the Rel biopsy, as compared with the pre-treatment sample. The increase was
not statistically significant, with respective p = 0.3074, p = 0.7921 and p = 0.3822
(Figures 3.309-3.311, Table 3.32).
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Figure 3.309. SUFU mRNA values in matched pre-treatment (Pre) and relapsed
(Rel) SCLC biopsy samples (connected with lines); the bars show the mean
mRNA values for all patients
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mRNA values for all patients
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4. DISCUSSION

4.1. Analysis of Prognostic Clinical Factors in Small Cell Lung
Cancer Patients at Oncology Clinic of Pauls Stradins Clinical
University Hospital

One of the tasks for the Doctoral Thesis was collection of information
regarding the clinical parameters and treatment results of the small cell lung
cancer patient population in Latvia, which has not been published in any source
until now. Considering the high sensitivity of SCLC to chemotherapy and frequent
disease remissions after the initiation of cancer therapy, the determination and
evaluation of the prognostic clinical factors are of particular relevance in making
decisions regarding the benefits and risks of the specific treatment in first-time
patients. Early identification of the patients with a long estimated survival
would be highly worthwhile. Small cell lung cancer patients surviving for more
than 2-3 years are considered to be long-term survivors (Tartarone et al., 2014,
Lewinski and Zutawski, 2003). Large numbers of publications on the studies
that analyse the demographic, tumour-related and patient-related prognostic
clinical factors can be found in the literature from the past 40 years. However,
the attempts to define a common prognostic algorithm or a normogram model
have not been successful until now because the data for several parameters are
controversial. The largest amounts of evidence exist for the extent of the disease
and the patient performance status (Albain et al., 1990, Hong et al., 2010).
Several other clinical and laboratory factors with a negative prognostic role in
the studies have also been described, such as weight loss, age below 60 years, male
gender, metastases in the brain or lymph nodes, pre-treatment lymphopenia,
a high neutrophil-to-lymphocyte or platelet-to-lymphocyte ratio, and high
levels of LDH (Suzuki et al., 2019, Brueckl et al., 2006). Prognostic relevance
has also been described for the type and number of concomitant conditions,
where cardiovascular conditions have negative effects, whereas concomitant
gastrointestinal diseases have positive effects (Aarts et al., 2015). Observations
suggesting a better oncological prognosis for SCLC patients with paraneoplastic
neurological syndromes are of interest (Iams et al., 2019, Maddison et al., 2017).

The data for the patients analysed in this Doctoral Thesis revealed
no correlations between the survival time and the patient age, time until
the initiation of the treatment, and the side of the lungs affected by the tumour.
The analysis confirmed the female gender and a good patient performance status
as independent prognostic factors for longer overall survival. It is interesting that
the stage of the disease was not found to be an independent prognostic factor
and has been of statistical significance only in the univariate Cox regression
analysis.
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A possible explanation for this might be that a part of limited-stage SCLC
patients have already had asymptomatic brain metastases and, accordingly,
extensive-stage disease, because brain CT or MRI examination was not yet
indicated for patients with no symptoms in the ESMO guidelines at that
time (Felip etal., 2005). This potentially undiscovered sub-population of
extensive-stage patients might also explain the lower median overall survival
for the analysed patients: 10.2 months for the limited stage and 7.1 months for
the extensive stage. The 5-year survival rates were 2.6% and 0%, respectively.
In the published literature data primarily from patients in clinical trials,
where, contrary to real-life situation, radiological examination of the brain was
performed upon their enrolment, the median overall survival and the 5-year
survival were higher - 16-24 months and 14% for the limited stage and
6-12 months for the extensive stage respectively, with practically no long-term
survivors (Huber and Tufman, 2012).

In extensive-stage SCLC, brain metastases occur in approximately one third
of the patients and are a factor for a poor prognosis. Their untoward effects may
be partially neutralised by using consolidating prophylactic cranial irradiation
(PCI) that reduces the risk of symptomatic brain metastases considerably and
extends the total survival time for the limited-stage SCLC patients in whom
the disease has had a good response to combined radiation and chemotherapy.
Based on a comparison with the literature data, poorer survival results
may therefore also be explained by the insufficiently frequent use of PCI in
the limited-stage patients enrolled in this study, i.e., only 9 out of 44 patients
with achieved complete/partial response have received it.

Another factor that may explain the poorer survival for the limited-stage
patients in this retrospective analysis is practically total use of radiation
therapy sequently to completed chemotherapy instead of using it concurrently
with chemotherapy. Only 1 patient has received concomitant radiation
and chemotherapy where the systemic therapy potentiates the local anti-
cancer effect of the radiation therapy. This can be explained by the relatively
immature published data at that time regarding the superiority of concomitant
chemoradiation over the subsequent approach and also the lack of a modern
radiation therapy equipment in the hospital. It is specifically due to the progress
in the radiation therapy technologies that it has been possible to improve
the outcomes of the SCLC treatment over the past 3 decades. State-of-the-art
technologies with 3D conformal or intensity-modulated radiation therapy allow
to administer higher doses of radiation with less side effects, and concomitant
radiation and chemotherapy currently allows to achieve the 5-year survival in
up to ~30% of the patients (Faivre-Finn et al., 2017). Following the acquisition
of the state-of-the-art linear accelerator in 2010, the numbers of the lung cancer
patients receiving concomitant radiation and chemotherapy have increased
rapidly at the Oncology Clinic of Pauls Stradins Clinical University Hospital.
It should be noted that the extension of the survival occurs on the account
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of an increased toxicity, and the patient selection and the supportive therapy
play a crucial role during the treatment. The author of the Doctoral Thesis has
analysed toxicity and eflicacy data available for 37 lung cancer patients who
received concomitant radiation and chemotherapy at the Oncology Clinic of
Pauls Stradins Clinical University Hospital between years 2011 and 2014.
The data were presented during the 6th Baltic Oncology Congress in 2014.

Only limited stage (with no distant metastases) or extensive stage (with
distant metastases) was evaluated as a prognostic patient survival time factor in
the Doctoral Thesis. Limited small cell lung cancer is a heterogeneous disease
which includes an early stage disease with an isolated, operable lung tumour
with no metastases in the mediastinal lymph nodes and any distant organs
(TNM stage I-II) and also locally advanced disease with an inoperable primary
tumour or metastases in the mediastinal lymph nodes and no metastases in
any distant organs (TNM stage III). Although stage I-II SCLC is found in
only approximately 15% of patients (Salem et al., 2019), one of the potential
limitations in this study is the lack of an analysis of limited-stage SCLC patient
subgroups based on the TNM classification — namely, the influence of stages I, II
and III on the survival. 3 of the study patients in the early limited-stage disease
group underwent radical operative therapy — 1 pneumonectomy, 1 lobectomy,
and 1 marginal resection of lung.

4.2. Expression of Hedgehog Pathway Associated Genes
as a Prognostic Factor in Small Cell Lung Cancer

When planning the treatment tactics for SCLC patients, a very important
addition to the prognostic clinical factors would be evaluation of the parameters
associated with the molecular biology of the tumour, which might influence
the course of the disease and the response to the treatment. Currently, only
immunohistochemical assessment of the neuroendocrine markers (CD56,
synaptophysin, chromogranin A) during histological examination can be used
in the routine practice, and, based on their presence or absence on the cell
surface, the disease can be classified as the “classical” or “variant” subtype.
The variant subtype is primarily resistant to platinum-based chemotherapy
and radiation therapy, and, therefore, with a much poorer prognosis. In 2019,
the Rudin et al. group of researchers succeeded in finding a molecular basis
for these distinct forms of SCLC not in the mutations of particular genes, but
in the different expression levels of the specific transcription factors ASCL1
(achaete-scute homologue 1) and NeuroD1 (neurogenic differentiation factor 1).
The classical type of SCLC had typically high levels of ASCL1 activity, whereas
the variant type had high levels of NeuroD1 activity. Based on an evaluation
of a prevailing expression of ASCL1, NeuroD1 and two additional relevant
transcription regulators, YAP1 (yes-associated protein 1) and POU2F3 (POU
class 2 homeobox 3), the researchers suggested that small cell lung cancer should
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be divided into 4 molecular subtypes - SCLC-A, SCLC-N, SCLC-Y and SCLC-P
(Rudin et al., 2019). The prognostic relevance of this molecular division has not
been validated yet, it has also been suggested from other research teams that
the molecular subtypes should be determined and grouped slightly differently
(Baine et al., 2020, Wooten et al., 2019, Simpson et al., 2020). In any case,
signals have been currently obtained regarding the potential biomarker role of
various key transcription regulators that, in the future, might help individually
tailor the treatment of SCLC patients depending on the specific vulnerability
of the molecular subtype of their tumours (Poirier et al., 2020, Schwendenwein
et al., 2021).

In this Doctoral Thesis, the author compared the mRNA expression of
the major Hedgehog pathway target gene and the key transcription factor
Glil as well as other associated genes (SMO, SUFU, PTCHI1, HHIB, BCL2,
BMII1, ZEBI, ZEB2, N-MYC, Twistl) between the pre-treatment study tumour
biopsy samples of the short-term survivor (OS < 9.6 months) and long-term
survivor (OS > 9.6 months) groups of stage III/IV SCLC patients. The mean
Glil expression values were statistically significantly higher in the pre-treatment
biopsy samples of the long-term survivors, compared with the short-term group
(p = 0.0196, 95% CI: 0.000016 to 0.000147). The expression levels for the other
Hedgehog pathway associated genes (SMO, SUFU, PTCH1, HHIB, BCL2, BMI1,
ZEBI1, ZEB2, N-MYC, Twist1) are not statistically significantly different between
the pre-treatment study tumour biopsy samples of the short-term and long-term
survival patient groups.

The prognostic relevance of Glil has been described in several studies and
meta-analyses of breast cancer (Wang et al., 2017), gastric cancer (Jian-Hui et al.,
2016), lung adenocarcinoma and squamous cell lung cancer (Berardi et al., 2014,
Cui et al,, 2017), hepatobiliary tumours, cervical cancer, rhabdomyosarcoma,
colon cancer, ovary cancer, bladder cancer, oesophageal cancer, squamous
cell head and neck cancer and pancreatic cancer (Cheng et al., 2016). Higher
levels of Glil expression were more commonly found in the advanced stages of
the disease and was associated with an untoward prognosis. Glil positivity did
not correlate with a shorter survival time for intracranial tumours only. Right
the opposite, lower levels of Glil expression in glioblastoma cell neuclei were of
a negative prognostic relevance (Kim et al., 2017). Regarding the prognostic role
of Glil for lung adenocarcinoma patients, there is a study which demonstrated
a longer survival time in patients with Glil-positive tumours (Kim et al., 2013).
Only one study evaluating the prognostic role of the expression of the Glil,
PTCHI1, SHH and SMO proteins in small cell lung cancer can be found for
now. This study involved immunohistochemical examination of formalin-fixed,
paraffin-embedded tumour biopsy samples from 36 extensive-stage SCLC
patients and correlation of the data with patient survival. High levels of Glil,
PTCH1, SHH and SMO expression were found in 12 (33.3%), 5 (13.9%), 5
(13.9%) and 6 (16.7%) samples respectively. Increased expression of only Sonic
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Hedgehog signal protein SHH was statistically significantly associated with
poorer survival (Lim et al., 2019).

Small cell lung cancer is a specific malignity with some commonly observed
critical genetic and epigenetic alterations that cause ligand-independent
activation of the Hedgehog signalling pathway and higher levels of Glil activity.
Overexpression of Glil may be caused by, for example, bi-allelic activation of
the TP53 gene, which what has been observed in almost all of these cases of
SCLC (Mazza et al.,, 2013, George et al., 2015). Another commonly observed
molecular aberration that causes activation of Glil is inhibition of the NOTCH
signalling pathway due to high expression of the DLK1 (Delta Like Non-
Canonical Notch Ligand 1) ligand-independent inhibitor, which was observed in
77% of the 110 SCLC tumour samples. Inactivating gene mutations in NOTCH
signalling pathway were also observed in 25% of these tumour samples (George
et al,, 2015). Neuroendocrine tumours and also small cell lung cancer typically
have high levels of DLL3 (Delta-like ligand 3) expression. DLL3 is an inhibiting
NOTCH ligand which facilitates endosomal/lisosomal degradation of both
activating NOTCH transmembrane receptors and the activating membrane
ligand DLL1 (Chapman et al., 2011, Serth et al., 2015). NOTCH signals reduce
the expression of Glil via HES/HEY family proteins (Katoh and Katoh, 2009),
therefore enhanced Glil functions are possible at reduced NOTCH activity.
Additional studies demonstrated inhibition of the cell cycle, reduced tumour
growth and metastatic potential as well as reduced neuroendocrine cell markers
at NOTCH activation. Overall, this demonstrates the tumour suppressor
properties of the NOTCH signalling pathway (Hassan et al., 2014). Deletion
of tumour suppressor PTEN (phosphatase and tensin homolog), an endogenous
inhibitor of AKT, may lead to excessive activation of the oncogenic PI3K/AKT/
mTOR signalling pathway in small cell lung cancer cells with a secondary
increased ligand-independent expression of GLI1 (Pietrobono et al, 2019).
PTEN inactivating mutations are described in 10-18% of small cell lung cancer
samples (Yokomizo et al., 1998). However, activating mutations or amplifications
of other PI3K/AKT/mTOR signalling pathway components (PIK3CA, AKT2,
AKT3, RICTOR, mTOR) are more commonly observed (Umemura et al., 2014,
Ross et al., 2014).

The finding of this Doctoral Thesis with higher levels of Glil expression in
the long-term survival small cell lung cancer patients is potentially indicative
of a lower burden of mutations and epigenetic aberrations and, therefore,
maintenance of a high Glil activity that is typical in small cell lung cancer. As
the numbers of genetic and epigenetic changes in the tumour cells increase,
the initially high GliI expression may lower and, accordingly, suggest a more
aggressive course of the disease and resistance to the cancer therapy. The research
demonstrated an increased expression of the Sonic Hedgehog signalling pathway
key target gene Glil as a potential positive prognostic biomarker of small cell
lung cancer as opposed to its negative prognostic relevance in other tumours.
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Given the small number of patients in the study, validation of the obtained
results requires further research.

A substantial limitation in the Doctoral Thesis is the evaluation of gene
expression on the mRNA level instead of the protein level. Quantitative
mRNA data do not always reflect the actual protein expression due to the very
short mRNA half-life, ribosome occupancy factor, and also possible post-
transcriptional regulation (for example, due to MicroRNA induced translational
repression or mRNA destabilization) (Payne, 2015).

Another potential drawback in this Doctoral Thesis is the inclusion of
only locally advanced limited-stage (TNM stage III) and extensive-stage (TNM
stage IV, i.e., SCLC with metastases in distant organs) patients in the analysis.
This may be explained by the restricted options for fibrobronchoscopic tumour
biopsy in early stage disease (TNM stage [-II) patients, where such biopsies are
usually collected surgically.

The differences in the received treatment in the long-term and short-term
survival groups of patients (Table 3.22) can be explained by a better response to
the received chemotherapy in the long-term survival group - partial response
in all of the 6 patients, as compared to 4 patients in the short-term survival
group. Thus, subsequent radiation therapy could be used in more that a half
of the patients, and also consolidating prophylactic cranial irradiation (PCI) in
a half of the patients.

4.3. Comparison of Hedgehog Pathway Associated Gene
Expression Between Matched Pre-treatment and Relapsed
Biopsies

While reviewing the literature data, the author of the Doctoral Thesis
found no publications regarding any studies of a similar design, and this part
of the research may therefore be considered as the first report of a direct
comparison between the expression of the Hedgehog pathway components
and the associated genes in matched pre-treatment and relapsed biopsies from
the same small cell lung cancer patient. Pre-clinical research of small cell lung
cancer is mainly based on experiments with cell lines and xenografts due to
limited availability of tumour samples (Hamilton et al., 2012). Data obtained
in vitro do not always reflect the actual tumour situation in vivo because, in
the process of making cell lines/xenografts from the cancer cells obtained from
the patient, irreversible gene expression changes may occur in the latter (Daniel
et al., 2009). With regard to the Hedgehog signalling pathway, there are studies
which demonstrated considerably higher mean expression of Glil in small cell
lung cancer biopsies, as compared to that observed in cell lines (Pedersen et al.,
2003, Vestergaard et al., 2006). An advantage of this Doctoral Thesis is that
the mRNA expression of the Hedgehog signalling pathway genes was assessed
in fresh tumour biopsies (in vivo).
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2.9 times lower expression of the key Hedgehog signalling pathway activity
marker Glil was observed in the relapsed disease biopsy sample. However,
the difference did not reach statistical significance (p = 0.0529).

A reduced expression of 6 Hedgehog pathway associated genes (PTCHI,
HHIP, N-MYC, ZEB2, Twistl and ZEBI) was observed during relapse.
Compared to the pre-treatment sample, the expression of these genes in
the matched biopsies was respectively 2.6, 2.2, 1.9, 1.8, 1.2 and 1.1 times lower,
also statistically insignificant (respectively p = 0.4252, p = 0.1268, p = 0.2480,
p = 0.1169, p = 0.1480 and p = 0.7595), and 1.8 times lower expression was
observed in the relapsed disease biopsy sample for the Gli activator SMO,
without statistically significant difference (p = 0.4111).

Only the Hedgehog pathway inhibitor SUFU and two Shh inducible genes,
the BCL2 and BMII, showed a 0.8, 0.9 and 0.8 times higher expression in
the Rel biopsy sample, as compared with the pre-treatment level. The increase
was also not statistically significant, with respective p = 0.3074, p = 0.7921 and
p = 0.3822.

Cancer stem cells may be the basis for the development or relapse of
a malignant tumour and evolution of resistance. Many researchers have linked
the altered activity of the Hedgehog signalling pathway with the functioning
and survival of the normal lung neuroendocrine stem cells and, respectively,
the stem cells of small cell lung cancer, thus making it the potential therapeutic
target. Promising preclinical data were obtained that suggested a synergistic
role between the canonical Hedgehog pathway inhibitors and chemotherapy
in the chemo-resistant subpopulation of small cell lung cancer cells. However,
no positive results were obtained in the clinical trial with the addition of
SMO inhibitors (Vismodegib, LDE-225, BMS-833923 and LY2940680) in
the treatment of small cell lung cancer patients.

A possible explanation for the failure might be a non-canonical activation
of Hedgehog pathway associated signal proteins. An example of ligand-
independent Glil activation would be the overexpression of Glil observed
in TP53 deficiency. In a study with human medulloblastoma cell lines and
Ptc-/- mouse embryonic fibroblasts, their exposure to DNA-damaging cytotoxic
medications initially induced expression of p53 and subsequent downregulation
of Glil through its p53-dependent ubiquitination and degradation (Mazza et al.,
2013). This dependency may be crucial in small cell lung cancer where bi-allelic
inactivation of TP53 and RBI genes is observed in nearly all patients (George
et al., 2015). Ligand-independent activation of the Hedgehog signalling pathway
may also occur in the presence of activating mutations and amplifications in
other signalling pathways (RAS-RAF-MEK or PI3K/AKT/mTOR). For instance,
in studies with melanoma, prostate cancer and human glioma cells, oncogenic
mutations of H-RAS or N-RAS, or AKTI potentiate the Glil function by
enhancing its transcriptional activity and nuclear localisation as well as reducing
SUFU-dependent degradation (Stecca et al., 2007). C-MYC is also an oncogene
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that may activate Glil independently from the ligands of the Hedgehog
signalling pathway. It is commonly overexpressed in small cell and also non-
small cell lung cancers (Wistuba et al., 2001). C-MYC directly binds to the GliI
promoter and activates its transcription. Neutralisation of C-MYC by small
molecule inhibitors reduced the levels of Glil mRNA and induced apoptosis in
the experiments with Burkitt lymphoma cell lines (Yoon et al., 2013). Inhibition
of the NOTCH signalling pathway is another commonly observed molecular
mechanism for the activation of Glil in small cell lung cancer cells.

Given multiple potential ligand-independent interactions in association with
the Hedgehog signalling pathway, lower levels of Glil expression in a relapsed
disease biopsy sample may reflect further dysregulation of various signalling
pathways and/or epigenetic processes occurring in the tumour. In this case,
accumulation of additional genetic/epigenetic changes in the tumour during
the treatment decreases the initially high Glil levels, which is characteristic
in small cell lung cancer and may be explained by a few critical molecular
deviations, such as the frequently observed TP53 deficiency or reduced activity
of the NOTCH signalling pathway.

A possible limitation in this part of the study might be the inclusion of
primary resistant patient in the analysis. In one patient, his small cell lung cancer
did not respond to the anticancer therapy, which might suggest that resistance-
associated molecular changes were present already in the pre-treatment sample.

This Doctoral Thesis was the first attempt of resolving the lack of matched
small cell lung cancer biopsies from the same patient in order to be able to
study the changes in the cancer cells before the treatment and in the event of
disease relapse/progression. Unfortunately, the fibrobronchoscopy procedure
to obtain a sample of the progressing tumour was possible in only 5 out of
the 20 patients, and both pre-treatment and relapsed samples were of good
quality in only 3 of them. The main reasons for such a low re-biopsy rate were
only extra-thoracic progression of the disease and refusal of the patients to
undergo repeated invasive procedures. Problems were also caused by the small
sizes of the tumour biopsy samples obtained during fibrobronchoscopies and
the exclusion of a considerable part of the patients from the analysis due to
the lack of cancer cells in the sample.

The study data suggest decreased activity of a majority of the Hedgehog
signalling pathway components in the relapsed small cell lung cancer tissue.
However, the difference did not reach statistical significance. Thus, activation of
the Hedgehog signalling pathway might not be a universal mechanism for small
cell lung cancer relapses and the development of resistance. A larger number of
patients would be necessary to validate the results obtained in this study and
implement them in clinical practice. A longer timeframe for the collection of
small cell lung cancer biopsy samples or inclusion of additional sites in the tissue
collection programme might be a solution to this issue.
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CONCLUSIONS

1. Female sex, good performance status and limited-stage disease were
the most significant prognostic clinical factors statistically significantly
associated with improved survival. Based on a comparison with the pub-
lished literature data, the treatment results were worse in the 100 analysed
small cell lung cancer patients.

2. A significantly higher expression of the major Shh pathway target gene and
the key transcription factor Glil was found in the pre-treatment biopsy
samples from the long-term (OS > 9.6 months) survivors, compared with
the short-term survival group.

3. A direct comparison of the Hedgehog signalling pathway components and
the associated gene expression between the matched pre-treatment and
relapsed tumour biopsies from the same small cell lung cancer patient sug-
gest a decreased activity of a majority of the Hedgehog signalling pathway
components in relapsed small SCLC tissue, although the difference did not
reach statistical significance. Thus, activation of the Hedgehog pathway
might not be a universal mechanism for the development of resistance in
small cell lung cancer.

PRACTICAL RECOMMENDATIONS

Taking into account the most relevant prognostic clinical factors, i.e., patient
gender, performance status and disease stage, is recommended while planning
the treatment of small cell lung cancer patients.
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