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1. Wykaz publikacji wchodzacych w sklad rozprawy doktorskiej
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2. Wstep

2.1 Rak szyjki macicy — rozpoznanie choroby.

Rak szyjki macicy znajduje si¢ na 8. miejscu w strukturze zachorowalnosci
kobiet na nowotwory w Polsce [3]. Najczestszym rozpoznaniem histopatologicznym
jest rak ptaskonabtonkowy, ktéry w okoto 98% rozwija si¢ na podiozu infekcji
wirusem brodawczaka ludzkiego (human papilloma virus, HPV) [4]. Do czynnikéw
zachorowania na te chorobe naleza: zakazenie wirusem HPV, ilo$¢ partneréw
seksualnych zwigkszajaca jednoczesnie ryzyko zakazenia wirusem HPV, czy palenie
papierosow [4]. Mimo wprowadzenia programow profilaktycznych, obejmujacych
szczepienie skierowane przeciwko wirusowi HPV, oraz systematyczne wykonywanie
cytologii, ktére zredukowaly smiertelnos¢ o 80% [4], rak szyjki macicy nadal pozostaje
4. na $wiecie [5] i 9. w Polsce [3], przyczyna zgonéw wsrod kobiet z powodu chorob
nowotworowych. Przed rozpoczeciem leczenia, kazda pacjentka z potwierdzonym
histopatologicznie rozpoznaniem raka szyjki macicy, powinna mie¢ wykonane petne
badanie ginekologiczne, USG przezpochwowe, MR (rezonans magnetyczny)
miednicy oraz TK (tomografie komputerowaq) klatki piersiowej, brzucha i miednicy,
atakze badanie Pozytronowej Tomografii Emisyjnej (PET-TK) [6-8]. Leczenie
operacyjne moze by¢ stosowane u wybranych pacjentek w stosunkowo niskim
stopniu zaawansowania wg Miedzynarodowej Federacji Ginekologii i Potoznictwa
(International Federation of Gynaecology and Obstetrics, FIGO), tj. FIGO 2018 [8] IA1-
IB1 [9]. Wedtug aktualnych zalecen u pacjentek w stopniu zaawansowania wg FIGO
IB2-IVA, zalecana metoda leczenia jest jednoczasowa radiochemioterapia (CRT)
z nastepowaq brachyterapia (BT) [10]. Przezycia piecioletnie (5-years overall survival,
OS) rdznia sie od 15% do 95% w zaleznosci od wyjsciowego stopnia zaawansowania
choroby: 80-95% dla IB2/IIA, 70-85% dla 1IB, 40-65% dla stopnia III, i 15-25% dla
stopnia IVA [10].

2.2 Rola badania PET-TK w rozpoznaniu raka szyjki macicy.

Badanie Pozytronowej Tomografii Emisyjnej (PET-TK) odgrywa wazna role
w diagnostyce oraz personalizacji leczenia chorych na raka szyjki macicy — umozliwia
ustalenie miejscowego zaawansowania choroby, a przede wszystkim lokalizagji
przerzutéw weztowych oraz odlegtych [6-8,11].

Potencjalna rola parametréw metabolicznej aktywnosci nowotworu w badaniu PET-
TK, w przezyciu pacjentek z rozpoznaniem raka szyjki macicy, zostala zauwazona
przez niektorych autoréw. Wysokie wartosci metabolicznej objetosci guza (metabolic
tumour volume, MTV) oraz catkowitej glikolizy guza (total lesion glycolysis, TLG)
wydajq sie by¢ zwiazane z gorszym przezyciem wolnym od choroby (progression—
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free survival, PFS) i przezyciem catkowitym (overall survival, OS) u pacjentek
leczonych  radiochemioterapia,  chirurgicznie z  nastgpowym  leczeniem
uzupelniajacym, lub ktoére otrzymaly samodzielng radioterapie (RT) [12-16]. Jednak
niejednorodnos¢ wartosci punktow odcigcia parametrow metabolicznych
wskazywanych przez autorow, istotnie ogranicza mozliwosci poréwnania wynikow

i zastosowania tych parametréw w codziennej praktyce kliniczne;j.

W 2021 roku w renomowanym czasopismie: European Journal of Nuclear Medicine
and Molecular Imaging, ukazata si¢ praca Arshada i wspotautorow, w ktorej autorzy
przedstawili i opisali standaryzowana, potautomatyczng metodyke wyznaczenia
konturu guza pierwotnego w badaniu PET-TK w odniesieniu do badania MR [17].
Grupa badana objeta 81 pacjentek z rozpoznaniem raka szyjki macicy, u ktérych
wykonano przed leczeniem badanie MR miednicy i PET-TK. Badanie MR wykonano
na aparacie 1.5 T w sekwencji T2 [17]. Objetos¢ guza uzyskana w badaniu MR
poréwnano z objetosciami uzyskanymi w badaniu PET-TK, po okonturowaniu przez
2 doswiadczone osoby konturujace, ktore stosowaly rownolegle 3 rézne metody
konturowania [17]. Metodyka pdtautomatyczna z adaptacyjnym wyznaczeniem
konturu dla MTV uwzglednita punkty odciecia dla SUV (standardised uptake value,
standaryzowana warto$¢ wychwytu radioznacznika) pomiedzy 20% a 60% jego
maksymalnej wartosci (SUVmax) [17]. Uzyskane wyniki pozwolily stwierdzi¢, ze
MTV30 - na podstawie ustalenia punktu odcigcia 30% SUVmax — zapewnia najwyzsza
korelacje objetosci guza pierwotnego w PET-TK oraz w MR. Co wiecej MTV30
wykazuje najwyzsza zgodnos¢ konturu miedzy 2 osobami konturujacymi oraz
minimalng konieczno$¢ korekcji manualnej narzadow przylegajacych do guza, tj.
pecherza moczowego czy odbytnicy [17].

Biorac pod uwage wysoka korelacje metabolicznej objetosci guza z zaawansowaniem
miejscowym nowotworu, standaryzowane wskazniki oparte na poétautomatycznej
ocenie PET-TK do planowania radioterapii moga by¢ zwiazane z calkowitym
przezyciem pacjentek z rozpoznaniem raka szyjki macicy.

2.3 Rola wskaznikéw zapalnych w rozpoznaniu raka szyjki macicy.

Do uznanych czynnikéw rokowniczych w rozpoznaniu raka szyjki macicy
naleza: wiek pacjentki, stan sprawnosci, stopiert zaawansowania choroby wg FIGO [4].
Wykazano takze znaczenie poziomu hemoglobiny <10 g/dL przed rozpoczeciem
leczenia w przezyciu tych chorych [4].

Wskazniki: RDW (red cell distribution width), NLR (neutrophil-to-lymphocyte ratio)
oraz PLR (platelet-to-lymphocyte ratio) oznaczane na podstawie prostego
i dostepnego badania morfologii krwi, ktore wykonywane jest u wszystkich pacjentek
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przed radiochemioterapia, moga mie¢ znaczenie kliniczne w przezyciu tych chorych.
RDW obrazuje réoznorodnos¢ objetosci krwinek czerwonych. Podwyzszone wartosci
tego wskaznika zwigzane sa z dysfunkcja szpiku kostnego [18], stanem zapalnym
spowodowanym toczaca si¢ choroba nowotworowa [19] lub chorobami
nienowotworowymi [20-22]. Poprzez iloczyn znanych wskaznikow: NLR i PLR,
otrzymujemy ich wartos¢ wypadkowa, czyli wskaznik SII. Negatywna wartos¢
prognostyczna zaréwno wskaznika RDW jak i SII, zostala wykazana w grupach
czestych, istotnych nowotworow, takich jak: rak jelita grubego [23], rak prostaty [24],
glejaki [25], nowotwory glowy i szyi [26-27] oraz nowotwory ginekologiczne [28-30].
Oba wspomniane wskazniki odzwierciedlaja odpowiedZ zapalna zwigzana
z przyspieszona kancerogeneza i neo-angiogeneza indukowang przez cytokiny
produkowane przez komorki nowotworowe [31].

Biorac pod uwage dostepnosc rutynowych badan krwi, w tym morfologii, zaréwno
RDW jak i SII, jako potencjalne czynniki prognostyczne, moglyby zosta¢ wykorzystane
do stratyfikacji ryzyka zgonu wsrdd pacjentek z rozpoznaniem raka szyjki macicy,
ktdre leczone sa radiochemioterapia.

2.4 Uzasadnienie potaczenia wskazanych publikacji w jeden cykl

Prezentowany cykl prac [1,2] stanowia artykuly o jednolitej tematyce dotyczace
homogennej grupy pacjentek zrozpoznaniem miejscowo zaawansowanego raka
szyjki macicy leczonych radykalnie z zastosowaniem radioterapii oraz wartosci
prognostycznej i klinicznej uzytecznosci standaryzowanych  wskaznikéw
metabolicznych guza pierwotnego w wyjsciowym badaniu PET-TK i wskaznikéw
zapalnych oznaczanych w morfologii krwi przed rozpoczeciem leczenia.

Nowatorskie aspekty mojej pracy doktorskiej na tle dotychczasowej wiedzy to:

I. Sprawdzenie mozliwosci wdrozenia do praktyki klinicznej powtarzalnej,
standaryzowanej metodyki wyznaczania wskaznikdw aktywnosci metabolicznej
guza pierwotnego w PET-TK u pacjentek z rozpoznaniem miejscowo
zaawansowanego raka szyjki macicy.

II. Okreslenie wartosci prognostycznej w przezyciu catkowitym wskaznikow
metabolicznej aktywnosci guza pierwotnego w badaniu PET-TK u pacjentek
Z rozpoznaniem miejscowo zaawansowanego raka szyjki macicy oraz walidacja
wynikéw w ramach zewnetrznej, wieloosrodkowej grupy badane;j.

III. Okreslenie wartos$ci prognostycznej w przezyciu catkowitym wskaznikdéw stanu
zapalnego (SII, RDW) wyznaczanych w morfologii krwi u pacjentek z
rozpoznaniem miejscowo zaawansowanego raka szyjki macicy.
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IV. Zdefiniowanie zaleznosci pomiedzy wartoscia wskaznikéw zapalnych przed
leczeniem oraz wyjsciowa wyjSciowymi parametrami metabolicznymi guza
pierwotnego w badaniu PET-TK.
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3. Cele pracy

Zatozeniem cyklu publikacji stanowigcych rozprawe doktorska bylo poszerzenie

wiedzy na temat roli wskaznikow aktywnos$ci metabolicznej guza oraz wskaznikow

zapalnych w przezyciu catkowitym pacjentek z rozpoznaniem miejscowo

zaawansowanego raka szyjki macicy, leczonych radykalnie z zastosowaniem

radioterapii, a takze okreslenie mozliwosci zastosowania standaryzowanej,

powtarzalnej metodyki w wyznaczaniu metabolicznych wskaznikow objetosciowych

w badaniu PET-TK. Celem pracy byt ustalenie:

L.

IL.

I1I.

IV.

Czy istnieje mozliwos¢ zastosowania w codziennej praktyce klinicznej
powtarzalnej, standaryzowanej metodyki wyznaczania wskaznikéw aktywnosci
metabolicznej guza pierwotnego w PET-TK u pacjentek z rozpoznaniem
miejscowo zaawansowanego raka szyjki macicy?

Czy standaryzowane parametry aktywnosci metabolicznej guza pierwotnego
w badaniu PET-TK u pacjentek z rozpoznaniem miejscowo zaawansowanego
raka szyjki macicy majq znaczenie w przezyciu catkowitym tych chorych?

Czy wskazniki stanu zapalnego (SII, RDW) wyznaczane w morfologii krwi majq
znaczenie w przezyciu catkowitym u pacjentek z rozpoznaniem miejscowo
zaawansowanego raka szyjki macicy?

Czy istnieje zalezno$¢ pomiedzy warto$cia wskaznikéw zapalnych (SII, RDW)
oznaczonych przed leczeniem oraz wyjsciowymi parametrami metabolicznymi
guza pierwotnego w badaniu PET-TK u chorych na raka szyjki macicy leczonych
radykalnie z zastosowaniem radioterapii?

10
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4. Material i metody
4.1 Grupa badana.

Analiza retrospektywna w pracy pt.: , The prognostic value of baseline 18FDG
— Positron Emission Tomography — Computed Tomography in cervical cancer patients
treated with definitive chemoradiotherapy — External multicentre validation model”
[1], objeta pacjentki z potwierdzonym histopatologicznie rozpoznaniem raka szyjki
macicy, leczone radykalnie z zastosowaniem radioterapii (RT) lub radiochemioterapii
(CRT) z nastepowa brachyterapia (BT), w latach 2011-2017 w osrodku o wysokiej
referencyjnosci. Kryteria wlaczenia do badania stanowily: stadium zaawansowania
choroby wg FIGO 2018 IB2-IVA, wykonane badanie PET-TK do planowania leczenia
oraz dostepne badania laboratoryjne. Kryteria wylaczenia to: paliatywny charakter
leczenia, stadium zaawansowania choroby wg FIGO 2018 IVB, uprzednie leczenie
chirurgiczne z powodu raka szyjki macicy oraz glikemia przed badaniem PET-TK
>200 mg/dL. Grupa walidacyjna objeta pacjentki z trzech osrodkéw zewnetrznych.
Kryteria wlaczenia i wylaczenia dla zewnetrznej, wieloosrodkowej grupy walidacyjnej
byly tozsame z kryteriami dla pierwotnej grupy badane;.

Analiza retrospektywna w ramach pracy pt.: ,The Prognostic Value of the
Systemic Immune-Inflammation Index (SII) and Red Cell Distribution Width (RDW)
in Patients with Cervical Cancer Treated Using Radiotherapy”[2], objeta pacjentki
z potwierdzonym histopatologicznie rozpoznaniem raka szyjki macicy, leczone
radykalnie z zastosowaniem radioterapii lub radiochemioterapii, z nastepowa
brachyterapia, w latach 2011-2017 w osrodku o wysokiej referencyjnosci. Kryteria
wlaczenia do badania stanowily: stadium zaawansowania choroby wg FIGO 2018 IB2-
IVA, wykonane badanie PET-TK do planowania leczenia oraz dostepne badania
laboratoryjne. Kryteria wylaczenia to: paliatywny charakter leczenia, stadium
zaawansowania choroby IVB wg FIGO 2018 oraz uprzednie leczenie chirurgiczne
z powodu raka szyjki macicy.

4.2 Metodyka.

Badanie PET-TK wykonywano 60 min po podaniu 18F-FDG na aparacie
Biograph mCT (Siemens Healthineers). Przed podaniem radioznacznika mierzono
poziom glikemii u kazdej pacjentki, nastepnie podajac dozylnie 10 mg Furosemidu.
Podana aktywnos¢ obliczona byla indywidualnie w oparciu o mase ciata, zgodnie
z rekomendowanym zakresem dawki miedzy 148 MBq a 555 MBq (wedtug rozkiadu
konwersji: masa ciata pomnozona przez 0.1 + 25 %). Badanie obejmowato zakres ciata
od podstawy czaszki do potowy kosci udowych. Badanie TK wykonywano zgodnie

11
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parametrami diagnostycznymi (120 kV, 320 mAs), technika spiralna, z rekonstrukcja
obrazu co 3 mm, bez kontrastu dozylnego. Tréjwymiarowa rekonstrukcja obrazu
przeprowadzana byla po korekgji atenuacji sygnatu. Czas akwizycji (rejestracji)
wbadaniu  PET  wynosit 2  minuty na jedno  ulozenie  stotu.
Dane zostaly zrekonstruowane z uzyciem algorytmu TrueX + TOF (Ultra HD PET),
z zastosowaniem 2 iteracji, 21 podzespotow, rozmiaru obrazu 256, oraz filtra Gaussa
o szerokosci 3.0 mm.

Parametry metaboliczne wyznaczone byly na podstawie pracy Arshada
i Wspdtautorow, z zastosowaniem potautomatycznej, adaptacyjnej metody
konturowania z punktem odcigcia na poziomie 30% SUVmax w PET-TK, z korekcja
manualna organdw przylegajacych do guza pierwotnego, jesli byta ona konieczna [17].
Koncowy kontur MTV wyznaczony poétautomatycznie, zostal oceniony przez dwie
osoby konturujace. Wykraczajac poza prace zrodlows, obliczono warto$¢ parametru
TLG30, zgodnie ze wzorem:

TLG30 = MTV30 x SUVmean30

Do wyznaczenia parametrow metabolicznych guza w PET-TK zostalo uzyte
oprogramowanie MIM Software® (Ryc.1). Kontur roézowy zostal wyznaczony
automatycznie, zgodnie z algorytmem programu, natomiast kontur zielony
wyznaczony zostal zgodnie z progiem odcigcia 30% dla SUVmax. Korekcja manualna
narzadow przylegajacych do guza byta konieczna w przedstawionym przypadku.

Rycina 1. Przypadek 60-letniej Pacjentki z rozpoznaniem plaskonabtonkowego raka
szyjki macicy FIGO IIIB, glikemia 85 mg/dL. Rézowy kontur zostat
wyznaczony automatycznie, a zielony zgodnie punktem odciecia 30%
SUVmax.

12
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Wyniki badant krwi wykonanych przed rozpoczeciem leczenia wybrane zostaly
z systemu medycznego osrodka, obejmujacego historie choroby i wyniki badan kazdej
wlaczonej do analizy pacjentki. Wszystkie badania wykonane zostaly w tym samym
laboratorium. Wartos¢ wskaznika SII w kazdym przypadku obliczona zostala

indywidualnie zgodnie ze wzorem:

neutrophils x platelets
T P p ]

[lymphocytes]

Zaawansowanie choroby zostalo ponownie ocenione zgodnie z aktualnymi
klasyfikacjami: VIII Edycji TNM American Joint Committee on Cancer (AJCC) (2017)
[32] oraz FIGO 2018 [8] w oparciu o dostepne dane kliniczne oraz badania obrazowe
(TK, MR oraz PET-TK). Dane kliniczne zostaly retrospektywnie zebrane z systemu
medycznego o$rodka, dane dotyczace przezycia - z Krajowego Rejestru
Nowotworédw. Pierwszorzedowym punktem koncowym bylo przezycie catkowite
(OS) ze wzgledu na obiektywno$¢ wskaznika oraz dostepnos¢ danych. OS zostato
obliczone jako czas od dnia rozpoczecia leczenia do daty zgonu lub ostatniej
obserwagdji (follow—up, FU). Daty zgondéw dostepne byty we wszystkich przypadkach,
aw przypadku pacjentek zyjacych w momencie analizy, dane zostaly cenzurowane
wzgledem daty ostatniej obserwacji. Obserwacja pacjentek prowadzona byta zgodnie
z wytycznymi.

4.3 Analiza statystyczna.

Metody statystyczne zastosowane w analizach obu prac objely: metode
Kaplan—-Meier, test log-rank, model proporcjonalnego hazardu Coxa oraz kryterium
informacyjne Akaike (Akaike Information Criterion, AIC).

W pracy dotyczacej parametrow metabolicznych guza (,The prognostic value of
baseline 18FDG - Positron Emission Tomography — Computed Tomography in
cervical cancer patients treated with definitive chemoradiotherapy — External
multicentre validation model”) [1], metodyka statystyczna byta tozsama w pierwotnej
grupie badanej oraz zewnetrznej grupie walidacyjnej. Analiza przezycia objeta znane
czynniki kliniczne, tj.: wiek, rozpoznanie histopatologiczne, stan sprawnosci wg
ECOG (Eastern Oncology Group), stopien zaawansowania choroby wg FIGO i TNM
oraz czynniki badane: standaryzowane parametry metaboliczne guza w PET-TK:
SUV30 oraz jego pochodne (SUV max30, SUVmMin30, SUVmean30, SUVmedian30),
MTV30, TLG30 — zmienne te byly logarytmicznie przeksztatcone przed wilaczeniem
do analizy Coxa. W przypadku zmiennych wspdtzaleznych, tylko zmienne najbardziej
istotne klinicznie i statystycznie byly wiaczane do modelu wieloczynnikowego:
TLG30 zamiast MTV30, czy stadium zaawansowania FIGO zamiast TNM.
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W pracy dotyczacej wskaznikdéw zapalnych (,,The Prognostic Value of the Systemic
Immune-Inflammation Index (SII) and Red Cell Distribution Width (RDW) in Patients
with Cervical Cancer Treated Using Radiotherapy”) [2], optymalne wartosci odcigcia
dla zmiennych ciaglych zostaly ustalone na podstawie wartosci najbardziej
korespondujacych z przezyciem. Analiza przezycia objeta znane czynniki kliniczne,
tji.. wiek, rozpoznanie histopatologiczne, stan sprawnosci wg ECOG, stadium
zaawansowania choroby wg FIGO i TNM, oraz czynniki badane: RDW, NLR, PLR, SII.
llorazy hazardu (hazard ratio, HR) wraz z 95% przedzialem ufnosci (95% ClI,
confidence intervals) raportowane byly dla wszystkich zmiennych. Jesli wiele
wspotzaleznych zmiennych bylo statystycznie znamiennych (np. NLR, PLR, SII), tylko
zmienne najbardziej istotne klinicznie i statystycznie byly wlaczane do modelu
wieloczynnikowego. Korelacje miegdzy RDW i SII oraz zaawansowaniem wg FIGO
i stanem sprawnosci wg ECOG, analizowane byly z uzyciem wspdtczynnika
Spearman’a R oraz testu nieparametrycznego Kruskalla Wallisa ANOVA.

Kryterium informacyjne Akaike zostato uzyte jako estymator predykcji btedu.

Zastosowano oprogramowanie TIBCO Software Inc.’s (Palo Alto, CA, USA)
STATISTICA 13.3, Survminer R package (version 0.4.9), oraz: survival package
(version 3.3-1). Wartosci p ponizej 0.05 traktowane byly jako znamienne statystycznie.

4.4 Zgoda Komisji Bioetycznej.
Badanie uzyskato zgode Komisji Bioetycznej Narodowego Instytutu Onkologii im.
Marii Skilodowskiej — Curie Panstwowego Instytutu Badawczego, Oddziat

w  Gliwicach (sygn. KB/430-81/21). Ze wzgledu na retrospektywny charakter badan
uzyskanie zgody pacjentek nie byto konieczne.
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5. Omowienie wynikow publikacji wchodzacych w sklad rozprawy
doktorskiej

W  pierwszej pracy oryginalnej o charakterze retrospektywnym pt.: ,The
prognostic value of baseline 18FDG — Positron Emission Tomography — Computed
Tomography in cervical cancer patients treated with definitive chemoradiotherapy
— External multicentre validation model” [1], oceniono wartos¢ prognostyczna
wskaznikdw metabolicznych guza pierwotnego w badaniu PET-TK, wyznaczonych
w sposoOb standaryzowany, u pacjentek z rozpoznaniem raka szyjki macicy.

Do analizy wlaczone zostato 198 pacjentek Charakterystyka pacjentek przedstawiona
zostata w Tabeli 1. Mediana wieku wyniosta 57.2 lat. Znaczna wiekszos¢ pacjentek
prezentowata rozpoznanie ptaskonabtonkowego raka szyjki macicy (97%) oraz III
stopienn zaawansowania choroby wg FIGO 2018. Przerzuty do weztéw chlonnych
miednicy lub okotoaortalnych obecne byly w 50% przypadkéw. Kazda pacjentka
otrzymata radioterapie wiazka zewnetrzna (external beam radiotherapy, EBRT),
nastegpowa brachyterapie otrzymalo 196 pacjentek (99%), a jednoczasowa
chemioterapie (chemotherapy, CT) w oparciu o Cisplatyne w dawce 40 mg/m? — 181
chorych (91%). Mediana ekwiwalentnej dawki we frakcjach 2 Gy (Equivalent dose in
2 Gy fractions, EQD2) otrzymanej z EBRT i BT wyniosla 84.4 Gy (przedziat
miedzykwartylowy, interquartile range, IQR 80.8-104.2 Gy). We wszystkich
przypadkach dostepne byly aktualne, oparte na danych demograficznych, dane
dotyczace przezycia pacjentek. W momencie analizy 57% (113) pacjentek zylo,
a mediana OS w grupie badanej nie zostata osiagnieta. Mediana FU w grupie zyjacych
pacjentek wyniosta 110 miesigcy (IQR 90.1-128.8 months).
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Tabela 1. Charakterystyka kliniczna grupy 198 pacjentek z rozpoznaniem raka szyjki

macicy leczonych radykalnie radiochemioterapia.

Ilos¢ pacjentek n=198

Cecha (% lub mediana z IQR)
Wiek [lata] 57.2 (48.6-63.2)
Histopatologia
Rak ptaskonabtonkowy 191 (96.5)
Gruczolakorak 7 (3.5)
Zaawansowanie FIGO *
1B2 1(0.5)
TTA2 1(0.5)
1B 26 (13.1)
1B 70 (35.4)
TIC1 94 (47.5)
TIIC2 3 (1.5)
IVA 3 (1.5)
ECOG
0 152 (76.8)
1 42 (21.2)
2 4(2)
Obecnos¢ przerzutow wezlowych 99 (50)
Modalnos¢ radioterapii
EBRT 2 (1)
EBRT + BT 196 (99)
Jednoczasowa chemioterapia 181 (91.4)
TIlos¢ cykli
0 17 (8.6)
1 5 (2.5)
2 0
3 8 (4)
4 16 (8.1)
5 47 (23.8)
6 105 (53)

SUVmax30 [ml]

16.83 (12.13-21.81)

SUVmean30 [ml]

8.41 (6.6-11.88)

SUVmedian30 [ml]

8.21 (6.26-11.76)

SUVmin30 [ml]

2.3 (1.85-2.82)

MTV30 [cm?]

34.04 (18.69-55.74)

TLG30 [g]

302.62 (140.14-548.1)

Glikemia [mg/dL]

105 (97-116)

Zmienne ciagle przedstawione sa w postaci mediany i przedzialu miedzykwartylowego (IQR).
*Stopien zaawansowania FIGO (International Federation of Gynaecology and Obstetrics) zostat
ponownie oceniony w oparciu o badania obrazowe (TK, MR, PET —TK) oraz pelne badanie fizykalne,
ginekologiczne. Zadna pacjentka nie prezentowata zaawansowania FIGO IB1, IB3, TTA1, IIA. Skréty:
ECOG—Eastern Cooperative Oncology Group, EBRT—external beam radiotherapy, BT—
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brachytherapy, SUV —standardised uptake value, MTV —metabolic tumour volume, TLG—total
lesion glycolysis.

Wyniki analizy regresji Coxa w pierwotnej grupie badanej przedstawiono w Tabeli 2.
Konicowa analiza objeta zmienne: wiek, zaawansowanie FIGO, stan sprawnosci ECOG
oraz TLG30. Jedynie TLG30 bylo niezaleznym czynnikiem prognostycznym w OS
(HR=1.32, 95% CI 1.12-1.56, p=0.001). Wiek, stan sprawnosci ECOG oraz
zaawansowanie FIGO, jako znane czynniki prognostyczne, zostaly wlaczone do
modelu wieloczynnikowego, mimo braku istotnosci statystycznej w analizie
jednoczynnikowej. Ze wzgledu na wspoélzaleznos¢ MTV30 oraz TLG30, tylko TLG30,
jako najbardziej informatywny wskaznik, bedacy wartoscia wypadkowa MTV30 oraz
SUVmean30, zostat wlaczony do modelu wieloczynnikowego. Dotaczenie TLG30 do
modelu, poprawilo poziom jego dopasowania, zmniejszajac AIC z 838 do 829.
Pacjentki z wartosciami TLG30 i MTV30 ponizej mediany odznaczaty sie lepszym OS
(p<0.001 w obu przypadkach). 5-letnie OS byly istotnie gorsze w grupie z wysokimi
(powyzej mediany) wartosciami MTV30 (odpowiednio 58 % i 80%) oraz TLG30
(odpowiednio 59% oraz 79%) (Ryc. 2).

Tabela 2. Analiza regresji Coxa przeprowadzona w grupie 198 pacjentek leczonych
radiochemioterapia z powodu raka szyjki macicy.

‘ Analiza jednoczynnikowa ‘ Analiza wieloczynnikowa
Zmienna HR (95% CI) p HR (95% CI) p
Wiek 0.99 (0.97-1.01) 0.46 1(0.99-1.02) 0.89
Obecnos$¢ przerzutéw
wezlowych 1.49 (0.97-2.29) 0.07
ECOG (1 vs. 0) 0.98 (0.57-1.70) 0.94 0.93 (0.53-1.63) 0.80
ECOG (2 vs. 0) 3.79 (1.37-10.46) 0.01 2.64 (0.91-7.63) 0.07
Stopien FIGO
(IIT'and IV vs. I and II) 2.25 (1.04-4.89) 0.04 1.51 (0.67-3.43) 0.32
Stopien TNM
(IlT'and IV vs. I and II) 1.26 (0.73-2.17) 0.18
SUVmax30 [ml]* 1.28 (0.92-1.80) 0.15
SUVmin30 [ml]* 0.94 (0.64-1.38) 0.73
SUVmean30 [ml]* 1.31 (0.94-1.82) 0.11
SUVmedian30 [ml]* 1.34 (0.97-1.84) 0.08
MTV30 [cm?[* 1.52 (1.26-1.85) <0.001
TLG30 [g]* 1.38 (1.18-1.61) <0.001  1.32(1.12-1.56) 0.001

* przeksztalcone logarytmicznie: [ml] lub [em?3] lub [g]

Skroty: CI—confidence interval, HR—hazard ratio, ECOG—Eastern Cooperative Oncology Group, FIGO—the
International Federation of Gynaecology and Obstetrics SUV —standardised uptake value, MTV —metabolic
tumour volume, TLG—total lesion glycolysis.
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Rycina 2. Krzywe Kaplana-Meiera przedstawiajace przezycie catkowite (OS)
pagjentek zrozpoznaniem raka szyjki macicy w zaleznosci od
standaryzowanej objetosci metabolicznej guza (MTV30) oraz catkowitej

Overall survival probability

glikolizy guza (TLG30).
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Zewnetrzna grupa walidacyjna objeta 114 pacjentek z 3 osrodkéw w Polsce: 96 (84%)
z Wielkopolskiego Centrum Onkologii w Poznaniu, 10 (9%) z Narodowego Instytutu
Onkologii w Warszawie i 8 (7%) — ze Swietokrzyskiego Centrum Onkologii Kielce.
Wigkszos¢ pacjentek prezentowala rozpoznanie plaskonablonkowego raka szyjki
macicy (87%) w III stopniu zaawansowania wg FIGO 2018 (61%). Charakterystyka
kliniczna zewnetrznej grupy walidacyjnej przedstawiona zostala w Tabeli 3.
Wszystkie pagjentki otrzymaly EBRT (100%), 87% otrzymato brachyterapie, 91%
—jednoczasowa chemioterapie. W momencie analizy 57% pacjentek Zzyto, mediana OS
nie zostala osiagnieta, a mediana FU wyniosta 65 miesiecy (IQR 33-85 miesigcy).
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Tabela 3. Charakterystyka kliniczna grupy 198 pacjentek z rozpoznaniem raka szyjki

macicy leczonych radykalnie radiochemioterapia w ramach zewnetrznej

grupy walidacyjnej.
Liczba pacjentek n=114

Cecha (% lub mediana i IQR)
Wiek [lata] 56 (48.5-62)
Histopatologia
Rak ptaskonablonkowy 99 (87)
Gruczolakorak 10 (8.7)
Inny 5 (4.3)
Zaawansowanie FIGO*
IB3 2(1.7)
ITA2 1(0.9)
11B 41 (36)
111B 58 (50.9)
11IC1 6 (5.3)
I1C2 5 (4.4)
IVA 1(0.9)
ECOG
0 22 (19.3)
1 81 (71.1)
2 11 (9.6)
Modalnos¢ radioterapii
EBRT 15 (13)
EBRT + BT 99 (87)
Jednoczasowa chemioterapia 104 (91)
Ilos¢ cykli
0 9
1 6
2 7
3 17
4 30
5 37
6 8
SUVmax30 [ml] 13.98 (11.53-18.61)

SUVmean30 [ml]

5.95 (4.54-8.36)

SUVmedian30 [ml]

5.64 (4.42-8.11)

SUVmin30 [ml]

0.86 (0.64-1.18)

MTV30 [cm?]

56.28 (34.61-79.66)

TLG30 [g]

339.17 (198.98-556.53)

Glucose level [mg/dL]

91.5 (82-103)

Zmienne ciagle przedstawione sa w postaci mediany i przedzialu miedzykwartylowego (IQR).
*Stopien zaawansowania FIGO (International Federation of Gynaecology and Obstetrics) zostat
ponownie oceniony w oparciu o badania obrazowe (TK, MR, PET —TK) oraz pelne badanie fizykalne,
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ginekologiczne. Zadna pacjentka nie prezentowala zaawansowania FIGO IB1, IB2, IIA1, IIIA. Skroéty:
ECOG—Eastern Cooperative Oncology Group, EBRT—external beam radiotherapy, BT—
brachytherapy, SUV —standardised uptake value, MTV —metabolic tumour volume, TLG—total
lesion glycolysis.

Wyniki jedno- i wieloczynnikowej analizy regresji Coxa przeprowadzonej w ramach
grupy walidacyjnej, przedstawiono w Tabeli 4. W przypadku istotnosci statystycznej
zmiennych wspotzaleznych (np. MTV30, TLG30), tylko ta, o najwigkszym znaczeniu
klinicznym i statystycznym wlaczana byta do modelu wieloczynnikowego: TLG30
zamiast MTV30. Analiza wieloczynnikowa objeta czynniki o znanym klinicznie
znaczeniu oraz TLG30. W analizie wieloczynnikowej niezaleznymi czynnikami
prognostycznymi pozostaly: zaawansowanie wg FIGO (HR=0.41, 95% CI 0.2-0.83,
p=0.01), ECOG 1 (HR =0.25, 95% CI 0.08-0.76, p=0.02) and ECOG 2 (HR=0.41, 95% CI
0.18-0.91, p=0.03). Zaden z analizowanych parametréw metabolicznych guza nie byt
istotny statystycznie w analizie jedno- czy wieloczynnikowej. Wiaczenie TLG30 do
modelu zwiekszylo wskaznik AIC z wartosci 392 do 394, pogarszajac dopasowanie
modelu. Nie zaobserwowano rdznic w przezyciu zaleznie od MTV30 czy TLG30.

Tabela 4. Analiza regresji Coxa przeprowadzona w grupie 114 pacjentek leczonych
radiochemioterapia z powodu raka szyjki macicy w ramach zewnetrznej

grupy walidacyjne;j.

‘ Analiza jednoczynnikowa ‘ Analiza wieloczynnikowa
Zmienna HR (95% CI) p HR (95% CI) p
Wiek 1.03 (1-1.05) 0.08 1.02 (0.99-1.05) 0.3
ECOG (1 vs. 0) 1.56 (0.66-3.72) 0.3 0.25 (0.08-0.76) 0.02
ECOG (2 vs. 0) 4.25 (1.47-12.3) 0.01 0.41 (0.18-0.91) 0.03
Zaawansowanie FIGO
(IlT'and IV vs. I and II) 2.25 (1.04-4.89) 0.04 0.41 (0.2-0.83) 0.01
SUVmax30 [ml]* 0.97 (0.93-1.02) 0.2
SUVmin30 [ml]* 0.88 (0.65-1.19) 0.4
SUVmean30 [ml]* 0.97 (0.87-1.08) 0.6
SUVmedian30 [ml]* 0.95 (0.86-1.07) 0.4
MTV30 [ecm3]* 1.01 (1-1.01) 0.1
TLG30 [g]* 1(1-1) 0.6 1 (0.999-1.001) 0.73

* przeksztatcone logarytmicznie: [ml] lub [cm?] lub [g]

Skroty: Cl—confidence interval, HR—hazard ratio, ECOG—Eastern Cooperative Oncology Group,
FIGO—the International Federation of Gynaecology and Obstetrics SUV —standardised uptake
value, MTV —metabolic tumour volume, TLG—total lesion glycolysis.
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Podsumowujac, wysoka warto$¢ wskaznika TLG30 wyznaczanego w sposob
standaryzowany w wyjsciowym badaniu PET u pacjentek z rozpoznaniem raka szyjki
macicy, ktore nastepnie leczone byly z =zastosowaniem radioterapii lub
radiochemioterapii, byla istotnie zwigzana z krdotszym przezyciem catkowitym
pacjentek w pierwotnej grupie badawczej. Analiza przeprowadzona w ramach
wieloosrodkowej, zewnetrznej grupy walidacyjnej nie potwierdzila istotnosci
parametrow aktywnosci metabolicznej guza pierwotnego w przezyciu catkowitym
tych chorych. Rozwazajac przyczyny uzyskanych wynikéw, nalezy zwrdci¢ uwage na
potencjalne r6znice w analizowanych grupach. Wiekszos¢ pacjentek wlaczonych do
grupy walidacyjnej pochodzita z osrodka poznanskiego (96 pacjentek ze wszystkich
114), przez co podziat tej grupy nie byt rownoliczny pomiedzy wszystkie 3 osrodki.
Wsrdd pacjentek leczonych w gliwickim os$rodku, az 84% prezentowato III stopien
zawansowania FIGO 2018 z obecnoscia przerzutéw weztowych w 50% wszystkich
przypadkow. W grupie zewnetrznej 61% pacjentek prezentowato III stopien
zawansowania FIGO 2018, jednak tylko w 11% przypadkow z obecno$cia przerzutow
weztowych. Taka rdznica sugeruje, ze standaryzowany wskaznik TLG30 ma istotne
znaczenie w przezyciu pacjentek z rozpoznaniem miejscowo zaawansowanego raka
szyjki macicy, jednak z obecnoscig przerzutéw weztowych (FIGO IIIC1 i IIIC2).
Roéznice obserwowano takze w zakresie leczenia: w osrodku gliwickim 99% pacjentek
otrzymato nastepowa brachyterapie, w zewnetrznej grupie walidacyjnej — 87%.
Wreszcie, nalezy wzia¢ pod uwage fakt, Ze pacjentki leczone poza osrodkiem
gliwickim, miaty wykonane badanie PET-TK na innym aparacie diagnostycznym, co
moze znalez¢ przelozenie na nieco odmienne wskazania wartosci wskaznikdéw
metabolicznych wyznaczanych w badaniu PET-TK.

Druga praca oryginalna o charakterze retrospektywnym pt.: , The Prognostic
Value of the Systemic Immune-Inflammation Index (SII) and Red Cell Distribution
Width (RDW) in Patients with Cervical Cancer Treated Using Radiotherapy” [2] objeta
249 pacjentek. Mediana wieku wyniosta 57.2 lat (IQR 49.2-64.5). Wiekszo$¢ rozpoznan
histopatologicznych stanowit rak ptaskonablonkowy (95%), a znaczna wigkszos¢
pacjentek prezentowata III stopienn zaawansowania choroby wg FIGO 2018 — w 46%
przypadkow stwierdzono obecno$é przerzutow w regionalnych lub okotoaortalnych
wezlach chionnych. Kliniczna charakterystyka pacjentek przedstawiona zostata
w Tabeli 5. Wszystkie pacjentki otrzymaty EBRT (100%), 99% BT, a 90%
—jednoczasowa chemioterapi¢ w oparciu o Cisplatyne. Mediana EQD2 z sumy EBRT
i BT wyniosta 84.4 Gy (IQR 80.8-106.9 Gy).
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Tabela 5. Kliniczna charakterystyka 249 pacjentek z rozpoznaniem raka szyjki macicy

leczonych radykalnie radiochemioterapia.

RDW SII
Niskie Wysokie Niskie Wysokie
Cecha <13.4% >13.4% <986.01 >986.01
n=124 (%) n=125 (%) n=177 (%) n=72 (%)
Wiek [lata] 57.8 (51.5-64) | 56.9 (48.5-65.4) | 58.6 (52.1-65.5) | 51.8 (44.1-58.9)
Histopatologia
Rak o, o, o, O,
plaskonablonkowy 117 (94.4%) 120 (96%) 169 (95.5%) 68 (94.4%)
Gruczolakorak 7 (5.6%) 5 (4%) 8 (4.5%) 4 (5.6%)
Zaawansowanie
FIGO*
IB1
1B2 1 (0.8%) 1 (0.6%)
IB3
A1
I1A2 1 (0.8%) 1 (0.6%)
1B 18 (14.5%) 15 (12%) 31 (17.5%) 2 (2.8%)
1A
111B 51 (41.1%) 44 (35.2%) 75 (42.4%) 20 (27.8%)
[IC1 55 (44.4%) 58 (46.4%) 66 (37.3%) 47 (65.3%)
IC2 3 (2.4%) 3 (1.7%)
IVA 3 (2.4%) 3 (4.2%)
Zaawansowanie
TNM*
IB1 6 (4.8%) 2 (1.6%) 7 (4%) 1(1.4%)
1B2 2 (1.6%) 1 (0.6%) 1(1.4%)
ITA1 11 (8.9%) 10 (8%) 19 (10.7%) 2 (2.8%)
ITA2 21 (16.9%) 20 (16%) 25 (14.1%) 16 (22.2%)
11B 63 (50.8%) 70 (56%) 99 (55.9%) 34 (47.2%)
1TA 4 (3.2%) 3 (1.7%) 1(1.4%)
111B 8 (6.5%) 12 (9.6%) 12 (6.8%) 8 (11.1%)
v 9 (7.3%) 11 (8.8%) 11 (6.2%) 9 (12.5%)
ECOG
0 94 (75.8%) 93 (74.4%) 135 (76.3%) 52 (72.2%)
1 28 (22.6%) 30 (24%) 40 (22.6%) 18 (25%)
2 2 (1.6%) 2 (1.6%) 2 (1.1%) 2 (2.8%)
Obecnos¢
przerzutow 55 (44.4%) 63 (50.4%) 69 (39%) 49 (68.1%)
wezlowych
Modalnos¢
radioterapii
EBRT 1 (0.8%) 2 (1.6%) 2 (1.1%) 1 (1.4%)
EBRT+BT 123 (99.2%) 123 (98.4%) 175 (98.9%) 71 (98.6%)
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RDW SII
Niskie Wysokie Niskie Wysokie
Cecha <13.4% >13.4% <986.01 >986.01
n=124 (%) n=125 (%) n=177 (%) n=72 (%)
Jednoczasowa o o o o
chemioterapia 115 (92.7%) 110 (88%) 159 (89.8%) 66 (91.7%)
Ilos¢ cykli
0 9 (7.3%) 15 (12%) 18 (10.2%) 6 (8.3%)
1 2 (1.6%) 3 (2.4%) 4 (2.3%) 1 (1.4%)
2
3 6 (4.8%) 3 (2.4%) 7 (4%) 2 (2.8%)
4 10 (8.1%) 9 (7.2%) 15 (8.5%) 4 (5.6%)
5 26 (21%) 31 (24.8%) 41 (23.2%) 16 (22.2%)
6 71 (57.3%) 64 (51.2%) 92 (52%) 43 (59.7%)
144 13.3 14.1
RDW [% 12.9 (12.6-13.2
W%l ?(12.6-13.2) (13.9-15.7) (12.8-14.1) (13.2-15.9)
NLR 2.38 (1.7-3.35) | 2.65(1.71-3.73) | 2.05(1.53-2.63) | 3.96 (3.3—4.84)
PLR 131.76 160.07 122.62 216.78
(106.14-177.6) | (112.9-218.12) | (96.65-154.12) | (172.66-261.29)
(392.04-868.02) 1187.58) (337.39-741.41) 1777.18)
RBC [10¢ /uL] 4.45 (4.2-4.7) | 4.44 (4.18-4.63) | 4.49 (4.26-4.74) | 4.22 (3.99-4.53)
13.7 (12.95- 13.7 (12.98-
HGB [g/dL] 142) 13 (11.2-13.9) 143) 11.9 (10.6-13.2)
7.36 6.89 9.56
B 3 . 89-9.
WBC [10°/uL] 7.44(589-9.16) (6.12-9.27) (5.66-8.21) (7.73-11.87)
LYMPH [10° /uL] | 1.91(1.5-2.36) | 1.85(1.56-2.27) | 1.96 (1.63-2.35) | 1.72 (1.43-2.2)
NEU [10° /uL] 4.63 (3.54-5.91) | 4.67 (3.35-6.12) | 3.89 (3.17-4.99) | 6.6 (5.46-8.51)
248 (208.8-
PLT [10° /uL] 263 (219-305) 283 (230-358) 82 é 40;8 361 (308—437)

Zmienne ciagle przedstawione sq w postaci mediany i przedziatu miedzykwartylowego
(IQR). *Stopien zaawansowania FIGO (International Federation of Gynaecology and
Obstetrics) zostal ponownie oceniony w oparciu o badania obrazowe (TK, MR, PET —TK)
oraz pelne badanie fizykalne, ginekologiczne. Skréty: ECOG - Eastern Cooperative Oncology
Group, EBRT - external beam radiotherapy, BT — brachytherapy, RDW [%] — red cell distribution
width, NLR — neutrophils to lymphocytes ratio, PLR — platelets to lymphocytes ratio, SII — systemic
immune-inflammation index, RBC — ilo$¢ erytrocytdw, HGB — stezenie hemoglobiny, WBC — ilo$¢
biatych krwinek, LYMPH — ilos¢ limfocytéw, NEU — ilos¢ neutrofili, PLT — ilos¢ ptytek krwi.

Mediana czasu obserwacji w grupie badanej wyniosta 75.8 miesiecy (IQR 67.8-76.1).

W momencie analizy, zylo 60% pacjentek. Mediana OS w catej grupie nie zostata

osiggnieta.
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Rycina 3 przedstawia wyznaczenie punktéw odcigcia, ktére zostaly zdefiniowane na
poziomie 13.4% dla RDW i 986.01 dla SII. Pacjentki z niskimi wartosciami RDW
(£13.4% i >13.4%; p=0.001) oraz niskim SII (<986.01 i >986.01; p=0.002) odznaczaty sie
istotnie lepszym przezyciem. Na Rycinie 4 pokazano, ze mediana OS dla pacjentek

z wartosciami RDW >13.4% wyniosta 65.8 miesiecy, podczas gdy nie zostala osiagnieta
w grupie RDW < 13.4%. Podobnie mediana OS dla pacjentek w grupie SII > 986.01
wyniosta 65.8 miesiecy, a w grupie SII < 986.81 nie zostata osiagnieta.

Rycina 3. Ustalenie punktow odciecia dla RDW (3A) na poziomie 13.4% oraz dla SII

(3B) na poziomie 986.01 w grupie 249 pacjentek z rozpoznaniem raka szyjki

macicy leczonych radykalnie z zastosowaniem radioterapii.
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W Tabeli 6 przedstawiono wyniki modelu regresji Coxa. Jesli wiele wspotzaleznych
zmiennych byto istotnych statystycznie (np. NLR, PLR, SII oraz zaawansowanie TNM
i FIGO), tylko najbardziej istotne klinicznie i statystycznie wiaczane byly do analizy
wieloczynnikowej (SII zamiast PLR i NLR oraz zaawansowanie FIGO zamiast TNM).
W modelu wieloczynnikowym RDW >13.4% (HR=2.04, 95%CI 1.32-3.16, p=0.001) and
ECOG status = 2 (HR=4.55, 95%CI 1.61-12.85, p=0.023) pozostaly niezaleznymi
czynnikami prognostycznymi.

Tabela 6. Analiza regresji Coxa przeprowadzona w grupie 249 pacjentek leczonych
radiochemioterapia z powodu raka szyjki macicy.

Analiza jednoczynnikowa Analiza wieloczynnikowa
Zmienna ] o Hazard ratio
Hazard ratio (95% CI) P (95% CI) P
Wiek [lata] 0.99 (0.973-1.008) 0.270 0.997 (0.978-1.016) 0.607
histopatologia
rak
piaskon(ablonkowy 0.953 (0.388-2.344) 0.917 1.14 (0.46-2.84) 0.897
vs gruczolakorak)
Obecnos¢
przerzutdw 1.514 (1.018-2.251) 0.041 1.26 (0.82-1.92) 0.361
wezlowych
ECOG status 0.95 (0.58-1.57) 0.852 0.91 (0.55-1.50) 0781
(1vs0)
Ec?z(issg;’tus 425 (1.54-11.71) 0.005 4.55 (1.61-12.85) 0.023
Zaawansowanie
FIGO 2.184 (1.059-4.505) 0.034 1.68 (0.78-3.63) 0.177
(i 1V vs Ii1I)
Zaawansowanie
TNM 1.589 (0.969-2.541) 0.067
i1V vs Ii1I)
RBC [109/uL] 0.666 (0.43-1.031) 0.069
RDW 1.183 (1.082-1.294) <0.001 2.04 (1.32-3.16) 0.001
HGB [g/dL] 0.866 (0.77-0.975) 0.017 0.89 (0.78-1.02) 0.909
WBC [10%/uL] 1.112 (1.05-1.179) <0.001
NEU [10%/puL] 1.138 (1.063-1.219) <0.001
LYMPH
(10l 1.08 (0.802-1.454) 0.611
PLT [10%/pL] 1.002 (1-1.004) 0.107
NLR 1.243 (1.082-1.428) 0.002
PLR 1.002 (0.999-1.004) 0.199
SIT 1 (1-1.001) 0.001 1.42 (0.89-2.25) 0.138
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W modelu wieloczynnikowym zmienne RDW i SII zostaty zdychotomizowane z punktami odcigcia
na poziomie: 13.4% i 986.01.

Skroty: CI — confidence interval, HR — hazard ratio, ECOG — Eastern Cooperative Oncology Group,
RDW [%] — red cell distribution width, NLR — neutrophils to lymphocytes ratio, PLR — platelets to
lymphocytes ratio, SII — systemic immune-inflammation index, RBC - ilo$¢ erytrocytow, HGB
— stezenie hemoglobiny, WBC - ilo$¢ biatych krwinek, LYMPH - ilo$¢ limfocytow, NEU - ilos¢
neutrofili, PLT - ilo$¢ plytek krwi.

Po dodaniu do modelu parametrow stanu zapalnego, wskaznik AIC ulegt
zmniejszeniu z wartosci 1028.25 do 1018.15, co wskazuje na jego lepsze dopasowanie
i zasadno$¢ stosowania parametrow zapalnych. Zbadano potencjalnie klinicznie
istotne korelacje pomiedzy RDW i SII a zaawansowaniem FIGO oraz stanem
sprawnosci ECOG. Wskaznik SII byt istotnie skorelowany zaawansowaniem choroby
wg FIGO (Spearman’s R=0.32, p<0.001), w przeciwienistwie do RDW (p=0.094). Nie
stwierdzono korelacji miedzy wskaznikiem SII (p=0.078) i RDW (p=0.966) a stanem
sprawnosci ECOG.

Podsumowujac, wysokie warto$ci wskaznika RDW oznaczanego w morfologii krwi
byly zwigzane z gorszym przezyciem pacjentek z rozpoznaniem raka szyjki macicy
leczonych radykalnie z zastosowaniem radiochemioterapii. Nie znaleziono natomiast

zwiazku miedzy wartoscia wskaznika SII, a przezyciem catkowitym tych chorych.

Biorac pod uwage cenne komentarze Czlonkow Komisji Weryfikacyjnej VIII
Polskiej Ramy Kwalifikacji, zbadano potencjalng zaleznos¢ pomiedzy wartoscia
standaryzowanego wskaznika TLG30 wyznaczonego w badaniu PET-TK do
planowania leczenia a wyjSciowq wartoscia wskaznikow zapalnych oznaczanych
w morfologii krwi przed rozpoczeciem radiochemioterapii. Na podstawie danych
pochodzacych od 198 pacjentek wigczonych do pierwotnej grupy badanej pierwszej
pracy w cyklu publikacji (,The prognostic value of baseline 18FDG - Positron
Emission Tomography — Computed Tomography in cervical cancer patients treated
with definitive chemoradiotherapy — External multicentre validation model”)[1],
przeprowadzono wieloczynnikowa analize regresji Coxa, do ktérej wiaczono:
czynniki o znanym znaczeniu rokowniczym tj.: wiek, zaawansowanie FIGO oraz stan
sprawnosci ECOG, oraz: TLG30, SII oraz RDW. Wyniki przedstawione w Tabeli 7,
pokazuja, ze jedynym niezaleznym czynnikiem prognostycznym pozostato TLG30
(HR=1.23, 95%CI 1.03-1.48, p=0.03). Przeprowadzono takze analize¢ potencjalnych
korelacji — wykazano silne korelacje zaréwno w przypadku RDW i TLG30 (Spearman’s
R=0.25, p<0.001), jak i w przypadku SII i TLG30 (Spearman’s R=0.45, p<0.001).
Analogiczne analizy przeprowadzono w przypadku zewnetrznej grupy walidacyjnej,
ktora objeta 114 pacjentek zrozpoznaniem raka szyjki macicy. W modelu
wieloczynnikowym Coxa zaden zanalizowanych parametrow nie byl istotny
statystycznie — wyniki przedstawiono w Tabeli 8. Analiza korelacji natomiast
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wykazala zwigzek zarowno miedzy RDW i TLG30 (Spearman’s R=0.25, p=0.006), jak
i w przypadku SII i TLG30 (Spearman’s R=0.29, p=0.002), cho¢ sita korelagji byta nieco
mniejsza niz w przypadku grupy gliwickie;.

Tabela 7. Wieloczynnikowa analiza regresji Coxa przeprowadzona w grupie 198
pacjentek leczonych radiochemioterapia z powodu raka szyjki macicy.

‘ Analiza wieloczynnikowa

Zmienna HR (95% CI) p
Wiek 1.00 (0.98—1.03) 0.71
ECOG (1 vs. 0) 0.97 (0.56—1.71) 0.93
ECOG (2 vs. 0) 2.67 (0.92—-7.72) 0.07
Zaawansowanie FIGO

(IIT and IV vs. I and 1) 1.58 (0.69—3.59) 0.28
RDW 1.1 (0.99—1.24) 0.09
SII 1(1—-1.001) 0.38
TLG30 [g]* 1.23 (1.03—1.48) 0.03

* przeksztatcone logarytmicznie [g]

Skréty: CI—confidence interval, HR—hazard ratio, ECOG—
Eastern Cooperative  Oncology  Group, FIGO—the
International ~Federation of Gynaecology and
Obstetrics, RDW - red cell distribution width, SII — systemic
immune inflammation index, TLG —total lesion glycolysis.

Tabela 8. Wieloczynnikowa analiza regresji Coxa przeprowadzona w grupie 114
pacjentek leczonych radiochemioterapia z powodu raka szyjki macicy
w ramach zewnetrznej grupy walidacyjne;.

‘ Analiza wieloczynnikowa

Zmienna HR (95% CI) p
Wiek 0.99 (0.96—1.03) 0.66
ECOG (1 vs. 0) 0.68 (0.27—1.70) 0.40
ECOG (2 vs. 0) 1.82 (0.61—5.41) 0.28
Zaawansowanie FIGO

(IIT and IV vs. I and II) 1.14 (0.52—2.50) 0.74
RDW 0.90 (0.76—1.05) 0.18
SII 1(1—-1.001) 0.32
TLG30 [g]* 1.11 (0.84—1.48) 0.47

* przeksztatcone logarytmicznie [g]

Skréty: CI—confidence interval, HR—hazard ratio, ECOG—
Eastern  Cooperative  Oncology  Group, FIGO—the
International ~Federation of Gynaecology and
Obstetrics, RDW - red cell distribution width, SII — systemic
immune inflammation index, TLG —total lesion glycolysis.
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6. Wnioski

I Wysoka wartos¢ wskaznika TLG30 wyznaczanego w sposob standaryzowany
w wyjsciowym badaniu PET u pacjentek z rozpoznaniem raka szyjki macicy, ktore
nastepnie leczone byly z zastosowaniem radioterapii lub radiochemioterapii, byla
istotnie zwigzana z krotszym przezyciem catkowitym pacjentek w pierwotnej grupie
badawczej. Analiza przeprowadzona w ramach wieloosrodkowej, zewnetrznej grupy
walidacyjnej nie potwierdzita istotnosci parametrow aktywnosci metabolicznej guza
pierwotnego w przezyciu catkowitym tych chorych.

IT Ze wzgledu na negatywna weryfikacje wartosci prognostycznej standaryzowanych
wskaznikow aktywno$ci metabolicznej guza, niemozliwe jest wykorzystanie
powtarzalnej metodyki wyznaczania objetosci guza pierwotnego w PET-TK
u pacjentek z rozpoznaniem raka szyjki macicy.

IIT Wysokie wartosci wskaznika RDW oznaczanego w morfologii krwi byly zwigzane
z gorszym przezyciem pacjentek z rozpoznaniem raka szyjki macicy leczonych
radykalnie z zastosowaniem radiochemioterapii. Nie znaleziono natomiast zwigzku
miedzy wartoscia wskaznika SII, a przezyciem catkowitym tych pacjentek.

IV Istnieje korelacja miedzy wyjsciowymi wartosciami wskaznikow stanu zapalnego
(SII, RDW) i standaryzowanymi parametrami metabolicznymi (TLG30) guza
pierwotnego w PET-TK do planowania leczenia u pacjentek z rozpoznaniem
miejscowo zaawansowanego raka szyjki macicy.
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7. Streszczenie pracy i stowa kluczowe w jezyku angielskim

Title: The prognostic value of the tumour’s metabolic parameters in the 18FDG
— Positron Emission Tomography — Computed Tomography, and inflammatory
markers (SII, RDW) in cervical cancer patients treated with curative intent using
radiotherapy.

Introduction

Cervical cancer is the fourth leading cause of cancer-related deaths among women
globally.

18F-Fluorodeoxyglucose-Positron Computed Tomography (18FDG-PET-CT) is
commonly used to assess baseline staging in cervical cancer according to the current
guidelines. Several metabolic parameters derived from PET-CT, including the
standardised uptake value (SUV) and its derivatives such as: metabolic tumour
volume (MTV), and total lesion glycolysis (TLG), have been recognized as potential
prognostic biomarkers in cervical cancer. The literature aims that the MTV30 (30%
SUVmax threshold) provided optimal correlation with Magnetic Resonance Imaging
(MRI) volume, excellent inter-reader agreement, and minimal manual adjustment of
adjacent physiological structures, along with less impact of the presence of necrosis
and the extremes of SUVmax. Building on a recent work describing a standardised,
semi-automated method for primary tumour delineation on PET-CT optimised
against MRI, the first study aimed to further advance the field by verifying the
prognostic significance of PET—derived indices by the external multicentre model.

The inflammatory markers derived from blood tests, including RDW (red cell
distribution width), NLR (neutrophil-to-lymphocyte ratio), and PLR (platelet—to—
lymphocyte ratio), are extensively investigated in the literature concerning non-
oncological disorders and various malignancies. The systemic immune-inflammation
index (SII) can be derived by combining NLR and PLR, defined as follows: SII
= (neutrophilsxplatelets)/lymphocytes. The SII is a more informative and precise
inflammatory marker derived from the combination of both preceding values. The
objective of the second study was to evaluate the prognostic value of RDW and SII in
the survival of patients with locally advanced cervical cancer undergoing definitive
chemoradiation and brachytherapy, considering their availability via routine blood
testing.

Material and Methods

First study (,The prognostic value of baseline 18FDG - Positron Emission
Tomography — Computed Tomography in cervical cancer patients treated with
definitive chemoradiotherapy - External multicentre validation model”),
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as a retrospective analysis, included consecutive patients with histopathologically
confirmed cervical cancer treated with radical chemo-radiotherapy (CRT) or
radiotherapy (RT) with subsequent brachytherapy (BT), between 2011 and 2017 at
a single tertiary institution (Maria Sklodowska-Curie National Research Institute in
Gliwice, Poland). The inclusion criteria were FIGO 2018 stage IB2-IVA, pretreatment
18-FDG PET—-CT, and available pretreatment blood tests. The exclusion criteria were
palliative intent of treatment, FIGO stage IVB, prior surgery for cervical carcinoma, or
glucose level >200 mg/dL. The inclusion criteria for external validation model were
indetical with those of the primary cohort. Patients from three institutions were
included: Greater Poland Cancer Center in Poznan, Maria Sklodowska-Curie National
Research Institute of Oncology in Warsaw and Holy Cross Cancer Center in Kielce.
Metabolic parameters were assessed using semi-automated adaptive threshold
contour generation at SUVmax 30%, with manual exclusion of adjacent organs. Final
MTV’s contour was generated semi-automatically and was assessed by two observers.
The TLG was calculated as MTV30xSUVmean30. The MIM Software® was used for
contouring. The primary endpoint was overall survival of the patients.

The second retrospective study (,The Prognostic Value of the Systemic Immune-
Inflammation Index (SII) and Red Cell Distribution Width (RDW) in Patients with
Cervical Cancer Treated Using Radiotherapy”) included patients treated for
histopathologically confirmed cervical cancer with definitive chemo-radiotherapy
between 2011 and 2017 at a tertiary institution (Maria Sklodowska-Curie National
Research Institute in Gliwice, Poland). The inclusion criteria were as follows: FIGO
2018 stage IB2-IVA, pre-treatment diagnostic Imaging, and availability of pre-
treatment blood tests. The exclusion criteria were palliative intent of treatment or prior
surgical treatment for cervical carcinoma. The primary endpoint was overall survival
of the patients.

In each study, the TNM and FIGO staging were reassessed according to the American
Joint Committee on Cancer (AJCC) 8th Edition (2017) and 2018 FIGO system based on
available clinical data and medical imaging, including MRI, CT, and PET-CT.

In the both studies, the statistical methods included: Kaplan—-Meier, log-rank tests, Cox
proportional hazards models and the Akaike Information Criterion (AIC). The
statistical analysis was conducted using the Statistica software (Statistica 13.3; TIBCO
Software, Palo Alto, CA, USA). The p-values of less than 0.05 were considered
statistically significant.
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Results

The first study (,The prognostic value of baseline 18FDG - Positron Emission
Tomography — Computed Tomography in cervical cancer patients treated with
definitive chemoradiotherapy — External validation model”) included 198 cervical
cancer patients treated using external beam radiotherapy (100%), concomitant
chemotherapy with Cisplatin (91%), and subsequent brachytherapy (99%). The vast
majority of patients were diagnosed with FIGO 2018 stage III (84%). Patients with
alower than median (low) MTV30 (p<0.001) and low TLG30 (p<0.001) had
a significantly longer OS. In the multivariable Cox regression analysis, only TLG30
was an independent prognostic factor for OS (HR=1.32, 95% CI: 1.12-1.56, p=0.001).
In the external validation model, including 114 cervical cancer patients, neither of
analysed PET parameters were statistically significant in the univariate and
multivariable model.

Second study (,,The Prognostic Value of the Systemic Immune-Inflammation Index
(SII) and Red Cell Distribution Width (RDW) in Patients with Cervical Cancer Treated
Using Radiotherapy”) included in the final analysis 249 patients. The majority of
patients were diagnosed with squamous cell carcinoma (95%) and FIGO 2018 stage III
(85%). Treatment included EBRT (100%), subsequent BT in 246 patients (99%), and
concurrent CT with Cisplatin as the solitary agent in 90% patients. Patients with a high
RDW (>13.4%; p=0.001) and high SII (>986.01; p=0.002) had a significantly lower OS,
however, in the multivariable model, only RDW>13.4 (HR=2.04, 95%CI 1.32-3.16,
p=0.001) remained as independent prognostic factor for survival.

Conclusions

A high TLG30 was associated with worse overall survival in primary cohort, which
could enhance prognosis assessment in cervical cancer patients treated with definitive
chemoradiation and brachytherapy. However, external validation model did not
confirm the clinical utility of the tumour metabolic parameters in locally advanced
cervical cancer.

A high RDW was associated with worse prognosis in patients with cervical cancer
treated with chemoradiotherapy. On the contrary, no significant association was found
between the SII and survival of these patients.

Key-words: gynaecologic oncology, chemoradiation, radiotherapy, brachytherapy,
cisplatin, total lesion glycolysis, overall survival, prognostic factors, systemic
immune—inflammation index, red cell distribution width.
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8. Wykaz skrotow

AIC
AJCC

AT
CI
CRT
CT
EBRT

ECOG
EQD2

FIGO

FU
HGB
HPV
HR
IQR
LYMPH
MR
MTV
NEU
NLR
0S
(18F-FDG)PET-TK

PLR
PLT
RBC
RDW
RT
SII
SUV

Akaike Information Criterion, kryterium informacyjne
Akaike

American Joint Committee on Cancer, Amerykanski Zespot
ds. Klasyfikacji Nowotworow

brachytherapy, brachyterapia

confidence intervals, przedzial ufnosci
chemo-radiotherapy, chemioradioterapia

chemotherapy, chemioterapia

external beam radiotherapy, radioterapia wiazka
zewnetrzng

Eastern Cooperative Oncology Group

equivalent dose in 2 Gy fractions, ekwiwalent dawki we
frakcjach 2 Gy

International Federation of Gynaecology and Obstetrics,
Miedzynarodowa Federacja Ginekologii i Potoznictwa
follow—up, obserwacja

stezenie hemoglobiny

human papilloma virus, wirus brodawczaka ludzkiego
hazard ratio, iloraz hazardu

interquartile range, przedzial miedzykwartylowy

ilo$¢ limfocytow

Magnetic Resonance, rezonans magnetyczny

metabolic tumour volume, metaboliczna objeto$¢ guza
ilos¢ neutrofili

neutrophil-to-lymphocyte ratio

overall survival, przezycie catkowite

(18F-FDG)PET-TK - Badanie Pozytronowej Tomografii
Emisyjnej — Tomografii Komputerowej z zastosowaniem
18F—fluorodeoksyglukozy

platelet—-to-lymphocyte ratio

ilos¢ ptytek krwi

ilos¢ erytrocytow

red cell distribution width

radiotherapy, radioterapia

systemic immune-inflammation index

standardised wuptake value, standaryzowana wartos$¢
wychwytu radioznacznika
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TK
TLG
WBC

tomografia komputerowa
total lesion glycolysis, catkowita glikoliza guza
ilos¢ biatych krwinek
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Rycina 1. Przypadek 60-letniej Pacjentki z rozpoznaniem ptaskonabtonkowego raka
szyjki macicy FIGO IIIB, glikemia 85 mg/dL. Rozowy kontur zostat
wyznaczony automatycznie, a zielony zgodnie punktem odcigecia 30%
SUVINAX. cevvitititiiiiteictcc ettt 12

Rycina 2. Krzywe Kaplana-Meiera przedstawiajace przezycie catkowite (OS)
pagjentek zrozpoznaniem raka szyjki macicy w zaleznosci od
standaryzowanej objetosci metabolicznej guza (MTV30) oraz catkowitej
glikolizy guza (TLG30). ....ccoouviiriiiiiiiiiiicieeces 18

Rycina 3. Ustalenie punktow odcigcia dla RDW (3A) na poziomie 13.4% oraz dla SII
(3B) na poziomie 986.01 w grupie 249 pacjentek z rozpoznaniem raka szyjki
macicy leczonych radykalnie z zastosowaniem radioterapii...........cc.c....... 24

Rycina 4. Krzywe Kaplana-Meiera przedstawiajace przezycie catkowite (OS)
pagjentek z rozpoznaniem raka szyjki macicy w zaleznosci od wskaznikow
zapalnych: RDW (4A) oraz SII (4B).......ccovviiiiiniiiiiiicccce, 24
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Tabela 1. Charakterystyka kliniczna grupy 198 pacjentek z rozpoznaniem raka szyjki
macicy leczonych radykalnie radiochemioterapia..........cccocooevvivinviiiiiciinnnnnes 16

Tabela 2. Analiza regresji Coxa przeprowadzona w grupie 198 pacjentek leczonych
radiochemioterapia z powodu raka szyjki macicy. ......cccceeveeivvineininncnnnne 17

Tabela 3. Charakterystyka kliniczna grupy 198 pacjentek z rozpoznaniem raka szyjki
macicy leczonych radykalnie radiochemioterapia w ramach zewnetrznej
grupy walidacyjnej. ......cccceveveveieveiiiiieiiicc s 19

Tabela 4. Analiza regresji Coxa przeprowadzona w grupie 114 pacjentek leczonych
radiochemioterapia z powodu raka szyjki macicy w ramach zewnetrznej
grupy Walidacyjne]. ....cccecivieiniiiiiiiiciicc e 20

Tabela 5. Kliniczna charakterystyka 249 pacjentek z rozpoznaniem raka szyjki macicy
leczonych radykalnie radiochemioterapia. ........c.ccceeeeevirueiniicninicciniinicicnee 22

Tabela 6. Analiza regresji Coxa przeprowadzona w grupie 249 pacjentek leczonych
radiochemioterapia z powodu raka szyjki macicy. ......cccccoeveviveciniinincnnee 25

Tabela 7. Wieloczynnikowa analiza regresji Coxa przeprowadzona w grupie 198
pacjentek leczonych radiochemioterapia z powodu raka szyjki macicy...... 27
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ARTICLE INFO ABSTRACT
Keywords: Background and purpose: 18F-Fluorodeoxyglucose-Positron Emission Tomography - Computed Tomography
Gynaecologic oncology (18FDG-PET-CT) is commonly used for baseline clinical staging in cervical cancer. In this study, we assessed the
Che!nomdmtmn prognostic value of standardised PET-CT parameters for the overall survival (08) of patients treated with
gadl}::tl[l;rapy definitive chemoradiotherapy (CRT), or radiotherapy (RT) with subsequent brachytherapy (BT).
c]r::]a,':inerap}' Material and methods: This study included consecutive cervical cancer patients treated with definitive CRT or RT
Total lesion glyealysis and BT, between 2011 and 2017, at a single tertiary institution. Each patient had a 18-FDG-PET-CT scan before
Overall survival treatment. Patients from three institutions with equal inclusion criteria were included in external validation
Prognostic factors group. The metabolic parameters of the primary tumour: standardized uptake value (SUV) derivatives, metabolic

tumour volume (MTV) and total lesion glycolysis (TLG), were evaluated using the semi-automated method.
Statistical analysis was conducted using the Kaplan-Meier method, log-rank tests, Cox regression models, and the
Akaike Information Criterion (AIC).

Results: The study group included 198 patients treated with RT (100 %) concurrent with Cisplatin-based CT
(91.4 %), and subsequent BT (99 %). The majority of patients were diagnosed with squamous cell carcinoma
(96.5 %) and International Federation of Gynaecology and Obstetrics (FIGO) stage [1I disease (84.3 %). The 05
was significantly higher in patients with TLG30 below the median value (78.8 % vs. 58.9 %; p < 0.01). TLG30
remained as the only independent prognostic factor (hazard ratio 1.32,95 % confidence interval:1.12-1.56, p <
0.01). In the external validation model neither of analysed PET parameters were significant.

Conclusions: A high TLG30 was associated with worse OS in primary cohort. However, external validation model
did not confirm the clinical utility of the cervical tumour's metabolic parameters.
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1. Background and purpose

18F-Fluorodeoxyglucose-Positron ~ Emission  Tomography -
Computed Tomography (18FDG-PET-CT) is commonly used to assess
baseline staging in cervical cancer, the fourth leading cause of cancer-
related deaths among women globally [1]. Both the American Na-
tional Comprehensive Cancer Network® (NCCNE®) [2,3] and the Inter-
national Federation of Gynaecology and Obstetrics (FIGO) 2018
guidelines recommend PET-CT for initial imaging in patients with stage
1B1 or higher, particularly to identify nodal and distant metastases [4,5].

Several metabolic parameters derived from PET-CT, including the
standardised uptake value (SUV) and its derivatives such as: SUVmax,
SUVmean, SUVmin, SUVmedian, metabolic tumour volume (MTV), and
total lesion glycolysis (TLG = SUVmean = MTV), have been recognized
as potential prognostic biomarkers in cervical cancer. High MTV and
TLG values have been associated with poorer progression-free and OS in
patients treated with CRT, surgery followed by adjuvant therapy, or
radiotherapy alone [6-10]. MTV = 12.7 mL of the primary tumour was
significant for overall survival in Cegla et al. [6], and a negative factor
for disease-free survival in Kim et al. (MTV = 20 em®) [7]. Hong et al.
found that the MTV-S = 59.01 cm:’, as the sum of cervical and nodal
MTV, independently predicted recurrence-free survival [11]. Cervical
TLG was identified as a significant independent prognosticator for
event-free survival by Yoo (TLG > 7600)[¢] and Wang (TLG > 113.4)
[9]. Herrera reported pretreatment TGV = 562 (tumour glycolytic vol-
ume), a combination of SUVmean and MTYV, as a strong independent
prognostic parameter for DFS and OS in cancer patients [10]. In the
analysis of Voglimacci and al. cervical SUVmax > 13.3 was the main
prognosticator for OS [12], while nodal SUVmax was considered an
adverse factor for disease control in the studies by Wang (SUVmax >
6.7) [9] and Yen (SUVmax = 3.3) [13].

However, heterogeneity in threshold definitions across studies limits
direct comparison and clinical standardisation. Notably, SUVmax in
nodal metastases has been more consistently associated with poor
prognosis, especially for disease control and loco-regional recurrence
[12,12]. In contrast, prognostic value of SUV parameters from the pri-
mary tumour remains inconsistent [6,9,11].

Building on a recent work describing a standardised, semi-automated
method for primary tumour delineation on PET-CT optimised against
Magnetic Resonance Imaging (MRI) [14], the present study aims to
further advance the field by verifying the prognostic significance of PET-
derived indices. In the previously mentioned investigation [14], 81
consecutive cervical cancer patients with pretreatment MRI and [18F]-
FDG PET-CT were analysed. All MRI scans were 1.5 T and included 2D
T2-weighted sequences in sagittal and axial oblique planes [14]. MRI
volumes of primary tumours were compared with different PET seg-
mentation methods by two experienced readers. Semi-automated
adaptive threshold contour generation measured MTVs at SUVmax
thresholds ranging 20-60 %. MTV30 (30 % SUVmax threshold) pro-
vided optimal correlation with MRI volume, excellent inter-reader
agreement, and minimal manual adjustment of adjacent physiological
structures, along with less impact of the presence of necrosis and the
extremes of SUVmax [14].

This study aims to verify the prognostic significance of PET-derived
indices based on primary tumour metabolic parameters and assess their
ability to predict clinical outcomes in cervical cancer patients,
enhancing methodological standardisation.

2. Material and methods
2.1. Study group

This retrospective study included consecutive patients with histo-
pathologically confirmed cervical cancer treated with radical chemo-

radiotherapy (CRT) or radiotherapy (RT) with subsequent
brachytherapy (BT), between 2011 and 2017 at a single tertiary

Physies and Imaging in Radiation Oncology 35 (2025) 100829

institution. The inclusion criteria were FIGO 2018 stage [B2-IVA, pre-
treatment 18-FDG PET-CT, and available pretreatment blood tests. The
exclusion criteria were palliative intent of treatment, FIGO stage IVB,
prior surgery for cervical carcinoma, or glucose level =200 mg/dL.

Ethical approval was obtained for all patient cohorts included in the
analysis: the training cohort as well as the three external validation
cohorts.

2.2. Methodology

PET-CT scans were acquired 60 min after 18F-FDG administration
using a Biograph mCT scanner (Siemens Healthineers). Before the
radiotracer injection, patients glucose levels and weight were measured,
and 10 mg Furosemide was administered intravenously. The adminis-
tered activity was calculated individually based on body weight,
following the recommended dose range of 148 MBq to 555 MBq (ac-
cording to the conversion scheme: weight multiplied by 0.1 + 25 %).
Scanning covered skull base to mid-femoral bones. CT was conducted
with diagnostic dose parameters (120 kV, 320 mAs), using a spiral
technique and reconstructed with 3 mm slices, without intravenous
contrast. A three-dimensional reconstruction was generated after cor-
recting for attenuation. PET acquisition time was 2 min per bed. Data
were reconstructed using TrueX + TOF (Ultra HD PET) with 2 iterations,
21 subsets, image size 256, and a 3.0 mm Gaussian filter.

Metabolic parameters were assessed per Arshad et al., using semi-
automated adaptive threshold contour generation at SUVmax 30 %,
with manual exclusion of adjacent organs [14]. Final MTV"s contour was
generated semi-automatically and was assessed by two observers.
Beyond Arshad et al., we calculated TLG as MTV30 x SUVmean30 using
MIM Software® for contouring (Fig. 1). The pink contour was auto-
matically delineated by the programme algorithm, while the green one
represents the 30 % SUVmax threshold. Manual organ adjustments were
required in this case.

The TNM and FIGO staging were reassessed according to the Amer-
ican Joint Committee on Cancer (AJCC) 8th Edition (2017) [15] and
2018 FIGO system [4] based on available clinical data and medical
imaging, including MRL, CT, and PET-CT. All MRI scans were performed
at 1.5 T and included 2D small field of view T2-weighted sequences in
sagittal and axial oblique planes. Additional sequences included T1-

Fig. 1. Case of the 60-year-old patient with squamous cell carcinoma of the
cervix, FIGO IIIB stage, glucose level: 85 mg/dL. The pink contour was auto-
matically delineated, and the green one was set by SUV30 threshold level
adjustment. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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weighted and diffusion-weighted images.

Clinical data was retrospectively collected from institutional records,
and survival data was retrieved from the Polish National Cancer Regis-
try. The primary endpoint was OS due to its robustness, objectivity, and
availability through National Cancer Registry. It was calculated from the
first day of treatment (chemotherapy or radiotherapy, whichever came
first) to death or censoring. Dates of patients’ death were available in all
applicable cases.

Follow-up (FU) followed institutional guidelines: first visit within
two months, then every 2-3 months in year one, every 3-4 months in
year two, and every six months up to five years. After five years, visits
were annual. Each visit included basic blood tests, tumour markers
including squamous cell carcinoma antigen (SCCA), carcinoma antigen
125 (CA-125), and carcinoembryonic antigen (CEA), and gynaecological
examination. The first MRI was usually done 6 months after CRT, unless
clinically indicated. CT scans were performed at least annually. External
validation included patients from three other centres with identical in-
clusion/exclusion criteria and methodology.

For the external validation, anonymized clinical data from patients
treated at three independent centres were used. This was covered by the
same ethics approval as for the primary analysis, granted by the
Bioethics Committee of the Maria Sklodowska-Curie National Research
Institute of Oncology, Gliwice, Poland (KB/430-81,21, 29 June 2021).
The requirement for individual informed consent was waived due to the
retrospective nature of the analysis.

2.3. Statistical analysis

Kaplan-Meier [16], log-rank tests [16], and Cox proportional haz-
ards models [17] were used for survival analysis, which included known
clinical prognostic factors: age, TNM and FIGO stage, Eastern Oncology
Group (ECOG) performance status, followed by standardised PET
tumour metabolic parameters: SUV30 derivatives, MTV30 and TLG30.
The investigated PET-CT-derived parameters were logarithmically
transformed before performing the Cox analysis, and included SUV-
max30, SUVmin30, SUVmean30, SUVmedian30, MTV30, and TLG30.
To avoid redundancy, only the most statistically and clinically relevant
variables were included in the multivariable model: TLG30 was selected
over MTV30, and FIGO stage over TNM stage. The Akaike Information
Criterion (AIC) [18] was used as a prediction error estimator. The sta-
tistical analysis was conducted using the Statistica software (Statistica
13.3; TIBCO Software, Palo Alto, CA, USA). The p-values of less than
0.05 were considered statistically significant. External validation anal-
ysis mirrored primary analysis.

3. Results

3.1. Primary study group

The initial database included 287 consecutive patients. After
excluding 89 based on predefined criteria such as prior surgery, pallia-
tive treatment, FIGO stage IVB, missing PET-CT data, or high glucose
levels, 198 patients were eligible for the final analysis. The median age
at diagnosis was 57.2 years. Most patients had squamous cell carcinoma
(96.5 %) and FIGO stage III (84.3 %). Pelvic/para-aortic nodal metas-
tases were present in 50 %. Detailed clinical characteristics are shown in
Table 1 and Supplementary Table S1 (TNM stages).

Each patient received external beam radiotherapy (EBRT), subse-
quent brachytherapy (BT) was performed in 196 patients (99 %), and
concurrent 40 mgz‘mz weekly cisplatin chemotherapy (CTx) was deliv-
ered in 181 patients (91.4 %). The median combined (EBRT + BT)
equivalent dose in 2 Gy fractions (EQD2) was 84.4 Gy (interquartile
range, IQR 80.8-104.2 Gy). The radiotherapy fractionation schedules
are summarised in Supplementary file (Table 52). All patients received
elective pelvic lymph node irradiation either up to the L4/L5 vertebral
junction level or up to the aortic bifurcation, depending on the attending
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Table 1
Characteristics of the patients treated with chemoradiation due to the cervical
cancer.
Parameter Number of patients n = 198
(% or median value with IQR)
Age [years] 57.2 (48.6-63.2)
Histopathology
SCC 191 (96.5)
Adenocarcinoma 7(3.5)
FIGO stage *
IB2 1(0.5)
A2 1{0.5)
B 26 (13.1)
LI 70 (35.4)
mci 94 (47.5)
mcz 3(1.5)
WA 3(1.5)
ECOG
1] 152 (76.8)
1 42(21.2)
2 4(2)
Positive nodal status 99 (507
Radiation modality
EBRT 2(1})
EBRT + BT 196 (99)
Concurrent chemotherapy 181 (91.4)
Number of cycles
0 17 (8.6)
1 5(2.5)
2 ]
3 8(4)
4 16 (8.1)
5 47 (23.8)
6 105 (53)
SUVmax30 [ml] 16.83 (12.13-21.81)

SUVmean30 [ml]
SUVmedian30 [ml]
SUVmin30 [ml]
MTV30 [em?]

TLG30 [g]

Glucose level [mg/dL]

8.41 (6.6-11.88)
8.21 (6.26-11.76)

2.3 (1.85-2.82)

34.04 (18.69-55.74)
302.62 (140.14-548.1)
105 (97-116)

Continuous variables are presented as median and interquartile range (IQR) unless
indicated otherwise. * the International Federation of Gynaecology and Obstetrics
(FIGO) stage re-evaluation included diagnostic imaging (MRI, CT, PET-CT) and
physical examination. Zero patients presented FIGO IB1, IB3, IIA1 and [IA stage.
Abbreviations: SCC—squamous cell carcinoma, ECOG—Eastern Cooperative
Oncology Group, EBRT—external beam radiotherapy, BT—brachytherapy,
SUV—standardized uptake value, MTV—metabolic tumour volume, TLG—total

lesion glycolysis.

physician’s decision.

BT was omitted in one patient due to technical considerations and in

another due to withdrawn consent. The BT regimens are summarised in
the Table 53 in Supplementary file. Seventeen patients (8.6 %) were not
eligible for CTx due to concomitant disease burden (5, 2.5 %), blood
tests (3, 1.5 %), a history of cisplatin-related hypersensitivity (1, 0.5 %),
advanced age and low performance status (5, 2.5 %), or unknown causes
(3, 1.5 %). CTx was discontinued in five patients (2.5 %) after the first
cycle due to adverse effects (kidney failure, bradycardia, and
leukopenia).

All patients had up-to-date census-based survival data. At the time of
analysis, 57.1 % (113) of the patients were still alive, and the median OS
for the entire study cohort was not reached. The median FU in survivors
was 110 months (IQR 90.1-128.8 months).

3.2. External validation group

From initial 138 consecutive patients, 24 were excluded due to pre-
defined exclusion criteria (i.e., prior surgery, palliative intent of the
treatment, FIGO stage VB, inability to retrieve PET-CT data or glucose
level = 200 mg/dL before PET-CT). One hundred fourteen patients were
included in the final analysis: 96 (84.2 %) cases from Greater Poland
Cancer Centre in Poznan, 10 (8.8 %) cases from Maria Sklodowska-Curie
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Mational Research Institute of Oncology in Warsaw, and 8 (7 %) — from
Holy Cross Cancer Center in Kielce. The median age at diagnosis was 56
years (IQR 48.5-62 years). The majority of patients were diagnosed with
squamous cell carcinoma (99, 87 %) and FIGO stage 111 (69, 60.5 %). The
clinical characteristics of the external validation group are summarised
in Table 3.

All had EBRT, 87 % had BT, and 91 % received weekly cisplatin. At
analysis, 57 % alive; median OS not reached. Median FU in survivors
was 65 months (IQR 33-85).

3.3. Prognostic value of the tumour’s metabolic parameters in primary
cohort

Univariate and multivariable Cox regression included age, FIGO
stage, ECOG, and TLG30. Only TLG30 was an independent prognostic
factor for OS (HR = 1.32; 95 % CL: 1.12-1.56; p = 0.001). Inclusion of
TLG30 improved model fit (AIC from 838 to 829). Patients with MTV30
and TLG30 below median had significantly better 5-year OS: 80.1 % vs.
58 % for MTV30, and 78.8 % vs. 58.9 % for TLG30.

The results of the univariate and multivariable Cox regression ana-
lyses are depicted in Table 2. The final model included age, FIGO stage,
ECOG performance status, and TLG30. Only TLG30 was an independent
prognostic factor for OS (HR = 1.32, 95 % CI: 1.12-1.56, p = 0.001).
Age, ECOG status, and FIGO stage — known clinical prognostic factors —
were included in the multivariable analysis despite lacking significance
in the univariate model. Since MTV30 and TLG30 are interdependent,
only TLG30, the more informative parameter (combining MTV30 and
SUVmean30), was used in the multivariable model.

Inclusion of TLG30 improved model fit (AIC from 838 to 829). Age,
ECOG 1 and 2, and FIGO stage formed the basic clinical model. TLG30
was added as a key statistically and clinically significant prognostic
factor, improving the model fit.

Patients with a lower than median (low) MTV30 (p < 0.001) and low
TLG30 (p < 0.001) had a significantly longer OS. The 5-year OS for

Table 2
Univariate and multivariable Cox Regression Analysis conducted in the group of
198 cervical cancer patients treated with chemoradiation.

Univariate analysis Multivariable analysis

Variable HR (95 % CI) p-value HR (95 % CI) p-
value

Age 0.99 0.46 1{0.99-1.02) 0.89
(0.97-1.01)

Pozitive nodal status 149 0.07
(0.97-2.29)

ECOG (1 vs. 0) 0.98 0.94 0.93 0.80
(0.57-1.70) (0.53-1.63)

ECOG (2 vs. 0) 379 0.01 264 0.07
(1.37-10.46) (0.91-7.63)

FIGO stage(Ill and IV vs. 225 0.04 1.51 0.32

Land IT) (1.04-4.89) (0.67-3.43)
TNM stage(Ill and IV vs. 1.26 0.18
Tand IT) (0.73-2.17)

SUVmax30 [ml]* 128 0.15
(0.92-1.80)

SUVmin30 [ml]* 0.94 0.73
(0.64-1.38)

SUVmean30 [ml]* 131 011
(0.94-1.82)

SUVmedian30 [ml]* 1.34 0.08
(0.97-1.84)

MTV30 [em™]* 1.52 <0.001
(1.26-1.85)

TLG30 [g]* 1.38 <0.001 1.32 0.001
(1.18-1.61) (1.12-1.56)

* log-transformed: [ml] or [em™] ar [g]lAbbreviations: Cl—confidence interval,
HE—hazard ratio, ECOG—Eastern Cooperative Oncology Group, FIGO—the
International Federation of Gynaecology and Obstetrics SUV—standardised uptake
value, MTV—metabolic tumour volume, TLG—total lesion glycolysis.
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Table 3

Characteristics of the patients treated with chemoradiation due to the cervical
cancer — external validation group.

Parameter Number of patients n = 114
(% or median value with IQR)

Age [years] 56 (48.5-62)

Histopathology

sCC 99 (87)

Adenocarcinoma 10(8.7)

Other 5 (4.3)

FIGO stage *

B3 2(1.7)

A2 1(0.9)

1B 41 (36)

i 58 (50.9)

mc1 6(5.3)

mcz 5(4.4)

VA 1(0.9)

ECOG

1] 22(19.3)

1 81(71.1)

2 11(9.6)

Radiation modality

EERT 15(13)

EBRT + BT 99 (87)

Concurrent chemotherapy 104 (91)

Number of cycles

] @9

1 [

2 7

3 17

4 30

5 37

[ a8

SUVmax30 [ml] 13.98 (11.53-18.61)

SUVmean30 [ml] 5.95 (4.54-8.36)

SUVmedian30 [ml]
SUVmin30 [ml]
MTV30 [cm®]
TLG30 [g]

5.64 (4.42-8.11)
.86 (0.64-1.18)

56.28 (34.61-79.66)
339.17 (198.98-556.53)

Glucose level [mg/dL] 91.5 (82-103)

Continuous variables are presented as median and interquartile range (IQR) unless
indicated otherwise. * the International Federation of Gynaecology and Obstetrics
(FIGO) stage re-evaluation included diagnostic imaging (MRI, CT, PET-CT) and
physical examination. Zero patients presented FIGO IB1, IBZ, IIA1 and 1A stage.
Abbreviations: SCC—squamous cell carcinoma, ECOG—Eastern Cooperative
Oncology Group, EBRT—external beam radiotherapy, BT—brachytherapy,
SUV—standardised uptake value, MTV—metabolic tumour volume, TLG—total
lesion glycolysis.

patients with higher than median (high) MTV30 was 58 % vs. 80.1 % for
those with low MTV30 (Fig. 2A). Similarly, the 5-year OS for patients
with high TLG30 was 58.9 % vs. 78.8 % for patients with low TLG30
(Fig. 2B).

3.4. Prognostic value of the tumour’s metabolic parameters in external
validation model

The results of the univariate and multivariable Cox regression ana-
lyses are depicted in Table 4. If multiple interdependent variables were
statistically significant (i.e. MTV30, TLG30), only the most statistically
and clinically significant variables were incorporated into the multi-
variable analysis: TLG30 instead of MTV30. The multivariable model
included well-known clinical variables and TLG30. In multivariable
analysis FIGO stage (HR = 0.41, 95 % CI 0.2-0.83, p = 0.01), ECOG 1
(HR = 0.25, 95 % C1 0.08-0.76, p = 0.02) and ECOG 2 (HR = 0.41, 95 %
CI 0.18-0.91, p = 0.03) remained independent prognosticators prog-
nostic factors. Neither of analysed PET parameters were statistically
significant in the univariate and multivariable model. Incorporating
TLG30 worsened model fit (AIC from 392 to 394). No OS differences by
MTV30 or TLG30 were observed (Fig. S51).
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Fig. 2. Kaplan-Meier curves for overall survival of patients with cervical cancer depend on metabolic tumour volume (MTV30) and total lesion glycolysis (TLG30).

Table 4
Univariate and multivariable Cox Regression Analysis conducted in the group of
114 cervical cancer patients treated with chemoradiation — external validation

group.

Univariate analysis Multivariable analysis

Variable HR (95 % CI) p- HER (95 % CI) p-
value value
Age 1.03(1-1.05)  0.08 1.02 0.3
(0.99-1.05)
ECOG (1 vs. 0) 1.56 0.3 0.25 0.02
(0.66-3.72) (0.08-0.76)
ECOG (2 vs. 0) 4.25 0.01 0.41 0.03
(1.47-12.3) (0.18-0.91)
FIGO stage(Iland IV vs. 1 2.25 0.04 041 (0.2-0.83)  0.01
and 1) (1.04-4.89)
SUVmax30 [ml]* 0.97 0.2
(0.93-1.02)
SUVmin30 [ml]* 0.88 0.4
(0.65-1.19)
SUVmean30 [ml]* 0.97 0.6
(0.87-1.08)
SUVmedian30 [ml]* 0.95 0.4
(0.86-1.07)
MTV30 [em®]* 1.01 (1-1.01) 0.1
TLG30 [g]* 1(1-1) 0.6 1 0.73

(0.995-1.001)

* log-transformed: [ml] or [em™] ar [g]Abbreviations: Cl—confidence interval,
HR—hazard ratio, ECOG—Eastern Cooperative Oncology Group, FIGO—the
International Federation of Gynaecology and Obstetrics SUV—standardised uptake
value, MTV—metabolic tumour volume, TLG—total lesion glycolysis.

4. Discussion

This study evaluated standardised volume-based metabolic FDG
PET-CT parameters for prognostic significance in cervical cancer with
primary and external validation cohorts. TLG30 was an independent
prognostic factor for OS in the primary cohort using a standardised,
reproducible method. However, external validation failed to confirm its
significance. Differences between cohorts could explain divergent re-
sults. In the external group, there were fewer patients with nodal me-
tastases, non-squamous histology was more common (13 % vs. 4 %), and

fewer patients received brachytherapy (87 % wvs. 99 %), potentially
impacting survival and local control.

Despite retrospective design, our study included a relatively large
number of patients, with a long follow-up in the primary and external
validation groups. Control visits followed institutional guidelines, min-
imising bias of patients’ follow-up. Patients underwent comprehensive
imaging (CT, MRI, PET-CT) and treatment (CRT or RT followed by
brachytherapy). Disease staging was re-evaluated according to FIGO
2018 [4] and AJCC 8th Edition [15]. We successfully acquired extensive
survival data, with each patient’s FU period exceeding 5 years. Patients
were treated with definitive CRT or RT followed by BT, resulting in
relatively homogeneous treatment cohorts, unlike other studies that
used varied treatments, including definitive chemoradiotherapy, sur-
gery followed by adjuvant therapy, and radiotherapy alone [19-21]. To
the best of our knowledge, this study is unique in its focus on a stand-
ardised method for assessing tumour metabolic parameters with con-
current external validation. However, the role of TLG30, as an
investigational parameter of this study, still remains unclear, due to the
lack of significance in the external validation model.

The TLG is the most informative PET parameter associated with
survival in cervical cancer. Otani et al. found TLG = 88.7 to be the only
independent prognostic factor for OS (p = 0.01) in 83 patients diagnosed
with squamous cell carcinoma of the cervix treated heterogeneously:
with surgery, CRT or RT alone [19]. Wang et al. also reported worse
survival with TLG > 113.4 in 125 locally advanced cervical cancer cases
treated with CRT or RT [Y]. In the studies of Markus et al. [20] and
Rahman et al. [21], TLG was associated with worse 0S. Markus et al.
[20] included 133 cervical cancer patients treated with CRT, showing
that TLG in pretreatment PET-CT is significantly associated with sur-
vival (HR = 1.009, 95 % CI 1.003-1.015, p = 0.003). Rahman et al. [21]
analysed 65 squamous cell cervical cancer patients treated with surgery
or other modality, without surgery, and proved significant value of
cervical TLG > 231 in OS (HR = 11.6, 95 %CI 2.62-51.6, p = 0.001).
These findings, consistent regardless of SUV thresholds or TLG cut-off
value, align with our primary group and confirm the correlation be-
tween TLG and survival. It must be noted that authors evaluated patients
according to FIGO 2009 [22]. Nodal metabolic parameters were ana-
lysed in the literature and their negative prognostic value was identified
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[9,13,20,23]. Previously described study by Wang et al. showed that
pretreatment lymph node SUVmax > 6.7 may be an important prog-
nosticator for OS (p < 0.001) [9]. Despite numerous reports empha-
sizing the potential value of tumour metabolic parameters, a study by
Guler et al. [24], found no association between these parameters and 05
in 129 CRT-treated patients.

Burchardt et al. [25] reported contrasting results: patients with
SUVmax > 12.6, SUVmean > 7.6, and TLG = 245.7 had better survival.
This was explained by the specific characteristics of the patient popu-
lation and tumour biology: all patients had squamous cell carcinoma
with positive pelvic nodes (FIGO 1IIC1) and received uniform radical
CRT, reducing confounding factors. They suggested high metabolic ac-
tivity may reflect greater radiosensitivity, leading to improved out-
comes. Additionally, nodal FDG PET-CT parameters showed no
prognostic value, indicating primary tumour metabolism drives prog-
nosis in this group.

Finally, Han et al. [26] conducted a meta-analysis that included 20
studies with 660 cervical cancer patients. In spite of clinical and meth-
odologic differences across the studies, patients with high MTV or TLG
had a significantly higher risk of death. The literature provides no
definitive results from prospective trials, nor any data justifying ad-
justments to daily clinical practice in the treatment of cervical cancer.
All existing literature consists of retrospective investigations or sys-
tematic reviews.

This study has several limitations. Despite careful design and
adherence to institutional guidelines, the retrospective nature of the
study introduces inherent risks of bias that should be acknowledged.
Selection bias may exist, as only patients with complete records and
definitive CRT or RT were included, possibly limiting generalisability of
the findings. Information bias is possible due to reliance on historical
data, which may vary in accuracy or completeness, particularly for
variables not uniformly documented at the time of care (e.g., comor-
bidities, performance status, or subtle radiological findings). Although
staging was reassessed according to current guidelines, observer bias
could affect retrospective interpretation. Confounding factors like age,
tumour biology, treatment response, and supportive care may not be
fully controlled despite treatment homogeneity. The inclusion of clini-
cally relevant variables in the multivariable model during statistical
analysis, introduced a risk of overfitting and may have diminished the
model’s repeatability in future patient cohorts.

Nevertheless, we believe our validated findings are a valuable
addition to the existing literature data, and subsequent prospective
studies might be necessary to verify our results.

A high TLG30 was associated with worse OS in primary cohort,
which could enhance prognosis assessment in cervical cancer patients
treated with definitive CRT. However, external validation model did not
confirm the clinical utility of the tumour metabolic parameters in locally
advanced cervical cancer.
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CETE- MY

Simple Summary: Cervical cancer remains the fourth leading cause of cancer-related deaths among
women worldwide. The red cell distribution width (RDW) and systemic immune-inflammation index
(SII) are common, well-known haematological indices. The aim of this retrospective study was to
evaluate the association between pre-treatment RDW and SII, and overall survival (OS) in 249 patients
treated with definitive chemoradiation therapy (CRT) for histopathologically confirmed, primary
localised cervical cancer. Statistical analysis was performed using the Kaplan—-Meier method, two-
sided log-rank tests, and Cox proportional hazards models, with the Akaike Information Criterion
(AIC) serving as a prediction error estimator. The vast majority of patients {95.2%) were diagnosed
with squamous cell carcinoma (SCC) in FIGO stage III (84.7%). Patients with a low RDW (<13.4%)
and low SII (<986.01) had a significantly longer OS (p < 0.01). The RDW remained as an independent
prognostic factor in the multivariable model (p < 0.01). The RDW is a cheap and easily accessible
index that could be used to improve pre-treatment prognosis assessments in patients with cervical
cancer undergoing CRT.

Abstract: Introduction: There is growing interest in the prognostic value of routinely performed
pre-treatment blood test indices, such as the RDW or SI1, with the latter combining the neutrophil-
to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR). These indices were shown to
be prognostic for survival in some malignancies. The purpose of this study was to evaluate the
association between pre-treatment RDW and SII, and OS in patients treated with radiotherapy for
primary localised cervical cancer. Material and Methods: This retrospective analysis included patients
treated with definitive CRT between 2011 and 2017 for histopathologically confirmed FIGO 2018
stage IB2-IVA cervical cancer. Statistical analysis was performed using the Kaplan-Meier method,
two-sided log-rank tests, and Cox proportional hazards models, with the AIC serving as a prediction
error estimator. Results: The study group included 249 patients with a median age of 57.2 years and
a median follow-up of 75.8 months. The majority were diagnosed with squamous cell carcinoma
(237;95.2%) and had FIGO stage III (211; 84.7"%). Approximately half of the patients (116; 46.4%) had
regional lymph node metastases. Patients with a low RDW (<13.4%) and low SII (<986.01) had a
significantly longer OS (p = 0.001 and p = 0.002). The RD'W remained as an independent prognostic
factor in the multivariable model (high vs. low; HR = 2.04; 95% CI: 1.32-3.16; p = 0.001). Including
RDW in the model decreased the Akaike Information Criterion from 1028.25 to 1018.15. Conclusions:
The RDW is a cheap and widely available index that is simultaneously an independent prognostic

https:/ fwww.mdpi.com/journal / cancers
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factor for survival and could be used to improve pre-treatment prognosis assessments in patients
with cervical cancer undergoing CRT. Available data encourage assessing the RDW as a prognostic
factor in prospective trials to aid the identification of candidates for treatment escalation.

Keywords: cervical cancer; radiotherapy; chemoradiation therapy; systemic immune-inflammation
index; red cell distribution width; overall survival

1. Introduction

Each year, approximately 2360 new cases of cervical cancer are diagnosed in Poland,
and 570,000 are diagnosed globally [1,2]. Despite the introduction of screening programmes
that reduce mortality by at least 80% [1], cervical cancer remains the eighth primary cause of
cancer-related death among women in Poland [2] and the fourth worldwide [3]. According
to the current guidelines, patients with the International Federation of Gynaecology and
Obstetrics (FIGO) [4] stage IB2-IVA disease are most often offered concurrent chemora-
diation therapy (CRT) combined with a brachytherapy (BT) boost [5]. The 5-year overall
survival (OS) varies from 15 to 95%, depending on the initial FIGO stage (80-95% for
IB2/11A, 70-85% for IIB, 40-65% for III, and 15-25% for stage IVA) [5].

In addition to the FIGO stage, specific blood tests, such as elevated serum squamous
cell carcinoma antigen (SCCA), have demonstrated prognostic value for patients with
locally advanced cervical carcinoma undergoing definitive CRT [5]. The red cell distribution
width (RDW), neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio
(PLR) are pre-treatment blood test indices that may be associated with clinical outcomes.
The RDW represents the red blood cell (RBC) volume variation. Elevated values are
associated with bone marrow dysfunction [6] and inflammation related to cancer [7] or
non-oncological diseases [8-10].

Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) can be
combined to generate the so-called systemic immune-inflammation index (SII), which is

defined as follows: SII = —[ﬁ—|—lm""fﬁtﬁ O?U":::mlml .

The RDW and SII have demonstrated a substantial prognostic negative value in
several malignancies, including colorectal cancer [11], prostate cancer [12], gynaecological
fumours [13-15], head and neck cancers [16-19], Hodgkin lymphoma [20], and gliomas [21].
Both indices reflect the inflammatory response related to the accelerated cancerogenesis
and neo-angiogenesis induced by the cytokines produced by cancer cells [22]. Importantly,
due to their availability via routine blood tests, both the RDW and SII could potentially be
incorporated into risk stratification without incurring additional costs.

We sought to ascertain whether the RDW and SII could be used as independent
prognostic factors for survival in patients with cervical cancer treated with definitive CRT.

2. Material and Methods
2.1. Study Group

This retrospective study included patients treated for histopathologically confirmed
cervical cancer with definitive CRT between 2011 and 2017 at a tertiary institution. The
inclusion criteria were as follows: FIGO 2018 stage IB2-IVA, pre-treatment diagnostic imag-
ing including at least "*F-fluorodeoxyglucose positron emission tomography-computed
tomography (PET-CT), and availability of pre-treatment blood tests. The exclusion criteria
were palliative intent of treatment or prior surgical treatment for cervical carcinoma.

2.2. Methodology

The results of blood test performed before CRT were extracted from institutional
medical records. All blood tests were conducted in the same laboratory. SII was determined
by applying the formula mentioned previously.
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TNM and FIGO staging was re-evaluated and updated using the American Joint
Committee on Cancer (AJCC) 8th Edition (2017) [23] and 2018 FIGO system [4], including
a retrospective re-assessment of diagnostic imaging performed prior to the initiation of
treatment: magnetic resonance imaging (MRI), computed tomography (CT), and PET-CT.

Survival data were obtained from the Polish National Cancer Registry. As the primary
endpoint, overall survival was defined as the time between the first fraction of external
beam radiotherapy (EBRT) or the first dose of concurrent chemotherapy (CTx) and the date
of death. In all applicable cases, dates of patients” deaths were available, and the remaining
cases were censored using the last known date on which the patient was alive.

The follow-up (FU) was generally conducted in accordance with institutional guide-
lines. FU visits were scheduled every two to three months in the first year, every three
to four months in the second year, biannually throughout the third and fourth years, and
annually thereafter. FU visits included a gynaecological examination and laboratory testing,
such as baseline blood tests and tumour markers: SCCA, carcinoma antigen 125 (CA-125),
and carcinoembryonic antigen (CEA). The first MRI was typically performed six months
after CRT, unless clinically indicated earlier, and CT was performed annually.

The institutional Bicethical Committee (Maria Sklodowska-Curie National Research
Institute of Oncology, Gliwice, Poland, KB/430-81/21 on 29 June 2021) approved the
study protocol.

2.3. Statistical Analysis

Statistical analysis was conducted using the Kaplan-Meier method, two-sided log-
rank tests, and Cox proportional hazards models. The optimal cut-off values for continuous
predictors were identified as those corresponding to the most significant relationships with
the outcome (survival). In each case, where applicable, the relationship between continuous
and dichotomized (high vs. low) predictors and survival was reported.

Survival analysis included known clinical factors—such as age, histopathology, TNM
and FIGO stage groups, and ECOG (Eastern Oncology Group) performance status—and
investigated parameters—including the RDW, NLR, PLR, and SII. Hazard ratios with
95% confidence intervals (Cls) were reported for all variables. If multiple interdependent
variables were statistically significant (i.e., NLR, PLR, and SII), only the most statistically
significant variables were included in the multivariable analysis. The Akaike Information
Criterion (AIC) was used as a prediction error estimator.

The correlations between the RDW and SII, and the FIGO stage and ECOG perfor-
mance status, were analysed using Spearman’s R coefficient and non-parametric Kruskal-
Wallis ANOVA, respectively.

The statistical analysis was conducted using TIBCO Software Inc.’s (Palo Alto, CA,
USA) STATISTICA 13.3, the Survminer R package (version (.4.9), and the survival package
(version 3.3-1). Plots were generated using ggplot (version 2_3.3.5). p values of less than
0.05 were considered statistically significant.

3. Results
3.1. Study Group Description

The final analysis included 249 patients. Thirty-eight cases were excluded from the
initial database due to prior surgical treatment, palliative intent of the treatment, or FIGO
stage IVB. The median age at diagnosis was 57.2 (interquartile range, IQR: 49.2-64.5). The
majority of patients were diagnosed with squamous cell carcinoma (237, 95.2%) and FIGO
stage IIT (211, 84.7%). In 116 (46.4%) cases, metastatic pelvic and /or para-aortic lymph
nodes were positive. The clinical characteristics of the study group are presented in Table 1.
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Table 1. Clinical characteristics of 249 patients treated with definitive chemoradiation therapy for

cervical cancer.

RDW
o VSRS W e e e
Age [vears] 578(51.5-6d) 569 (48.5-654)  58.6 (521-655)  51.8 (44.1-58.9)
Histopathology
sce 117 (94.4%) 120 (96%) 169 (95.5%) 68 (94.4%)
Adenocarcinoma 7 (5.6%) 5 (4%) 8 (4.5%) 4 (5.6%)
FIGO stage *
IB1
1B2 1(0.8%) 1(0.6%)
1B3
A1
A2 1(0.8%) 1(0.6%)
1B 18 (14.5%) 15 (12%) 31 (17.5%) 2 (2.8%)
1A
1B 51 (41.1%) 44 (35.2%) 75 (42.4%) 20 (27.8%)
i) 55 (44.4%) 58 (46.4%) 66 (37.3%) 47 (65.3%)
1c2 3 (2.4%) 3 (1.7%)
VA 3 (2.4%) 3 (4.2%)
TNM stage *
IB1 6 (4.8%) 2 (1.6%) 7 (4%) 1(1.4%)
1B2 2 (1.6%) 1(0.6%) 1(1.4%)
1Al 11 (8.9%) 10 (8%) 19 (10.7%) 2 (2.8%)
I1A2 21 (16.9%) 20 (16%) 25 (14.1%) 16 (22.2%)
1B 63 (50.8%) 70 (56%) 99 (55.9%) 34 (47.2%)
1A 4.(3.2%) 3 (1.7%) 1(1.4%)
1B 8 (6.5%) 12 (9.6%) 12 (6.8%) 8 (11.1%)
v 9 (7.3%) 11 (8.8%) 11 (6.2%) 9 (12.5%)
ECOG
0 94 (75.8%) 93 (74.4%) 135 (76.3%) 52 (72.2%)
1 28 (22.6%) 30 (24%) 40 (22.6%) 18 (25%)
2 2 (1.6%) 2 (1.6%) 2 (1.1%) 2 (2.8%)
Positive nodal 55 (44.4%) 63 (50.4%) 69 (39%) 49 (68.1%)
status
Radiation
modality
EBRT 1(0.8%) 2 (1.6%) 2 (1.1%) 1(1.4%)
EBRT + BT 123 (99.2%) 123 (98.4%) 175 (98.9%) 71 (98.6%)
di‘;‘:;‘;:erf:;v 115 (92.7%) 110 (88%) 159 (89.8%) 66 (91.7%)
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RDW
Low <13.4%  High>134%  Low < 98601  High > 986.01
Parameter =124 (%) =125 (%) n =177 (%) n=72 (%)
Number of
cycles
0 9 (7.3%) 15 (12%) 18 (10.2%) 6 (8.3%)
1 2 (L6%) 3(2.4%) 4 (2.3%) 1(1.4%)
2
3 6 (4.8%) 3(2.4%) 7 (4%) 2 (2.8%)
4 10 (8.1%) 9(7.2%) 15 (8.5%) 4 (5.6%)
5 26 (21%) 31 (24.8%) 41 (23.2%) 16 (22.2%)
6 71 (57.3%) 64 (51.2%) 92 (52%) 43 (59.7%)
144 13.3 14.1
RDW %] 12.9(126-13.2) (13.9-15.7) (12.8-14.1) (13.2-15.9)
NLR 238 (17-335)  2.65(L71-373)  205(1.53-2.63)  3.96 (3.3-4.84)
PLR 131.76 160.07 122.62 21678
(106.14-177.6)  (112.9-21812)  (96.65-154.12)  (172.66-261.29)
- 602.82 766.83 197.32 139439
(392.04-868.02)  (391.64-1187.58)  (337.39-741.41)  (1120.5-1777.18)
RBC [10°/uL] 445(4247)  444(418-463) 449 (426-474) 422 (3.99-4.53)
HGEB [g/dL]  137(1295-142)  13(11.2-139)  137(1298-14.3) 119 (10.6-13.2)
7.36 6.89 9.56
WBC[10°/uL] 744 (5.89-9.16) (6.12-9.27) (5.66-8.21) (7.73-11.87)
LYMPH
[10°/uL] 191(15-236)  185(156-227)  196(1.63-235)  1.72(1.43-2.2)
NEU[10°/ul]  4.63(354-591)  4.67(3.35-6.12)  3.89 (3.17-4.99) 6.6 (5.46-8.51)
PLT [10° /L] 263 (219-305) 283 (230-358) 248 (208.8-284.3) 361 (308-437)

Continuous variables are presented as median and interquartile range (IQR) unless indicated otherwise. * TNM
stage was re-evaluated based on diagnostic imaging (MRI, CT, PET-CT); FIGO stage re-evaluation included an
additional physical examination. Abbreviations: SCC—squamous cell carcinoma, ECOG—Eastern Cooperative
Oncology Group, EBRT—external beam radiotherapy, BT—brachytherapy, RDW-—red cell distribution width,
NLE—neutraphil to lymphocyte ratio, PLR—platelet to lymphocyte ratio, SIl—systemic immune-inflammation
index, RBC—absolute red blood cell count, HGB—haemoglobin concentration, WBC—absolute white blood cell
count, LYMPH—absolute lymphocyte count, NEU—absolute neutrophil count, PLT—absolute platelet count.

Treatment included EBRT (249, 100%), subsequent BT in 246 patients (98.8%), and
concurrent CTx with Cisplatin (40 mg/m? weekly) as the solitary agent in 225 patients
(90.0%). The median EQD2 (equivalent dose), including EBRT and BT, in the group was
84.35 Gy (I0QR 80.81-106.91 Gy). Tables 51 and 52 in the Supplementary File provide a
comprehensive description of radiotherapy schedules. Neither lumboaortic irradiation, nor
bone marrow sparing was performed. All patients received elective pelvic lymph node
irradiation either up to the level of L4 /L5 vertebral junction or up to the aortic bifurcation,
depending on the attending physician's decision. In two cases, BT was omitted due to
technical considerations, and, in one case, the patient withdrew consent. Twenty-four
patients (9.6%) were excluded from CTx due to concomitant disease burden (10, 4%), blood
tests (3, 1.2%), a history of Cisplatin-related hypersensitivity (1, 0.4%), advanced age and
low performance status (7, 2.8%), or unknown causes (3, 1.2%). CTx was discontinued in
five patients (2%) after the first cycle due to adverse effects (kidney failure, bradycardia,
and leukopenia).
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Suandardized Log-Rank Stestic

Strata

All patients had complete census-based survival data, with a median observation time
of 75.8 months (IQR 67.83-76.06). At the time of analysis, 60.2% (150) of the patients were
still alive. The median OS for the entire study cohor: has not yet been reached.

3.2. Prognostic Value of RDW and SII

Figure 1A,B depict the cut-off values, which were determined to be 13.4% for the RDW
and 986.01 for the SIIL.

ROW.

B T g :.
Maximally Selected Rank Statistics. é Maximally Selected Rank Statistics
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£t ] " s "% -] 400 BOY 12 180
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Figure 1. Cut-off point of RDW (A) and SII (B) selection using standardized log-rank statistics of 249
patients receiving definitive chemoradiation therapy for cervical cancer. Density means representation
of distribution of RDW /5II; a mixture model of Gaussian distributions is fitted to the histogram of
the biomarker.

Patients with a low RDW (<13.4% vs. >13.4%; p = 0.001) and low SII (<986.01 vs.

>986.01; p = 0.002) had a significantly higher O5. Figure 2A depicts that the median OS for
patients with RDW > 13.4% being 65.8 months, while it was not reached for those with
RDW < 13.4%. Similarly, the median OS for patients with an SII > 986.01 was 65.8 months,
whereas the median OS for patients with an SII < 986.81 was not reached (Figure 2B).
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Figure 2. Overall survival curves for RDW (A) and SII (B) with risk stratification of 249 patients
treated with definitive chemoradiation therapy for cervical cancer.

Table 2 displays the results of the univariate and multivariable Cox regression analyses.
If multiple interdependent variables were statistically significant (i.e.,, NLR, PLR, and SII),
only the most statistically significant variables were ncluded in the multivariable analysis
(SIT instead of NLR and PLR, and FIGO stage instead of TNM stage). In the multivariable
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model, RDW > 13.4 (HR = 2.04, 95% CI 1.32-3.16, p = 0.001) and ECOG status =2 (HR = 4.55,
95% CI1.61-12.85, p = 0.023) remained as independent prognostic factors for survival.

Table 2. Cox proportional hazards regression analysis for overall survival in 249 patients receiving
definitive chemoradiation therapy due to cervical cancer.

Univariate Analysis Multivariable Analysis

Variable Hazard Ratio val Hazard Ratio val
(95% CI) p-value (95% CI) p-vatue
Age [years] 0.9 (0.973-1.008) 0.270 0.997 (0.978-1.016) 0.607
Histopathology (SCC ) ooq a0 5 344 0.917 1.14 (0.46-2.84) 0.897
vs. adenocarcinoma)
Positive nodal status  1.514 (1.018-2.251) 0.041 1.26 (0.82-1.92) 0.361
BCOG status 0.95 (0.58-1.57) 0.852 0.91 (0.55-1.50) 0.781
(1wvs. ()
ECOG status
s 425 (1.54-11.71) 0.005 455 (1.61-12.85) 0.023
FIGO stage
([l and IV ve, ranam 2184 (1059-4.505) 0.034 1.68 (0.78-3.63) 0177
TNM stage
([land IV v, fanamy 1589 (0:969-2541) 0.067
RBC [106/uL] 0.666 (0.43-1.031) 0.069
RDW 1.183 (1.082-1.294) <0.001 2.04 (1.32-3.16) 0.001
HGB [g/dL] 0.866 (0.77-0.975) 0.017 0.89 (0.78-1.02) 0.909
WBC [10% /L] 1.112 (1.05-1.179) <0.001
NEU [10° /L] 1.138 (1.063-1.219) <0.001
LYMPH [10% /uL] 1.08 (0.802-1.454) 0.611
PLT [10% /L] 1.002 (1-1.004) 0.107
NLR 1.243 (1.082-1.428) 0.002
PLR 1.002 (0.999-1.004) 0.199
SIt 1 (1-1.001) 0.001 1.42 (0.89-2.25) 0.138

In the multivariate analysis, the RDW and SII were considered as dichotomous variables with cut-off values
of 13.4% and 986.01, respectively. For the variables remaining in the multivariate model, hazard ratios with
a 95% Cl were reported.  Abbreviations: Cl—confidence interval, [IR—hazard ratio, 5CC—squamous cell
carcinoma, ECOG—Eastern Cooperative Oncology Group, RDW—red cell distribution width, NLR—neutrophil to
lymphocyte ratio, PLR—platelet to lymphocyte ratio, S[l—systemic immune-inflammation index, RBC—absolute
red blood cell count, HGB—haemaoglobin concentration, WBC—absolute white blood cell count, LYMPH—
absolute lymphocyte count, NEU—absolute neutrophil count, PLT—absolute platelet count.

The Akaike Information Criterion decreased from 1028.25 to 1018.15 when blood test
indices were incorporated into the clinical model, indicating a better fit of the model.

Potential clinically significant correlations were performed between the RDW and 51,
and the FIGO stage and ECOG performance status. The SII was significantly correlated
with the FIGO stage (Spearman’s R = 0.32, p < 0.001) in contrast to the RDW (p = 0.094).
No correlations were found between the SII (p = 0.078) nor the RDW (p = 0.966) or ECOG
performance status.

4. Discussion

Despite a growing body of evidence, pre-treatment blood parameters are rarely in-
corporated into the assessment of a patient’s prognosis. Several indices, including the
eosinophil/lymphocyte ratio (ELR) [24], NLR, PLR, thrombocyte-to-lymphocyte ratio
(TLR), C-reactive protein/albumin ratio (CAR) [25], or SII [13,24,26], have been proposed in
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the literature. Given that the expected survival rate for patients who are CRT-treated ranges
between 15% and 95% [5], enhancements to the pre-treatment evaluation are essential.
Adding blood test indices to the clinical model enhances the prognostic value, and the
RDW could be used to improve the accuracy prognosis assessment of patients with cervical
cancer treated using CRT.

Although this is a retrospective study, the number of patients included is relatively
high, with a long duration of follow-up; moreover, the majority of control visits were
conducted in accordance with institutional protocols, thereby reducing bias. In addition to
histopathological diagnoses, diagnostic imaging and treatment options were also available.
Uniquely, the stage of disease was re-assessed in accordance with FIGO 2018 [4] and
AJCC 8th Edition guidelines [23]. Importantly, we were able to obtain comprehensive
survival data, and each patient’s FU exceeded 5 years. Our study group was also relatively
non-heterogeneous as each patient was evaluated for definitive CRT, whereas numerous
treatment modalities were used in the other study groups [24,27,28].

Holub et al. [24] conducted a study with 151 (FIGO stage IA-IVB) patients, of whom
only 85 (60.7%) underwent CRT with subsequent BT. 5II = 1000 was only associated with
poorer survival in the univariate Cox regression analysis that also accounted for NLR,
PLR, neutrophils, FIGO stage III-IV, bulky tumour, ELR, eosinophils, and age. Only ELR
remained as an independent survival prognostic factor following the multivariable analysis
of blood test indices.

Huang et al. [13] analysed 458 patients with FIGO [A-ITA stage cervical cancer. Patients
were divided into a high-5II group (5II > 475) and a low-5II group (SII < 475). The high
SII = 475 was associated with significantly worse survival in univariate (HR = 2.46, 95% CI
1.52-3.96, p < 0.001) and multivariable models (HR = 2.53, 95% CI 1.32-4.83, p = 0.005),
and 5-year OS in the high-SII group was significantly shorter than in the low-SII group
(p < 0.001).

Liu et al. [26] sought to determine SII's capacity to predict patient responses to
chemotherapy and long-term prognosis in 210 patients with cervical squamous cell car-
cinoma (CSCC) in FIGO stages IB2-1IB who underwent platinum-based neoadjuvant
chemotherapy before surgery. The optimal SII cut-off values for a complete pathological
response (pCR) and survival were calculated to be 568.7051 and 600.5683, respectively. A
high SII was significantly associated with a decreased pCR, PFS (progression-free survival),
and O5.

Ferioli et al. [29] presented the results of the ESTHER study. The aim of their research
was to correlate the prognostic impact in LACCs of different pre-treatment nutritional and
systemic inflammation indices, such as SII, on the following clinical endpoints: local control
(LC), distant metastasis free survival (DMEFS), DFS, and OS. Interestingly, the study group
was quite similar to ours—173 cases were included and patients diagnosed with primary
localised cervical cancer were treated with CRT, including EBRT and BT, with concurrent
Cisplatin administered weekly. LACCs were retrospectively classified according to the
2018 FIGO staging system. According to the results, the SII was an independent prognostic
factor in multivariable analysis for DFS (p < 0.01), but not for OS.

Guo et al. [30] conducted an analysis including 196 LACC patients treated with
concurrent CRT (Paclitaxel and Cisplatin), and the authors took into account the prognostic
value of body composition and systemic inflammatory markers, which is also an SIL
Among the other factors, this marker was significantly associated with OS (p = 0.004) in a
multivariable model, with a cut-off value of >1377.37.

In the majority of studies [27,28,31], there was no association between the RDW and
survival in patients with cervical cancer. RDW > 14.66% was independently associated
with a shorter PFS and OS only in one cohort study, which involved 440 patients with FIGO
stage I-III cervical cancer treated with radical radiotherapy [32].
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The numerous RDW (or SII) cut-off values reported by the authors do not facilitate
the selection of a single value for clinical application. In addition to considering the
comorbidities and ethnicity of patients, multicentre prospective external validation appears
to be a viable solution.

There are several limitations to our study. The data were collected retrospectively, and
the results are susceptible to associated biases. The majority of cases lacked comprehensive
information regarding comorbidities, smoking behaviours, reproductive history, and a
detailed histopathological report. In addition, it was impossible to account for the variety
of EBRT and BT fractionation schemes used to treat the patients. Nevertheless, we believe
that our findings contribute to the existing body of evidence.

5. Conclusions

A high RDW is associated with worse prognosis in patients with cervical cancer
treated with chemoradiotherapy. It is a cheap and widely available index, which could
be used to improve the accuracy of pre-treatment prognostic assessments to allow for
treatment intensification in patients at high risk of failure. On the contrary, we did not find
a significant association between the SI and survival. Prospective trials are necessary to
verify the value of the RDW in improving decision making for patients with cervical cancer.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /
www.mdpi.com farticle/ 10,3390/ cancers16081542 /51, Table S1. The irradiation schemes of external
beam radiotherapy (EBRT) used in the treatment of 249 patients receiving definitive chemoradiation
therapy for cervical cancer. Table 52. The irradiation schemes of brachytherapy (BT) used in the
treatment of 246 patients receiving definitive chemoradiation therapy for cervical cancer.
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KOMISJA BIOETYCZNA
Narodowy Instytut Onkologii im. Marii Sklodowskiej-Curie
Panstwowy Instytut Badawczy Oddzial w Gliwicach
ul. Wybrzeze Armii Krajowej 15, 44-102 Gliwice
tel. 48-32-278 98-24 tel./fax. 48-32-231-35-12

UCHWALA KOMISJI BIOETYCZNEJ
NUMER KB/430- 81/21

Na podstawie § 2.ust.2 rozporzadzenia Ministra Zdrowia i Opieki Spolecznej z dnia 11 maja 199 r. w sprawie
szczegbtowych zasad powotywania i finansowania oraz trybu dziatania komisji bioetycznych (Dz. U. z 1999 r Nr
47), art. 29, ust 2, ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty( Dz.U.2017 poz. 125 z
pdzn. zm, poz.480), Rozporzadzenia Ministra Zdrowia z dnia 12 pazdziernika 2018 r (poz. 1994), Zarzadzenia
Dyrektora NIO PIB nr 56/2020 z dnia 10 czerwca 2020 roku i Regulaminu dziatania komisji

Pan
Dr n.med. Marcin Miszczyk
III Klinika Radioterapii i Chemioterapii
W miejscu

Komisja Bioetyczna przy Narodowym Instytucie Onkologii im. Marii Sktodowskiej-Curie,
Panstwowym Instytucie Badawczym Oddziat w Gliwicach na posiedzeniu w dniu
22.06.21.r. zapoznata si¢ z wnioskiem pt : ,, Retrospektywna analiza wartosci prognostycznej
parametrow radiologicznych obrazowania [18F] ~FDG PET, u pacjentek leczonych radykalng
radio-chemioterapiq z powodu zaawansowanego raka szyjki macicy w Gliwickim oddziale
NIO-PIB, w latach 2006-2016"

Do Komisji wptynety:
e Whniosek do Komisji Bioetycznej przy Narodowym Instytucie Onkologii im. Marii
Sktodowskiej-Curie, Panstwowym Instytucie Badawczym Oddzial w Gliwicach
(zal.1 do Regulaminu Pracy Komisji Bioetycznej)
Opis projektu i uzasadnienie co do jego celowosci i wykonalnosci
Recenzja lek. Hanna Grzbiela

Po dyskusji i gtosowaniu Komisja postanowita zaakceptowaé wyzej wymienione dokumenty
i wyrazita zgode na przeprowadzenie eksperymentu medycznego.
Z powazaniem

Gliwice, dn. 29.06.21 r PRZEWODNACZAC .

Komisji Bigbtjczne;
prof. dr hab. n. med. lfal Suwiriski
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