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Wykaz skrotow i akronimow uzytych w pracy oraz ich
objasnienia

AJCC — Amerykanski Wspolny Komitet ds. Raka ( ang. American Joint Committee on Cancer)
CEA- antygen karcynoembrionalny (ang. carcinoembryonic antigen)

CPS — stosunek komorek z ekspresjg PD-L1 (komoérek nowotworowych, limfocytéw, makrofagow) do
wszystkich komorek nowotworowych pomnozony przez 100 (ang. combined positive score)

CRC - rak jelita grubego i odbytnicy (ang. colorectal cancer)
CRI —reakcja zapalna zwigzana z nowotworem (ang. cancer-related inflammation)
DFS - czas przezycia wolny od choroby (ang. disease-free survival)

EMVI — naciekanie naczyn zlokalizowanych poza $ciang odbytnicy (ang. extramural vascular
invasion)

LARC — miejscowo zaawansowany rak odbytnicy (ang. locally-advanced rectal cancer)

LMR - stosunek limfocytow do monocytéw (ang. lymphocyte-to-monocyte ratio)

MRI - badanie rezonansu magnetycznego (ang. magnetic resonance imaging)

NLR - stosunek neutrocytow do limfocytow (ang. neutrophil-to-lymphocyte ratio)NK

OS — czas przezycia catkowitego (ang. overall survival)

PCR — patologiczna catkowita odpowiedz na leczenie (ang. pathological complete response)
PD-L1 - ligand programowanej $mierci 1 (ang. programmed death-ligand 1)

PLR - stosunek trombocytow do limfocytow (ang. platelet-to-lymphocyte ratio)

RFS - czas do wznowy choroby nowotworowej (ang. reccurence-free survival)

SIR — ogolnoustrojowa reakcja zapalna (ang. systemic inflammatory response)

TIICs - Komorki uktadu immunologicznego naciekajace guz ( ang. tumor-infiltrating immune cells)
TILs - Limfocyty naciekajace guz (ang. tumor-infiltrating lymphocytes)

TME — operacja catkowitego usuni¢cia mezorektrum (ang. total mesorectal excision)

TNM - system klasyfikacji zaawansowania klinicznego nowotworu (ang. tumor, node, metastasis)

UICC — Migdzynarodowa Unia do Walki z Rakiem (ang. Union for International Cancer Control)






Streszczenie

Cel Pracy

Celem prowadzonych badan bylo okreslenie roli wykladnikow ogolnoustrojowej reakcji
zapalnej (systemic inflammatory response, SIR): stosunku limfocytow do monocytow (lymphocyte-to-
monocyte ratio, LMR), stosunku neutrocytéw do limfocytéw (neutrophil-to-lymphocyte ratio, NLR) i
stosunku trombocytéw do limfocytow (platelet-to-lymphocyte ratio, PLR) u pacjentéw z rakiem jelita
grubego i odbytnicy (colorectal cancer, CRC). Ocenie poddawano powtarzalno$¢, wartos$c
prognostyczng, relacje z innymi parametrami biochemicznymi, radiologicznymi, klinicznymi i
patologicznymi. Analiza zbioru prac stuzyta okresleniu mozliwos$ci zastosowania wyktadnikéw SIR w

praktyce lekarskiej.
Materialy i metody

We wszystkich badaniach wchodzacych w sktad niniejszej rozprawy doktorskiej brali udziat
pacjenci leczeni w Narodowym Instytucie Onkologii im. Marii Sklodowskiej-Curie — Panstwowym

Instytucie Badawczym w Warszawie.

W 1. publikacji prospektywnej analizie poddano 60 wyselekcjonowanych pacjentow z
miejscowo zaawansowanym rakiem odbytnicy leczonych migdzy sierpniem 2017r. a grudniem 2020r.
Celem analizy byta ocena powtarzalnosci LMR, NLR i PLR i ich wartosci prognostycznej, korelacji z

parametrami biochemicznymi, klinicznymi oraz patologicznymi.

W 2. publikacji 371 pacjentow z miejscowo zaawansowanym rakiem odbytnicy leczonych
migdzy sierpniem 2016r. a grudniem 2021r. oceniono retrospektywnie pod katem zwigzkow migdzy
wyktadnikami SIR, parametrami klinicznymi i laboratoryjnymi a radiologicznym czynnikiem
prognostycznym - naciekaniem naczyn zlokalizowanych poza $ciang odbytnicy (extramural vascular

invasion, EMVI).

W 3. publikacji retrospektywnej analizie poddano 87 pacjentow z lewostronnymi miejscowo
zaawansowanym rakiem jelita grubego lub gorej odbytnicy leczonych operacyjnie migdzy styczniem
2014r. a grudniem 2015r. Celem wykluczenia wptywu radioterapii na wyktadniki SIR, przeprowadzono
badanie na populacji pacjentdéw poddawanych pierwotnemu leczeniu chirurgicznemu. Oceniano
korelacje migdzy parametrami LMR, NLR i PLR a gestoscig limfocytow CD3+ i CD8+ w

mikrosrodowisku guza.



Wyniki

W 1. publikacji wykazano znamienng statystycznie zalezno$¢ pomigdzy LMR a naciekiem
zapalnym w obrgbie guza (r = 0,38, p = 0,044) i ekspresjg liganda programowanej $mierci 1
(programmed death-ligand 1, PD-L1) na komérkach nowotworowych, limfocytach i makrofagach przy
uzyciu wskaznika CPS (combined positive score) (r = 0,45, p = 0,016). Warto§¢ PLR byta istotnie
zwigzana z zajeciem przez nowotwor regionalnych weztéw chtonnych (p = 0,033). Wyktadniki SIR
okazaty si¢ by¢ umiarkowanie powtarzalne. Nie wykazano warto$ci prognostycznych w stosunku do
czasu przezycia catkowitego (overall survival, OS) oraz czasu do wznowy choroby nowotworowe;j

(reccurence-free survival, RFS).

W 2. publikacji stwierdzono znamienng statystycznie zalezno$¢ miedzy wielkoscia guza
nowotworowego, przerzutami do regionalnych weztow chtonnych, stopniem zaawansowania choroby
nowotworowej a obecnoscia EMVI (p < 0,001). Wyjéciowy poziom neutrocytdw, trombocytow i
antygenu karcynoembrionalnego (carcinoembryonic antigen, CEA) byt istotnie wyzszy w populacji
pacjentow EMVI-dodatnich w stosunku do populacji pacjentow EMVI-ujemnych (odpowiednio p =
0,041, p = 0,01, p = 0,027). Nie zaobserwowano istotnych r6znic w wartosciach LMR, NLR i PLR
migdzy pacjentami EMVI-dodatnimi i EMVI-ujemnymi.

W publikacji 3. udowodniono znamienng statystycznie zalezno$¢ migdzy gestoscia limfocytow
CD3+ w centrum guza a wyj$ciowa warto$cig NLR (p = 0,044). Nie zaobserwowano innych zalezno$ci
miedzy wartosciami LMR, NLR lub PLR a gestoscig limfocytow CD3+ i CD8+. Wsrod pacjentow z
wysokim LMR, niskim NLR i niskim PLR odsetek pigcioletnich OS byl znamiennie wyzszy
(odpowiednio p < 0,001, p = 0,001, p=0,095). Nie stwierdzono zaleznosci miedzy OS a gestoscia

limfocytow CD3+ 1 CD8+ w mikrosrodowisku guza.
Whioski

Wyktadniki SIR sg parametrami o nie w pelni poznanych wlasciwosciach. Dane literaturowe na
temat zagadnien poruszanych w pracach sg bardzo skape. Na podstawie prezentowanych publikacji
mozna przypuszczac, ze istnieje zaleznos¢ miedzy wyktadnikami SIR w morfologii krwi obwodowej a
zaburzeniami immunologicznymi zwigzanymi z choroba nowotworowa w mikrosrodowisku guza.
LMR, NLR i PLR maja potwierdzone wlasciwosci prognostyczne w lewostronnym raku jelita grubego,
a poziom ich powtarzalno$ci umozliwia zastosowanie w codziennej praktyce klinicznej. Zbiodr

zaprezentowanych prac powinien by¢ wstepem do dalszych badan nad rolg wyktadnikow SIR w CRC.



Abstract

Objective

The aim of the studies was to assess the role of systemic inflammatory response (SIR) markers:
lymphocyte-to-monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) in patients with colorectal cancer (CRC). Their reproducibility, prognostic
value, correlations with biochemical, radiological, clinical and pathological parameters were evaluated.

The purpose of the analysis of the studies was to assess the utility of SIR markers in clinical practice.
Materials and methods

Patients treated at the Maria Sklodowska-Curie National Research Institute of Oncology in

Warsaw were enrolled in the studies.

In study 1. sixty well-selected patients with locally-advanced rectal cancer treated between
August 2017 and December 2020 were prospectively analyzed. The aim of the analysis was the
evaluation of the reproducibility of the LMR, NLR and PLR, their prognostic values and correlations

with clinical, biochemical and pathological outcomes.

In study 2. three hundred seventy-one patients with locally-advanced rectal cancer treated
between August 2016 and December 2021 were retrospectively assessed in terms of correlations
between SIR markers, clinical and laboratory parameters and radiological prognostic factor — extramural

vascular invasion (EMVI).

In the 3. study 87 patients with left-sided colon cancers or upper rectal cancers treated surgically
between January 2014 and December 2015 were analyzed. The aim of the study was to exclude the
impact of radiotherapy on SIR markers by assessing a population of patients treated primarily with
surgery. The correlations between the LMR, NLR and PLR and the density of CD3+ and CD8+

lymphocytes in the tumor microenvironment were assessed.
Results

In the 1. study there was a significant positive correlation between the LMR and cancer-related
inflammatory infiltrate (r = 0.38, p = 0.044) and programmed death-ligand 1 (PD-L1) expression in

tumor cells, lymphocytes, and macrophages, assessed as CPS (combined positive score) (r = 0.45, p =
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0.016). The PLR level was correlated with nodal involvement (p = 0.033). The SIR markers proved to
be moderately reproducible; there was no prognostic value in terms of overall survival (OS) and

recurrence-free survival (RFS).

In the 2. study a correlation between the extension of the tumor, nodal status, clinical stage of
the disease and the presence of EMVI was found (p < 0.001). The pre-treatment level of neutrophils,
platelets and carcinoembryonic antigen (CEA) was significantly higher in the EMVI-positive population
compared to EMVI-negative population (p = 0.041, p = 0.01, p = 0.027, respectively). There were no
significant differences regarding the level of the LMR, NLR and PLR between the EMVI-positive and
EMVI-negative population.

In the 3. study a statistically significant correlation between the density of CD3+ lymphocytes
in the center of the tumor and the pre-treatment level of the NLR was proven (p = 0.044). No other
associations between any of the SIR markers and CD3+ or CD8+ lymphocytes were observed. Five-
year OS was significantly longer in patients with the high LMR (p < 0.001), low NLR (p = 0.001) and
low PLR (p =0.095). No correlations between the density of lymphocytes CD3+ and CD8+ in the tumor

microenvironment and OS was demonstrated.

Conclusions

The properties of the SIR markers are not entirely discovered. In the literature there is little data
on the topics presented in the studies. Based on our results, we may assume there is an association
between the SIR markers in the blood and cancer-related immune disorders in the tumor
microenvironment. LMR, NLR and PLR have a confirmed prognostic value in left-sided colon cancer,
their reproducibility enables application in everyday clinical practice. The presented works should serve

as an introduction to further studies of the role of the SIR markers in CRC.



Wykaz publikacji wchodzacych w sklad rozprawy doktorskiej

Niniejsza rozprawa doktorska opiera si¢ na zbiorze publikacji dotyczacych wykladnikow
ogoblnoustrojowej reakcji zapalnej u pacjentow z rakiem jelita grubego i odbytnicy. W sktad zbioru
publikacji wchodza trzy prace oryginalne (1 prospektywna i 2 retrospektywne) opublikowane w

zagranicznych, recenzowanych czasopismach naukowych:

1. Gawinski, C.; Mroz, A.; Roszkowska-Purska, K.; Sosnowska, I.; Derezinska-Wotek, E.;
Michalski, W.; Wyrwicz, L. A Prospective Study on the Roles of the Lymphocyte-to-
Monocyte Ratio (LMR), Neutrophil-to-Lymphocyte Ratio (NLR), and Platelet-to-Lymphocyte
Ratio (PLR) in Patients with Locally Advanced Rectal Cancer. Biomedicines 2023, 11, 3048.
https://doi.org/10.3390/biomedicines11113048
(IF-4.7)

2. Gawinski, C.; Holdakowska, A.; Wyrwicz, L. Correlation between Lymphocyte-to-Monocyte
Ratio (LMR), Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR)
and Extramural Vascular Invasion (EMVI) in Locally Advanced Rectal Cancer. Curr.

Oncol. 2023, 30, 545-558. https://doi.org/10.3390/curroncol30010043
IF-2.6)

3. Gawinski, C.; Michalski, W.; Mroz, A.; Wyrwicz, L. Correlation between Lymphocyte-to-
Monocyte Ratio (LMR), Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte
Ratio (PLR) and Tumor-Infiltrating Lymphocytes (TILs) in Left-Sided Colorectal Cancer
Patients. Biology 2022, 11, 385. https://doi.org/10.3390/biology11030385
(IF-5.2)

Laczny IF publikacji — 12.5


https://doi.org/10.3390/biomedicines11113048
https://doi.org/10.3390/biology11030385

Wstep i zalozenia pracy

Rak jelita grubego i odbytnicy (colorectal cancer, CRC) jest trzecim najpowszechniej
wystepujacym nowotworem i druga najczestsza nowotworowa przyczyng zgonow na §wiecie (1). Rak
odbytnicy stanowi okoto 35% przypadkow CRC (2). W ostatnich latach obserwuje si¢ niepokojacy
wzrost zachorowan na CRC ws$rod milodych dorostych (3, 4). Rokowanie, szczegodlnie w
zaawansowanych stadiach choroby pozostaje niesatysfakcjonujace (5). Standardem postgpowania w
miejscowo zaawansowanym raku jelita grubego jest pierwotne leczenie operacyjne, za§ w przypadku
miejscowo zaawansowanego raka odbytnicy (locally-advanced rectal cancer, LARC) neoadjuwantowa
radio- lub radiochemioterapia, nastepnie operacja polegajaca na catkowitym usunigciu mezorektum
(total mesorectal excision, TME) z lub bez pooperacyjnej chemioterapii uzupetniajacej (6-8). Wpltyw
takiego postepowania w leczeniu LARC na czas przezycia catkowitego (overall survival, OS) pozostaje
niejasny, a intensywne, multimodalne leczenie moze powodowac istotne, dtugotrwale powiktania i w
konsekwencji znaczne pogorszenie jakosci zycia (9, 10). Watpliwosci te powoduja wystepowanie
znaczacych roéznic w postgpowaniu terapeutycznym z pacjentami z LARC migdzy osrodkami
medycznymi. Klasyfikacja TNM (tumor, node, metastasis) zaawansowania klinicznego wg UICC
(Union for International Cancer Control) i AJCC (American Joint Committee on Cancer) jest
podstawowym czynnikiem prognostycznym i parametrem stluzacym do oceny zaawansowania choroby
i planowania leczenia (11). Klasyfikacja TNM czesto nie wystarcza, by wlasciwie oceni¢ faktyczne
zaawansowanie choroby. Zachodzi konieczno$¢ znalezienia nowych markerow, ktore pomoglyby lepiej
dostosowac¢ intensywno$¢ leczenia do potrzeb danego pacjenta. Markery reakcji zapalnej zwigzanej z
nowotworem (cancer-related inflammation, CRI) zaréwno lokalnie w mikrosrodowisku guza, jak i
obwodowo w krwioobiegu, moga by¢ odpowiednimi kandydatami do tej roli. Stosunek limfocytow do
monocytéw (lymphocyte-to-monocyte ratio, LMR), neutrocytdow do limfocytow (neutrophil-to-
lymphocyte ratio, NLR), trombocytow do limfocytow (platelet-to-lymphocyte ratio, PLR) to parametry
oceniane na podstawie morfologii krwi obwodowej z udowodnionymi wiasciwosciami
prognostycznymi w wielu nowotworach (12-14).

CRI jest kluczowym zjawiskiem dla zrozumienia wlasciwosci markerdw ogdlnoustrojowe;j
reakcji zapalnej (systemic inflammatory response, SIR). Zwigzek miedzy chorobg nowotworows i
reakcjg zapalng jest znany od czasu badan Rudolfa Virchowa w XIX wieku (15). Rekrutacja komorek
zapalnych, produkcja cytokin, reaktywnych form tlenu i hamowanie programéw naprawy komoérkowej
promuja niekontrolowang proliferacj¢ wadliwych komorek, a przez to potencjal do nowotworzenia.
Komorki zapalne sa powszechne w mikrosrodowisku guza (16). Liczba limfocytow odzwierciedla
nasilenie reakcji zapalnej. Limfocyty odpowiadajg za produkcje cytokin przeciwnowotworowych, a ich
aktywno$¢ cytotoksyczna zmniejsza proliferacje nowotworu i tendencj¢ do rozsiewu (17). Przeciwnie,

monocyty przyczyniaja si¢ do progresji nowotworu i zwiekszaja jego aktywno$¢ metastatyczna (18).



Neutrocyty, ktore stanowig ok. 50-70% leukocytow, odgrywaja kluczowa role w CRI. Wydzielajac
reaktywne formy tlenu i azotu uszkadzajagce DNA biorg one istotny udziat w procesie nowotworzenia.
Rozwoj nowotworu jest przyspieszany przez wydzielane przez neutrocyty cytokiny wplywajace na
proces angiogenezy (19). Neutrocyty biorg takze udzial w hamowaniu proliferacji limfocytow T i
limfocytow NK (20, 21). Podobnie trombocyty, poprzez wydzielanie cytokin i czynnikow wzrostu,
przyczyniaja si¢ do karcynogenezy. Komoérki nowotworowe produkuja cytokiny, ktére indukujg
trombocytoze. Trombocyty z kolei promuja, dzicki wspomnianym mechanizmom, dalszy wzrost guza
przyczyniajac si¢ do btednego kota stymulacji (22). Opisane interakcje immunologiczne doprowadzity
do zainteresowania i rozpoczecia badan nad wspomnianymi markerami SIR — LMR, NLR i PLR.
Pomimo udowodnionej roli prognostycznej markeréw SIR w wielu nowotworach, ich zwigzki z innymi
parametrami kliniczno-patologicznymi, radiologicznymi lub biochemicznymi oraz mozliwo$¢
zastosowania w praktyce klinicznej pozostaja niejasne.

Komorki uktadu immunologicznego naciekajace guz (tumor-infiltrating immune cells, TIICs)
sktadaja si¢ gldwnie z makrofagow, komoérek dendrytycznych, mastocytéw i limfocytow. Limfocyty
naciekajace guz (tumor-infiltrating lymphocytes, TILs) to biale krwinki migrujace z krwioobiegu w
stron¢ guza nowotworowego, ktore sg obecnie szeroko badang populacjg TIICs. TILs sg zaangazowane
w rozpoznawanie 1 eliminacj¢ komorek nowotworowych odgrywajac wazna rol¢ w nasilaniu
odpowiedzi immunologicznej skierowanej przeciwko nowotworowi (23). Ich prognostyczna i
predykcyjna rola jest dobrze udokumentowana w raku piersi, szczego6lnie w podtypie trojujemnym,
gdzie wysoki poziom TILs koreluje z dluzszym OS, dluzszym czasem przezycia wolnego od choroby
(disease-free survival, DFS) oraz czgstszym wystgpowaniem patologicznej catkowitej odpowiedzi po
leczeniu neoadjuwantowym (24, 25). Wysoki poziom TILs jest réwniez zwigzany z lepszym
rokowaniem w innych nowotworach takich jak rak ptuca, jajnika czy trzustki (26-28). Immunoscore to
klasyfikacja oparta na populacjach limfocytow w mikrosrodowisku guza (CD3+, CD8+, CD45RO+)
ocenianych immunohistochemicznie w obregbie guza (29). Wedlug niektorych doniesien Immunoscore
jest lepszym predyktorem OS w poréwnaniu z klasyfikacja TNM w CRC (30). W literaturze dane
dotyczace zwiazkéw miedzy obwodowymi markerami SIR, a zmianami zwigzanymi z CRI w
mikrosrodowisku guza sa sprzeczne. W raku piersi stwierdzono istotng korelacje miedzy poziomem
limfocytow, monocytow, LMR, NLR we krwi obwodowej a poziomem TILs (CD3+, CD8+, CD15+,
CD68+) (31, 32). Wysoki przedoperacyjny poziom NLR byt zwigzany z niskim poziomem TILs w raku
watrobowokomoérkowym (33). Z kolei w raku Zoladka nie stwierdzono korelacji migdzy gestosciag
limfocytow CD3+ i CD8+ a poziomem NLR. W CRC dane na temat zaleznosci migdzy TILs a
markerami SIR sg bardzo skape. W pojedynczych badaniach wysokie wartosci LMR byly zwigzane z
wysokim poziomem limfocytow CD3+ (34). W raku odbytnicy nie stwierdzono zaleznosci migdzy
poziomem NLR a obecnoscig CD3+ (35).

W raku odbytnicy istotnym negatywnym czynnikiem prognostycznym jest naciekanie naczyn

zlokalizowanych poza §ciang odbytnicy (extramural vascular invasion, EMVI). Wykrycie EMVI w

9



przedoperacyjnym badaniu rezonansu magnetycznego (magnetic resonance imaging, MRI) jest
zwigzane ze zwickszonym ryzykiem wystapienia przerzutow odlegltych i skroconym DFS (36).
Obecnos¢ EMVI jest skorelowana z zaawansowanymi stadiami choroby (wielko$¢ guza, zajecie
regionalnych weztow chlonnych) (37-39). Tradycyjnie EMVI oceniane byto na podstawie badania
patomorfologicznego. Jednakze udowodniono, Ze taki sposob oceny prowadzi do znacznego zanizania
czestosci wystgpowania naciekania naczyn. Historyczne badania szacujg czesto$¢ wystgpowania EMVI
w przedziale od 9% do 90%, co jest zwigzane z nieustandaryzowaniem kryteriow patomorfologicznych
oraz trudno$ciami w rozrdznieniu pomiedzy naciekiem naczyn limfatycznych i zylnych. W ostatnich
latach wykazano, ze identyfikowanie EMVI na podstawie MRI jest co najmniej tak samo doktadne jak
w ocenie patomorfologicznej (40, 41). Ocena parametru EMVI stata si¢ standardowa procedurg w
ramach przedoperacyjnego badania MRI w raku odbytnicy, a cze¢stos¢ wystgpowania tego parametru w
ocenie radiologicznej wynosi ok. 35% (42, 43). Ocena EMVI jest coraz cze$ciej uzywana jako czynnik
wskazujacy pacjentdow wymagajacych bardziej intensywnego leczenia okolooperacyjnego. Chand i wsp.
wykazali, ze pacjenci z EMVI-dodatnim rakiem odbytnicy w Il stopniu zaawansowania wg TNM maja
podobnie podwyzszone ryzyko wystapienia przerzutow odleglych jak pacjenci z EMVI-negatywnym
rakiem w st. III choroby (44). Siddiqui i wsp. w metaanalizie wykazali istotnie zwigkszone ryzyko
wystgpienia zarowno synchronicznych jak i metachronicznych przerzutow wsrod pacjentow z EMVI-
dodatnim rakiem odbytnicy (43). Rola EMVI nie jest ograniczona do raka odbytnicy - jest takze
negatywnym czynnikiem prognostycznym w miejscowo zaawansowanym raku jelita grubego. Badania
wskazujg tez na potencjalng warto$¢ prognostyczng EMVI w raku przetyku i zotadka (45-47). Dane w
literaturze na temat relacji pomiedzy parametrem EMVI a markerami SIR sg bardzo skape. W badaniu
Li i wsp. nie wykazano zwigzkéw miedzy EMVI a poziomem NLR i PLR w LARC (48). W innym
badaniu Pine i wsp. stwierdzili statystycznie znamienng zalezno$¢ miedzy NLR a EMVI. W analizie tej
ujeto jednak parametr EMVI oceniany na podstawie badania patomorfologicznego a nie
radiologicznego, za§ populacja pacjentow nie ograniczata si¢ do chorych z rakiem odbytnicy (49).
Ocena korelacji migdzy markerami SIR a parametrem EMVI moglaby ulatwi¢ przedoperacyjna

stratyfikacje ryzyka u pacjentéw z LARC.
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Cel pracy

Markery SIR — LMR, NLR i PLR maja udowodniong warto$¢ prognostyczng w wielu
nowotworach. W zwigzku z tym, Ze parametry te oceniane sa na podstawie morfologii krwi obwodowej,
ich pozyskiwanie i analiza jest fatwa i tania. Ich rola w miejscowo zaawansowanym CRC, szczegolnie
LARC nie jest jednak dobrze okreslona. Jako potencjalne markery prognostyczne wymagaja wlasciwej
walidacji — przede wszystkim oceny powtarzalno$ci w praktyce klinicznej. Gtownym celem badan
wchodzacych w sktad niniejszej rozprawy doktorskiej bylo zrozumienie roli markerow SIR wsrod
pacjentow z miejscowo zaawansowanym CRC. Ocenie poddawano powtarzalno$¢ markeréw SIR w
dobrze wyselekcjonowanej grupie pacjentdw z rakiem odbytnicy. Analizowano zwigzki miedzy LMR,
NLR i PLR a innymi parametrami kliniczno — patologicznymi, radiologicznymi i biochemicznymi.
Poszukiwano korelacji miedzy obwodowymi markerami CRI, a zaburzeniami immunologicznymi w
mikrosrodowisku guza. Wyniki prac mialy na celu ocen¢ mozliwo$ci zastosowania markeréw SIR w

codziennej praktyce lekarskiej.
Materialy i metody

We wszystkich badaniach wchodzacych w sktad niniejszej pracy doktorskiej udzial brali
pacjenci leczeni w Narodowym Instytucie Onkologii im. Marii Sklodowskiej-Curie — Panstwowym
Instytucie Badawczym w Warszawie.

Publikacja 1. miata charakter jednoramiennego badania prospektywnego. Poddano ocenie 60
wyselekcjonowanych pacjentéw z miejscowo zaawansowanym rakiem odbytnicy leczonych miedzy
sierpniem 2017r. a grudniem 2020r. Kryteriami wlaczenia do badania byly: a) miejscowo
zaawansowany rak odbytnicy; b) kwalifikacja pacjentow do otrzymania radio- lub radiochemioterapii
przez zespol wielodyscyplinarny. Kryteria wylaczenia z badania stanowilty: a) obecno$é
wspotwystepujacych nowotwordw; b) wystepowanie ostrego lub przewleklego stanu zapalnego, chordb
hematologicznych lub autoimmunologicznych i innych stanéw medycznych mogacych istotnie
wplywac na zaburzenia wyktadnikow stanu zapalnego; ¢) stosowanie leczenia immunosupresyjnego w
wywiadzie. U wszystkich pacjentow przeprowadzano trzy pobrania morfologii krwi przed
rozpoczgciem leczenia onkologicznego. Na podstawie wynikéw morfologii oceniano LMR, NLR i PLR.
Wszyscy pacjenci otrzymali radio- lub radiochemioterapi¢, w zalezno$ci od stopnia zaawansowana
choroby, zgodnie z decyzjg zespolu wielodyscyplinarnego. Dziesi¢ciu pacjentdéw nie zgodzito si¢ na
zabieg operacyjny. U 6 pacjentow doszto do progresji choroby nowotworowej lub choroba okazata sig
by¢ nieoperacyjna po leczeniu neoadjuwantowym. Operacji poddanych zostato 44 pacjentow. Analizie
poddawano pooperacyjny materiat histopatologiczny. W 10 przypadkach doszlo do catkowitej
odpowiedzi patologicznej (pathological complete response, pCR). W 5 przypadkach materiat
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histopatologiczny byl niedostgpny lub uznany za nieodpowiedni do oceny patomorfologicznej. W
pozostalych 29 preparatach histopatologicznych oceniono obecnos¢ limfocytow CD8+, nacieku
zapalnego (limfocytow, plazmocytéw, monocytoéw/makrofagdéw oraz neutrocytéw), biatek MSH6 i/lub
PMS2 oraz wskaznik CPS (combined positive score) - stosunek komorek (komorek nowotworowych,
limfocytow i makrofagdow) z ekspresjg liganda programowanej $mierci komorki (programmed death-
ligand 1, PD-L1) do wszystkich komoérek nowotworowych pomnozony przez 100. Ocenie poddawano
powtarzalnos¢ LMR, NLR i PLR, ich warto$¢ prognostyczng oraz zwigzek z czynnikami klinicznymi i

wspomnianymi powyzej parametrami patomorfologicznymi.

Publikacja 2. miata charakter retrospektywny. Analizie poddano 371 pacjentow z LARC
leczonych miedzy sierpniem 2016r. a grudniem 2021r. Kryteriami wlaczenia do badania byly: a)
miejscowo zaawansowany rak odbytnicy; b) diagnostyka z zastosowaniem MRI wysokiej
rozdzielczosci z oceng statusu EMVI; ¢) kwalifikacja do leczenia radio- lub radiochemioterapia przez
zespot wielodyscyplinarny. Kryteria wylaczenia obejmowaly: a) obecnos¢ wspotwystepujacych
nowotworow; b) obecno$¢ zaburzen hematologicznych lub innych stanéw chorobowych mogacych
istotnie wplyna¢ na wyktadniki stanu zapalnego; c) stosowanie leczenia immunosupresyjnego w
wywiadzie. Mediana czasu mi¢dzy badaniem morfologii krwi, na podstawie ktdrego wyliczano LMR,
NLR i PLR a MRI wynosita 8 dni (zakres 0 - 43 dni). Ocena EMVI byla przeprowadzana przez dwoch
niezaleznych radiologdw z co najmniej 10-letnim doswiadczeniem. Analizowano zwiazki parametrem

EMVI a LMR, NLR i PLR oraz markerami biochemicznymi i parametrami kliniczno-patologicznymi.

W publikacji 3. retrospektywnej ocenie poddano 87 pacjentow z lewostronnym, miejscowo
zaawansowanym rakiem jelita grubego lub gornej odbytnicy, kwalifikowanych do radykalnego leczenia
operacyjnego migdzy styczniem 2014r. a grudniem 2015r. Kryteriami wlgczenia do badania byly: a) rak
dystalnej esicy, zlacza esiczo-odbytniczego lub goérnej odbytnicy (>10 cm od brzegu odbytu w
kolonoskopii); b) miejscowo-zaawansowany charakter choroby, bez naciekania sgsiednich narzadow; c)
niestosowanie leczenia przedoperacyjnego. Kryteria wylaczenia z badania stanowily: a) obecnos$¢
wspotwystepujacych nowotworow; b) zastosowanie chemio- i/lub radioterapii przedoperacyjnie; c)
obecnos¢ zaburzen hematologicznych lub innych stanow chorobowych mogacych istotnie wptyna¢ na
wyktadniki stanu zapalnego; d) stosowanie leczenia immunosupresyjnego w wywiadzie. Poddawano
analizie morfologi¢ krwi obwodowej pobrang przed leczeniem chirurgicznym; na jej podstawie
wyliczano wartosci LMR, NLR i PLR. Pooperacyjny material histopatologiczny oceniano
immunohistochemicznie pod katem nacieku limfocytow CD3+ i CD8+. Analizowano zwigzki migdzy
parametrami LMR, NLR i PLR a gesto$cig limfocytow CD3+ i CD8+ w tkance guza, a takze warto$¢
prognostyczng markerow SIR i TILs.
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Wyniki

W publikacji 1. w prospektywnie wyselekcjonowanej grupie 60 pacjentow byto 43 mezczyzn i
17 kobiet. Mediana wieku wynosita 66,5 lat (zakres 29-89 lat). Wigkszo$¢ pacjentow miata chorobeg
nowotworowa w stopniu zaawansowania I1IB i IIIC wg klasyfikacji TNM. U niemal potowy pacjentow
(47%) stwierdzono raka niskiej odbytnicy (<5 cm od brzegu odbytu do dolnego brzegu guza), u 40%
srodkowej (5-10cm od brzegu odbytu), a u 13% gornej (>10cm od brzegu odbytu). W okoto potowie
przypadkow (47% pacjentow) warto$¢ markera CEA miescita si¢ w granicach normy (<5 ng/mL).
Wspotczynnik Kappa-Cohena zgodno$ci miedzy pomiarami dla LMR to 0,59 (95% CI, 0,39-0,79), dla
NLR - 0,45 (95% CI, 0,22-0,68), a dla PLR - 0,53 (95% CI, 0,32-0,75), co oznacza, ze we wszystkich
trzech przypadkach zachodzita umiarkowana zgodno$¢ miedzy pomiarami. Srednia procentowa zmiana
migdzy trzecim a pierwszym pomiarem poziomu limfocytow, monocytéw, neutrocytow i trombocytow
wahata si¢ migdzy -5,59% a 4,76%, za$ btad standardowy migdzy 2,0 a 3,9. Przyjeto punkty odcigcia
dla niskich i wysokich wartosci LMR, NLR i PLR na podstawie danych z literatury na poziomie
odpowiednio 2,6, 3,01 150 (12, 14, 50, 51). W trzech pomiarach odsetek pacjentow nalezacych do tej
samej grupy (niskich Iub wysokich wartosci) wynosit dla LMR, NLR i PLR odpowiednio: 68,3%; 68,3%
i 70%. Gdy wartos¢ LMR w pierwszym pomiarze znajdowata si¢ poza zakresem 2,2-3,0 (+/- 0,4 w
stosunku do punktu odcigcia), ryzyko zakwalifikowania pacjenta do innej niz pierwotnie grupy (niskich
lub wysokich wartosci LMR) w drugim pomiarze wynosito 5% (95% CI, 1,0-13,9%). W przypadku
NLR, gdy wartos¢ byta poza zakresem 2,5-3,5 (+/- 0,5), ryzyko zmiany grup w drugim pomiarze
wynosito 8,3% (95% CI, 2,8-18,4%), zas§ w przypadku PLR poza zakresem 125-175 (+/- 25) bylo to
10% (95% CI, 3,8-20,5%). Wspotczynniki korelacji miedzy pierwszym a trzecim pomiarem wynosity
dla LMR 0,776 (p <0,00001), dla NLR 0,696 (p <0,000089), a dla PLR 0,751 (p <0,00001). W analizie
zwigzkow z parametrami kliniczno-patologicznymi zaobserwowano statystycznie znamienng zaleznos¢
migdzy wartoscia PLR a zajeciem regionalnych wezléw chtonnych (p = 0,033). Analiza post-hoc
potwierdzita, ze wartos¢ PLR byla nizsza w grupie pacjentow bez zajecia regionalnych weztéw
chlonnych w stosunku do grupy pacjentow z zajeciem regionalnych weztéw chlonnych N1 i N2;
odpowiednio: 116,35 (89,14-145,30); 147,27 (62,70-452,56); 164,41 (93,47-321,83). Wykazano
znamienng pozytywna korelacj¢ migdzy wartoScia LMR a naciekiem zapalnym w materiale
histopatologicznym (r = 0,38, p = 0,044) i CPS (r = 0,45, p = 0,016). Nie stwierdzono wartosci

prognostycznej markerow LMR, NLR i PLR w 5-letniej obserwacji pacjentow.

W publikacji 2. sposroéd 371 pacjentdw kryteria wlaczenia spetnito 184. Dodatni status EMVI
stwierdzono u 78 pacjentéw, a ujemny u 106. W EMVI-dodatniej populacji w poréwnaniu z EMVI-
ujemna statystycznie czesciej wystepowaty duze guzy - T2 Iub T3 (91% vs. 66%; p < 0,001) z zajeciem
regionalnych weztéw chtonnych (p < 0,001); przektadato si¢ to na wicksze zaawansowanie choroby wg

klasyfikacji TNM (p < 0,001). Poziom neutrocytow, trombocytéw i markera CEA byt istotnie nizszy w
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grupie pacjentow EMVI-ujemnych w poréwnaniu z grupg EMVI-dodatnich (p = 0,041 dla neutrocytow,
p < 0,001 dla trombocytéw i p = 0,027 dla CEA). Wsérdd pacjentow pierwotnie EMVI-dodatnich
obserwowano statystycznie znamiennie wigksze patologiczne zaawansowanie we¢ztowe (pN) (p <0,001)
i patologiczny stopien zaawansowania (p = 0,002) oraz nieznamiennie statystycznie wicksza wielko$¢
guza (pT) (p = 0,078). W analizach statystycznych obejmujacych krzywg ROC wszystkie parametry
LMR, NLR i PLR okazaty si¢ stabymi wyznacznikami statusu EMVI (odpowiednio krzywa AUC= 0,49,
0,56 1 0,54). Nie stwierdzono korelacji migdzy statusem EMVI a warto$cig markerow SIR.

W badaniu 3. kryteria wlaczenia spetnito 50 pacjentow. Po analizie histopatologicznej u 22%
pacjentow stwierdzono chorobe w I, u 36% w 11, a u 44% w I1I stopniu zaawansowania. Nie stwierdzono
zaleznos$ci miedzy wartosciami LMR, NLR, PLR lub gestoscig limfocytow CD3+ i CD8+ w obrebie
tkanki guza a stopniem zaawansowania choroby. Pacjentow podzielono na grupy z wysokimi i niskimi
wartosciami markerow SIR zgodnie z zasadami z poprzednich badan, punkty odci¢cia ustalono na
podstawie danych literaturowych. Stwierdzono znamienng statystycznie réznic¢ migdzy poziomem
limfocytow CD3+ w centrum guza migdzy grupami pacjentdw z niskimi i wysokimi poziomami NLR
— odpowiednio 1767,86/mm?2 (zakres: 705,36—3900,00/mm?2) vs. 1233,93/mm?2 (703,57-2950,00), (p =
0,044). Pacjentow poddano ponad 6-letniej obserwacji. W tym czasie 36% pacjentéw zmarto. Pacjenci
z wartosciami LMR >2,6 mieli dluzsze OS w poréwnaniu z pacjentami z LMR <2.,6 (p <0,001). Pacjenci
z wartosciami NLR >3 mieli krotsze OS niz pacjenci z NLR <3 (p = 0,001). Pacjenci z wartosciami PLR
< 150 mieli dluzszy OS w poréwnaniu z pacjentami z PLR >150, wynik nie byl jednak statystycznie
znamienny (p = 0,095). Nie stwierdzono korelacji migdzy OS a gestosciag limfocytéw CD3 i CD8+ w

mikrosrodowisku guza.

Whioski

W oparciu o zbidr prac wysuni¢to nastgpujgce wnioski:

1. Zachodzi korelacja migdzy obwodowymi i lokalnymi markerami CRI w populacji pacjentow z
miejscowo zaawansowanym rakiem jelita grubego i odbytnicy. Warto$¢ LMR jest zwigzana z
naciekiem zapalnym, a poziom NLR z gestoscig limfocytéw CD3+ w mikrosrodowisku guza.

2. Zachodzi korelacja migdzy warto$cig LMR a obecnoscig komoérek z ekspresja PD-L1 w
mikrosrodowisku guza.

3. Powtarzalno§¢ markerow SIR jest umiarkowana w grupie pacjentow z miejscCowo
zaawansowanym rakiem odbytnicy.

4. Obecno$¢ EMVI jest zwigzana z wigkszym zaawansowaniem guza nowotworowego wg

klasyfikacji TNM. Zachodzi zalezno$¢ pomiedzy statusem EMVI a poziomem CEA,
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neutrocytow i trombocytow. Nie zaobserwowano korelacji migdzy markerami SIR a statusem
EMVL

Markery SIR wykazuja warto$¢ prognostyczng w populacji pacjentow z miejscowo
zaawansowanym lewostronnym rakiem jelita grubego i gornej odbytnicy.

Nie stwierdzono prognostycznej wartoSci markeréw SIR w populacji ograniczonej do

pacjentdow z miejscowo zaawansowanym rakiem odbytnicy.
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Publikacje wchodzgce w sklad rozprawy doktorskiej

Publikacja 1.

“A Prospective Study on the roles of the Lymphocyte-to-Monocyte Ratio (LMR), Neutrophil-to-
Lymphocyte Ratio (NLR) and Platelet-to-Lymphocyte Ratio (PLR) in Patients with Locally Advanced

Rectal Cancer”

»Rola wspolczynnika limfocytow do monocytow (LMR), neutrocytow do limfocytow (NLR) i
trombocytow do limfocytow (PLR) u pacjentow z miejscowo zaawansowanym rakiem odbytnicy w
prospektywnym badaniu klinicznym”

Gawinski, C.; Mr6z, A.; Roszkowska-Purska, K.; Sosnowska, I.; Derezinska-Wolek, E.; Michalski, W.; Wyrwicz, L. A Prospective Study on

the Roles of the Lymphocyte-to-Monocyte Ratio (LMR), Neutrophil-to-Lymphocyte Ratio (NLR), and Platelet-to-Lymphocyte Ratio (PLR)
in Patients with Locally Advanced Rectal Cancer. Biomedicines 2023, 11, 3048. https://doi.org/10.3390/biomedicines11113048

Celem pracy byta analiza roli markerow SIR: LMR, NLR i PLR u pacjentéw z LARC i ocena
mozliwosci ich zastosowania w praktyce klinicznej. Badano powtarzalno§¢ markerow SIR, zwiazki z
czynnikami kliniczno-patologicznymi oraz warto$¢ prognostyczng. Prospektywnej analizie poddano 60
wyselekcjonowanych pacjentow z miejscowo zaawansowanym rakiem odbytnicy leczonych w
Narodowym Instytucie Onkologii im. Marii Sktodowskiej-Curie — Panstwowym Instytucie Badawczym
w Warszawie mig¢dzy sierpniem 2017r. a grudniem 2020r. Do badania wlaczono pacjentow, ktorzy
zostali  zakwalifikowani  decyzjag  zespolu  wielodyscyplinarnego do  neoadjuwantowe;j
radio/radiochemioterapii. Wylaczeni z badania byli pacjenci ze wspotwystepujacymi nowotworami
litymi, po leczeniu immunosupresyjnym, z ostrym lub przewlektym stanem zapalnym, nowotworami
hematologicznymi, chorobami autoimmunologicznymi i innymi stanami medycznymi moggcymi
istotnie wplywacé na zaburzenia wyktadnikow stanu zapalnego. U wszystkich pacjentéw wykonano trzy
badania morfologii krwi przed rozpoczeciem leczenia onkologicznego. Na podstawie wynikoéw
oceniano poziom LMR, NLR i PLR. Resekcje guza nowotworowego przeprowadzono u 44 pacjentow.
Nastepnie poddano analizie pooperacyjny material histopatologiczny. Stwierdzono znamienng
statystycznie korelacj¢ migdzy LMR a naciekiem zapalnym w mikro§rodowisku guza oraz ekspresja
PD-L1 na komoérkach nowotworowych, limfocytach i makrofagach (CPS). Wartos¢ PLR byta istotnie
statystycznie powigzana z zajgciem regionalnych weztdéw chlonnych. Markery SIR okazaty sig¢
umiarkowanie powtarzalne. Nie stwierdzono prognostycznej warto$ci markerow SIR w odniesieniu do

OS w grupie pacjentow z LARC.
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Abstract: Rectal cancer constitutes over one-third of all colorectal cancers (CRCs) and is one of the
leading causes of cancer-related deaths in developed countries. In order to identify high-risk patients
and better adjust therapies, new markers are needed. Systemic inflammatory response (SIR) markers
such as LMR, NLR, and PLR have proven to be highly prognostic in many malignancies, including
CRC; however, their roles in locally advanced rectal cancer (LARC) are conflicting and lack proper
validation. Sixty well-selected patients with LARC treated at the Maria Sklodowska-Curie National
Research Institute of Oncology in Warsaw, Poland, between August 2017 and December 2020 were
prospectively enrolled in this study. The reproducibility of the pre-treatment levels of the SIR markers,
their correlations with clinicopathological characteristics, and their prognostic value were evaluated.
There was a significant positive correlation between LMR and cancer-related inflammatory infiltrate
(r =0.38, p = 0.044) and PD-L1 expression in tumor cells, lymphocytes, and macrophages (combined
positive score (CPS)) (r = 0.45, p = 0.016). The PLR level was correlated with nodal involvement
(p =0.033). The SIR markers proved to be only moderately reproducible and had no significant
prognostic value. In conclusion, the LMR was associated with local cancer-related inflammation and
PD-L1 expression in tumor microenvironments. The validity of SIR indices as biomarkers in LARC
requires further investigation.

Keywords: LMR (lymphocyte-to-monocyte ratio); NLR (neutrophil-to-lymphocyte ratio); PLR
(platelet-to-lymphocyte ratio); inflammatory infiltrate; CPS (combined positive score); rectal cancer

1. Introduction

Rectal cancer constitutes approximately 35% of all colorectal cancers (CRCs). Its in-
cidence in the European Union is estimated at 125,000 per year, and this is predicted to
rise due to sociodemographic changes [1,2]. An alarming increase in the incidence of both
colon and rectal cancers in young adults has been observed in recent years [3,4]. Prog-
noses, especially in advanced stages of the disease, remain unsatisfactory [5]. The current
standard of care for patients with locally advanced rectal cancer (LARC) is neoadjuvant
radiotherapy/chemoradiotherapy followed by surgery according to total mesorectal exci-
sion (TME) principles with or without postoperative chemotherapy [6-8]. However, the
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impact of such an approach on overall survival (OS) remains unclear, and it may cause
long-term toxicities and impaired quality of life [9,10]. New markers are required to appro-
priately identify low- and high-risk patients, which is crucial for properly adjusting patients’
therapy. Blood-based systemic inflammatory response (SIR) markers such as LMR, NLR,
and PLR are simple and cheap biomarkers with proven prognostic value in CRC [11-14].
However, the proper validation of these markers is lacking, and their roles in LARC are
uncertain [15,16]. We conducted a prospective study on a well-selected group of patients
with LARC. We investigated the reproducibility of the SIR markers, their correlations with
clinicopathological characteristics, and their prognostic value.

2. Materials and Methods

A single-arm prospective study among patients treated at the Maria Sktfodowska-Curie
National Research Institute of Oncology in Warsaw was conducted. The eligibility criteria
were as follows: (1) the patients were diagnosed with primary locally advanced rectal cancer
confirmed by histopathology; (2) their clinical records, including demographic data and
laboratory data, were available and complete; (3) the performance statuses of the patients
were ECOG 0-2, and the patients had qualified to receive radio/chemoradiotherapy by
multidisciplinary teams; and (4) the patients were >18 years old. The exclusion criteria were
as follows: (1) the presence of distant metastasis at the time of diagnosis; (2) the presence
of malignant tumors in other organs; (3) the presence of acute or chronic inflammatory
diseases, hematological malignancies, autoimmune diseases, and other medical conditions
that could affect inflammatory markers; and (4) prior immunosuppressive therapy. Blood
samples from the patients were obtained three times within a median period of 21 days
(range of 7-55 days). All the tests were performed prior to any oncological treatments. The
differential white blood cell counts were analyzed using a Sysmex XN-550 hematology
analyzer following the manufacturer’s protocol. The LMR, NLR, and PLR were calculated
from the blood samples by dividing an absolute lymphocyte count by an absolute monocyte
count, an absolute neutrophil count by an absolute lymphocyte count, and an absolute
platelet count by an absolute lymphocyte count, respectively. The patients were divided in
terms of the baseline values of their SIR markers into high and low LMR, NLR, and PLR
groups. The cut-off values were determined based on our previous studies and the data
available in the literature [17-20].

Formulas:

LMR—absolute lymphocyte count (g/L)/absolute monocyte count (g/L)
NLR—absolute neutrophil count (g/L)/absolute lymphocyte count (g/L)

PLR—absolute platelet count (g/L)/absolute lymphocyte count (g/L)

All the patients received neoadjuvant radio/chemoradiotherapy according to the
multidisciplinary teams’ decisions, which were based on the stage of the disease. Ten
patients did not agree to proceed with surgery. Six patients progressed/proved to be
inoperable before surgery. Surgery was performed on 44 patients.

2.1. Histopathological Analysis

The post-surgical pathological results were collected and analyzed. There were 10 cases
of complete pathological response (pCR). In two cases, no pathological specimens were
available after surgery, and in three cases, the specimens were deemed not suitable for the
histopathological analysis. Twenty-nine specimens were found suitable for the analysis.
The presence of tumor-infiltrating immune cells in the tumor centers and the invasive
margins was evaluated by immunohistochemistry using the antibodies for the CD8 anti-
gen. For the immunohistochemical staining, primary monoclonal antibodies against CD8
(DAKO, Glostrup, Denmark, Cat. No IR623) with a DAKO EnVision FLEX detection sys-
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tem (DAKO, Denmark, Cat. No K8002) were used. Paraffin sections (4 pm on silanized
slides) were deparaffinized, rehydrated, and then stained according to the manufacturer’s
procedures. In a semi-quantitative assessment, a four-digit scale (0: 0-10% of the area of
scarce and mild staining, 1: 11-50% of the area of moderate or intensive staining, 2: 50-75%
of the area of intermediate or intensive staining, and 3: >75% of the area of intermediate
or intensive staining) of the density of lymphocytes was used in the measurements for
the tumor invasive margins. The inflammatory infiltrates containing lymphocytes, plas-
macytes, monocytes/macrophages, and neutrophils were assessed histologically on H&E
basic stain at the invasive fronts of the tumors using the same semi-quantitative four-digit
scale. An example of intensive inflammatory infiltrates and scarce inflammatory infiltrates
at the invasive margins is presented in Figure 1. Primary antibodies against MSH6 (DAKO,
Denmark, Cat. No IR086) and PMS2 (DAKO, Denmark IR087) were used to detect the
expression of microinstability indicator proteins. The percentage of positive cancer cells
was estimated in each case, and the internal positive control consisted of lamina propria
inflammatory cells and/or nontumoral glandular cells. As for the PD-L1 expression, clone
22C3 of the monoclonal antibody (DAKO, Denmark, Cat. No SK006) was used, and the
staining was performed automatically in a closed system as supplied by the manufacturer.
The expression was calculated as a CPS given the number of the PD-L1-staining cells (tumor
cells, lymphocytes, macrophages) relative to all viable tumor cells, multiplied by 100% (the
range of the results was between 0 and 100). An example of high and low expression of
PD-L1-staining cells is presented in Figure 2.
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(B)

Figure 1. Inflammatory infiltrates at the invasive margins of the cancers. The intensive inflammatory
infiltrate (A) versus nearly no inflammatory cells (B) at the invasive margins of the tumors (both
H&E x100).

Figure 2. Cont.
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(B)

Figure 2. PD-L1-staining cells at the invasive margins of the cancers. The high expression of PD-L1-
staining cells (A) versus nearly no PD-L1-staining cells (B) at the invasive margins of the tumors
(DAKO 22C3 antibody).

2.2. Statistical Analysis

The Shapiro-Wilk test was used to test the normality of the data distribution. The
analysis of the repeatability of the measurements of SIR markers was evaluated using
the Friedman test. Binomial variables were compared between measurements with the
McNemar test. Additionally, confidence intervals for the proportions were calculated using
a binomial exact calculation. Cohen’s Kappa was calculated to assess the extent of agree-
ment between the first and the second measurements, including 95% confidence intervals.
The relationships between parameters were assessed using Pearson’s correlation analysis.
Statistical analyses were performed using the IBM SPSS Statistics ver. 23 software package
and R software, version 4.0.5. The Kaplan-Meier procedure was performed to compare the
survival and time without relapse between patients, with low and high levels of the LMR,
NLR, and PLR. The log-rank test was used to verify whether any significant differences
between groups were present. The 95% confidence intervals were calculated for a cumula-
tive proportion of the patients who did not die/relapse. Correlations between qualitative
or semi-qualitative variables were verified using Spearman’s correlation coefficients. The
levels of the LMR, NLR, and PLR vs. the T, N, CR, and presence of progression were
analyzed using Mann-Whitney U tests (comparison of 2 groups) or with a Kruskal-Wallis
test (comparison of 3 groups), with a Dunn post hoc test.

2.3. Ethical Considerations

The study conformed to the provisions of the Declaration of Helsinki and was ap-
proved by the ethics committee of the National Institute of Oncology. All patients were
informed of the investigational nature of this study and provided written informed consent.



Biomedicines 2023, 11, 3048

6 of 19

3. Results

A total of 60 patients with rectal cancer treated at the Maria Sklodowska-Curie National
Research Institute of Oncology in Warsaw between August 2017 and December 2020 were
prospectively enrolled in the study. Forty-three males and seventeen females were included.
The median age was 66.5 years (range of 29-89 years old). All the patients in the study
were citizens of Poland of Caucasian ethnicity. The distributions of the cancer stages were
as follows: stages II-1I1A, 8 (13%); stage I1IB, 41 (68%); and stage IIIC, 10 (17%). The stage of
one of the patients remained undefined. There were no stage I or stage IV patients. All the
rectal cancers were adenocarcinomas. The intermediate differentiation of the tumor was the
most common—in 42 (70%) patients followed by the undefined differentiation—14 (23.3%).
Two (3.3%) rectal cancers were well-differentiated (G1) and two (3.3%) poorly differentiated
(G3). In terms of localization of the tumor within the rectum (distance of the lowest portion
of the tumor from the anal verge), 28 (47%) patients had low, 24 (40%) middle, and 8 (13%)
high rectal cancer. There were 15 (25%) smokers and 45 (75%) non-smokers. Most of the
patients were overweight—23 (38%); 19 (32%) had normal weight; 17 (28%) were obese,
and only 1 (2%) patient was underweight. Almost half of the patients (47%) had normal
levels of carcinoembryionic antigen (<5.0 ng/mL). The characteristics of the patients are
presented in Table 1.

Table 1. Characteristics of the patients.

All Patients (1 = 60)

Age (years), median (range) 66.5 (29-89)
Sex, n (%)
Male 43 (71.7)
Female 17 (28.3)
BMI, n (%) -
<185 12
18.5-25 19 (32)
25-30 23 (38)
>30 17 (28)
Smokers, 1 (%) 15 (25)
Non-smokers, 1 (%) 45 (75)
CEA (ng/mL), median (range) 21.89 (0.86-69.96)
Normal level (<5.0 ng/mL), n (%) 28 (47)
Elevated level (>5.0 ng/mL), n (%) 32 (53)
Tumor, n (%)
T3 55 (91.7)
T4 5(8.3)
Lymph nodes, n (%)
NO 8(13.3)
N1 35 (58.3)
N2 16 (26.7)

Nx 1(1.7)
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Table 1. Cont.

All Patients (n = 60)

Grade, 11 (%)

Gl 2(3.3)
G2 42 (70)
G3 2(3.3)
Gx 14 (23.3)
Stage, n (%)
[I-MIA 8(13.3)
1B 41 (68.3)
IC 10 (16.7)
Tumor localization, 1 (%)
Low rectum 28 (47)
Middle rectum 24 (40)
High rectum 8 (13)
Time between measurements (days), median (range)
1st-2nd 9 (1-42)
2nd-3rd 11 (1-34)
1st-3rd 21 (7-55)

BMI, body mass index; CEA, carcinoembryonic antigen.

The median values of the lymphocytes, monocytes, neutrophils, and platelet counts,
as well as their ratios, are shown in Table A1.

3.1. Reproducibility

The patients were divided into high and low groups according to the baseline values
of each SIR marker. The predetermined cut-offs were 2.6 for the LMR, 3.0 for the NLR, and
150 for the PLR. The numbers of patients who belonged to each group in each measurement
are presented in Table A2.

Over half of the patients (56.7%) (95% CI, 43.2-69.4%) were classified as LMR high, and
61.7% (95% CI, 48.2-73.9%) and 51.7% (95% CI, 38.4-64.8%) of the patients were assigned
to the NLR low and PLR low groups accordingly. After the second measurements, 81.7%
(95% (I, 69.6-90.5%) of the patients belonged to the same groups (LMR high or LMR low).
In terms of the NLR and PLR, 73.3% (95% CI, 60.3-83.9%) and 78.3% (95% Cl, 65.8-87.9%)
of the patients were in the same groups, respectively. After three measurements, the
percentages of patients who stayed in the same groups were nearly identical, as follows:
68.3% (95% CI, 55.0-79.7%) for the LMR and NLR and 70.0% (95% CI, 56.8-81.2%) for the
PLR. For the LMR, NLR, and PLR, there were no significant changes in the percentages
of the patients classified as low or high between all three measurements (p > 0.05 in all
comparisons). The mean percentage change between the third and the first measurements
of the lymphocytes, monocytes, neutrophils, and platelet counts ranged from —5.59% to
4.76%, and the standard errors ranged from 2.0 to 3.9 (Table 2).

The Cohen’s Kappa statistic for the extent of the agreement between the first and
second measurements for the LMR was k = 0.59 (95% CI, 0.39-0.79) (p < 0.001). For the
NLR, the Kappa was k = 0.45 (95% CI, 0.22-0.68) (p < 0.001), and for the PLR, k = 0.53 (95%
CI, 0.32-0.75) (p < 0.001), meaning in all cases, there was a moderate agreement between
both measurements.
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Table 2. Calculations of the percentages of the changes between the third measurements vs. the first

measurements.
% Change n Mean Standard Deviation Standard Error Median Minimum  Maximum
L 60 476 30.23 3.9 0.75 —60.61 92.86
M 60 3.88 24.39 3.1 4.78 —40.00 85.71
N 60 —5.59 20.57 2.7 —8.20 —47.70 43.66
WBC 60 —2.39 17.28 2.2 —3.86 —39.78 4212
PLT 60 1.29 15.30 2.0 —0.70 —29.32 44.60
L, lymphocytes; M, monocytes; N, neutrophils; WBC, white blood cells; PLT, platelets.

If the LMR at the first measurement was out of the range of 2.2-3.0 (0.4 from the cut-
off), then the risk of misclassification in the second measurement, defined as an affiliation
to a different (high or low) group than initially, dropped to 5.0% (95% CI, 1.0-13.9%). In the
case of the NLR, when it was outside of the range of 2.5-3.5 (0.5) in the first test, it was
8.3% (95% CI, 2.8-18.4%), and in the case of a PLR outside of the range of 125-175 (£25), it
was 10.0% (95% CI, 3.8-20.5%).

An analysis of the correlation between the first and third measurements of the LMR,
NLR, and PLR was conducted. The LMR values were correlated with a coefficient of 0.776
(p < 0.00001). The NLR and PLR were correlated with coefficients of 0.696 (p < 0.000089)
and 0.751 (p < 0.00001), respectively (Figure Al).

3.2. Correlation with Clinicopathological Characteristics

There was no significant correlation between the LMR, NLR, and PLR and the tumor
size. There were no relationships between the pre-treatment levels of the SIR markers
and both the progression and inoperability after neoadjuvant therapy as well as complete
pathological responses. There were significant differences in the PLR levels between the
NO, N1, and N2 subgroups (p = 0.033). A post hoc analysis confirmed that the PLR level in
the NO group was lower (116.35 (89.14-145.30) vs. N1, 147.27 (62.70-452.56); and vs. N2,
164.41 (93.47-321.83). There was no correlation between the LMR and the NLR, and the
nodal involvement was observed (Table 3).

Table 3. Average value of the LMR, NLR, and PLR depending on the size of the tumor, nodal status,
complete pathological response, and presence of progression after neoadjuvant treatment.
LMR Avg * NLR Avg * PLR Avg *
Median (Range) p-Value Median (Range) p-Value Median (Range) p-Value
T
T3 2.94 (1.12-6.91) 2.71 (1.01-6.90) 142.46 (62.70-452.56)
0.470 0.336 0.377
T4 2.49 (1.19-3.84) 3.10 (2.07-8.92) 185.88 (97.58-390.89)
N
0 3.52 (1.50-5.34) 2.27 (2.06-4.07) 116.35 (89.14-145.30)
291 (1.14-6.91) 0.714 291 (1.01-8.92) 0.457 147.27 (62.70-452.56) 0.033
(Ovs.1and 2)
2 147.27 (62.70-452.56) 2.68 (1.94-5.44) 164.41 (93.47-321.83)
CR
No pCR 3.02 (1.12-6.91) 2.71 (1.01-6.90) 136.65 (62.70-392.60)
0.867 0.796 0.309
pCR 2.85 (1.80-5.23) 2.56 (1.91-6.39) 153.55 (93.47-452.56)
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LMR Avg * NLR Avg * PLR Avg *
Median (Range) p-Value Median (Range) p-Value Median (Range) p-Value
Progression/inoperability
No 2.86 (1.12-6.91) 2.71 (1.01-8.92) 144.43 (62.70-452.56)
0.990 0.805 0.931
Yes 2.98 (1.14-3.86) 2.72 (1.76-6.15) 149.28 (95.91-349.34)

LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
PCR, pathological complete response; *, average level from all three measurements with analyses using the
Mann-Whitney U test (T; progression/inoperability, CR) or the Kruskal-Wallis test (N).

There was no significant correlation between the LMR, NLR, and PLR and the pre-
treatment level of CEA (p > 0.05 in all cases) (Table A3). There was a significant positive
correlation between the LMR and the cancer-related inflammatory infiltrates in the resected
tissues (r = 0.38, p = 0.044) and the PD-L1 expression in the tumor cells and tumor-associated
leukocytes (CPS) (r = 0.45, p = 0.016). The NLR and PLR were not related to the level of
CPS or the inflammatory infiltrates. The correlation between the density of the CD8+
lymphocytes and the LMR, PLR, and NLR was not significant (Table 4).

Table 4. Correlation between the LMR, NLR, and PLR and the CPS, CD8+ lymphocytes, and

inflammatory infiltrates.

CPS CD8+ Inflammatory Infiltrate
R p Value R p Value r p Value
LMR avg * 0.45 0.016 0.21 0.266 0.38 0.044
NLR avg * —0.19 0.316 —0.08 0.691 —0.15 0.447
PLR avg * 0.16 0.401 0.06 0.744 0.09 0.626

LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
CPS, combined positive score; *, average level from all three measurements; r, Spearman’s correlation coefficient.

The combined positive score was significantly positively correlated with the CD8+
(r =056, p = 0.002), as well as with the inflammatory infiltrates (r = 0.51, p = 0.005)
(Table A4). There was only one case of mismatch repair deficiency among the twenty-nine
histopathologically assessed specimens (3.45%).

3.3. Prognostic Value

The population of patients was analyzed in terms of recurrence-free survival (RFS)
and OS depending on the pre-treatment levels of the LMR, NLR, and PLR.

3.4. Lymphocyte-to-Monocyte Ratio

The cumulative proportion of patients who did not relapse at the end of the observation
period was 32% (95% CI = 8%; 100%) for the low LMR level group and 68% (95% CI = 53%;
87%) for the high LMR level group. The mean number of months without relapse was
M =39.03 for the low LMR level group and M = 47.01 for the high LMR level group
(p = 0.641). At the end of the observation period, the cumulative proportion of alive patients
was 80% (95% CI = 65%; 97%) for the low LMR level group and 80% (95% CI = 66%; 99%)
for the high LMR level group. The mean time of survival was M = 44.81 months for the
subjects with low LMR levels and M = 52.61 months for the subjects with high LMR levels
(p = 0.597) (Figure 3).
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Figure 3. Overall survival curve for the patients with low and high LMR levels. LMR, lymphocyte-
to-monocyte ratio.

3.5. Neutrophil-to-Lymphocyte Ratio

The mean number of months without relapse for the patients with low NLR levels
was M = 48.79, and for the patients with high NLR levels, it was M = 36.91. The cumulative
proportion of subjects who did not relapse at the end of the observation period was 71%
(95% CI = 57%; 90%) for the low NLR level group and 30% (95% CI = 7%; 100%) for the
high NLR level group (p = 0.225). No differences were detected between the survival
times of the patients with low and high NLR levels (p = 0.927). The mean time of survival
was M = 51.36 months for the subjects with low NLR levels and M = 45.66 months for the
subjects with high NLR levels. The cumulative proportion of alive patients at the end of
the follow-up period was 76% (95% CI = 59%; 98%) for the low NLR level group and 83%
(95% CI = 69%; 100%) for the high NLR level group (Figure 4).
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Figure 4. Overall survival curve for the patients with low and high NLR levels. NLR, neutrophil-to-
lymphocyte ratio.
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3.6. Platelet-to-Lymphocyte Ratio

The cumulative proportion of patients who did not relapse at the end of the observation
period was 63% (95% CI = 46%; 86%) for the low PLR level group and 47% (95% CI = 20%;
100%) for the high PLR level group. The mean number of months without a relapse was
M = 40.86 among the patients with low PLR levels and M = 44.48 among the patients with
high PLR levels (p = 0.869). The mean time of survival was M = 42.57 months for the
patients with low PLR levels and M = 54.56 for the patients with high PLR levels. The
cumulative proportion of alive subjects was 72% (95% CI = 56%; 94%) for the low PLR level
group and 89% (95% CI = 78%; 100%) for the high PLR level group (p = 0.261) (Figure 5).
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Figure 5. Overall survival curve for the patients with low and high PLR levels. PLR, platelet-to-
lymphocyte ratio.

4. Discussion

Cancer may induce both local and systemic inflammatory reactions [21]. The LMR,
NLR, and PLR are blood-based biomarkers of cancer-related inflammation. In our study,
we proved that there was a strong correlation between the LMR and cancer-related inflam-
matory infiltrates in the resected tissues. Similar results have been reported for cholangio-
carcinoma, colorectal, and breast cancers [22-24]. However, no correlation between the
SIR markers and tumor-infiltrating CD8 lymphocytes was found, which was in line with
other studies on both rectal and left-sided colon cancers [25,26]. This apparent discrepancy
may have been due to the large populations of neutrophils, macrophages, or other subsets
of lymphocytes in the inflammatory infiltrates. We found a correlation between the LMR
and PD-L1 expression in the tumor cells and tumor-associated leukocytes relative to all
the viable tumor cells (CPS). To our knowledge, these are the first data on a correlation
between the SIR markers and CPS in colorectal cancer. In other malignancies, the data on
correlations between SIR markers and PD-L1 expression are conflicting [27,28]. We found
no association between the SIR markers and the level of CEA, which corresponded to a
retrospective study on rectal cancer patients [29]. The PD-L1 expression in the immune cells
was positively correlated with both the inflammatory infiltrates and the tumor-infiltrating
CDS8 lymphocytes. Similar relationships have been reported in hepatocellular carcinoma,
cholangiocarcinoma, and colorectal cancer [30-32]. The LMR, NLR, and PLR are biomark-
ers with high prognostic value in many malignancies. However, their roles in LARC are
not clear and lack proper validation. The number of studies assessing their reproducibility
is very limited. To the best of our knowledge, our study is the first to directly investigate
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this subject in a prospectively enrolled cohort. Reference and cut-off values for the SIR
markers are not well-established. According to analyses of ostensibly healthy populations,
the average values of the LMR, NLR, and PLR may differ depending on race, sex, and age.
The mean values for the LMR in healthy individuals were significantly higher, and the
mean values for the NLR and PLR were lower in comparison to our results [33-35]. Our
findings were based on a well-selected group of patients with untreated LARC with no
concomitant acute or chronic diseases that could have influenced the levels of inflammatory
markers, which suggests that all three SIR markers are only moderately reproducible. When
divided into high and low groups, the percentages of patients who stayed in the same
groups after three measurements were nearly the same for all the parameters (68.3% for
the LMR and NLR and 70% for the PLR). Nearly one-third of the patients” affiliations with
a group changed between the assessments. However, if the first measurement was out
of the range of approximately £15% from the cut-off, the risk of misclassification in the
second measurement dropped significantly, and in terms of the LMR, this dropped to 5%
(95% CI, 1.0-13.9%), while for the NLR, it dropped to 8.3% (95% CI, 2.8-18.4%), and for the
PLR, it dropped to 10% (95% CI, 3.8-20.5%). These results were in line with our previous
retrospective study on the reproducibility of the LMR in patients with LARC, where two
peripheral blood tests within five weeks prior to beginning anti-cancer therapies were
performed [20]. The stability of the NLR over time, up to 100 days, has been demonstrated
in cardiac surgery patients; however, it has not been confirmed in a cancer population [36].
No other studies investigating the reproducibility of SIR markers have been found in
the literature. We analyzed the RFS and OS of patients depending on the levels of their
LMR, NLR, and PLR. We found no statistically significant correlations in terms of RFS
and OS between the high and low LMR, NLR, and PLR groups. These results were not
consistent with the majority of studies assessing the whole population of CRC [37-40].
However, among trials restricted to LARC, the impacts of SIR markers on recurrences and
survival have been conflicting. Wu et al. showed no correlation between the LMR and the
DEFS or OS in a non-metastatic rectal cancer population [15]. Similarly, in a large study of
over 1500 LARC patients by Dudani et al., no statistically significant correlation between
the NLR, PLR, and DFS and the OS was proven [16]. These findings were supported by
the results of the study by Ishikawa and Portale et al. [41,42]. Most meta-analyses have
suggested that the SIR markers in CRC have prognostic value, and these have included
patients with both metastatic and non-metastatic disease [43,44]. The association between
SIR markers and prognosis was less noted in non-metastatic stages. There are data that
have indicated that SIR markers are associated with adverse OS in colon cancer but not in
rectal cancer [45]. Our results confirmed that the prognostic value of the SIR markers in
LARC is less evident than those among the whole CRC population. The phenomenon of
cancer-related inflammation is important for understanding the roles of SIR markers. The
relationship between cancer and inflammation has been investigated since the 19th century
when Virchow first observed that cancer tends to originate from chronically inflamed
sites [46]. Through the recruitment of inflammatory cells and cytokines, the production of
reactive oxygen species, and the inhibition of repair programs, inflammation promotes the
uncontrolled proliferation of defective cells and potentiates neoplastic risk. Inflammatory
cells are abundant in a tumor’s microenvironment [47]. They reflect a reaction of the host
towards a tumor, but they also serve as a product of cancer-related cells and a tumor’s
predisposition toward invading and suppressing the immune system [48]. Lymphocyte
counts reflect systemic inflammatory responses by inducing the production of anti-tumor
cytokines, and cytotoxic activity suppresses a cancer’s proliferation and spread [49]. Mono-
cytes, on the contrary, have proven to contribute to a tumor’s progression and metastatic
activity [50]. Neutrophils, accounting for 50-70% of leukocytes, play a central role in
cancer-related inflammation. Releasing reactive oxygen and nitrogen species that damage
DNA, they play a substantial role in cancer initiation [51]. Tumor progression is boosted by
neutrophil-derived chemokines and cytokines that mediate the process of angiogenesis [52].
Neutrocytes take part in suppressing T-lymphocyte proliferation, reducing the anti-tumoral



Biomedicines 2023, 11, 3048

13 0of 19

effect of NK cells and promoting metastatic spread [53,54]. Similarly, platelets, by releasing
cytokines and growth factors, contribute to carcinogenesis. There is a substantial interaction
between thrombocyte activation and cancer progression. Tumor cells produce cytokines,
such as IL-6, that stimulate thrombocytosis. In turn, thrombocytes promote further tumor
growth, leading to an even more intensive stimulation and activation of platelets [55].
These immunological interactions have led to the introduction of SIR markers and the
investigation of their potential roles in clinical practice. Our study revealed interesting
aspects of the SIR markers in LARC.

There were two main limitations concerning our study: (a) it had a relatively small
group of patients, and (b) our studied population was homogenous, consisting entirely
of Caucasian citizens of Poland. Moreover, other factors might have had an impact on
the results of our study such as the lack of well-defined cut-off values for the LMR, NLR,
and PLR and the possible influence of other parameters (e.g., age, sex, comorbidities,
smoking) on the level of the LMR, NLR, and PLR. The time between measurements of
blood samples varied, which might have had an impact on the blood results. Finally, the
immunohistochemical data may suffer a bias due to the fact that several patients either did
not proceed with surgery or had complete pathological responses. Future studies should
include larger and mixed populations to confirm our results. Despite its limitations, our
study explored subjects that are rarely present in the literature. A better understanding
of the roles of SIR indices in LARC and their relationships with other clinicopathological
features may enable the application of these markers in clinical practice.

5. Conclusions

The LMR, NLR, and PLR are peripheral blood-based markers of cancer-related in-
flammation. Our results suggest that the LMR is correlated with inflammatory infiltrates
and PD-L1 expression in a tumor’s microenvironment. However, the prognostic value of
the SIR markers appears to be less evident among the patients with LARC compared to
other colon cancers and most other malignancies, with no statistically significant impact
on the RFS or OS in our study. The reproducibility of the SIR markers is moderate. More
prospective studies are required to assess the validity of the SIR indices as biomarkers
in LARC.
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Appendix A
Table Al. Median and mean values of the ALC, AMC, ANC, platelets, LMR, NLR, and PLR in three
measurements.
First Second Third All 1
X p-Value
Measurement Measurement Measurement Measurements (Mean)
9
ALC (10°/L), 1.72 (0.70-3.79) 1.65 (0.69-4.02) 1.67 (0.52-3.92) 1.67 (0.52-4.02) 0.541
median (range)
ALC (10°/L),
mean (SD) 1.84 (0.69) 1.87 (0.76) 1.86 (0.73) 1.86 (0.69)
9
AM.C (10°/L), 0.61 (0.30-1.30) 0.64 (0.27-5.26) 0.64 (0.33-1.21) 0.63 (0.27-5.26) 0.800
median (range)
AMC (10°/L),
mean (SD) 0.68 (0.25) 0.77 (0.65) 0.68 (0.24) 0.71 (0.30)
9
AN.C (10°/L), 4.89 (2.42-12.36) 5.10 (2.11-12.27) 4.43 (2.35-13.69) 4.84 (2.11-13.69) 0.770
median (range)
ANC (10°/L),
mean (SD) 5.43 (2.05) 5.26 (2.00) 5.02 (2.03) 5.24 (1.91)
Platelets (10° /L), 273.00 254.00 269.00
median (range)  (11600-666.00)  (149.00-607.00)  (152.00-601.00) 20+00 (116:00-666.00) 0198
Platelets (10° /L),
mean (SD) 293.00 (109.60) 284.00 (94.12) 291.00 (101.82) 289.00 (99.16)
LM(I:;ge‘i‘a“ 2.71 (1.11-6.42) 2.95 (0.24-7.32) 2.8 (0.87-6.98) 2.89 (0.24-7.32) 0.766
LMR, mean (SD) 2.94 (1.22) 2.93 (1.25) 291 (1.18) 293 (1.11)
NLg;nmge:)ha“ 2.71 (1.17-7.58) 2.84 (0.81-8.96) 2.47 (1.04-10.22) 2.65 (0.81-10.22) 0.344
NLR, mean (SD) 3.25(1.47) 3.13 (1.56) 3.10 (1.80) 3.16 (1.47)
PLR, median 150.00 141.00 141.00
(range) (67.00-551.00) (54.00-479.00) (67.00-430.00) 142.00 (54.00-551.00) 0.627
PLR, mean (SD) 179.00 (95.69) 173.00 (91.15) 180.00 (95.01) 177.00 (87.90)
ALC, absolute lymphocyte count; AMC, absolute monocyte count; ANC, absolute neutrophil count; LMR,
lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; 1 p-value
calculated using the Friedman test.
Table A2. The LMR, NLR, and PLR high and low patients in each measurement.
Measurement 14 1
First Second Third
Second Third vs.  Third vs.
1 (%) CI(;: Zfor 1 (%) CI‘;: 2f°r 1 (%) CI(?A‘)J' 2f°r vs. First First Second
LMR
LMR high (>2.6) 34(56.7) 432-694  35(58.3) 445-709  33(55.0) 41.6-67.9
>0.999 0.791 0.607
LMR low (<2.6) 26(433) 30.6-56.8 25(417) 29.1-55.1 27 (45.0)  32.1-58.4
“True LMR-high/LMR-low”,
the patients who remained in
the same group (LMR high or X X 49 (81.7)  69.6-90.5 41(68.3)  55.0-79.7 X X 0.804

LMR low) after the
second /third measurements
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Table A2. Cont.

Measurement r 1
First Second Third
Second Third vs.  Third vs.
1 (%) Clos for 1 (%) Clos for 1 (%) Cls for vs. First First Second
% 2 % 2 % 2
NLR
NLR high (>3.0) 23(383) 26.1-51.8 27(45.0) 32.1-584 21(35.0) 23.1-484
0.455 0.754 0.146
NLR low (<3.0) 37 (61.7) 48.2-73.9 33 (55.0) 41.6-67.9 39 (65.0) 51.6-76.9

“True NLR-high/NLR-low”,
the patients who remained in

the same group (NLR high or X X 44 (73.3) 60.3-83.9 41 (68.3) 55.0-79.7 X X 0.146
NLR low) after the

second /third measurements

PLR
PLR high (>150) 29(48.3) 352-61.6  24(40.0) 27.6-535 26(43.3) 30.6-56.8
0.180 0.581 0.581
PLR low (<150) 31(51.7) 384-64.8  36(60.0) 46.5-724  34(56.7)  43.2-69.4
“True PLR-high/PLR-low”,
the patients who remained in
the same group (PLR high or X X 47 (78.3) 65.8-87.9  42(70.0) 56.8-81.2 X X >0.999

PLR low) after the
second/third measurements

LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
1 comparison between measurements with the McNemar test; 2,95% confidence interval (CI) for proportions
based on a binomial exact calculation.

Table A3. Correlations between the LMR, NLR, and PLR and the CEA.

CEA
r p-Value
LMR avg * —0.01 0.964
NLR avg * 0.19 0.183
PLR avg* 0.22 0.108

LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ra-
tio; CEA, carcinoembryonic antigen; *, average level from all three measurements; r, Spearman’s correlation
coefficient.

Table A4. Correlation between the CPS and the CD8+ lymphocytes and inflammatory infiltrates.

CD8+ Inflammatory Infiltrates
r p-Value r p-Value
CPS 0.56 0.002 0.51 0.005

CPS, combined positive score; 1, Spearman’s correlation coefficient.
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Figure Al. The coefficients of determination of the LMR, NLR, and PLR. LMR, lymphocyte-to-
monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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Publikacja 2.

“Correlation between Lymphocyte-to-Monocyte Ratio (LMR), Neutrophil-to-Lymphocyte Ratio (NLR),
Platelet-to-Lymphocyte Ratio (PLR) and Extramural Vascular Invasion (EMVI) in Locally Advanced
Rectal Cancer”

“Korelacja miedzy wspotczynnikiem limfocytow do monocytow (LMR), neutrocytow do limfocytow
(NLR) i trombocytow do limfocytow (PLR) a naciekaniem naczyn zlokalizowanych poza Sciang
odbytnicy (EMVI) u pacjentow z miejscowo zaawansowanym rakiem odbytnicy"

Gawifiski, C.; Holdakowska, A.; Wyrwicz, L. Correlation between Lymphocyte-to-Monocyte Ratio (LMR), Neutrophil-to-Lymphocyte Ratio

(NLR), Platelet-to-Lymphocyte Ratio (PLR) and Extramural Vascular Invasion (EMVI) in Locally Advanced Rectal Cancer. Curr:
Oncol. 2023, 30, 545-558. https://doi.org/10.3390/curroncol30010043

Celem pracy byta ocena zalezno$ci miedzy markerami SIR: LMR, NLR i PLR oraz parametrami
kliniczno-patologicznymi i biochemicznymi a naciekaniem naczyn zlokalizowanych poza $ciang
odbytnicy (EMVI) u pacjentow z miejscowo zaawansowanym rakiem odbytnicy (LARC).
Retrospektywnej analizie poddano 371 pacjentéw z LARC leczonych w Narodowym Instytucie
Onkologii im. Marii Sktodowskiej-Curie — Panstwowym Instytucie Badawczym w Warszawie mi¢dzy
sierpniem 2016r. a grudniem 202 1r. Kryteriami wiaczenia do badania byto przeprowadzenie diagnostyki
z zastosowaniem rezonansu magnetycznego (MRI) wysokiej rozdzielczosci z oceng statusu EMVI oraz
zakwalifikowanie przez zespdt wielodyscyplinarny do przedoperacyjnej radio/radiochemioterapii.
Kryteriami wylaczenia byly wspotwystepujace nowotwory lite, stan po leczeniu immunosupresyjnym
oraz obecnos$¢ zaburzen hematologicznych lub innych stanéw chorobowych mogacych istotnie wptynaé
na wyktadniki stanu zapalnego. Stu osiemdziesigciu czterech pacjentow zostalo wtaczonych do badania.
U kazdego pacjenta oceniano morfologi¢ krwi obwodowej; mediana czasu mi¢dzy badaniem krwi a
wykonaniem badania MRI wynosita 8 dni. Ocena EMVI byla przeprowadzana przez dwoch
niezaleznych radiologdéw z co najmniej 10-letnim do$wiadczeniem. Ocenie poddawano zwigzki miedzy
LMR, NLR, PLR oraz parametrami kliniczno-patologicznymi i biochemicznymi a EMVI. Stwierdzono
zalezno$¢ migdzy obecnoscig parametru EMVI w MRI, a klinicznym zaawansowaniem nowotworu
(wielkoscig guza, zajeciem regionalnych weztow chtonnych). Wykazano réwniez istotnie statystycznie
wyzszy poziom antygenu karcynoembrionalnego (CEA) oraz neutrocytdw i trombocytéw u pacjentow
EMVI-dodatnich w stosunku do pacjentow EMVI-ujemnych. Nie stwierdzono istotnych réznic w
poziomach LMR, NLR i PLR w grupach pacjentow EMVI-dodatnich i EMVI-ujemnych. Nie

stwierdzono korelacji migdzy markerami SIR a parametrem EMVI.
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Abstract: Rectal cancer constitutes around one-third of all colorectal cancers. New markers are re-
quired to optimize the treatment. Extramural vascular invasion (EMVI) is a magnetic resonance imag-
ing (MRI)-based negative prognostic marker. Lymphocyte-to-monocyte ratio (LMR), neutrophil-to-
lymphocyte ratio (NLR) or platelet-to-lymphocyte ratio (PLR) are blood-based systemic inflammatory
response markers with proven prognostic value in many cancers, including CRC. We hypothesized
whether there is a relationship between LMR, NLR, PLR and the presence of EMVI on pre-treatment
MRI in patients with locally advanced rectal cancer (LARC). We conducted a retrospective analysis
of 371 patients with LARC treated in the Maria Sktodowska-Curie National Research Institute of
Oncology, Warsaw, Poland between August 2016 and December 2021. One hundred eighty-four
patients were found eligible for the study. A correlation between the extension of the tumour, nodal
status, clinical stage of the disease and the presence of EMVI was found (p < 0.001). The pre-treatment
level of neutrophils, platelets and carcinoembryonic antigen (CEA) was significantly higher in the
EMVI-positive population (p = 0.041, p = 0.01, p = 0.027, respectively). There were no significant
differences regarding the level of LMR, NLR and PLR between the EMVI-positive and EMVI-negative
population. LMR, NLR and PLR do not differentiate patients in terms of EMVI; neither of these
parameters is a good predictor of the status of EMVIin LARC.

Keywords: lymphocyte-to-monocyte ratio (LMR); neutrophil-to-lymphocyte ratio (NLR); platelet-to-
lymphocyte ratio (PLR); extramural vascular invasion (EMVI); rectal cancer

1. Introduction

Colorectal cancer (CRC) is the third most common cancer and the second most com-
mon cause of cancer-related death worldwide [1] Rectal cancer, which constitutes around
one-third of all CRCs, is distinct from colon cancer with different etiology, risk factors,
pre-treatment staging and treatment strategies. The incidence of rectal cancer in the Eu-
ropean Union is estimated to be as high as 125 000 per year and is expected to increase
in the future [2]. Locally advanced rectal cancer (LARC) is usually defined as stage II
or III disease (T3-T4, node-negative or node-positive irrespective of the extension of the
tumor). Neoadjuvant radio/chemo-radiotherapy followed by surgery according to total
mesorectal excision principles is deemed to be the standard of care. Treatment modalities
differ substantially among countries and research centers. There is a growing need for novel
markers in order to identify high-risk patients and optimize the treatment. Until recently,
the Union for International Cancer Control (UICC) tumor node metastasis (TNM) staging
system has been a backbone for treatment planning and main prognostic factor [3]. With the

Curr. Oncol. 2023, 30, 545-558. https:/ /doi.org/10.3390/curroncol30010043

https:/ /www.mdpi.com/journal/curroncol


https://doi.org/10.3390/curroncol30010043
https://doi.org/10.3390/curroncol30010043
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/curroncol
https://www.mdpi.com
https://doi.org/10.3390/curroncol30010043
https://www.mdpi.com/journal/curroncol
https://www.mdpi.com/article/10.3390/curroncol30010043?type=check_update&version=2

Curr. Oncol. 2023, 30

546

development of magnetic resonance imaging (MRI) technology, high-resolution MRI has
become the standard preoperative diagnostic tool in rectal cancer [4]. Extramural vascular
invasion (EMVI) is defined as an invasion of malignant cells into blood vessels (usually
veins). Detection of EMVI on pre-treatment MRI is associated with an increased risk of dis-
tant metastases and reduced disease-free survival. [5]. Blood-based systemic inflammatory
response (SIR) markers are other emerging biomarkers with a well-established prognostic
value in many cancers. Lymphocyte-to-monocyte ratio (LMR), neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are among the most investigated ones.
Low LMR, high NLR and high PLR are linked to unfavorable prognosis. This pattern
has been consistently confirmed in various malignancies [6-8]. The prognostic value of
SIR markers in colorectal cancer has been well documented in both locally advanced and
metastatic stages [9-15]. We hypothesized whether there is a correlation between radiologi-
cal and blood-based prognostic markers allowing for SIR markers to act as surrogates of
the status of EMVI. In this study, we investigated the relationship between LMR, NLR, PLR
and the presence of EMVI on pre-treatment MRI in LARC patients.

2. Materials and Methods

A retrospective analysis of a database of 371 patients with LARC treated in the Maria
Sktodowska-Curie National Research Institute of Oncology, Warsaw, Poland between Au-
gust 2016 and December 2021 was performed. The inclusion criteria were as follows:
(1) patients were diagnosed with primary locally advanced rectal cancer (T3-T4, NO-N2,
MO) confirmed by histopathology. TNM stage was assessed according to the American
Joint Committee on Cancer TNM staging standard, 8th edition; (2) pre-treatment staging
with a high-resolution MRI scan of the pelvis and evaluation of EMVI status by an ex-
perienced radiologist was performed; (3) performance status of the patients was ECOG
0-2, patients were qualified to receive radio/chemo-radiotherapy by multidisciplinary
team; (4) clinical records including demographic and laboratory data were available and
complete. The exclusion criteria were: (1) presence of distant metastases after the diagnosis;
(2) chemotherapy and/or radiotherapy applied prior to MRI; (3) presence of malignant
tumors in other organs; (4) presence of hematologic malignancies and disorders that could
substantially affect inflammatory markers; (5) prior immunosuppressive therapy. One hun-
dred eighty-seven patients were excluded from the study due to unmet inclusion criteria
or the presence of exclusion criteria. One hundred eighty-four were found eligible for the
study as shown in Figure 1.

Blood examination of each patient has been analyzed and level of LMR, NLR and PLR
has been calculated as presented in Table 1. The pre-treatment level of carcinoembryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA 19-9) was collected when available
(164/184 cases). The median time between blood examination and MRI was 8 days (range
0-43 days). The differential white blood cell count was analyzed using the Sysmex XN-
550 hematology analyzer following the manufacturer protocol. All the patients received
neoadjuvant radio/chemo-radiotherapy according to the multidisciplinary team decision
based on the stage of the disease. The surgery was performed on 149 patients. Post-surgical
pathological results were collected and analyzed.
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Assessed for eligibility

Patients with LARC treated with radio/radio-chemotherapy in the Maria Sktodowska-Curie National Research Institute of

Oncology, Warsaw, Poland between August 2016 - December 2021: n=371

Unmet inclusion criteria (lack of pre-treatment
staging with a high-resolution MRI scan of the
pelvis and/or evaluation of EMVI status by an
experienced radiologist): n =131

Eligible for the study: n =184

Exclusion criteria:

Presence of distant metastases after the
diagnosisin=14

Chemotherapy and/or radiotherapy
applied prior toMRI:n=0

Presence of malignant tumors in other
organs:n=11

Incomplete/Inaccurate medical records
(demographic and/or laboratory): n=6
Hematologic malignancies and other
disorders that could substantially affect
inflammatory markers: n =24

Prior immunosuppresive therapy:n=1

Figure 1. Eligibility for the study. LARC, locally advanced rectal cancer; MRI, magnetic resonance

imaging; EMVI, extramural vascular invasion.

Table 1. Calculation of LMR, NLR and PLR.

Formulas:

LMR—absolute lymphocyte count (10° /L)/absolute monocyte count (10°/L)

NLR—absolute neutrophil count (10° /L)/absolute lymphocyte count (10° /L)

PLR—absolute platelet count (107 /L)/absolute lymphocyte count (10° /L)

LARGC, locally advanced rectal cancer; MRI, magnetic resonance imaging; EMVI, extramural vascular invasion.

2.1. MRI Acquisition

The standard pelvic MRI was carried out using a 1.5 T-3T system, as routinely used
for the clinical staging of patients with rectal cancer (according to the European Society
of Gastrointestinal and Abdominal Radiology). The examination was performed with the
use of a phased-array surface coil. Patients received intravenous spasmolytic; they did
not receive a bowel preparation. According to the protocol two-dimensional (2D) FSE
T2-weighted sequences without fat suppression, with a small field of view and a section
thickness less than 3 mm (high-resolution protocol) and a diffusion-weighted sequence
(including at least a high b-value of >800) have been performed. Transverse and coronal
sequences were angulated perpendicular and parallel to the rectal tumor axis, respectively.
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2.2. Assessment of Status of EMVI

EMVI, defined as the extension of tumor within the vessels of the mesorectum, was
identified by the high-resolution MRI-based radiological features such as the vessel wall
irregularity, focal enlargement, and/or signal intensity of the tumor within the vessel.
To detect EMVI and minimize the risk of interobserver variability each MRI scan was
reviewed independently by two radiologists with at least ten years of experience in pelvic
MRI assessment. Equivocal cases were jointly discussed among experienced team of
radiologists and consensus decision on the status of EMVI was made. EMVI was reported
as positive/negative. Representative images of EMVI-negative and EMVI-positive rectal
cancers are presented in Figures 2 and 3.

Figure 2. EMVI-negative rectal cancer.

Figure 3. EMVI-positive rectal cancer. Axial T2-weighted MRI scan showing EMVI (white arrow).
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2.3. Statistical Analysis

Analyses were conducted in statistical software R, version 4.2.2 (The R Foundation for
Statistical Computing c/o Institute for Statistics and Mathematics Wirtschaftsuniversit~at
Wien Welthandelsplatz 1 1020 Vienna, Austria). The level of significance was equal to
« = 0.05. Dependencies between groups and other qualitative variables were analysed with
chi-square test or Fisher’s exact test. Quantitative variables were compared between groups
using Mann-Whitney’s test. Normality of distributions was analysed with Shapiro-Wilk’s
test. ROC (Receiver Operating Characteristic) analyses were performed to check whether
the level of LMR, NLR and PLR differentiates patients in terms of EMVI—sensitivity,
specificity and area under curve (AUC with 95% confidence intervals) were calculated,
as well as optimal cut-off point for mentioned variables (based on Youden’s criterium).
Kendall’s tau-b coefficient was used to assess the correlation between selected variables.

2.4. Ethical Considerations

The study conformed to the provisions of the Declaration of Helsinki and was ap-
proved by the ethics committee of Maria Skfodowska-Curie National Research Institute of
Oncology in Warsaw.

3. Results

The characteristics of patients is presented in Table 1. One hundred eleven males
and seventy-three females were included in the study. The mean age was 66 years old
(range, 36-87 years old). The distribution of cancer stages was as follows: stage II-IIIA—84
patients (47.2%); stage IIIB—65 (36.5%) patients and IIIC—29 (16.3%) patients. Seventy-
eight patients (42.4%) were EMVI-positive and one hundred six patients (57.6%) were
EMVI-negative. The mean and median values of lymphocytes, monocytes, neutrophils and
thrombocytes counts are presented in Table 2. The median values of LMR, NLR and PLR
were 2.87, 2.62 and 153.11, respectively. The median value of CEA was 3.88 ng/mL and CA
19-910.04 U/mL.

There was a greater proportion of patients with T2-T3 tumors in the EMVI-negative
than in the EMVI-positive group (91% vs. 66%; p < 0.001). In the EMVI-negative group there
was 53% of patients without nodal involvement and 10% of patients with nodal status N2.
In the EMVI-positive group those proportions were, respectively, 26% and 35%—presenting
a statistically significant dependency (p < 0.001). A greater proportion of patients with stage
II-IIIA and lower proportion of patients with stage IIIC were found in the EMVI-negative
group than in the EMVI-positive group (58% vs. 33% for stage II-IIIA and 5% vs. 32% for
stage IIIC; p < 0.001). The level of neutrophils, platelets and CEA was significantly lower
in the EMVI-negative group than in the EMVI-positive group (p = 0.041 for neutrocytes,
p <0.001 for platelets, and p = 0.027 for CEA), Table 3.

All the patients received neoadjuvant radiotherapy or chemo-radiotherapy based on
multidisciplinary team decisions. A greater proportion of patients with pathological stage
Ior Il and a smaller proportion of patients with pathological stage III could be observed
among EMVI-negative patients than among EMVI-positive (27% vs. 13% for stage I, 36%
vs. 25% for stage 11, and 24% vs. 54% for stage III; p = 0.002). Among EMVI- negative group
there was a greater proportion of patients with pN 0 than among EMVI-positive group
(75% vs. 45%) and a smaller proportion of patients with pN 1 (17% vs. 37%) or pN 2 (8% vs.
18%); p < 0.001. No significant correlation was observed between pT and EMVI (p = 0.078).
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Table 2. Characteristics of all patients.

Characteristics Value
N
EMVI +, n (%) 78 (42.4)

EMVI —, n (%)
Age (years), M &£ SD, range (years)/ Me (Q1; Q3)

106 (57.6)
65.55 & 10.83, 36-87/65.69 (58.97; 72.32)

Sex (female), n (%) 73 (39.9)

Tumor, n (%)
T2-T3 146 (80.7)
T4 35(19.3)

Lymph nodes, n (%)

NO 68 (41.2)
N1 63 (38.2)
N2 34 (26.0)

Stage, n (%)
L1 A 84 (47.2)
11 B 65 (36.5)
mc 29 (16.3)

ALC (10°/L), M + SD 1.77 (1.38; 2.24)
AMC (10° /L), Me (Q1; Q3) 0.60 (0.50; 0.76)
ANC (10° /L), Me (Q1; Q3) 4.77 (3.77; 5.99)

Platelets (10° /L), Me (Q1; Q3) 274.50 (230.75; 337.25)
LMR, Me (Q1; Q3) 2.87 (2.25; 3.81)
NLR, Me (Q1; Q3) 2.62 (2.09; 3.42)
PLR, Me (Q1; Q3) 153.11 (117.98; 204.10)

CEA (ng/mL), Me (Q1; Q3) 3.88 (2.33;9.06)
CA19-9 (U/mL), Me (Q1; Q3) 10.04 (4.64; 17.73)

EMVI, extramural vascular invasion; ALC, absolute lymphocyte count; AMC, absolute monocyte count; ANC,
absolute neutrophil count; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-monocyte ratio; PLR, platelet-
to-lymphocyte ratio; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; M, mean; SD, standard
deviation; Q, quartile; Me, median.

Table 3. Comparison of characteristics between EMVI groups.

Characteristics EMVI — EMVI + P
Age (years), Me (Q1; Q3) 65.90 (58.75; 74.00) 64.90 (59.48; 71.76) 0.667
Sex (female), n (%) 43 (41.0) 30 (38.5) 0.8512
Tumor, n (%)
T2-T3 96 (91.4) 50 (65.8) 2
T4 9 (8.6) 26 (34.2) <0.001
Lymph nodes, n (%)
NO 49 (52.7) 19 (26.4) ,
N1 35 (37.6) 28 (38.9) <0.001
N2 909.7) 25 (34.7)
Stage, n (%)
IL-II A 59 (57.8) 25 (32.9)
I B 38 (37.3) 27 (35.5) <0.0012
e 5(4.9) 24 (31.6)
ALC (10° /L), Me (Q1; Q3) 1.70 (1.33; 2.24) 1.90 (1.45; 2.26) 0.217
AMC (10°/L), Me (Q1; Q3) 0.58 (0.46; 0.80) 0.63 (0.53; 0.75) 0.181
ANC (10°/L), Me (Q1; Q3) 4.49 (3.62; 5.81) 5.10 (4.07; 6.16) 0.041
Platelets (10° /L), Me (Q1; Q3) 253.50 (217.00; 313.25) 303.00 (249.50; 361.75) 0.001
LMR, Me (Q1; Q3) 2.90 (2.30; 3.83) 2.86 (2.20; 3.79) 0.885
NLR, Me (Q1; Q3) 2.54 (2.05;3.31) 2.82 (2.18; 3.43) 0.189
PLR, Me (Q1; Q3) 150.70 (115.97; 200.00) 167.19 (119.95; 218.05) 0.293
LMR above median, n (%) 53 (50.0) 38 (48.7) 0.9822
NLR above median, n (%) 49 (46.2) 43 (55.1) 0.2962
PLR above median, n (%) 49 (46.2) 43 (55.1) 0.2962
CEA, Me (Q1; Q3) 3.62 (2.24; 6.97) 5.63 (3.07; 9.68) 0.027
CA19-9, Me (Q1; Q3) 9.87 (5.36; 15.76) 11.71 (2.77; 18.29) 0.741

Bold font indicates statistical significance. EMVI, extramural vascular invasion; ALC, absolute lymphocyte
count; AMC, absolute monocyte count; ANC, absolute neutrophil count; LMR, lymphocyte-to-monocyte ratio;
NLR, neutrophil-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; CEA, carcinoembryonic antigen; CA19-9,
carbohydrate antigen 19-9; Q, quartile; Me, median. Differences in the level of quantitative variables between
groups were analysed with Mann-Whitney’s U test, dependencies between qualitative variables and groups were
analysed with chi-square test? (with Yate’s correction for continuity for 2 x 2 tables).
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No significant correlation between pCR and the status of EMVI was detected (8.2% in

EMVI-positive and 13% in EMVI-negative group; p = 0.350), Table 4.

Table 4. Correlations between EMVI and pathological staging.

Characteristics EMVI — EMVI + p
Stage, n (%)
pCR 12 (13.0) 5(8.2) 0.350
I 25 (27.2) 8(13.1)
I 33 (35.9) 15 (24.6) 0.002
I 22 (23.9) 33 (54.1)
pL n (%)
0 10 (11.2) 4(6.7)
1and 2 30 (33.7) 12 (20.0) 0.078
3and 4 49 (55.1) 44 (73.3)
PN, n (%)
0 67 (75.3) 27 (45.0)
1 15 (16.9) 22 (36.7) <0.001
2 7(7.9) 11 (18.3)

Bold font indicates statistical significance. EMVI, extramural vascular invasion; pCR, pathological complete
response. Dependencies between qualitative variables and groups were analysed with chi-square test.

Patients were assigned to groups based on the change between the MRI-based clini-
cal TNM-staging and the post-surgical pathological TNM-staging depending on the pre-
treatment status of EMVI. No significant dependency was detected between EMVI and the
change of the stage, T or N status (p > 0.050 for all variables), Supplementary Table S1.

The optimal cut-off point for level of LMR was 2.62 (sensitivity = 0.63; 1-specificity = 0.57).
The AUC (area under curve) equalled 0.49 (95% CI = 0.41; 0.58), which meant that LMR level
was not a good predictor of the status of EMVI, Figure 4.
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Figure 4. ROC (Receiver Operating Characteristic) curve for LMR as a discriminator of EMVI. AUC,

area under curve.
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The AUC for NLR was 0.56 (95% CI = 0.47; 0.64) which poorly differentiated patients
in terms of the status of EMVI. Both sensitivity and 1-specificity were low (0.54 and 0.39,
respectively). The optimal cut-off point for NLR was 2.78, Figure 5.
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Figure 5. ROC (Receiver Operating Characteristic) curve for NLR as a discriminator of EMVI. AUC,
area under curve.

The AUC for PLR was also higher than 0.50 and equaled 0.55 (95% CI = 0.46; 0.63),
which meant that PLR was a weak discriminator of the status of EMVI. The sensitivity
for this variable was 0.54, and 1-specificity equaled 0.40. The optimal cut-off point in this
model was 162.71, Figure 6.
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Figure 6. ROC (Receiver Operating Characteristic) curve for PLR as a discriminator of EMVI. AUC,
area under curve.
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In all the analysed groups of patients according to the level of LMR, NLR and PLR
there was a significant correlation between the status of EMVI and the stage of the disease.

In EMVI-positive population there were more stages IIIC and fewer stages II-IIIA than
in EMVI-negative population independently from the median value of LMR, NLR and PLR
(p < 0.050 for all analyses), Table 5.

Table 5. Dependency between stage of the disease and EMVI (broken down into groups by the level
of LMR, NLR and PLR).

Stage, n (%) EMVI — EMVI + p
LMR < median
II-11I A 29 (58.0) 15 (38.5)
III B 19 (38.0) 11 (28.2) 0.002
ImcC 2 (4.0) 13 (33.3)
LMR > median
II-1IT A 30 (57.7) 10 (27.0)
III B 19 (36.5) 16 (43.2) 0.002
ImcC 3(5.8) 11 (29.7)
NLR < median
II-1II A 30 (55.6) 12 (34.3)
III B 21 (38.9) 13 (37.1) 0.008
ImcC 3(5.6) 10 (28.6)
NLR > median
II-11I A 29 (60.4) 13 (31.7)
III B 17 (35.4) 14 (34.1) 0.001
ImncC 2(4.2) 14 (34.1)
PLR < median
II-11I A 31 (56.4) 10 (29.4)
III B 21 (38.2) 16 (47.1) 0.010
ImcC 3(5.5) 8 (23.5)
PLR > median
II-1IT A 28 (59.6) 15 (35.7)
III B 17 (36.2) 11 (26.2) <0.001
ImcC 2 (4.3) 16 (38.1)

Bold font indicates statistical significance. EMVI, extramural vascular invasion; LMR, lymphocyte-to-monocyte
ratio; NLR, neutrophil-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio. Data presented as n (% of EMVI—/
EMVI + group). Dependencies were analysed with chi-square test.

No significant dependency was observed between pre-treatment level of CEA, CA19-9
and: LMR, NLR, PLR level (p > 0.050 for all correlation analyses), Table 6.

Table 6. Correlation analysis between CEA, CA19-9 and LMR, NLR, PLR.

) CEA CA19-9
Variables tau-b p tau-b p
LMR 0.03 0.634 —0.06 0.306
NLR <0.01 0.964 0.04 0.526
PLR 0.04 0.506 -0.07 0.226

LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; tau-b, Kendall’s correlation coefficient; p, p value
for correlation analysis.
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4. Discussion

The goal of the study was to investigate the relation between the pre-treatment MRI-
based status of EMVI and SIR markers: LMR, NLR and PLR. As far as we know, our study is
the first to evaluate directly such correlations. A statistically significant association between
the status of EMVI and the extension of the tumor, nodal status and the clinical stage of the
disease has been observed in our study. Correlation between EMVI and the stage of the
disease was observed among patients with both high and low levels of LMR, NLR and PLR.
A correlation between pre-treatment levels of neutrophils, thrombocytes, carcinoembryonic
antigen and the status of EMVI was found (p = 0.041; p = 0.001 and p = 0.027, respectively).
In an analysis of correlation between pre-treatment status of EMVI and pathological TNM
staging there was a significant correlation between EMVI and the pathological stage (p =
0.002) and the pN status (p < 0.001). There was no significant difference in the frequency
of complete pathological response in EMVI-positive and EMVI-negative patients (p =
0.350). The status of EMVI on pre-treatment MRI had no statistically significant impact on
the change of the stage of the disease between MRI-based and post-surgical pathological
TNM staging.

In accordance with our results, the relation between MRI-detected EMVI-positive
rectal cancers and positive nodal status and advanced T-stage has been demonstrated in
several studies [16-18]. In spite of significant correlation between level of neutrophils,
platelets and EMVI, no such phenomenon between EMVI and LMR, NLR or PLR was
detected. The available data on relations between SIR markers and EMVI in the literature is
scarce. In a study by Li et al., no statistically significant association between EMVI and NLR
and PLR was found in locally advanced rectal cancer patients [19]. Pine et al. investigated
the relationship between NLR and the tumor characteristics and local lymphocytic response
to tumor. NLR was associated with more advanced, aggressive tumor biology, lymph node
metastases and EMVI (p = 0.07). However, the status of EMVI in the study was assessed
pathologically (pEMVI), the investigated population was not confined to rectal cancer
patients but included colon cancers as well and the cut-off value of NLR was relatively
high (5.0 compared to 2.86 in our study) [20]. The data on correlation between EMVI
and tumor markers (CEA, CA19-9) are contradictory [21,22]. No reliable information on
the relation between thrombocytosis and neutrophilia and the status of EMVI has been
found in the literature. EMVI has been proved to be a reliable marker of worse survival
and disease recurrence [23,24]. Traditionally, EMVI was detected on pathological analysis
of the resected specimens (pEMVI); however, it was demonstrated to lead to substantial
under-reporting. In historical studies the incidence of pEMVI ranged from 9% to 90% as
a result of an inconsistency in pathological definition and often inability to distinguish
lymphatic invasion from venous invasion. In recent years, it has been proved that EMVI
may be identified by high-resolution MRI at least as or more accurately compared to routine
pathological analysis [25,26].

In rectal cancers EMVI has become a standard of care in pre-operative radiological
assessment. In most reports it is estimated to be present in around 35% of these tumors
varying from 20% to over 50% [27,28]. The role of (neo)adjuvant chemotherapy in LARC is
uncertain. There is no high-quality evidence for its benefit, but it is commonly used based
on data extrapolated from trials of colon cancers.

However, there is a significant variability in practice as to which treatment modalities
should be offered for this group of patients. EMVI is increasingly used as one of the
main factors helping to identify patients who require more intense peri-operative treatment.
Chand et al. demonstrated that patients with EMVI-positive stage II tumors have a similarly
increased risk of developing metastases as EMVI-negative stage III patients [29]. Meta-
analysis by Siddiqui et al. revealed a significantly increased risk of both synchronous and
metachronous metastases in patients with MRI-based EMVI. [28]. EMVI's role is not limited
to rectum—it’s been shown to be a strong predictor of worse oncological outcomes in stage
II-III colon cancer patients; studies show promising data concerning its possible prognostic
value in esophageal and gastric cancers (via computed tomography EMVI) as well [30-32].
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LMR, NLR and PLR are novel blood-based biomarkers with strong prognostic value
in various malignancies. Each of these parameters take advantage of the specific role and
impact of lymphocytes, monocytes, neutrophils and platelets on immunological system.
Lymphocytes through cytotoxic activity and production of anti-tumor cytokines play a key
role in suppressing cancer’s proliferation and spread [33]. On the contrary, high count of
monocytes, neutrocytes and platelets contribute to cancer initiation, angiogenesis, tumor
progression and metastatic activity [34-38]. These properties have led to the introduction
of lymphocyte-to-monocyte, neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios
with strong prognostic value. In LARC low LMR and high NLR and PLR are unfavorable
prognostic factors and therefore potential biomarkers which may be used to identify high-
risk patients requiring more intense treatment [10,39,40].

EMVI has been well established with SIR markers as an emerging status as prognostic
factors in rectal cancer. We hypothesized that combining these parameters may enhance
their prognostic value and allow for more accurate pre-treatment assessment of patients
(e.g., as a part of risk-scoring models) in the future. The correlation between EMVI and
SIR markers could allow to utilize cheap and easy blood-based markers as surrogates of
the status of EMVI in situations when MRI is contraindicated or where the accessibility of
pre-treatment MRI is still low. The main limitation of our study is a high interobserver vari-
ability in the assessment of the status of EMVI [41]. Despite the independent evaluation of
each MRI scan by at least two experienced radiologists, its impact on the results is possible.

Despite the fact that no correlation between LMR, NLR, PLR and the status of
EMVI was found; interesting dependencies with the clinicopathological features and
pre-treatment level of neutrophils, platelets and CEA were demonstrated.

We believe our research is novel and the subject of correlations between radiological
and hematological markers in rectal cancer is almost absent in the literature. We hope this
study will attract more attention to the topic and encourage further investigation.

5. Conclusions

The presence of EMVI on pre-treatment MRI is one of the most important negative
prognostic factors in rectal cancer. LMR, NLR and PLR are emerging blood-based markers
with powerful prognostic value in CRC. We conducted novel research investigating the
relationship between these parameters in locally advanced rectal cancer. LMR, NLR and
PLR do not differentiate patients in terms of EMVI; none of these parameters seem to be a
good predictor of the status of EMVI. However, the status of EMVI has been well correlated
with many clinicopathological features and hematological markers. Further investigations
on the possibility of utilizing these correlations in clinical practice are needed.
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Publikacja 3.

“Correlation between Lymphocyte-to-Monocyte Ratio (LMR), Neutrophil-to-Lymphocyte Ratio (NLR),
Platelet-to-Lymphocyte Ratio (PLR) and Tumor-Infiltrating Lymphocytes (TILs) in Lefi-Sided
Colorectal Cancer Patients”

“Korelacja miedzy wspotczynnikiem limfocytow do monocytow (LMR), neutrocytow do limfocytow
(NLR) i trombocytow do limfocytow (PLR) a limfocytami naciekajgcymi guz nowotworowy (TILs) u
pacjentow z lewostronnym rakiem jelita grubego i odbytnicy”

Gawifiski, C.; Michalski, W.; Mr6z, A.; Wyrwicz, L. Correlation between Lymphocyte-to-Monocyte Ratio (LMR), Neutrophil-to-

Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR) and Tumor-Infiltrating Lymphocytes (TILs) in Left-Sided Colorectal Cancer
Patients. Biology 2022, 11, 385. https://doi.org/10.3390/biology 11030385

Celem badania byta ocena zalezno$ci miedzy obwodowymi a lokalnymi markerami reakcji
zapalnej zwigzanej z chorobg nowotworowa oraz analiza ich wartosci prognostycznej. Oceniano
parametry z krwi obwodowej: LMR, NLR i PLR oraz zaburzenia immunologiczne w mikrosrodowisku
guza. Retrospektywnej analizie poddano 87 pacjentdow z miejscowo zaawansowanym lewostronnym
rakiem jelita grubego i gornej odbytnicy zakwalifikowanych decyzja zespotu wielodyscyplinarnego do
radykalnego leczenia operacyjnego. Pacjenci poddawani byli leczeniu chirurgicznemu w Narodowym
Instytucie Onkologii im. Marii Sktodowskiej-Curie —Panstwowym Instytucie Badawczym w Warszawie
migdzy styczniem 2014r. a grudniem 2015r. Do badania wlaczono pacjentdw z rakiem dystalnej esicy,
ztacza esiczo-odbytniczego lub gornej odbytnicy. Kryteriami wylaczenia z badania byla obecnosé
wspotwystepujacych nowotwordéw, wczesniejsze stosowanie chemio- i/lub radioterapii, obecnosé
zaburzen hematologicznych lub innych stanéw chorobowych mogacych istotnie wptynaé na wyktadniki
stanu zapalnego lub stosowanie leczenia immunosupresyjnego w przeszto$ci. Analizowano wyniki
morfologii krwi obwodowej pobranej przed zabiegiem operacyjnym. Pooperacyjny materiat
histopatologiczny z usunictym guzem nowotworowym byt oceniany pod katem gestosci limfocytow
CD3+ i CD8+ w centrum guza i w jego inwazyjnym marginesie. W badaniu wzigto udziat 50 pacjentow.
Stwierdzono znamienng statystycznie réznice w poziomie limfocytow CD3+ w centrum guza miedzy
pacjentami z niskimi i wysokimi poziomami NLR. W 6-letniej obserwacji wykazano istotnie
statystyczny zwigzek miedzy wysokimi wartosciami LMR oraz niskimi warto§ciami NLR a dluzszym

OS. Nie stwierdzono prognostycznej wartosci gestosci limfocytow CD3+ lub CD8+ w tkance guza.
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Simple Summary: Colorectal cancer (CRC) is one of the most common cancers worldwide. Novel
markers have been investigated in order to better predict the course of disease and adjust the treat-
ment. Markers associated with cancer-related inflammation (CRI), both in the bloodstream and the
tumor tissue, have been in the spotlight for years. In this study, we investigate whether blood-based
markers: lymphocyte-to-monocyte ratio, neutrophil-to-lymphocyte ratio or platelet-to-lymphocyte
ratio, correlate with tissue-based markers, such as tumor-infiltrating lymphocytes. We retrospec-
tively analyzed 87 patients with locally advanced left-sided CRC treated with radical surgery. Fifty
patients were found suitable for the study. We compared the results of their blood tests from the
time of the surgical intervention and the density of lymphocytes in the resected tumors. We found
no correlation between local and peripheral markers of CRI. Further prospective studies are needed
to confirm the results.

Abstract: Colorectal cancer (CRC) is one of the leading causes of cancer-related mortality world-
wide. Novel markers are required in order to select high-risk patients and better adjust the treat-
ment. Both peripheral and local markers of cancer-related inflammation (CRI) such as lymphocyte-
to-monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR) or platelet-to-lymphocyte ratio
(PLR) and tumor-infiltrating lymphocytes (TILs) have been thoroughly investigated in recent years
and deemed to be highly prognostic. We hypothesized that there is an association between local
and peripheral CRI indices and that blood-based biomarkers may serve as a surrogate of TILs. We
retrospectively analyzed 87 patients with locally advanced left-sided CRC treated with radical-in-
tent surgery in the Maria Sklodowska-Curie National Research Institute of Oncology in Warsaw,
Poland, between January 2014 and December 2015. Fifty patients were found eligible for the study.
The patients were divided in terms of pre-treatment values of systemic inflammatory response (SIR)
markers into LMR/NLR/PLR-high and low groups. We evaluated the resected specimens by im-
munohistochemistry in order to assess the densities of CD3+ and CD8+ lymphocytes in the center
of the tumor and in the invasive margin. We found that the level of CD3+ lymphocytes in the center
of the tumor was statistically significantly higher in patients with low pre-treatment NLR (p =0.044);
however, no correlation between any of the SIR markers and CD3+ or CD8+ TILs was observed.
Five-year overall survival (OS) was longer in patients with high LMR (p <0.001), low NLR (p =0.001)
and low PLR (p = 0.095). No correlation between the density of TILs and OS was demonstrated. In
conclusion, based on our study, peripheral blood-based markers and CD3+ and CD8+ TILs are not
interrelated.

Keywords: lymphocyte-to-monocyte ratio (LMR); neutrophil-to-lymphocyte ratio (NLR);
platelet-to-lymphocyte ratio (PLR); tumor-infiltrating lymphocyte (TIL); colorectal cancer (CRC)
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1. Introduction

Colorectal cancer is the third most common cancer and the second most common
cause of cancer-related death worldwide [1]. Despite advances in surgical procedures and
adjuvant chemotherapy, approximately 20% of patients still experience relapse following
curative treatment [2]. The Union for International Cancer Control (UICC) tumor node
metastasis (TNM) staging system is the most reliable indicator of patient prognosis and is
widely used among practitioners to determine the most appropriate therapy [3]. How-
ever, prognosis may differ substantially even within the same TNM stage. Therefore, new
reliable markers are required to improve predictions on the course of disease and lead to
a more adjusted treatment. Cancer-related inflammation (CRI) indices, both in the periph-
eral blood and in the tumor microenvironment, may be suitable for this role. Peripheral
systemic inflammatory response (SIR) markers such as LMR, NLR or PLR have potent
prognostic value in many malignancies [4,5,6]. The “Immunoscore” —a value based on the
density of CD3+ and CD8+ TILs in the tumor center (CT) and the invasive margin (IM)—
has been shown to be highly prognostic in colon cancer. Some reports have suggested the
superior role of the Immunoscore in predicting survival compared to the TNM staging
system [7]. In this study, we tried to evaluate the correlation between local (TILs) and
peripheral (LMR, NLR and PLR) CRI biomarkers in CRC patients.

2. Materials and Methods

We performed a retrospective analysis of a database of 87 patients treated with radi-
cal-intent surgery in the Department of Gastrointestinal Cancers, Maria Sklfodowska-Cu-
rie National Research Institute of Oncology, Warsaw, Poland, between January 2014 and
December 2015. The inclusion criteria were as follows: (1) histologically confirmed cancer
of distal sigmoid, rectosigmoid or upper rectum (> 10 cm from the anal verge by colonos-
copy); (2) no evidence of tumor invading the adjacent organs or distant metastasis; (3) no
neoadjuvant treatment applied; and (4) presence of formalin-fixed tissues from the surgi-
cal excision of the tumor. The exclusion criteria were: (1) metastatic disease; (2) neoadju-
vant chemotherapy and/or radiotherapy; (3) malignant disease of other organs; (4) pres-
ence of hematologic malignancies and disorders that could substantially affect inflamma-
tory markers; (5) prior immunosuppressive therapy; and (6) incomplete/inaccurate medi-
cal records. Thirty-seven patients were excluded from the study due to the presence of
exclusion criteria (10 patients) or the fact that histological specimens were found inade-
quate for appropriate pathomorphological assessment (27 patients) as shown in Box. 1.

Box 1. Eligibility for the study.

87 patients with left-sided colorectal cancer (distal sigmoid, rectosigmoid, upper rectum) treated with
radical-intent surgery in the Department of Gastrointestinal Cancers, Maria Sktodowska-Curie National
Research Institute of Oncology, Warsaw, Poland between January 2014 - December 2015.

Exclusion criteria:

*  Metastatic disease found postoperatively-3 patients

e  Malignant disease of other organs-1 patient

¢ Incomplete/Inaccurate medical records-5 patients

¢  Hematologic malignancies and disorders that could substantially affect inflammatory markers-1 pa-

tient.
Histological specimens found inadequate for appropriate pathomorphological assessment-27 patients.

50 patients eligible for the study
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We analyzed a routine blood examination before surgery of each patient and calcu-
lated their LMR, NLR and PLR by dividing an absolute count of lymphocytes by an abso-
lute count of monocytes, an absolute count of neutrophils by an absolute count of lym-
phocytes and an absolute count of thrombocytes by an absolute count of lymphocytes in
peripheral blood, respectively, as presented in box 2. The median time between a blood
test and the surgery was 3 days (range from 1 to 11 days). The differential white blood cell
count was analyzed using the Sysmex XN-550 hematology analyzer following the manu-
facturer's protocol.

Box 2. Calculation of LMR, NLR, PLR.

Formulas:

LMR —absolute lymphocyte count (109/1) / absolute monocyte count (10 9/1)
NLR —absolute neutrophil count (109/1) / absolute lymphocyte count (10 9/1)
PLR —absolute platelet count (109/1) / absolute lymphocyte count (10 9/1)

The patients were divided in terms of pre-treatment values of SIR markers. The cut-
off values were predetermined based on available data in the literature and our previous
studies [4, 6, 8, 9]. For LMR, the cut-off value was 2.6, for NLR 3.0 and for PLR 150.

2.1. Immunohistochemistry

The presence of tumor-infiltrating immune cells in the tumor center and the invasive
margin was evaluated by immunohistochemistry using the antibodies for CD3 and CD8
antigens. For immunohistochemical staining, we used primary monoclonal antibodies
against CD3 (DAKO, Glostrup, Denmark, Cat. No M7254) and CD8 (DAKO, Denmark,
Cat. No IR623) with a DAKO EnVision FLEX detection system (DAKO, Denmark, Cat. No
K8002). Paraffin sections (4 pm on silanized slides) were deparaffinized and rehydrated.
Antigen epitopes were retrieved by the high temperature method (high pH in PT link).
Sections were incubated with primary antibody (20 min), and EnVision FLEX+ target re-
trieval solution was used. Finally, a color reaction was achieved by incubation with EnVi-
sion FLEX DAB chromogen (10 min at room temperature) and hematoxylin counterstain
was used for nuclei visualization. Semi-quantitative analysis by an experienced
pathologist and a quantitative automated analysis of the specimens was performed. In a
semi-quantitative assessment, a four-digit scale (0: 0-10% of the area of scarce and mild
staining, 1: 11-50% of the area of moderate or intensive staining, 2: 50-75% of the area of
intermediate or intensive staining and 3: > 75% area of intermediate or intensive staining)
of density of lymphocytes was used in separate measurements for tumor center and inva-
sive margin while in a quantitative assessment an exact number of lymphocytes per 1 mm?
of specimen was calculated (using the CellSens Software version 1.16 by Olympus). The
highest lymphocyte density regions were selected for histological and immunohistochem-
ical assessment. The representative images of low and high lymphocyte infiltrates in CT
and IM are presented in Figures 1 and 2.
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Figure 1. No/minimal lymphocyte infiltrates in tumor center (CT) (a,c) and tumor margin (IM) (b,d). H&E staining x40 (a);
H&E staining x100 (b) ; CD3 staining x100 (c,d).
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Figure 2. Intense lymphocyte infiltrates in tumor center (CT) (a,c) and tumor margin (IM) (b,d). H&E staining x40 (a); H&E
staining x100 (b) ; CD3 staining x100 (c,d).

2.2. Statistical Analysis

The Shapiro-Wilk test was used to test the normality of the data distribution. The
correlation between preoperative LMR, NLR, PLR and the density of CD3+ and CD8+
lymphocytes were analyzed using the Spearman's test. Comparison of parameters be-
tween patients according to the stage of the disease was carried out with the Kruskal-
Wallis test, while the comparison of TILs according to the pre-treatment value of SIR
markers with the Mann-Whitney U test. The Kaplan-Meier survival estimator was calcu-
lated, and logrank test was used to compare overall survival for SIR markers and TILs.
All statistical analyses were performed using the IBM SPSS Statistics ver. 23 software
package. A p-value < 0.05 was considered statistically significant.

2.3. Ethical Considerations

The study conformed to the provisions of the Declaration of Helsinki and was ap-
proved by the ethics committee of Maria Sklodowska-Curie National Research Institute
of Oncology in Warsaw.

3. Results

Fifty patients were found to be eligible for the study. As presented in Table 1, in-
cluded in the study were 26 males and 24 females; median age at the initial surgery was
67 years old (range, 44-88 years). The median value of pre-treatment LMR was 3.16 (range
0.95-7.2). The medians of NLR and PLR were 2.34 (0.7-14.54) and 140 (58-358), respec-
tively.

Resected specimens were pathologically classified according to the UICC TNM clas-
sification of malignant tumors, ver. 7. The distribution of cancer stages was as follows:
stage 1-11/50 (22%); stage 11-18/50 (36%); stage 111-21/50 (44%) patients. Tumor grade was
mostly G2 (32 cases), followed by G1 (10) and G3 (5). In three cases, the grade remained
indeterminate.

The densities of CD3+ and CD8+ lymphocytes were evaluated in the CT and IM of
the resected tumors. In three cases, CD3+ and CD8+ lymphocytes were detected only in
the invasive margin and not in the center of the specimen. The mean density of CD3+
lymphocytes per 1 mm? was 1699 (range 704-3900) in CT and 1929 (368-4959) in IM. The
densities of CD8+ lymphocytes in CT and IM were 877 (66-3918) and 1255 (175-2511),
respectively.
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Table 1. Characteristics.

Characteristic All Patients (n = 50)
Age (years), median (range) 67 (44-88)
Sex, n (%)
Male 26 (52.0)
Female 24 (48.0)
Tumor, n (%)
T1-T2 13 (26.0)
T3-T4 37 (74.0)
Lymph nodes, n (%)
NO 29 (58.0)
N1-N2 21 (42.0)
Grade, n (%)
Gl 10 (20.0)
G2 32 (64.0)
G3 5 (10.0)
Gx 3 (6.0)
Stage, n (%)
I 11 (22.0)
11 18 (36.0)
111 21 (42.0)

ALC (1079/1), median (range)

1.94 (0.69-3.95)

AMC (10"9/1), median (range)

0.57 (0.30-1.14)

ANC (10"9/1), median (range)

4.10 (2.01-10.03)

Platelets (1079/1), median (range)

246 (153-430)

LMR, median (range)

3.16 (0.95-7.20)

NLR, median (range)

2.34 (0.70-14.54)

PLR, median (range)

140 (58-358)

CD3 CT/mm?, mean (range)

1699 (704-3900)

CD3 IM/mm?, mean (range)

1929 (368-4959)

CD8 CT/mm? mean (range)

877 (66-3918)

CD8 IM/mm?, mean (range)

1255 (175-2511)

ALC, absolute lymphocyte count; AMC, absolute monocyte count; ANC, absolute neutrophil

count; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-monocyte ratio; PLR, platelet-to-

lymphocyte ratio; CT, tumor center; IM, invasive margin.

There was a statistically significant correlation between the density of both CD3+ and

CD8+ cells in CT and IM (p <0.005), Table 2.

Table 2. Correlation between CD3+ and CD8+ TILs in CT and IM.

TILs CD3 CT CD3 IM CDS8 CT CD8 IM
r p r p r P r p
CD3 CT X X 0.52 <0.001 0.52 <0.001 0.40 0.005
CD3 IM 0.52 <0.001 X X 0.59 <0.001 0.69 <0.001
CD8 CT 0.52 <0.001 0.59 <0.001 X X 0.59 <0.001
CD8 IM 0.40 0.005 0.69 <0.001 0.59 <0.001 X X

TILs, tumor-infiltrating lymphocytes; CT, tumor center; IM, invasive margin; r, correlation coeffi-

cient calculated with Spearman’s rho test.

Median value of SIR markers and TILs have been evaluated according to the stage of
the disease. No statistically significant differences in the level of parameters between the
stages of the disease were found, as presented in Table 3 (p > 0.05 in all cases).
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Table 3. Comparison of SIR markers and TILs according to the stage of the disease.
Sgi /1;1;151;- Stage I Stage II Stage III p

LMR 2.88 (1.13-7.20) 3.42 (2.30-6.00) 3.00 (0.95-6.23) 0.501

NLR 3.66 (0.70-13.09) 2.15(1.20-4.64) 2.17 (0.97-14.54) 0.579

PLR 135.00 (58.00-268.00)  140.00 (61.00-187.00)  140.00 (66.00-358.00)  0.910
CD3 CT/mm? 1602 (704-2745) 1771 (705-3336) 1687 (716-3900) 0.829
CD3 IM/mm? 1795 (636-2818) 1913 (368-3920) 2006 (900—4959) 0.965
CD8 CT/mm? 939 (66-3918) 973 (432-3445) 734 (161-2664) 0.226
CD8 IM/mm? 1042 (236-1827) 1302 (232-2511) 1325 (175-2432) 0.464

SIR, systemic inflammatory response; TILs, tumor-infiltrating lymphocytes; LMR, lymphocyte-to-
monocyte ratio; NLR, neutrophil-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; CT, tumor
center; IM, invasive margin. Data presented as median (range). Groups compared with Kruskal-

Wallis test.

We found no correlation between pre-treatment LMR, NLR, PLR and the density of
CD3+ and CD8+ TILs, Table 4.

Table 4. Correlation between LMR, NLR, PLR and CD3+ and CD8+ TILs in CT and IM.

TSIR CD3 CT CD3 IM CD8 CT CD8 IM
markers p r p r p r p
LMR 0.08 0.575 0.03 0.857 0.19 0.195 0.03 0.854
NLR 0.05 0.720 0.08 0.606 0.10 0.496 0.03 0.843
PLR 0.07 0.645 0.12 0.424 0.03 0.831 0.09 0.518

SIR, systemic inflammatory response; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-
monocyte ratio; PLR, platelet-to-lymphocyte ratio; CT, tumor center; IM, invasive margin; r, corre-
lation coefficient calculated with Spearman’s rho test.

The Semi-Quantitative Evaluation

There were no significant differences in the average level of semi-quantitative evalu-
ation of CD3+ and CD8+ lymphocytes between groups of pre-treatment LMR above/below
2.6, NLR above/below 3.0 and PLR above/below 150, as presented in Table 5.

Table 5. Comparison of TILs according to pre-treatment values of SIR markers.

LMR NLR PLR
TIL LMR <
s 1\;6 LMR > 2.6 p NLR>30 NLR<3.0 p PLR>150 PLR <150 p
s-qCD3CT 1(0-3)  2(0-3) 0.287 2(0-2) 1(0-3) 0.909 2 (0-3) 1(0-3) 0.553
1201.79  1544.64 1233.93 1767.86 1289.29 1517.86
qCD3 CT/mm? (703.57-  (705.36-3 0213  (70357-2  (70536-3  0.044  (70357-3  (705.36-3 0.868
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TILs, tumor-infiltrating lymphocytes; s-q, semi-quantitative; q, quantitative; LMR, lymphocyte-to-
monocyte ratio; NLR, neutrophil-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; CT, tumor
center; IM, invasive margin. Data presented as median (range). Groups comparison with Mann—
Whitney U test.

4. The Quantitative Evaluation

In the quantitative assessment, level of CD3+ in CT was significantly higher in NLR
< 3.0 than NLR 2 3.0 patients, median of 1767.86 (range: 705.36-3900.00) vs. 1233.93
(703.57-2950.00), respectively (p = 0.044). No differences in the average level of quantita-
tive evaluation of CD3+ and CD8+ lymphocytes between the groups of pre-treatment LMR
above/below 2.6 and PLR above/below 150 were found, as presented in Table 5.

The Analysis of Overall-Survival (OS)

Patients participating and eligible for the study treated in Maria Sklodowska-Curie
National Research Institute of Oncology between March 2014 and September 2015 were
followed-up until December 21, 2020. The median follow-up time was over 6 years.

During this time, 36% (18/50) of patients died, and 64% (32/50) remained alive. Pa-
tients with pre-treatment LMR > 2.6 had a statistically significant longer OS than patients
with LMR < 2.6 (p < 0.001). Similarly, patients with baseline NLR > 3 had a statistically
shorter OS than those with NLR > 3 (p = 0.001). We observed a tendency towards better
OS in patients with PLR <150 compared to PLR >150; however, the result was statistically
insignificant (p = 0.095) (Figures 3-5).

1.0=
LMR>2.6

0.8+

0.6—
-
=
2
2
3 LMR<2.6
& 0.4~
E
)
<
[+ =]
o
@
Q. 0.2+

p <0.01
0.0° T i T I i i i
0 ] 2 3 4 5 6 7

OBSERVATION (YEARS)

Figure 3. Overall survival according to pre-treatment LMR (lymphocyte-to-monocyte ratio).
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Figure 5. Overall survival according to pre-treatment PLR (platelet-to-lymphocyte ratio).
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We found no correlation between levels of CD3+and CD8+ lymphocytes in the cancer
tissue and OS (Appendix A, Figures A1-A4).

5. Discussion

Our hypothesis was that there is a correlation between peripheral and local CRI
markers and that SIR markers such as LMR, NLR and PLR may act as peripheral blood-
based surrogates of TILs. The goal was to analyze the relationship between these param-
eters in left-sided CRC. Few studies have investigated this subject, and available data is
scarce. The definition of TILs varies between studies as often different types of lympho-
cytes (CD3+, CD4+, CD5+, CD8+, CD45ROH, etc.) are taken into account and scored ac-
cordingly to different gradings. Moreover, there are no established cut-off values for SIR
markers or TILs.

We observed a higher number of immune cells in IM than in CT and a positive cor-
relation between the densities of CD3+ and CD8+ cells in both tumor regions, which is in
accordance with available data from other reports.

Mean values of CD3+ and CD8+ lymphocytes in our study were high compared to
some analyses; however, even higher mean densities of lymphocytes, especially in early
stages of the disease, and higher intrapatient variability of the density of lymphocytes
have been reported [10-13]. In most studies, only semi-quantitative evaluations of TIL
densities were conducted, making it difficult to perform conclusive comparisons in this
regard. Our analysis showed that patients with a pre-treatment value of NLR < 3.0 had a
statistically significantly higher level of CD3+ lymphocytes in the center of the resected
tumor compared to the NLR-high group. However, based on Spearman’s rho test, no cor-
relation between pre-treatment values of LMR, NLR and PLR and the density of CD3+ or
CD8+ TILs was observed. The results of other studies concerning the relation between
LMR, NLR, PLR and density of TILs are conflicting. Kwan Ho Lee et al. assessed a rela-
tionship between TILs and hematologic parameters in breast cancer. A statistically signif-
icant correlation between lymphocyte and monocyte count, LMR and CD8+ TILs has been
demonstrated [14]. In another study, high TILs (CD3+, CD15+ and CD68+) were signifi-
cantly correlated with low NLR and high LMR in locally advanced triple-negative breast
cancer [15]. High preoperative NLR was associated with low TILs in hepatocellular carci-
noma [16]. In patients who underwent curative surgery for gastric cancer, CD3+ and CD8+
immune cells densities were not associated with pre-treatment NLR [17]. A negative cor-
relation between NLR and CD3+ was detected in patients with non-small cell lung cancer
[18]. In CRC, a relationship between TILs and SIR markers has been observed mainly in-
directly throughout common prognostic properties [19, 20]. The results of more direct cor-
relations are scarce and unclear. In a study by Guo et al., high values of LMR were asso-
ciated with a high intratumoral number of CD3+ T cells in CT. However, no correlations
between either LMR and CD3+ T-cells in IM or between CD3+ T-cells and NLR or PLR
were found. No correlations between CD8+ lymphocytes and LMR, NLR or PLR were
detected either [21]. In a study evaluating rectal cancer patients, there was no correlation
between baseline NLR and CD8+ lymphocytes; CD3+ T-cells, LMR or PLR were not eval-
uated [22].

Our study focused on investigating the association between inflammatory markers
in circulating blood and tumor tissue rather than on prognostic outcomes; we did, how-
ever, perform an analysis of the association between peripheral and local CRI markers
and OS. Despite the fact that there was no correlation between peripheral and local CRI
markers and disease stage, strong prognostic values of LMR, NLR and, to a lesser extent,
PLR were confirmed among our patients in accordance with most studies [23-25]. A cor-
relation between the density of TILs and OS was, nonetheless, not observed. This phe-
nomenon is not consistent with the majority of other results [26, 27]. However, a number
of studies also failed to show the expected correlation—entirely or, at least, in some of the
analyzed cohorts [28-31]. It is speculated that the lack of correlation between density of
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TILs and survival or other prognostic factors (e.g., stage of disease) may be due to envi-
ronmental variables, such as the microbiome or tumor inflammatory status [32, 33].

Possibly, the differences in tumor biology and immune microenvironment may affect
the severity of the impairment of T-cells and the sensitivity of tumor cells to their cytotoxic
functions affecting the immunological response [30].

In order to thoroughly understand the role and potential of peripheral and local in-
flammatory indices, it is crucial to comprehend the impact of each of their components on
CRI. The relationship between inflammation and cancer is well-proven. This phenomenon
was first discovered in the 19th century by observing inflammatory cells in resected tumor
tissues and associated sites of chronic inflammation with carcinogenesis [34]. CRI affects
many aspects of malignancy. It involves not only a reaction of the host’s immune system
against the tumor, but also inflammatory chemokines and cytokines released by tumor-
associated leukocytes and cancer cells contributing to tumor growth, invasion and meta-
static activity [35]. Lymphocyte count reflects the responsiveness of the immune system
of the host. Lymphocytes inhibit cancer proliferation and spread [36]. Lymphopenia is
often observed in advanced cancer and may result in a weak and insufficient immunolog-
ical response. Studies have linked it with unfavorable prognosis in oncological patients
[37]. By contrast, monocytes, neutrocytes and platelets play a vital role in tumor progres-
sion [38—40]. A correlation between monocytosis and a poor prognosis has been reported
in many cancers [41]. Neutrophils, as the most common subset of leukocytes, have a sub-
stantial impact on CRI. They have been shown to play an important role in the initiation
and progression of cancer [42]. Like monocytes, a high count of neutrophils has been as-
sociated with unfavorable outcomes in many malignancies [43]. Similarly, an elevated
level of thrombocytes has been linked to a poor prognosis. Tumor cells, through cytokines
and interleukins, stimulate megakaryocytes to induce the production and activation of
thrombocytes. In turn, thrombocytes release angiogenic and growth factors, such as vas-
cular endothelial growth factor and platelet-derived growth factor, substantially contrib-
uting to angiogenesis and tumor growth [44, 45]. Peripheral blood-based biomarkers, such
as LMR, NLR and PLR, take advantage of the combined prognostic value of the mentioned
blood components. CRI affects tumor microenvironments to a large extent. Tumor-infil-
trating immune cells (TIICs) are composed mainly of immunological cells, such as tumor-
associated macrophages, dendritic cells, mast cells and lymphocytes. TILs —white-blood
cells originating from the bloodstream, which migrated towards the tumor site—are the
most investigated subpopulation of TIICs. TILs are involved in the recognition and elim-
ination of tumor cells and play an important role in boosting anti-tumor immunity [46].
Their prognostic and predictive role is well-established in breast cancer, especially the
TNBC subtype, where a high level of TILs is correlated with better OS, disease-free sur-
vival and higher pathological complete response rate following neoadjuvant therapy [47,
48]. TILs are also correlated with an improved prognosis in several other cancers, such as
lung, ovarian and pancreatic [49-51]. In CRC, an Immunoscore—a classification evaluat-
ing two lymphocyte populations (CD3+/CD45RO+, CD3+/CD8+ or CD8+/CD45RO+)—
both in the CT and IM was developed. According to some reports, the Immunoscore is a
superior predictor of OS and DFS compared to the AJCC/UICC TNM classification system
in CRC [7].

In designing our study, we based it on the Immunoscore —we evaluated the quanti-
tative and semi-quantitative density of populations of CD3+ and CD8+ lymphocytes in CT
and IM. We focused on cancers of left-sided colon (distal sigmoid and rectosigmoid) and
the upper part of the rectum, excluding middle and low rectal cancers, as it was essential
for us to avoid any presurgical treatment (radio or chemotherapy) that could influence
inflammation indices both in peripheral blood and in the tumor tissue. Low and middle
rectal cancers, unlike those in the upper rectum and colon, are often treated with neoad-
juvant radio/radio-chemotherapy. It is important to note that we decided to study tissues
from the surgical excision of the tumor, not the presurgical biopsies, as standard biopsies
often do not include an invasive margin area, which is the primary site of interaction
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between malignant and immune cells [10]. Surgical specimens, however, allow an ample
evaluation of tissue sections, especially with regard to invasive margins. The main limita-
tion of our study was the small number of patients. The study was also retrospective, and
we cannot exclude some patients that had non-cancer-related inflammation that could
have affected the outcomes. Therefore, the results need to be repeated in bigger cohorts in
prospective trials. However, it is worth noting that we conducted a novel study on the
subject that is surprisingly absent in the literature. We hope our study will attract more
attention to the topic and encourage further investigation.

6. Conclusions

Both blood-based SIR markers and tumor-infiltrating immune cells have been thor-
oughly investigated in recent years as prognostic factors in many cancers. They reflect a
peripheral and local aspect of the immunological reaction within the CRL To our
knowledge, our study is the first to evaluate a direct correlation between LMR, NLR, PLR
and TILs in left-sided colorectal cancer. We found that a level of CD3+ lymphocytes in the
center of the tumor was significantly higher in patients with low pre-treatment NLR; how-
ever, no correlation between any of the pre-treatment blood-based markers and CD3+ or
CD8+ lymphocytes in the resected tumor was demonstrated. Further investigations on a
larger scale are crucial in order to better understand this relation.
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Figure A2. Overall survival according to density of CD8+ lymphocytes in IM (invasive margin).
CD8+ IM high - > 670 per 0.56 mm? CD8+ IM low - <670 per 0.56 mm?.
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Figure A3. Overall survival according to density of CD3+ lymphocytes in CT (tumor center). CD3+
CT high - > 840 per 0.56 mm? CD3+ CT low - <840 per 0.56 mm?.
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Figure A4. Overall survival according to density of CD8+ lymphocytes in CT (tumor center). CD8+
CT high - > 404 per 0.56 mm? CD8+ CT low - < 404 per 0.56 mm?.
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Podsumowanie

Reakcja zapalna zwigzana z chorobg nowotworowsg (CRI) jest zjawiskiem, ktore wptywa na
zaburzenia immunologiczne zar6wno w mikrosrodowisku guza jak i obwodowo w krwioobiegu. LMR,
NLR i PLR sg szeroko badanymi w onkologii wykladnikami CRI o potwierdzonej warto$ci
prognostycznej w wielu nowotworach. Latwos¢ ich oceny i niski koszt badania czynig je potencjalnie
dobrymi markerami, ktéore moga mie¢ zastosowanie w praktyce klinicznej. Celem zbioru badan
wchodzacych w sktad niniejszej pracy doktorskiej byta ocena ich powtarzalnosci, zwigzku z
parametrami kliniczno-patologicznymi, biochemicznymi i radiologicznymi oraz ocena wartoSci

prognostycznej w polskiej populacji.

W badaniach stwierdzono istotne zaleznosci pomi¢dzy obwodowymi i lokalnymi markerami
CRI. Wykazano korelacj¢ miedzy LMR a naciekiem zapalnym w mikrosrodowisku guza. Stwierdzono
rowniez zalezno$¢ migdzy niskimi wartoSciami NLR a wysoka gestoscig limfocytéw CD3+. Ponadto
zaobserwowano relacje pomigdzy wysokimi wartosciami LMR a ekspresja PD-L1 na komorkach
nowotworowych, limfocytach i makrofagach (CPS). W literaturze §wiatowej dane na temat zwigzkow
pomiedzy limfocytami naciekajacymi guz nowotworowy a markerami SIR sg bardzo skape. W CRC

dostepne sg jedynie pojedyncze doniesienia ze sprzecznymi wnioskami.

Dane z piSmiennictwa potwierdzaja zaobserwowang relacj¢ migdzy dluzszym OS a wysoka
warto$cia LMR i niskg wartoscia NLR w grupie pacjentéw z rakiem jelita grubego i gérnej odbytnicy.
W badaniu oceniajacym populacje pacjentdow ograniczong do chorych z rakiem odbytnicy (w wiekszosci
odcinka $rodkowego i1 dolnego) nie wykazano zwigzku wartosci LMR, NLR i PLR z OS. Dane z
literatury na temat prognostycznej wartosci markeréw SIR w populacji pacjentdéw z miejscowo
zaawansowanym rakiem odbytnicy sg sprzeczne i w zwigzku z tym mniej klarowne niz w raku jelita
grubego i w stadium rozsiewu. W literaturze Swiatowej pacjenci z rakiem jelita grubego i pacjenci
rakiem odbytnicy sg bardzo cze¢sto wiaczani do tej samej grupy i oceniani razem, pomimo zasadniczych
roéznic migdzy tymi nowotworami, co moze prowadzi¢ do btednych wnioskéw. Warto§¢ prognostyczna

markerow SIR wydaje si¢ by¢ rozna w obu tych nowotworach.

W prezentowanych badaniach nie stwierdzono korelacji pomigdzy warto§ciami LMR, NLR,
PLR a markerem CEA. W analizie zwigzkow z parametrami kliniczno-patologicznymi zaobserwowano
statystycznie znamienng zalezno$¢ migdzy PLR a zajgciem regionalnych weztow chlonnych. Nie
wykazano innych zwigzkéw migdzy markerami SIR a wielko$cia guza nowotworowego lub

zaawansowaniem choroby.

Parametry LMR, NLR i PLR oceniane na podstawie trzech badan morfologii krwi obwodowe;j
w prospektywnym badaniu wsréd wyselekcjonowanej grupy pacjentdéw z miejscowo zaawansowanymi

rakami odbytnicy (LARC) okazaty si¢ umiarkowanie powtarzalne.
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Wsrod pacjentow z LARC istotnym prognostycznie markerem radiologicznym jest naciekanie
naczyn zlokalizowanych poza §ciang odbytnicy (EMVI). EMVI wiaze si¢ z wigkszym ryzykiem
wystapienia przerzutow odlegltych i krotszym RFS. U pacjentow z EMVI-dodatnim rakiem statystycznie
czesciej wystepowaty duze guzy z zajgciem regionalnych weztow chtonnych. Obecnosé¢ EMVI w MRI
przed rozpoczeciem leczenia przedoperacyjnego byla zwigzana rowniez z wigkszym zaawansowaniem
choroby w histopatologicznym materiale pooperacyjnym. Pacjenci z EMVI-dodatnim rakiem mieli
wyzsze $rednie wartosci markera CEA, poziom neutrocytow i trombocytow. Nie przektadato sig to
jednak na statystycznie istotng zalezno$¢ migdzy parametrem EMVI a markerami SIR. Zwigzek miedzy
zaawansowaniem choroby nowotworowej wg klasyfikacji TNM a obecnoscia EMVI jest zgodny z
danymi z pi$§miennictwa. Prezentowana praca jest pierwszym badaniem oceniajacym relacje pomiedzy

markerami SIR a statusem EMVI ocenianym na podstawie MRI u pacjentow z LARC.

Podsumowujac, oceniane na podstawie morfologii krwi obwodowej markery ogdlnoustrojowe;j
reakcji zapalnej, wydaja si¢ by¢ powigzane z zaburzeniami immunologicznymi w mikrosrodowisku
guza. To niezwykle interesujace zjawisko, dotychczas nieudokumentowane w literaturze, wymaga
potwierdzenia w kolejnych badaniach. Niski koszt i powszechna dostgpnos$¢ oceny wyktadnikow SIR
sprawiajg, ze sg one atrakcyjnymi markerami prognostycznymi. Zbidr zaprezentowanych prac jest
wstepem do dalszych analiz pozwalajacych okresli¢ ich praktyczne zastosowanie w codziennej praktyce

kliniczne;.
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wynikow oraz redagowaniu publikacji.
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Jako wspolautor wymienionej pracy wchodzacej w sktad rozprawy doktorskiej lek. med. Cieszymierza
Gawinskiego:

- Gawinski, C.; Mroz, A.; Roszkowska-Purska, K.; Sosnowska, 1.; Derezinska-Wotek, E.; Michalski, W.;
Wyrwicz, L. A Prospective Study on the Roles of the Lymphocyte-to-Monocyte Ratio (LMR),
Neutrophil-to-Lymphocyte Ratio (NLR), and Platelet-to-Lymphocyte Ratio (PLR) in Patients with
Locally Advanced Rectal Cancer. Biomedicines2023, 11, 3048.
https://doi.org/10.3390/biomedicines11113048

oswiadczam, iz moj udzial w powstaniu pracy polegal na przeprowadzaniu badan patomorfologicznych, ocenie i
interpretacji wynikow histopatologicznych oraz wsparciu merytorycznym.

Jednoczesnie wyrazam zgode na przedlozenie powyzszych prac przez lek. Cieszymierza Gawinskiego jako
elementu rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykuléw opublikowanych w
czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ powyzszych prac wykazuje indywidualny

wktad lek. med. Cieszymierza Gawinskiego przy opracowaniu koncepcji badan, opracowywaniu i analizie ich
wynikow oraz redagowaniu publikacji.
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Jako wspoétautorka wymienionej pracy wchodzacej w sktad rozprawy doktorskiej lek. med. Cieszymierza
Gawinskiego:

- Gawinski, C.; Holdakowska. A.; Wyrwicz, L. Correlation between Lymphocyte-to-Monocyte Ratio
(LMR), Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR) and Extramural
Vascular Invasion (EMVI1) in Locally Advanced Rectal Cancer. Curr. Oncol. 2023, 30, 545-358.
https://doi.org/10.3390/curroncol30010043

o$wiadczam, iz moj udzial w powstaniu pracy polegal na wsparciu merytorycznym, ocenie radiologicznej,
analizie badan obrazowych i wspdlredagowaniu mansukryptu.

Jednoczesnie wyrazam zgode na przedlozenie powyzszych prac przez lek. Cieszymierza Gawiniskiego jako
elementu rozprawy doktorskiej w formie spojnego tematycznie zbioru artykulow opublikowanych w
czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ powyzszych prac wykazuje indywidualny
wktlad lek. med. Cieszymierza Gawinskiego przy opracowaniu koncepcji badan, opracowywaniu i analizie ich
wynikow oraz redagowaniu publikacji.
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Jako wspétautor wymienionych prac wchodzacych w sktad rozprawy doktorskiej lek. med.Cieszymierza
Gawinskiego:

- Gawinski, C.; Michalski, W.; Mroz, A.: Wyrwicz, L. Correlation between Lymphocyte-to-Monocyte
Ratio (LMR), Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR) and
Tumor-Infiltrating Lymphocytes (TILs) in Left-Sided Colorectal Cancer Patients. Biology2022, /],
385. https://doi.org/10.3390/biology1 1030385

- Gawinski, C.; Mréz, A.; Roszkowska-Purska, K.: Sosnowska, 1.; Derezinska-Wolek, E.; Michalski, W.:
Wyrwicz, L. A Prospective Study on the Roles of the Lymphocyte-to-Monocyte Ratio (LMR),
Neutrophil-to-Lymphocyte Ratio (NLR), and Platelet-to-Lymphocyte Ratio (PLR) in Patients with
Locally Advanced Rectal Cancer. Biomedicines2023, 11, 3048.
https://doi.org/10.3390/biomedicines11113048

oswiadczam, iz moj udzial w powstaniu tych prac polegat na wsparciu merytorycznym, przeprowadzaniu i
interpretacji analiz statystycznych.

Jednoczesnie wyrazam zgode na przedlozenie powyzszych prac przez lek. Cieszymierza Gawinskiego jako
elementu rozprawy doktorskiej w formie spojnego tematycznie zbioru artykutow opublikowanych w
czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ powyzszych prac wykazuje indywidualny

wkiad lek. med. Cieszymierza Gawinskiego przy opracowaniu koncepcji badan, opracowywaniu i analizie ich
wynikow oraz redagowaniu publikacji.
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Jako wspotautorka wymienionej pracy wchodzacej w sklad rozprawy doktorskiej lek. med. Cieszymierza
Gawinskiego:

- Gawinski, C.; Mroz, A.; Roszkowska-Purska, K.; Sosnowska, 1.; Derezinska-Wolek, E.; Michalski, W._;
Wyrwicz, L. A Prospective Study on the Roles of the Lymphocyte-to-Monocyte Ratio (LMR),
Neutrophil-to-Lymphocyte Ratio (NLR), and Platelet-to-Lymphocyte Ratio (PLR) in Patients with
Locally Advanced Rectal Cancer. Biomedicines 2023, 11, 3048,
https://doi.org/10.3390/biomedicines] 1113048

o$wiadczam, iz moj udzial w powstaniu pracy polegal na pomocy organizacyjno-administracyjnej zwiazanej z
przeprowadzeniem badan patomorfologicznych.

Jednoczesnie wyrazam zgode na przedlozenie powyzszych prac przez lek. Cieszymierza Gawinskiego jako
elementu rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutow opublikowanych w
czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodregbnienia czes¢ powyzszych prac wykazuje indywidualny
wklad lek. med. Cieszymierza Gawinskiego przy opracowaniu koncepcji badan, opracowywaniu i analizie ich
wynikow oraz redagowaniu publikacji.
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Jako wspolautorka wymienionej pracy wchodzacej w sklad rozprawy doktorskiej lek. med. Cieszymierza
Gawinskiego:

- Gawinski. C.; Mroz. A.: Roszkowska-Purska, K.: Sosnowska, 1.; Derezinska-Wolek, E.; Michalski, W;
Wyrwicz, L. A Prospective Study on the Roles of the Lymphocyte-to-Monocyte Ratio (LMR),
Neutrophil-to-Lymphocyte Ratio (NLR). and Platelet-to-Lymphocyte Ratio (PLR) in Patients with
Locally Advanced Rectal Cancer. Biomedicines 2023, 11, 3048,
https://doi.org/10.3390/biomedicines| 1113048

o$wiadczam, iz mdj udzial w powstaniu pracy polegal na przeprowadzeniu analiz laboratoryjnych.

Jednocze$nie wyrazam zgode na przedlozenie powyzszych prac przez lek. Cieszymierza Gawinskiego jako
elementu rozprawy doktorskiej w formie spojnego tematycznie zbioru artykulow opublikowanych w
czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ powyzszych prac wykazuje indywidualny

wklad lek. med. Cieszymierza Gawinskiego przy opracowaniu koncepcji badan, opracowywaniu i analizie ich
wynikow oraz redagowaniu publikacji.
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