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Komentar

Habilita¢ni praci jsem sestavila jako komentovany soubor publikaci vénovanych
klinickému vyzkumu v oblasti gastrointestindlnich nadort, a to zejména nadoru jicnu
a Zaludku. Stézejni soucasti jsou vysledky vyzkumnych aktivit soustfedénych na studium
inovativnich biomarkerd, které umoznuiji cilenou terapii ¢i adaptaci lé¢ebného postupu,
a dale orientace na vyuziti vystupt klinického zkouseni v 1éCebné praxi. Komentovany
soubor 14 vlastnich praci jsem v zdjmu vétSi prehlednosti rozclenila do kapitol, které
reflektuji jednotlivé oblasti klinického vyzkumu, jimZ jsem se zabyvala. Osnovou mé prace
je shrnuti soucasnych poznatkil tykajicich se epidemiologie, molekuldrni podstaty
onemocnéni, prediktorti lécebného efektu jako soucasti komercniho, ale i vlastniho
akademického vyzkumu, a v neposledni fadé translace novych poznatki do klinické
praxe. V jednotlivych ¢astech pak zminuji konkrétni prace, studie nebo ¢lanky, na nichz
jsem se podilela v ramci zajmu o konkrétni problematiku a jejichZ poradi je sestaveno tak,
aby logicky reflektovalo chronologii studia nddorové choroby. Pro prehlednéjsi ivod do
problematiky jsou vuvodu zatazeny kapitoly vénované epidemiologii vybranych
gastrointestindlnich nadorti, zejména karcinomu jicnu a Zaludku. Tyto diagnézy se
postupem casu staly hlavnim predmétem mého zajmu jak v oblasti vyzkumu, tak v oblasti
klinické, a proto jsou zminény podrobnéji. KliCem k medicinskému pokroku na poli
vyzkumu tumorli je pochopeni genetické a molekuldrni podstaty konkrétniho
nadorového onemocnéni. Proto jsou v dalSich kapitolach zahrnuty naSe publikace
vénované vzacnému geneticky podminénému syndromu Gastric Adenocarcinoma and
Proximal Polyposis of the Stomach Syndrome (GAPPS), didle ma prace o genomické
a molekularni charakteristice nadori jicnu a Zaludku, jejichZ popis v roce 2017 prispél
k porozuméni tohoto onemocnéni a umoznil budouci individualizovany pristup v jeho
1écbé.

Zatimco u jinych malignit, jako napriklad u adenokarcinomu plic nebo karcinomu
prsu, byl v poslednich dvou dekddach klinicky vyzkum prediktivnich markeri pro
klinickou praxi doslova revoluc¢ni a pouziti cilené 1é¢by v rdmci individualizovaného
lécebného postupu vedlo ke zlepSeni pribéhu onkologického onemocnéni,
u gastrointestindlnich nadori vyznacujicich se vysokou heterogenitou rada molekul
a cilenych 1éka selhala. V priibéhu své kariéry jsem ziskala jako reSitel a spoluresitel
smluvnich klinickych studii moZnost podilet se na vyzkumu a publika¢né spolupracovat
na studiich vénovanych analyze ucinnosti novych molekul a cilenych 1ék. Smluvni
klinické studie, na kterych jsem se podilela, zminiuji i niZe v textu habilita¢ni prace pro
komplexnost celé vyzkumné problematiky, nicméné nejsou zahrnuty do vyctu vlastnich
publikovanych praci predloZenych k habilitaci. Vybrané publikace soustiedéné zejména
na studium novych cilenych lékd uzivanych pti lécbé Kkolorektdlniho karcinomu
a karcinomu Zaludku jsou soucasti druhého okruhu mé habilita¢ni prace.

Nové prediktivni biomarkery 1écby, které vedou k optimalizaci 1é¢ebného pristupu,
jsou flexibilné adaptovany do lécebnych doporuceni. Jinym pripadem je inovativni vyuziti
stavajicich diagnostickych metod ¢i postupti, laboratornich markeria ¢i zobrazovacich
metod dostupnych v klinické praxi jako prostredku k definovani pripadnych novych
biomarkerii. Prediktivni markery a jejich vyuziti k individualizaci a personalizaci
lé¢ebného postupu jsou dalsi topikou mé habilita¢ni prace. VyuZiti biomarkeru jako
indikatoru rezistence k chemoterapii k adaptaci lé¢ebného algoritmu bylo zdrojem
inspirace pro studii GastroPET, ktera analyzuje pouZiti sekvencni pozitronové emisni



tomografie (PET) a miRNA u lokalné pokrocilého adenokarcinomu gastroezofagealni
junkce.

Dal$im cirkulujicim biomarkerem, jehoZ prognosticky vyznam byl popsan nejen
u kolorektalniho karcinomu, ale i u ostatnich nadorovych a chronickych chorob, je 25-
hydroxyvitamin D (25-OHD). Sledovani vyznamu hladiny cirkulujicich 25-OHD v ramci
lécby metastatického kolorektalniho karcinomu bylo predmétem mé disertacni prace. Na
tuto praci jsme navazali v ramci spoluprace na retrospektivni analyze z mezinarodni
studie faze Il EXPAND, ktera analyzovala prinos EGFR protilatky cetuximabu v kombinaci
se standardni chemoterapii v1écbé prvni linie metastatického karcinomu Zaludku.
K ovéfeni hypotézy prognostické a pripadné prediktivni role 25-OHD jsme provedli
analyzu vstupnich cirkulujicich hladin 25-OHD v séru pacientli. Podobné jako vitamin D
i nutricni stav pacienti miZe mit vKkontextu lécby metastatického onemocnéni
prediktivni ¢i prognosticky potencial. Klinicky stav pacientli s metastatickym
karcinomem Zaludku je velmi ¢asto charakterizovan malnutrici jiZ pri stanoveni diagnozy
a teoreticky miize modifikovat intenzitu, a tim i ispéSnost 1écby. Pravé vyzkumna otazka
prognostického vyznamu sarkopenie u pacientli s metastatickym karcinomem zaludku
lécenych v ramci stejného souboru byla predmétem vyzkumného projektu, na némz jsme
participovali spole¢né s vyzkumnou skupinou profesora Hackera z Lipska a jejiz vysledky
byly recentné publikovany.

Do rady naSich aktivit intenzivné zasdhla pandemie covidu-19, ktera nékteré
vyzkumné projekty zpomalila ¢i zcela zastavila ¢i doslova otrasla nasim profesnim
zivotem. Pro onkologické pacienty byla pandemie mementem, nebot jsou z podstaty
nadorového onemocnéni a imunosupresivni onkologické 1écby vysoce rizikovou
skupinou. Snaha o bliZsi specifikaci imunitni odpovédi na vakcinaci u aktivné lécenych
onkologickych pacientli nds vedla kiniciaci akademické klinické studie COVIGI, ktera
zkoumala nezadouci ucinky vakcinace, ale zejména se soustiedila na zmény protilatkové
a bunécné imunity aktivné léCenych pacienti ve vztahu k jednotlivym lé¢ebnym
modalitam, jako je chemoterapie, radioterapie, imunoterapie a cilena lécba.

Spoluprace na smluvnich klinickych studiich a snaha zodpovédét casto kladené
otazky v klinické praxi mé privedla k akademickému klinickému vyzkumu a realizaci
vlastnich akademickych klinickych hodnoceni a vyzkumnych projektii na narodni trovni.
Podobné jsem jako Clen akademické skupiny European Organisation for Research and
Treatment on Cancer (EORTC) Gastrointestinal Tract Cancer Study Group méla moZnost
spolupracovat od roku 2013 na designu akademickych klinickych studif a pozdéji, v roce
2018, jsem byla jmenovana spolupredsedajici Task Force for Individualised Cancer
Therapy. V rdmci této pracovni skupiny jsme navrhli mezinarodni klinickou studii pro
pokrocily karcinom Zlu€ovych cest (Pamiparib In Patients with Platinum Sensitive Biliary
TraCt Carcinoma [PAMICC] study). Tato aktivita je rovnéz zminéna v mé habilita¢ni praci.

Klinické studie jako zdkladni soucast klinického vyzkumu jsou prvnim krokem
vedoucim ke vstupu nové molekuly ¢i lécebného postupu do klinické praxe. Medicina
zaloZena na diikazech je nedilné spojena také se spravnou interpretaci dat z klinickych
studii, ktera je zakladnim krokem k uspésné lécbé onkologického pacienta. Poslednim
okruhem mé habilitacni prace je ma autorskd participace na narodnich lécebnych
doporucenich pro 1é¢bu karcinomu jicnu a Zaludku a evropskych guidelines pro 1é¢bu
karcinomu jicnu.

NiZe uvadim 14 komentovanych publikaci, které jsou sou¢asti mé habilitacni prace.
Mij podil na jednotlivych publika¢nich vystupech je shrnut v tabulkach s diirazem na
podil experimentalni prace, pedagogickou ¢innost, pripravu rukopisu a vyzkumny zamer.



Commentary

My habilitation thesis was compiled as an annotated set of publications dedicated to
clinical research in the field of gastrointestinal tumours, especially oesophagal and gastric
cancer. A key part of my thesis presents the results of my research activities on innovative
biomarkers that enable targeted therapy or treatment adaptation. Beyond that, I am
outlining the use and implementation of trial results in clinical practice. In the interest of
clarity, I have divided the annotated set of 14 publications into chapters that reflect the
individual research areas in which I have been active as an investigator. The syllabus of
my work summarizes the current knowledge about the epidemiology of gastrointestinal
cancer, its molecular background, prognostic and predictive factors for treatment efficacy,
and finally, the translation of new knowledge into clinical practice. In the individual
sections, | mention specific projects and studies that I conducted or contributed to and
whose order is compiled to reflect the chronology of cancer study logically. The
introduction includes chapters devoted to the epidemiology of selected gastrointestinal
tumours, especially oesophagal and gastric cancer. Over time, these diagnoses have
become a major focus of my work, both in research and in the clinical field, and are
therefore mentioned in more detail. Understanding cancer’s genetic and molecular basis
is key to medical advances in cancer research. Thus, the following chapters include our
publications devoted to the rare genetic condition Gastric Adenocarcinoma and Proximal
Polyposis of the Stomach Syndrome (GAPPS), as well as work on the genomic and
molecular characteristics of oesophageal and gastric tumours, the description of which
provided hope for a correct understanding and future individualized approach to
treatment.

While in other malignancies such as lung or breast cancer, predictive markers led to
profound treatment individualization and improved the course of cancer, in
gastrointestinal tumours, which are characterized by high biological heterogeneity, many
evaluated molecules failed as predictive markers. During my career as a researcher and
co-investigator of sponsored clinical trials, I have gained the opportunity to participate in
research and collaborate on studies investigating new molecules and targeted drugs.
Contractual clinical studies in which I participated are also mentioned in the text of the
habilitation thesis due to the complexity of the entire research issue. However, they are
not included in the list of own published works submitted for habilitation.

Selected publications focusing on the study of new targeted drugs for colorectal and
gastric cancer are included in the second part of my habilitation thesis. Novel predictive
biomarkers enable optimization of the treatment approach. An important issue is the
innovative use of diagnostic procedures, be it laboratory or imaging methods, to establish
possible new biomarkers. Predictive markers and their use to personalize the treatment
process are other topics of my habilitation thesis. The use of the biomarkers as indicators
of chemotherapy resistance to adapt the treatment algorithm was the source of
inspiration for the GastroPET study, which investigates the use of sequential positron
emission tomography (PET) imaging and plasma miRNA in locally advanced gastro-
oesophageal junction adenocarcinoma.

A circulating blood biomarker of prognostic significance in colorectal cancer and
also other cancer and chronic diseases is 25-hydroxyvitamin D (25-OHD). Monitoring the
level of circulating 25-OHD in the treatment of metastatic colorectal cancer and
investigating its significance for treatment outcomes was the subject of my dissertation.
[ continued this work by analyzing individual patient serum 25-OHD levels from the



international multicenter phase IIl EXPAND study. This study investigated the benefit of
the epidermal growth factor receptor (EGFR) antibody cetuximab in combination with
standard chemotherapy in the first-line treatment of metastatic gastric cancer. To verify
the hypothesis of a potential prognostic and/or predictive role of 25-OHD, we performed
an analysis of baseline circulating levels of 25-OHD in patients’ serum. Like vitamin D,
patients’ nutritional status may have predictive or prognostic potential in the treatment
of metastatic disease. The clinical condition of patients with metastatic gastric cancer is
very often impaired by malnutrition at the time of diagnosis. It can theoretically modify
the intensity and thus the success of treatment. Defining the prognostic significance of
sarcopenia in patients from the EXPAND trial was the goal of another analysis in which
we participated together with the research group of Professor Hacker from Leipzig,
Germany. The results were recently published.

Many of our activities were intensely affected by the Covid-19 pandemic, which
slowed down or even stopped some research projects and profoundly influenced our
professional lives. The pandemic was a particular thread for cancer patients, as they are
at high-risk for a severe course of infection due to the debilitating nature of cancer and
immunosuppressive cancer treatment.

An effort to further specify the immune response to vaccination in actively treated
cancer patients led us to initiate the academic clinical study COVIGI. We examined the side
effects of vaccination in cancer patients but mainly focused on changes in humoral and
cellular immunity of actively treated patients with a specific view on individual treatment
modalities such as chemotherapy, radiotherapy, immunotherapy, and targeted treatment.
Collaborating on contractual clinical trials and answering frequently asked research
questions in clinical practice has led me to academic clinical research to implement my
academic projects and studies at the national level. Similarly, as a member of the
European Organisation for Research and Treatment on Cancer (EORTC) Gastrointestinal
Tract Cancer Study Group, I have had the opportunity to collaborate on the design of
academic clinical trials since 2013 and being appointed co-chair of the Individualised
Cancer Therapy Task Force since 2018. Within this task force, we designed an
international clinical trial on advanced biliary tract cancer (Pamiparib in Patients with
Platinum Sensitive Biliary TraCt Carcinoma [PAMICC] study). This activity is also
mentioned in my habilitation thesis.

As an essential part of clinical research, clinical trials are the first step leading to the
entry of a new drug or therapeutic procedure into clinical practice. Evidence-based
medicine is also inextricably linked to correctly interpreting data from clinical trials,
which is a fundamental step toward successfully treating a cancer patient. The last part of
my habilitation thesis describes my participation in National treatment recommendations
for oesophageal and gastric cancer and the European guidelines for the treatment of
oesophageal cancer.

As part of my habilitation thesis, I selected the 14 most important articles. My
contribution to these articles is summarized in the following tables, with special emphasis
on experimental work, student supervision, manuscript preparation, and research
direction.



[1] FORETOVA, L., M. NAVRATILOVA, M. SVOBODA, P. GRELL, L. NEMEC, L. SIROTEK,
R. OBERMANNOVA, I. NOVOTNY, M. SACHLOVA, P. FABIAN, R. KROUPA, P. VASICKOVA,
J. HAZOVA, E. STAHLOVA HRABINCOVA a E. MACHACKOVA. GAPPS - gastric
adenocarcinoma and proximal polyposis of the stomach syndrome in 8 families tested at

Masaryk memorial cancer institute - prevention and prophylactic gastrectomies. Klinickd
onkologie. 2019, 32, 2S109-25117. ISSN 0862-495X.

Experimental Supervision (%) Manuscript (%) Research
work (%) direction (%)
- 20 30 30

[2] OBERMANNOVA, R. a F. LORDICK. Insights into next developments in advanced
gastric cancer. Current Opinion in Oncology. 2016, 28(4), 367-375.ISSN 1040-8746.

Experimental Supervision (%) Manuscript (%) Research
work (%) direction (%)
20 20 60 -

[3] MOEHLER M. M. A. HOGNER, A. D. WAGNER, R. OBERMANNOVA, M. ALSINA,
P. THUSS-PATIENCE, H. VAN LAARHOVEN, E. SMYTH. Recent progress and current
challenges of immunotherapy in advanced /metastatic esophagogastric adenocarcinoma.
European Journal of Cancer. 2022, 176, 13-29. ISSN 0959-8049.

Experimental Supervision (%) Manuscript (%) | Research direction
work (%) (%)
- - 40 20

[4] OBERMANNOVA, R, E. VAN CUTSEM, T. YOSHINO, G. BODOKY, J. PRAUSOVA,
R. GARCIA-CARBONERO, T. CIULEANU, P. GARCIA ALFONSO, D. PORTNOY, A. COHN,
K. YAMAZAKI, P. CLINGAN, S. LONARDI, T. W. KIM, L. YANG, F. NASROULAH
aJ. TABERNERO. Subgroup analysis in RAISE: a randomized, double-blind phase III study
of irinotecan, folinic acid, and 5-fluorouracil (FOLFIRI) plus ramucirumab or placebo in

patients with metastatic colorectal carcinoma progression (aEuro). Annals of Oncology.
2016, 27(11),2082-2089. ISSN 0923-7534.

Experimental Supervision (%) Manuscript (%) Research direction
work (%) (%)
20 50 60 30

[5] BENCSIKOVA, B., E. BUDINSKA, I. SELINGEROVA, K. PILATOVA, L. FEDOROVA,
K. GREPLOVA, R. NENUTIL, D. VALIK, R. OBERMANNOVA, M. A. SHEARD
a L. ZDRAZILOVA-DUBSKA. Circulating T cell subsets are associated with clinical outcome
of anti-VEGF-based 1st-line treatment of metastatic colorectal cancer patients:



a prospective study with focus on primary tumor sidedness. Bmc Cancer. 2019, 19, 687.
ISSN 1471-2407.

Experimental Supervision (%) Manuscript (%) Research
work (%) direction (%)
20 20 30 30

[6] OBERMANNOVA, R, D. VALIK, D. HASENCLEVER, L. ZDRAZILOVA-DUBSKA,
U. HACKER, R. DEMLOVA, I. SELINGEROVA a F. LORDICK. High prevalence of severe
hypovitaminosis D in patients with advanced gastric cancer treated with first-line
chemotherapy with or without anti-EGFR-directed monoclonal antibody (EXPAND trial)
showing no prognostic impact. European Journal of Cancer. 2019, 116, 107-113.

ISSN 0959-8049.

Experimental Supervision (%) Manuscript (%) Research
work (%) direction (%)
70 90 70 70

[7]HACKER U.T., D. HASENCLEVER, R. BABER, N. LINDER, H. BUSSE, R. OBERMANNOVA,
L. ZDRAZILOVA-DUBSKA, D. VALIK a F. LORDICK. Modified Glasgow prognostic score
(mGPS) is correlated with sarcopenia and dominates the prognostic role of baseline body
composition parameters in advanced gastric and esophagogastric junction cancer

patients undergoing first-line treatment from the phase III EXPAND trial. Annals of
Oncology. 2022, 33(7), 685-692.

Experimental Supervision (%) Manuscript (%) Research
work (%) direction (%)
20 - 20 20

[8] OBERMANNOVA, R, I. SELINGEROVA, Z. REHAK, V. JEDLICKA, M. SLAVIK, P. FABIAN,
[. NOVOTNY, M. ZEMANOVA, H. STUDENTOVA, P. GRELL, L. ZDRAZILOVA DUBSKA,
R.DEMLOVA, T. HARUSTIAK, R. HEJNOVA, 1. KISS a R. VYZULA. PET/CT-tailored treatment
of locally advanced oesophago-gastric junction adenocarcinoma: a report on the
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1. Epidemiologie gastrointestinalnich nadort

Podle zdroje GLOBOCAN bylo v roce 2018 celosvétové zachyceno 4,8 milionu novych
pripadli nddort traviciho traktu (GI) a 3,4 milionu souvisejicich umrti.! Nadory zaZivaciho
traktu predstavuji 26 % ze vSech nadorovych onemocnéni a jsou pric¢inou 35 % vSech
umrti souvisejicich s rakovinou. V ivodu své habilitac¢ni prace uvadim prehled globalni
incidence a mortality u 3 naddorovych onemocnéni, které jsou hlavnim predmétem mého
klinického vyzkumu. Podle dat z databaze GLOBOCAN], existuji jednoznacné geografické
a Casové trendy ve zménach incidence a mortality téchto malignit. Zatimco nadory jicnu,
Zaludku a jater maji vyssi incidenci v Asii, vyskyt kolorektalniho karcinomu a nadoru
slinivky brisni nartstd v ,zapadnim“ svété, tedy v Evropé a Severni Americe. Ddle je
pozorovan soustavny pokles incidence nadort Zaludku, ackoliv incidence karcinomu
jicnu v posledni dekadé mirné narostla. Prestoze geograficky doslo ke zvySeni incidence
kolorektalniho karcinomu i v nékterych nizkoprijmovych zemich, celkové incidence
tohoto onemocnéni klesa v zemich vyspélych, coZ je pozitivné ovlivnéno screeningovymi
programy (obr. 1).

Obr. 1: Incidence a mortalita velkych GI nadori v roce 2018. Zdroj: GLOBOCAN 20181

Incidence Mortality
Colorectum 9.2%
Colorectum 10.2%
Stomach 8.2%
73.7% Stomach 5.7% 64.6%
Other cancers Other cancers
Liver 8.2%
Liver 4.7%
Esophagus 5.3%
Esophagus 3.2% piag
Pancreas 2.5% Pancreas 4.5%
Number of Gl cancer cases: 4.8 million Number of Gl cancer deaths: 3.4 million

1 ARNOLD M, C.C. ABNET, R. E. NEALE, J. VIGNAT, E. L. GIOVANNUCCI, K. A. MCGLYNN a F. BRAY F. Global Burden of
5 Major Types of Gastrointestinal Cancer. Gastroenterology. 2020, 159(1), 335-349, el5. doi: 10.1053/
j-gastro.2020.02.068.
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Obr. 2: Karcinom jicnu: Trendy ve vékové standardizované incidenci a mortalita podle zemi
Zdroj: CI5 a WHO Mortality Database
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Obr. 3: Karcinom zaludku: Trendy ve vékové standardizované incidenci a mortalité podle zemi
Zdroj: CI5 a WHO Mortality Database
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Obr. 4: Kolorektalni karcinom: Trendy ve vékové standardizované incidenci a mortalité podle zemi
Zdroj: CI5 a WHO Mortality Database
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2. Epidemiologie a geneticka predispozice nadoru
jicnu a zaludku

2.1 Epidemiologie

Nador jicnu je sedmym nejCastéjSim nadorem na svété, zatimco karcinom Zzaludku
zaujima pricku ctvrtou. V roce 2020 bylo celosvétové zaznamendno 604 000 novych
pripadii naddort jicnu a vice neZ jeden milion (1 089 103) novych pripadi karcinomu
Zaludku, coZ se promitlo do 544 000 Uimrti u karcinomu jicnu a 768 793 u karcinomu
Zaludku.23 U obou nadori prevazuje vyskyt u muZzli, a to u karcinomu jicnu vice nez
v 70 %, zatimco u karcinomu Zaludku predstavuji muZi vice nez polovinu ptipadi. Co se
tyCe geografické incidence, obé onemocnéni se vyskytuji nejvice ve vychodni Asii,
karcinom jicnu pak v jizni a vychodni Africe, severni Evropé a jizni a centralni Asii,
u karcinomu Zaludku pak druhou nejvyssi incidenci zaujimaji zemé centralni a vychodni
Evropy a Jizni Amerika. Zatimco incidence karcinomu Zaludku setrvale kles3, incidence
v oblasti nadord gastroezofagealni junkce (GE]) narlistd. Podobné dochazi ke zméné
zastoupeni jednotlivych histologickych podtypli, a to konkrétné ve vyskytu
adenokarcinomu jicnu, ktery v nékterych zemich Evropy, Severni Ameriky i Asie piedcil
historicky vyssi vyskyt skvamézniho podtypu. Tyto zmény jsou prisuzovany jak
ekonomickému rozvoji danych zemi, tak i zménam v dietnich navycich.* Etiologicky hraje
u skvamézniho karcinomu jicnu nejvétsi roli koureni a alkohol, v asijskych zemich pak
zvykani betele (Indie) a nékteré dietni partikularity jako kysela zelenina (Cina), horké
napoje (Blizky vychod).> U adenokarcinomu se udava etiologicky souvislost s obezitou,
gastroezofagealnim refluxem a Barrettovym jicnem a pravdépodobné i s poklesem
chronické infekce Helicobacter pylori (HP), ktera je naopak inverzné asociovana
s adenokarcinomem jicnu.6 Z rizikovych faktori je pro karcinom Zaludku zminovano
muzské pohlavi, dale chronicka HP infekce, alkohol, kouteni a vysoky prijem slanych
potravin, z dalSich pak pozitivni rodinna anamnéza pro karcinom Zaludku, autoimunitni
choroby jako dermatomyozitida a perniciézni anémie, Ménétrierova choroba a Epstein-
Barrové virova (EBV) infekce.”82 Recentné publikovana japonska studie spojuje nartist
incidence adenokarcinomu GE] u mladych pacientli s vekem pod padesat let s modernim
zapadnim Zivotnim stylem vedoucim ke zméné mikrobiomu jako autoimunitniho impulsu
pro vznik nadoru.10

2 SUNG H,, J. FERLAY, R. L. SIEGEL et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer ] Clin. 2021, 71(3), 209-249.

3 FERLAY ], M. ERVIK, M. COLOMBET et al. Global Cancer Observatory: Cancer Today. 2022. [online] Lyon, France:
International Agency for Research on Cancer. [cit. 30.9. 2021] Dostupné z: https://gco.iarc.fr/today.

4ARNOLD M,, C. C. ABNET, R. E. NEALE et al. Global Burden of 5 Major Types of Gastrointestinal Cancer. Gastroenterology.
2020, 159(1), 335-349.

5 THUN M., M. S. LINET, J. R. CERHAN et al. Cancer Epidemiology and Prevention. 4th ed. New York, NY: Oxford University
Press; 2018.

6 PARSONNET ]J., G. D. FRIEDMAN, D. P. VANDERSTEEN et al. Helicobacter pylori infection and the risk of gastric
Carcinoma. N Engl ] Med. 1991, 325(16), 1127-1231.

7 DE MARTEL C,, D. FORMAN, M. PLUMMER. Gastric cancer: epidemiology and risk factors. Gastroenterol Clin North Am.
2013, 42(2), 219-240.

8 JOHNSON M. I, J. I. SPARK, N. S. AMBROSE, ]. I. WYATT. Early gastric cancer in a patient with Ménétrier’s disease,
lymphocytic gastritis and Helicobacter pylori. Eur ] Gastroenterol Hepatol. 1995, 7, 187-190.

9 MURPHY G., R. PFEIFFER, M. C. CAMARGO MC, et al. Meta-analysis shows that prevalence of Epstein-Barr virus-positive
gastric cancer differs based on sex and anatomic location. Gastroenterology. 2009, 137(3), 824-833.

10 LTY,, E. S. ESHAK, K. SHIRAI et al. Alcohol Consumption and Risk of Gastric Cancer: The Japan Collaborative Cohort
Study. ] Epidemiol. 2021, 31(1), 30-36.
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Obr. 5: Incidence karcinomu jicnu!!

Obr. 6: Incidence karcinomu zaludku'?

11 International Agency for Research on Cancer. Oesophagus. [online] [cit. 5. 3. 2022]. Dostupné
z: https://gco.iarc. fr/today/data/factsheets/cancers/6-Oesophagus-fact-sheet.pdf.

12 International Agency for Research on Cancer. Oesophagus. [online] [cit. 5. 3. 2022]. Dostupné
z: https://gco.iarc.fr/today/data/factsheets/cancers/7-Stomach-fact-sheet.pdf
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2.2 Geneticka predispozice nadoru zaludku

Familiarni vyskyt je pozorovan cca u 10 % karcinomi Zaludku a u 3 % onemocnéni je
Lynchiiv syndrom, familiarni adematozni polyposu (FAP), hereditarni difizni karcinom
Zaludku (HDGC), syndrom adenokarcinomu Zaludku a mnohocetné polypézy Zaludku =
gastric adenocarcinoma a proximal polyposis of the stomach (GAPPS), dale Li Fraumeni
syndrom a Peutz-Jeghersliv syndrom.1* U hereditarniho difizniho karcinomu Zaludku
HDGC se jedna o autozomalné dominantni onemocnéni, které je spojeno s inaktivac¢ni
germinadlni mutaci v tumor supresorovém genu CDH a Kklinicky je charakterizovano
vysokou prevalenci difizniho karcinomu Zaludku a lobularniho karcinomu prsu. Zatim
vzacny autozomalné dominantné dédicny syndrom nadorové predispozice, syndrom
adenokarcinomu Zaludku a mnohocetné polypodzy zaludku (GAPPS), byl objeven
recentné a Ceska republika se vedle Australie fadi mezi prvni zemé, které tento syndrom
popsaly a nasledné identifikovaly fadu jedinci a rodin s timto onemocnénim [1]
(priloha 1). Ackoliv se jedna o variantu syndromu familidrni adenomatdzni polypozy
(FAP), divodem pozdni identifikace syndromu GAPPS je jeho genetickd podstata.
Principialné dochazi k bodové mutaci v oblasti YY1 vazebného mista 1 B promotoru APC
genu. Tato regulacni oblast nenti totiZ vétSinou zahrnuta v panelech pro masivni paralelni
sekvenovani a je nutné doplnit vySetfeni Sangerovym sekvenovanim. Klinicky je
pritomnost mutace v promotoru zodpovédna za vyskyt masivni polypézy Zaludku,
lokalizované ve fundu a téle Zaludku. Tato polyp6za, nékdy az ,kobercovitého vzhledu®, je
asociovana s vysokym rizikem vzniku adenokarcinomu. Nalez prvni rodiny s GAPPS
v Ceské republice byl publikovan v roce 2016. V Masarykové onkologickém tstavu (MOU)
bylo v poslednich letech zachyceno 9 rodin s vyskytem dédicného syndromu GAPPS. Nase
publikace z roku 2019 se vztahuje k prvnim osmi rodindm. U vSech rodin byla zjiSténa
jedna patogenni mutace v promotoru 1 B APC genu, NM_001127511:c.-191T>C. Tato
mutace nebyla nalezena u Zadného pacienta s mnohocetnou polypdzou tlustého streva
bez zji$téné klasické mutace v genu APC. Celkem bylo v MOU diagnostikovano 23 osob -
nosica této mutace v promotoru 1 B APC genu. Z toho 18 nosici mélo masivni polypézu
Zaludku s vice nez 100 fundickymi glandularnimi polypy, diagnostikovanou ve véku od 22
do 64 let. V dobé publikace jiZ 5 nosicli na adenokarcinom zaludku zemfelo (ve véku 29,
40, 59, 60 a 65 let), dalsi Zena ve véku 30 let byla v aktivni adjuvantni 1é¢bé. Identifikace
nemalého poc¢tu rodin s GAPPS syndromem a zejména alarmujici riziko vzniku
adenokarcinomu v terénu mnohocetné kobercové polypdézy, kdy z podstaty
endoskopického nalezu nelze ani intenzivnim endoskopickym sledovanim piedejit vzniku
invazivniho karcinomu, vedla na naSem pracovisti k intenzivni multidisciplinarni diskusi
o algoritmu dispenzarizace jako standardu péce o nosice syndromu GAPPS. Dale pak
zejména kdiskusi o indikaci preventivni gastrektomie, ktera je sama mutilujicim
vykonem, obzvlasté je-li indikovana u mladych jedincti. S ohledem na pravdépodobnost
pritomnosti adenokarcinomu v resekatu Zaludku by méla byt standardni soucasti totalni
gastrektomie také D2 lymfadenektomie. Tato operace by méla byt provadéna v centrech

13 RUSTGI S. D., C. K. CHING, F. KASTRINOS. Inherited Predisposition to Gastric Cancer. Gastrointest Endosc Clin N Am.
2021, 31(3), 467-487.
14 NCCN guidelines 2.2022 [online] [cit. 11. 3. 2022]. Dostupné z: https://www.nccn.org/guidelines/recently-
published-guidelines.
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vénujicich se terapii karcinomu Zaludku. Preventivni laparotomicka gastrektomie s D2
lymfadenektomii byla v MOU provedena 6krat, v péti pripadech bez nélezu
adenokarcinomu, ve véku 27, 34, 44, 51, 66, u jedné nosicky mutace byl ve véku 29 let
nalezen G2 adenokarcinom Zaludku v histologickém preparatu. Dalsi dvé profylaktické
laparoskopické gastrektomie s D1 lymfadenektomii byly provedeny ve FN Bohunice, a to
u nosicli ve véku 42 a 50 let. Ve spolupraci s pracovistém v Hradci Kralové jsme na
narodnim kongresu vénovaném GI nadortim navrhli algoritmus péce o nosice GAPPS, viz
obr. 7. NaSe vysledky byly také publikovany na svétovém kongresu vénovaném
karcinomu Zaludku.15

Obr. 7: Algoritmus péce o nosice GAPPS
Legenda: FGP fundické glandularni polypy; GAPPS syndrom adenokarcinomu zZaludku a mnohocetné
polypdzy Zaludku GFS: gastrofibroskopie, IPP inhibitory protonové pumpy; TGE totalni gastrektomie
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15 FORETOVA L., et al. 13th Gastric adenocarcinoma and proximal polyposis of the stomach (GAPPS) - experience from
family follow-up in the Czech Republic, International Gastric Cancer Congress 2019 Congress, Prague 8-11 May 2019.
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Priloha 1: Vlastni prispévek k dané problematice
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Summary

Gastric adenocarcinoma and proximal pelyposis of the stomach (GAPPS) is a rare variant of
familial adenomatous polypesis. It is an autesemal-dominant cancer-predisposition syn-
drome with massive pelyposis of the stomach and a significant risk of gastric adenocarcinoma.
Li et al., 2016, described point mutations in the Ying Yang 1 binding site of the APC gene 1B
promoter associated with GAPPS syndrome. The first GAPPS syndrome in a Czech family was
described in 2016. At Masaryk Memaerial Cancer Institute, GAPPS syndrome was diagnosed in
eight families using Sanger sequencing. In all families, one mutation in promoter 1B of APC
gene NM_001127511: c-191T>C was detected. This mutation was not found in any patient
with multiple colon polyposis without a detected classic mutation in the APC gene. In total,
24 carriers of this mutation in promoter 1B of the APC gene were detected. Out of those 24 car-
riers, 20 had massive gastric polyposis with more than 100 fundic glandular polyps diagnosed
between the age of 22 and 65, 5 had already died of adenocarcinoma of the stomach (at the
ages of 29, 40, 59, 60 and 64, respectively) and another woman was treated at the age of 29.
Two female carriers do not yet have polyposis of the stomach at the ages of 31 and 65, respecti-
vely; one female carrier has incipient polyposis at the age of 58. A male carrier does not have
any clinical symptoms, gastroscopy was not indicated because of his age. Prophylactic total
gastrectomy with D2 lymphadenectomy has already been performed 6 times at Masaryk Me-
morial Cancer Institute, in 5 cases without adenocarcinoma at the ages of 27, 34, 44, 51 and 66,
respectively; in one female carrier adenocarcinoma of the stomach was detected in a histology
specimen. Two prophylactic gastrectomies with D1 lymphadenectomy were performed at Uni-
versity Hospital Brno at the ages of 42 and 50, respectively. In the Czech Republic point muta-
tion ¢.-191T>C (rs879253783) in the 1B promoter of the APC gene is a frequent cause of gastric
polyposis with a high risk of gastric adenocarcinoma, even at a young age. Positively tested
individuals are recommended to high-risk oncology clinic. A necessary part of the discussion
with the patient is information about a preventive gastrectomy.
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GAPPS — GASTRIC ADENOCARCINOMA AND PROXIMAL POLYPOSIS OF THE STOMACH SYNDROME

Souhrn

Syndrom adenokarcinomu Zaludku a mnohocetné pelypézy zaludku (GAPPS) je variantou syndromu familidrni adenomatézni polypozy. Jednd
se o autozomalné deminantné dédiény syndrom néddorové predispozice s asné se vyvijejici masivni polypézou Zaludku, lokalizovanou ve
fundu a téle zaludku, nikeliv v antru, s vysckym rizikem vzniku adenokarcinomu. V roce 2016 Li et al publikovali vysledky vyzkumu, kde zjistili, ze
bodové mutace v oblasti Ying Yang 1 vazebného mista 1B promotoru APC genu jsou zodpovédné za asociaci s GAPPS ptiznaky. Tato regulaéni
oblast v&tsinou neni zahrnuta v panelech pro masivni paralelni sekvenovédni a je nutné ji dovy3ettit Sangerovym sekvenovénim. Prvni ddaje
o roding s GAPPS v Ceské republice byly publikovany v roce 2016. V Masarykové onkologickém ustavu bylo zachyceno osm rodin s vyskytem
dédi¢ného syndromu GAPPS. U viech rodin byla zjisténa jedna patogenni mutace v promotoru 1B APC genu, NM_001127511: c.-191T>C. Tato
mutace nebyla nalezena u Zddného pacienta s mnohocetnou polypézou tlustého stieva bez zjisténé klasické mutace v genu APC. Celkem bylo
diagnostikovéano 24 osob nosici této mutace v promotoru 1B APC genu. Ztéchto 24 osob mélo 20 nosici masivni polypézu zaludku s vice nez
100 fundickymi glanduldmimi polypy diagnostikovanou ve véku od 22 do 65 let, 5 jiz zemfelo na adenokarcinom zaludku (ve véku 29, 40, 59,
60 a 64 let), daldf Zena ve véku 29 let se léCila. Dvé nosi¢ky mutace ve véku 31 a 65 let zatfm nemajf vyvinutou polypézu Zaludku, u jedné ve véku
58 let je incipientni polypdza zaludku. Nosi¢ mutace nemé zadné klinické ptiznaky, gastroskopie nebyla vzhledem k véku indikovana. Preventivnf
totalnigastrektomie s D2 lymfadenektomif byla provedena éx v Masarykové onkologickém dstavu, v 5 pifpadech bez nélezu adenokarcinomu ve
véku 27, 34,44, 51, 66, u jedné nosi¢ky mutace byl ve véku 29 let nalezen G2 adenokarcinom Zaludku v histologickém preparatu. Dal$i dvé profy-
laktické gastrektomie s D1 lymfadenektomii byly provedeny ve Fakultni nemocnici Brno u nosicl ve véku 42 a 50 let. Bodova mutace ¢.-191T>C
(rs879253783) v 1B promotoru APC genu je v Ceské republice Eastou pfiginou polypézy Zaludku a nese vysoké riziko adenokarcinomu Zaludku
i v mladém véku. Pozitivné testovan( pacienti jsou dispenzarizovani v rizikové onkologické ambulanci. Nezbytnou souZésti diskuze s pacientem

je informace o preventivni gastrektomii.

Kli¢ova slova

polypéza - zaludek - hereditéarni - karcinom Zaludku - gastrektomie

Introduction

Gastric polyps are found in 1-4% of pa-
tients undergoing gastroscopy. Fun-
dic gland polyps (FGP) are the most fre-
quent and account for about 70% of
all gastric polyps [1]. Sporadic FGPs are
mostly seen in the gastric body and
fundus, are smaller than 5mm and are
usually fewer in number (less than 10).
These polyps are often caused by pro-
longed treatment of proton pump inhib-
itors (PPI) and are negatively associated
with Helicobacter pylori infection. FGPs
are mostly sporadic but may be seen
in hereditary cancer syndromes like fa-
milial adenomatous polyposis (FAP),
Lynch syndrome, Cowden syndrome,
juvenile polyposis, Peutz-Jeghers syn-
drome and MYH-associated polyposis
with avariable risk of gastric cancer.

The polyps in these syndromes may
differ histologically from purely dysplas-
tic fundic polyps [2,3]. Syndrome polyps
may be transformed into malignancy
more frequently than sporadic.

A new autosomal dominant syn-
drome with multiple proximal polypo-
sis of the stomach localised to the fun-
dus and body, sparing the antrum and
duodenum, with a high tendency to
malignancy and adenocarcinoma of
the stomach (gastric adenocarcinoma
and proximal polyposis of the stomach

(GAPPS) syndrome) was described clini-
cally in the year 2012 [1]. In 2016 Li et
al. [4] published their research results in
which they discovered that three point
mutationslocated within theYingYang 1
(YY1) binding motif of promoter 1B of
the APC gene are responsible for asso-
ciation with GAPPS symptoms. This re-
gulation region is usually not included
in new generation sequencing (NGS) pa-
nels and must be resolved using Sanger
sequencing. In six families three differ-
ent mutations within the YY1 region
were found in the APC 1B promoter:
c.-195A>C, c.-191T7>C, c.-192A>G. The
first family with GAPPS in the Czech
Republic with the presence of the
c.-191T>C mutation was published in
2016 [5], in Austria in 2017 [6] and in
Japan in 2018 [7]. YY1 is a ubiquitously
expressed transcription factor that has
multiple roles in oncogenesis and can
act as an activator and repressor of tran-
scription. [4]. During in vivo functional
analysis with GAPPS segregating variants
(c.-195A>C, c.-191T>C and c.-192A>G)
each of them showed disruption of the
YY1 transcription factor binding site
and a significant decrease in transcrip-
tion activity from the 1B promoter com-
pared to the wild-type construct [4]. In
the majority of GAPPS polyps, the sec-
ond hit in the form of loss of the wild-

type allele or by somatic truncating mu-
tations was seen. These events, however,
are probably late in the development
of gland polyps. APC haploinsufficiency
may be responsible for polyposis, the
second intervention with the removal
of the second copy of the gene may be
important for the development of dys-
plasia. According to Hosoya et al. [8] the
1B APC gene promoter in the gastricmu-
cosa is about 15 times more transcribed
than the 1A promoter. Promoter 1A is
mostly methylated in gastric cancer cell
lines, 97.5% hnon-tumour gastric mucosa
and 82.5% of gastric carcinomas. Thus,
promoter 1B and its transcripts are very
important in the gastric mucosa, the in-
testinal mucosa (colon) is protected pri-
marily by the expression of isoforms
from promoter 1A (the main transcripts
NM_000038.5; NM_001127510). Sev-
eral APC isoforms are expressed from
the 1B promoter; in the case of tran-
script NM_001127511 exons 2 and 7 are
missing (in comparison with RefSeq
NM_000038.5). Mutations in exon 2 and
7 lead to a milder form of FAP. Large de-
letions of the promoter 1B region may
lead to the deletion of the enhancers of
promoters 1A and 1B and cause intesti-
nal polyposis with (though not always)
FGP. Only two point mutations in the 1B
promoter caused intestinal polyposis,
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GAPPS — GASTRIC ADENOCARCINOMA AND PROXIMAL POLYPOSIS OF THE STOMACH SYNDROME

others caused only isolated polyposis of
the stomach.

In the Department of Cancer Epide-
miology and Genetics of the Masaryk
Memorial Cancer Institute (MMCI), fam-
ilies with gastric cancer and/or gastric
polyposis with or without colon poly-
posis were tested over several years. In
all of these patients, testing for the APC,
MUTYH, genes for Lynch syndrome and
other polyposis syndromes was ne-
gative. In 2017, we retroactively tested
25 of these patients for the possibility of
GAPPS syndrome. In addition, 18 newly
diagnosed patients with massive gastric
polyposis/gastric cancer were tested.

Methods

In all patients, Sanger sequencing was
used. Polymerase chain reaction am-
plification of the APC gene promoter 1
beta (5°'UTR region; primers accord-
ing to Li et al., 2016 [4] and sequenc-
ing at the 3130 Genetic Analyser (Ap-
plied Biosystems, ThermoFisher
Scientific, USA) was performed. In all
patients who tested positive, substitu-
tion in the APC gene (NM_001127511.2):
c.-191T>C (rs879253783; genomic po-
sition: Chr5(GRCh38):g.112707527T>C;
in case of RefSeq NM_000038.5(APC):
¢.-304177>C) was detected. The muta-

I W @
gastric polyposis at 51 gastric cancer
gastric cancer at 60

died at 60
1B APC mutation

died at 69
lung cancer

S

died at 81

| e

O O

astric polyposisat 64 nottested  not tested
gastric cancer at 64 GS negat GS negat.
died at 64
1B APC mutation

gastric polyposis at 30
1B APC mutation

Fig. 1. Pedigree of family no. 1 (Masaryk Memorial Cancer Institute).

GS - gastroscopy

tion was confirmed from the second iso-
lated DNA sample.

Results and families

In eight families from the South Mora-
vian region of the Czech Republic, a diag-
nosis of GAPPS syndrome was con-
firmed. Both patients with massive gas-
tric polyposis and patients with gastric
cancer were tested. All of the patients
signed informed consent for molecular
genetic testing; in those patients already
deceased, the consent form was signed
at the time of their first testing including
consent to the use of the sample for re-

O

WG

gastric cancer at 60 not a carrier
died at 60

search. For all living individuals, genetic
counselling was performed before and
after the testing.

Family 1 (Fig. 1)

An index case was diagnosed with mas-
sive stomach polyposis and with stom-
ach adenocarcinoma at the metastatic
stage at the age of 64, she died within
3 months. She did not have a colonos-
copy. The patient had been using PPI
for more than 10 years but she was not
monitored for gastroscopy during treat-
ment. Her son was diagnosed with mas-
sive gastric polyposis at the age of 30,

died at 32

1«

gastric cancer at 58
gastric polyposis
died at 59
1B APC mutation

O [] [ > [] © ®
not a carrier not a carrier 1B APC carrier 1B APC carrier 1B APC carrier
gastric polyposis at 29 gastric polyposis at 34 no polyposis
gastrectomy at 29 gastrectomy at 34 at 31
gastric cancer 29
Fig. 2. Pedigree of family no. 2 (Masaryk Memeorial Cancer Institute).
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colorectal cancer at 73
diedat 73
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not a carrier
breast cancer at 60
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1B APC mutation
gastric polyposis at 50
gastrectomy at 50

O
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gastric polyposis at 41

1B APC mutation
gastrectomy at 42

not tested

0O 0O 0O O

not a carrier not a carrier not tested not tested

Fig. 3. Pedigree of family no. 3 (Masaryk Memorial Cancer Institute).
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colorectal cancer at 75
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O
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not tested yet|  died 63

not a carrier  gastric cancer a

|
1B APC Mutation
gastric polyposis at 51
gastrectomy at 51

t 28, died 29

gastric polyposis at 28
1B APC mutation

Fig. 4. Pedigree of family no. 4 (Masaryk Memerial Cancer Institute).

using PPI for 6 months. The colonoscopy
was negative. Genetic testing confirmed
for both APC mutation: ¢-191T>C. The
sonis being monitored in the preventive
oncology department of the MMCI, con-
sidering preventive surgery.

Family 2 (Fig. 2)

An index case was monitored for gas-
tric polyposis from the age of 51 out-
side the MMCI. At the age of 60,
gastric adenocarcinoma with liver me-
tastasis was detected; she died within
6 months. The colonoscopy was neg-
ative. Her sister died of gastric can-
cer at age 32. Another sister did not go
to preventive gastroscopy, she was dia-
gnosed with massive gastric polyposis
at the age of 58 with metastatic gastric
adenocarcinoma; she died a year

after diagnosis. Both sisters are car-
riers of APC mutation: c.-191T7>C. Out
of five children there are three posi-
tive carriers, one at the age of 31 with
no gastric polyposis, one having mas-
sive polyposis at the age of 29, she de-
cided for a preventive gastrectomy at
the age of 29 with a finding of gastric
adenocarcinoma in the histology spec-
imen (tubulopapilary cancer with two
positive lymphonodes, pT1b, pN1, G2,
clinical stage 1B); and one with massive
polyposis and preventive gastrectomy at
35 years of age without carcinoma.

Family 3 (Fig. 3)

An index case had a gastroscopy at the
age of 28 without polyposis; she had an-
other gastroscopy at the age of 41 when
massive gastric polyposis was detected.

She is a carrier of APC mutation: c.-
191T>C. Her brother is also a carrier. He
had a gastroscopy in 2018 when massive
polyposis was diagnosed. A prophylac-
tic gastrectomy with D1 lymphadenec-
tomy was performed in both patients at
University Hospital Brno, with no gastric
cancer found. Two sons of the index case
did not inherit the mutation. The mother
of the index case was diagnosed with
breast cancer and adenoma of the rec-
tum at 60, the gastroscopy was negative,
she is not a carrier. The index case’s fa-
ther died of metastatic colorectal cancer
atthe age of 73.

Family 4 (Fig. 4)

An index case was diagnosed with gas-
tric tubular adenocarcinoma at the age
of 28, gastric polyposis was described,
he died 10 months later. Sequencing
of the 1B APC gene promoter detected
the c.-191T>C mutation. The same mu-
tation was detected in his mother. She
did not have any clinical problems but
was found to have massive polyposis at
the age of 50. A prophylactic gastrec-
tomy with D2 lymphadenectomy was
performed at the age of 51, with no car-
cinoma found. She had one polyp on
colonoscopy. Her father has not been
tested yet. The index case’s brother does
not have the mutation.

Family 5 (Fig. 5)

The index case experienced diges-
tive problems, pain and fatigue at 40.
She was diagnosed with massive gas-
tric polyposis of the body and fundus
with liver metastasis of gastric adeno-
carcinoma. Sequencing of the APC gene
promoter 1B revealed the mutation
c.-191T>C. She died after 7 months of
treatment. Her daughter carries the
same mutation, the second daughter is
not a carrier. The index case’s mother is
acarrierofthe 1BAPCgene: c.-191T>C, at
the age of 65 she has no symptoms and
no polyposis. The mother’s brother died
at 63 years of age of stomach cancer,
he was not tested; his son and daugh-
ter do not carry the APC gene mutation.
The mother’s sister has a mutation of
the 1B APC gene: ¢.-191T>C, she has in-
cipient gastric polyposis at the age of 58,
her son and daughter have had gastric
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1B APC mutation
no clinical symptoms at 92, no GS
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gastric cancer at 40
gastric polyposis at 40
died 40
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died at 63
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0 O

not
a carrier

not
a carrier

Fig. 5. Pedigree of family no. 5 (Masaryk Memerial Cancer Institute).

polyposis diagnosed at 30 and 22 years
of age, respectively, both with a mu-
tation of the 1B APC gene: c.-191T>C.
A gastrectomy was recommended but
has not yet been performed. The father
of the mother’s mother is free of clinical
symptoms, he is a carrier of a mutation
of the 1B APC gene: c.-191T>C. He did
not have an endoscopy because of the
age limitation. The index case’s brother
has no presence of polyps and does not
carry the mutation.

Family 6 (Fig. 6)

The index case had a gastroscopy at
49 years of age for digestive problems,
without pathology. At the age of 65,
she was found to have massive stom-
ach polyposis, mutation of the 1B APC
gene: c.-191T>C was detected. She had
a gastrectomy at the age of 65 with no
cancer. One polyp was observed in a co-
lonoscopy. Mutation of the 1B APC gene:
¢-191T>C was found in her daughter and
multiple stomach polyposis was detected.
Preventive surgery has not yet been per-
formed. Another daughter does not carry
the mutation.

Family 7 (Fig. 7)

The index case had a gastroscopy due
to digestive problems at the age of 27.
Massive stomach polyposis was de-

%

died at 71
gastric pain

[]

e v

gastric polyposis
at 65

1B APC mutation

gastrectomy at 66

®

L ]
1B APC mutation
incipient polyposis at 58

—

1B APC mutation 1B APC mutation
gastric gastric
polyposis from 30 polyposis from 22

breast cancer at 75

died at 80

not tested yet

O

not a carrier

®

1B APC carrier
gastric polyposis at 36

[]

Fig. 6. Pedigree of family no. 6 (Masaryk Memarial Cancer Institute).

tected, two polyps were detected in the
rectosigmoideum. A 1B APC gene muta-
tion: c.-191T>C was detected. Now he is
post gastrectomy, without cancer. The
family history shows ne oncological ill-
ness. His mother and two sisters do not
carry the mutation; his father has not
been tested yet.

Family 8 (Fig. 8)
The index case had gastroscopy due to
stomach pain at 24 and multiple stom-

ach polyposis was discovered. He was
found to be a carrier of the 1B APC gene
mutation: ¢.-191T>C. He has four intes-
tinal polyps. At the age of 44 a gastrec-
tomy was performed with no carcinoma
detected. His one brother is also a carrier
of the mutation, the endoscopy revealed
gastric polyposis, he has no clinical prob-
lems. His father had gastric cancer at the
age of 56, with no polyposis of the stom-
ach described; he does not carry the mu-
tation. The mother tested positive and
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Fig. 7. Pedigree of family no. 7 (Masaryk Memerial Cancer Institute).
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1B APC mutation
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gastrectomy at 44

1B APC mutation
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Fig. 8. Pedigree of family no. 8 (Masaryk Memorial Cancer Institute).

was diaghosed with gastric polyposis at
the age of 65.

Discussion

GAPPS syndrome is an autosomal domi-
nant inherited disease, a variant of FAP
with a high risk of massive polyposis
of the stomach, with the presence of
mainly glandular polyps in the body and
fundus, without the presence of polyps
in the antrum and duodenum (Fig. 9).
Sometimes, adenomatous and hyper-
plastic polyps may also be present. The
age of occurrence of polyposis is highly
individual and depends on various fac-
tors, including genetic background, life-
style and environment. When polypo-

sis develops, the risk of gastric cancer
may be high, up to 12-20% [1,2]. Out of
our 24 carriers of the promoter 1B APC
gene mutation: ¢.-191T>C, 6 carriers
(25%) were diagnosed with gastric can-
cer. From the data provided by the fam-
ilies that have been tested so far, it can
be seen that the variability of the symp-
toms of massive polyposis is very high
within one family. In Family 5, the ear-
liest polyposis was detected at the age
of 22 and gastric cancer at age of 40, but
in other carriers of the mutation, poly-
posis was not developed at the age of
65 or it began to develop at the age
of 58; in one carrier (aged 92) there were
no clinical problems (no endoscopy was

performed). The prediction of the de-
velopment of polyposis is therefore
problematic, and the prevention of gas-
tric carcinoma by endoscopy in the field
of massive polyposis is basically impos-
sible. By discovering the genetic cause
of GAPPS syndrome, point mutations
in the APC 1B promoter, it is possible
to offer genetic testing to patients with
stomach polyposis and to their relatives.

Genetic testing of the APC 1B pro-
moter is performed by Sanger sequenc-
ing of the entire promoter region. Point
changes are confirmed by another
method on a newly isolated DNA sam-
ple (Fig. 10).

Genetic counselling is important in
the process of the genetic testing of
polyposis. Based on all gastroenterolog-
ical, histological and family history data,
the geneticist can provide additional
molecular genetic examinations to elu-
cidate the cause of polyposis. For cases
with no mutation detected in the APC 1B
promoter, it is important to indicate fur-
ther examinations that would allow the
diagnosis of rare forms of hereditary tu-
mour syndromes where gastric polypo-
sis may be present. In the case of those
who test negative, NGS (new generation
sequencing, massive parallel sequenc-
ing) is appropriate, At the MMCI, we use
a panel of 226 genes thatincludes an ex-
amination of all known genes for poly-
posis syndromes as well as other hered-
itary tumour syndromes including other
genes involved in the DNA repair pro-
cess. Itis, therefore, possible to diagnose
classical FAR, Lynch syndrome, juvenile
polyposis, Peutz-leghers syndrome, he-
reditary diffuse gastric cancer, Cowden
syndrome, MYH-associated polyposis
with a variable risk of stomach tumours,
and rare genes where gastric polyposis
may also be present.

In addition, the geneticist should
recommend predictive family testing
for all relatives at potential risk of carry-
ing the same mutation. For GAPPS syn-
drome, this predictive test is very impor-
tant because a large proportion of the
relatives do not have any clinical prob-
lems for a long time, even though mas-
sive stomach polyposis may have already
developed. Since the transition from dys-
plasia to gastric cancer in GAPPS can be
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Fig. 9. Gastroscopy with massive polyposis of stomach in gastric adenocarcinoma and proximal polyposis of the stomach patient

{Masaryk Memorial Cancer Institute).
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Fig. 10. Sanger sequencing: APCNM_001127511.2: c.-191T>C (Masaryk Memorial Cancer Institute).

very rapid, attempting to prevent stom-
ach cancerinpatientswith GAPPSisprob-
lematic This fact is also documented by
our very first prophylactic gastrectomy
with D2 lymphadenectomy performed
at GAPPS at MM, when a youngwoman
29 years of age had a G2 well-to-moder-
ately differentiated tubulopapillary ade-
nocarcinoma of the stomadch, with posi-
tive lymphonodes, clinical stage IB, with
invasion into the submucosa and angio-

graphic invasion. The tumour was not
detected in the gastroscopy. She under-
went systemic treatment. Predictive test-
ing was offered by another genetic clinic
to two children, aged 10 and 7, respec-
tively. There are no guidelines about pre-
dictive testing in children.

In MMCI, prophylactic total gasirec-
tomy (Fig. 11) with D2 lymphadenec-
tomy is performed in patients with
GAPPS and massive polyposis. Lym-

phadenectomy in this range (first and
secand peri-gastric compartment) is the
therapeutic standard in epithelial stom-
ach malignancies and is recommended
in GAPPS due to the relatively high risk
of preoperatively undiagnosed carci-
noma. In workplaces that specialise in
stomach operations, D2 lymphadenec-
tomy does not significantly prolong
surgical time nor significantly increase
postoperative morbidity (Fig. 12).

Klin Onkel 2019; 32 (Suppl 2); 25108-25117
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ssesen

oW

Fig. 11, Gastric adenocarcinoma and pro-
ximal polyposis of the stomach - to-
tal gastrectomy with subsequent recon-
struction of the digestive tract (Masaryk
Memorial Cancer Institute),

From current knowledge, itis advisable
to provide genetic testing of GAPPS for
these clinical findings and family history.

Suggested indications for GAPPS

syndrome testing [1,2]

- more than 30 FGP, lacalisation in the
fundus and body, no presence in the
antrum or duodenum, with or without
dysplasia, the progression of polypo-
sis, autosomal dominant inheritance —
stomach polyposis or stomach cancer
in family history (in 1%, 27 or 3 degree
relatives);

- more than 100 FGP in the same loca-
fion — testing with or without a family
history.

If the GAPPS testing is negative, then
exclude other possible syndromes with
polyposis,

Differential diagnosis:

+ sporadic FGP - fewer polyps, mostly
without dysplasia, probably without
increased tumaour risk, often associa-
ted with PPl use (slightly reduced on
withdrawal);

- FAR atenuated FAP - colon polyposis,
some cases with stomach polypaosis,
also in the antrum, pylorus and duode-
num, low-grade dysplasia, low risk of
stomach cancer (about 1%);

- MAP (MUTYH) associated polyposis —
autosomal recessive;

-— > 4 »

Fig. 12. Gastric adenocarcinoma and proximal polyposis of the stomach - stomach re-
section along with omentum (Masaryk Memorial CancerInstitute).

- juvenile polyposis - SMAD4, BMPR1A;

« Peutz-Jeghers syndrome - 5TK11;

- Cowden’s syndrome - PTEN;

- hereditary diffuse gastric cancer - COH1;

« Ménétrier’s disease — acquired, pre-
malignant, massive mucosal scarring,
excessive mucus production, protein
loss, weak acid production.

Propuosed scheme of preventive care

for people with GAPPS syndrome

In GAPPS with massive polyposis:

- gasiroscopy every year (even in the
case of undeveloped polyposis), com-
prehensive monitoring in the risk on-
cology dinic;

- colonoscopy every 3 years, if polyps,

maore frequently;

ultrasound of abdominal organs every

year;

- when progressive massive stomach
polyposis (even without polyps’
dysplasia, regardless of family his-

tory) offer prophylactic gastrectomy
that can prevent death from gastric
cancer;

= asaresection,werecommendtotal gas-
trectomy with D2 lymphadenectomy;

< if the prophylactic gastrectomy is
refused, then a gastroscopy every
6 months, including endoscopic re-
moval of larger polyps for biopsy spe-
cimen, endosonography, but the risk
of gastric cancer cannot be reduced,
reassessment of gastrectomy in case
of dysplasia;

« further monitoring at a risk oncology
clinic as with other inherited tumour
syndromes,

Concdlusion

GAPPS, gasiric adenocarcinoma and
muliiple proximal polyposis of the
stomach syndrome, although it is re-
ferred to as a very rare variant of FAR,
was found within 1 yearin eight families

25116
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with genetically confirmed GAPPS syn-
drome with mutation in the APC gene
promoter 1B: ¢.-191T7> C in 24 positive
mutation carriers. The development of
massive polyposis with fundic glandu-
lar polyps was variable, with the ear-
liest finding at the age of 22, with a ne-
gative finding in a woman aged 65 and
no clinical symptoms in a man 92 years
old. In massive polyposis, a prophylactic
total gastrectomy has always been pro-
posed. Out of a total of eight performed
operations, in one case, gastric adeno-
carcinoma was present in a 29-year-old
woman in a histological specimen. For
positive carriers of promoter 1B muta-
tion with massive polyposis, a decision
on a preventive gastrectomy is also in-
fluenced by the family history and pre-
vious death in the family to stomach
cancer. However, some patients based
their decision solely on the basis of
our information concerning cancer risk
and ineffective prevention by endo-
scopic methods. After surgery, they are
all supervised by surgeons, nutrition
specialists, oncologists and gastroen-
terologists. In all cases, surgery was suc-

cessful without serious postoperative
complications.

Genetic testing for GAPPS syndrome
is based on sequencing of promoter 1B
of the APC gene using the Sanger se-
quencing method, because this region
is mostly not included in the NGS panel.
In massive polyposis and a negative
testing result, differential diagnosis of
other possible genetic causes of stom-
ach polyposis using the NGS panel is
appropriate.

Preventive measures for GAPPS are
individual, based on clinical symp-
toms; they include a gastroscopy every
6-12 months, biopsy of polyps and,
above all, the suggestion of a prophylac-
tic resection of the stomach. The risk of
stomach cancer in GAPPS is many times
higher than that of classic FAP with FGP
(< 1% and 12-20%, respectively; 25%
in our carriers). Due to the possibility of
saving the lives of patients with GAPPS,
we recommend genetic testing for mul-
tiple stomach FGP. Most of the patients’
relatives who tested positive had already
had massive stomach polyposis and did
not know it.
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3. Histologie a molekularni charakteristika karcinomu
jicnu a karcinomu zaludku

3.1 Histologie

Existuji dva hlavni podtypy rakoviny jicnu: spinocelularni karcinom jicnu (SCC)
a adenokarcinom jicnu (AC). PrestoZe SCC predstavuje celosvétové cca 90 % pripadl
nadoru jicnu, incidence AC roste a prekonala miru incidence SCC v nékolika regionech
Evropy a Severni Ameriky, stejné jako v nékterych vysoce rizikovych oblastech Asie, kde
zméné predchazel ekonomicky rozvoj a zména stravovani (napi. v Ciné). Adenokarcinom
je histologicky typ, ktery prevazuje u karcinomu Zaludku. Dfive pouZivanou Laurénovu
klasifikaci nahrazuje nyni v zapadnich zemich i v Ceské republice klasifikace Svétové
zdravotnické organizace (WHO). Tato klasifikace zahrnuje pét hlavnich histologickych
podtypi: tubularni, papilarni, Spatné kohezivni (véetné bunék pecetniho prstene a dalsich
podtyptli), mucinézni a smiSené AC.16 Z dalSich histologickych typli jmenuji méné cetné
nadory jako neuroendokrinni tumory/karcinomy, lymfomy, mezenchymalni nadory /
gastrointestindlni stromalni tumor, melanomy a sekundarni malignity.

3.2 Molekularni charakteristika

Molekularni analyze karcinomu zaludku (GC) byla od roku 2014 vénovana rada publikaci.
Prvni stéZejni analyzu publikovala skupina The Cancer Genom Atlas (TCGA)'7, ktera
vytvorila novou molekularni klasifikaci karcinomu zZaludku, navic tataz skupina pozdéji
klasifikovala spole¢né nadory jicnu a Zaludku a uvedla charakteristiku jednotlivych
skupin do kontextu s pouZitim prediktivnich biomarkert v 1é¢bé. V clanku z roku 2016 [2]
(priloha 2) shrnujeme molekularni klasifikaci vytvorenou skupinou TCGA, ktera je navic
doplnéna o Klasifikaci skupiny The Asian Cancer Research Group (ACRG). ACRG
klasifikace je svym komprehensivnim pristupem komplementarni k TGCA analyze a jejich
kombinace pomaha porozumét vyznamu obou Kklasifikaci vcetné jejich interpretace
v klinicné praxi. TCGA rozdélil na vzorcich od 295 pacientli karcinom Zaludku do c¢tyr
odlisSnych skupin, a to na zadkladé charakteristiky mutaci, zmén poctu kopii genu, genové
exprese a dat metylace DNA (tab. 1). Podobné The Asian Cancer Research Group
analyzovala 300 primarnich GC pomoci cileného sekvenovani, dat o poctu kopii v celém
genomu a dat o genové expresi a navrhla Ctyri molekularni podtypy spojené s odliSnymi
klinickymi vysledky a prognézou. Stru¢né receno, taxonomie ACRG doplnila klasifikaci
TCGA o prognostické informace, a navic zahrnula dva klicové molekularni mechanismy
souvisejici s aktivitou TP53 a mezenchymalnimi vlastnostmi, a tim umozZnila dalsi
stratifikaci pacientli s GC.18 NaSe publikace zahrnula obé Kklasifikace a pokusila se ¢tenari
zprostredkovat jejich vyznam pro klinickou praxi. Jednotlivé molekularni typy jsou

16 NAGTEGAAL 1. D, R. D. ODZE, D. KLIMSTRA et al. The 2019 WHO classification of tumours of the digestive system.
Histopathology. 2020, 76(2), 182-188.

17 The Cancer Genome Atlas Research Network. Comprehensive molecular characterization of gastric
adenocarcinoma. Nature 2014, 513, 202-209. Dostupné z: https://doi.org/10.1038/nature13480.

18 LIN S. ], J. A. GAGNON-BARTSCH, I. B. TAN et al. Signatures of tumour immunity distinguish Asian and non-Asian
gastric adenocarcinomas. Gut. 2015, 64, 1721-1731. Analyses of >1600 GCs suggest that Asian and non-Asian GCs
exhibit distinct tumour immunity signatures related to T-cell function. These differences may influence geographical
differences in clinical outcome.
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spojeny nejen s genomickymi alteracemi, ale prinasi také informaci o prognostickém
vyznamu. Podivame-li se na jednotlivé podskupiny, nejvy$si riziko recidivy
zaznamenavame u MSS/EMT podskupiny ve srovnani s podskupinou MSI (63 vs. 22 %)
a u TP53 mutovanych versus TP53 nemutovanych (44 % vs. 37 %) (tab. 2). Navic analyza
vice nezZ 1600 GC odhalila, Ze se imunitni znaky mezi asijskymi a neasijskymi karcinomy
zaludku vyrazné lisi. Kavkazské neboli evropské ¢i zapadoevropské nadory zaludku byly
spojeny s obohacenim nadoru o infiltrujici T-buriiky, stejné jako o znaky genové exprese
T-bunék, vcetné signalizace CTLA-4. Tato analyza také naznacila geografickou souvislost
s vysledky 1é¢by. Navic prinesla informace o odliSnych imunitnich znacich, které mohou
byt prinosné pro vybér konkrétni terapie pro konkrétniho pacienta. PfeloZeno do jazyka
éry moderni imunoonkologie, definované imunitni charakteristiky mohou mit potencial

stratifikovat pacienty k 1é¢bé checkpoint inhibitory.

Tab. 1: Molekularni Klasifikace dle TGCA z roku 2014

Subtype

Epstein-Barr virus

Microsatellite

Tumors with

Genomically

hypermethylation

CDKN2A silencing

Silencing of MLH1

Elevated somatic
mutations

TP53 mutations

Recurrent
amplifications of

(EBV) infected instability (MSI) chromosomal stable (GS)
tumors tumors instability (CIN) tumors
Typical molecular | EBV positive DNA Marked Tumors lacking
features hypermethylation | aneuploidy aneuploidy and
Profound elevated rates of

mutation or
hypermethylation

Somatic RHOA

80% PIK3CA (PIK3CA 42%, and | receptor tyrosine | and CDH1
mutation ERBB3 26%) kinases (HER2 mutations
24%)
PD-L1/2 CLDN18-
overexpression ARHGAPG or
ARHGAP26
fusions
Association with | Fundus and body | Fundus, body and | Majority of Mostly diffuse
anatomy or antrum tumors at the EGJ | subtype
traditional
subtypes
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Tab. 2: Molekularni znaky a riziko rekurence - adaptovano dle Critescu et al 201519

Characteristics

MSI

MSS/TP53+

MSS/TP53-

MSS/EMT

No of documented recurrences / No. of total pts subject per subgroup

ACRG cohort

16/68(23.5%)

31/79(39.2%)

47/107(43.9%)

31/46(67.4%)

SMC-2 cohort

10/49(20.4%)

30/85(35.3%)

38/88(43.2%)

33/55(60.0%)

TOTAL

26/117(22.2%)

61/164(37.2%)

85/195(43.6%)

64/101(63.4%)

ACRG, Asian Cancer Research Group; EMT, Epithelial-Mesenchymal-Transition; MSI, Microsatellite
instable; MSS, Microsatellite stable; SMC-2, Samsung Medical Center Cohort 2; TP53, Tumor Proteine
53

U spinocelularniho karcinomu jicnu identifikoval TGCA tfi podtypy (ezofagealni SCC1,
ezofagealni SCC2 a ezofagealni SCC3), z nichZ je kaZdy spojen s alteraci specifickych
molekularnich drah. Klasifikace se ale zatim nepromitla do klinické praxe, nebot
neexistuji 1é¢ebné moznosti. A na konec stejna skupina TCGA publikovala prehledné
gradient vyskytl jednotlivych molekularnich podtypa karcinomu jicnu, které zahrnuji
odlisné prediktivni markery a jsou zakladem k individualizaci cilené 1é¢by?2° (obr. 8).

Obr. 8: Gradient v zastoupeni molekularnich podtypii - upraveno dle TGCA

ESCC - podobnost s nadory
hlavy a krku

Upper 53

CIN — HER 2 a VEGFR
amplifikace

Mid oesophagus =

EBV — imunogenni — senzitivni
k imunoterapii

+ EBV-CIMP
*PIK3CA mutation
*PD-L 1/2 overexpression

MSI ’ s ’
 Hypermutation Imunonogenni — senzitivni
+ Gastric-CIMP

k imunoterapii

*MLH1 silencing

Genomicky stabilni — nizka
mutaéni naloz

19 CRISTESCU R,, J. LEE, M. NEBOZHYN et al. Molecular analysis of gastric cancer identifies subtypes associated with
distinct clinical outcomes. Nat Med. 2015, 21, 449-456. This genomic analysis complements the TCGA characterization
and adds prognostic information.

20 Cancer Genome Atlas Research Network. Integrated genomic characterization of oesophageal carcinoma. Nature.
2017, 541(7636), 169-175.
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gastric cancer

Insights into next developments in advanced

Radka Obermannové® and Florian Lordick®

Purpose of review

The purpose of the review is to delineate novel approaches for biclogy-based treatment in advanced
gasiric cancer. We reviewed the latest translational and clinical research arficles and congress

presentations.

Recent findings

A new molecular classification of gastric cancer based on histology, genetic and proteomic alterations
has evolved. It provides a roadmap for development of new drugs and combinations and for patient
strafification. Anti-HER2 treatment, which is an effective strategy in metastatic gasiric cancer, is now also
being studied in the perioperative setting. However, resistance mechanisms in advanced disease are
poorly understood and optimal patient selection remains challenging. Targeting angiogenesis is an
emerging concept in the management of advanced gastric cancer, and ramucirumab has prolonged
survival in the second line either as a monotherapy or in combination with poclitaxel. Biomarkers for
selecting patients who benefit from ramucirumab are still lacking. Immune checkpoint blockade and
inhibition of cancer stemness targets are other emerging directions for the medical treatment of gastric
cancer. large-scale international studies are ongoing.
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Promising biology-based treatment strategies are e
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Gastric cancer is a massive global health problem.
Almost 1 million new cases of gastric cancer were
estimated to have occurred in 2012 (952000 cases,
6.8% of the total cancer diagnoses), making it the
fifth most common malignancy in the world.
Gastric cancer is the third leading cause of cancer
death in both sexes worldwide (723000 deaths,
8.8% of the total). The highest estimated mortality
rates are in eastern Asia, the lowest in northern
America. High mortality rates are also present in
both sexes in Central and Eastern Europe, and in
Central and South America [1]. Although noncardia
gastric cancer is more prevalent in East Asia, Central-
East Europe, Latin America, and Africa, gastroeso-
phageal junction (GEJ) cancers are more prevalent
in Western Europe, North America, and Australia
[2]. In the Western hemisphere, most patients
present with locally advanced or metastatic disease,
which mandates the use of systemic chemotherapy,
either perioperatively or in palliative intention.

1040-8746 Copyright © 2016 Wollers Kluwer Health, Inc. All rights reserved.

For patients with locally advanced gastric
cancer, different perioperative treatment strategies
(neoadjuvant, adjuvant, or both} have shown to
increase the survival rates [3]. For gastric cancer that
is not amenable to curative resection, palliative
chemotherapy can prolong survival, improve
symptoms, and quality of life [4]. Chemotherapy
combinations based on platinum compounds
and fluoropyrimidines are effective in the first-line
setting [5]. Taxanes or anthracyclines can be added,
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Gastrointestinal tract

KEY POINTS

¢ Gastric cancers are aggressive and bi0|ogico1||y high|y
heferogeneous fumors.

¢ A new classification of gastric cancer into subtypes on
fhe bGSiS 0{ a COmPrehensive mOleCUlGr
characterization has evolved.

-

HER2-targeting with trastuzumab is effective in HER2-
positive metastatic gastric cancer.

Resistance mechanisms are poorly understood and
patient selection remains challenging.

e Anfiangiogenic treatment with ramucirumab
monotherapy or in combination with poclitaxel has
proved effective in patients with disease progression

after firstline chemotherapy.

Immune-checkpoint blockade and targeting cancer
stemness-related signaling pathways are evolving
concepts in the management of patients with metastatic
gastric cancer.

but for the majority of patients, doublet combi-
nations are preferred over triplets owing to a more
favorable risk—benefit ratio.

HER2 and VEGEFR?2 are clinically validated mol-
ecular targets in the treatment of metastatic gastric

cancer. Trastuzumab, a HER2-directed monoclonal
antibody, and ramucirumab, a VEGFR2-directed
antibody, are now considered the standard of care
for the treatment of metastatic gastric cancer [5]. A
recently proposed treatment algorithm based on
our interpretation of the published data is shown
in Fig. 1 [6].

With the improved understanding of molecular
characteristics of gastric cancer, we hope that
patient selection for biologic therapy will refine,
which should improve therapeutic benefit and
outcomes. This review summarizes the recent
advances and the emerging treatment options for
advanced gastric cancer.

Traditionally, gastric cancer classification was based
on clinical and histological characteristics. The key
subclasses included Lauren’s diffuse type that
encompassed signet ring cancers [7], with hereditary
or somatic silencing of CDH1 and very low expres-
sion rates of HERZ2 [8], distal gastric cancer of the
intestinal type, arising from precursor lesions in the
context of atrophic gastritis and chronic inflam-
mation because of Helicobacter pylori [9], and GEJ
cancer related to inflammation from reflux disease
and lifestyle factors, such as obesity and smoking

Treatment of advanced gastric cancer
Molecular stratification according to HER2 status

IHC score 0/1

Platin-fluoropyrimidine
+/- docetaxel or epirubicin

IHC score 2

ISH-test HER 2

]

IHC score 3

Cigplatin-flucropyrimidine
+ trastuzumab

Progression: evaluation of ECOG performance status, efficacy and tolerability of first-
line chemotherapy patient preferences and the need for remission

ECOG PS 0-1
need for remission ++

Paclitaxs| + Ramuciru

ramucirumab

EGOG PS 0-2
need for remission ++

or irinotecan mono
or taxane mono

ECOG PS 2-4or
patient preference

Active symptom
control

mab mono

. Proposed treatment algorithm for advanced gastri
IHC, |mmunoh|stoc|'|em|5try, ISH, in-situ hybridization.
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ic cancer [6]. ECOG, Eastern Cooperative Oncology Group;
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Table 1. New molecularly based dassification of gastric cancer according to The Cancer Genome Atlas 2014 [14*]

Epstein=Barr virus  Microsatellite

Tumors with chromoso-

mal instability Genomically stable tumors

Subtype infected tumors instability tumors
Typical molecular features  EBY positive DNA
hypermethylali
silencing of M
Profound Elevated somatic
hypsrmethylation mutations
(PIK3CA 42%,

and ERBB3 26
CDKNZA silencing
80% PIK3CA
mutation
PD-L1/2
overexpression
Association with anatomy  Fundus and bedy

or traditional subtypes antrum

Fundus, body, and

Marked aneuploidy Tumors lacking aneuploidy and
elevaled rates of mulation or

hypermethylation

Somatic RHOA and CDH1
mutations

on

LH1
TP53 mutations

%
CLDN18-ARHGAPS or
ARHGAP26 fusions

Recurrent amplifications of
receplor tyrosine kinases
(HERZ 24%)

Maijority of tumors at the Mostly diffuse subtype

esophagogastric junction

EBY, Epstein—Barr virus; PDL1, programmed death receptor ligand-1; RHOA, Ra:

[10]. In general, GEJ tumors have a worse prognosis
stage by stage compared with distal tumors [11], but
they also have the highest HER2 gene amplification
rate, making them candidates for molecularly
targeted therapy [12]. Although the incidence of
distal gastric cancer is decreasing worldwide, GEJ
tumors have become significantly more common
in the Western hemisphere [13].

Molecular analysis of gastric cancer on different
platforms has led to a new molecularly based gastric
cancer classification. The Cancer Genome Atlas
(TCGA) network has redefined the disease into four
distinct subclasses based on mutations, gene copy-
number changes, gene expression, and DNA meth-
ylation data across 295 patients [14™] (Table 1).

The Asian Cancer Research Group analyzed
300 ‘primary gastric cancers using targeted sequenc-
ing, genome-wide copy-number data and gene
expression data to describe four molecular subtypes
linked to distinct clinical outcomes and prognosis
[15%]. In summary, the Asian Cancer Research Group
taxonomy complements the TCGA classification,

s homolog gene family, member A.

adds prognostic information and supplements it by
incorporating two key molecular mechanisms
related to TP53 activity and mesenchymal like fea-
tures to further stratify gastric cancer patients [15%].
In other words, molecular subtyping of gastric can-
cer is linked not only with genomic alterations, but
also with recurrence pattern and prognosis. Highest
risk of recurrence was described in the MSS/EMT
subgroup compared with the microsatellite instabil-
ity subgroup (63 vs. 22%} and in TPS33 deficient vs.
TPS3 proficient cancers (44 vs. 37%) (Table 2).
Historically, clinical outcome diftferences seen
in different geographic regions have been attributed
to differences in clinical management and disease
stage. Biological differences were also suspected.
Investigation of more than 1600 gastric cancers
revealed that immunity signatures ditfer signifi-
cantly between Asian and non-Asian gastric cancers.
Non-Asian gastric cancers were associated with
enrichment of tumor infiltrating T cells as well
as T-cell gene expression signatures, including
CTLA-4 signaling. Exploratory analysis suggests that

Table 2. Pattern of recurrence linked to molecular characterization of gastric cancer according to the Asian Cancer Research

Group®

Characteristics Mmsli

MSS/TP53+

MSS/TP53— MSS/EMT

No. of documented recurrences/no. of total points subject per subgroup

ACRG cohort 16/68 (23.5%) 3
SMC2 cohort 10/49 (20.4%)
TOTAL 26/117 (22.2%)

30/85 (35.3%)
617164 (37.2%)

1/79 (39.2%) 47/107 (43.9%)
38/88 (43.2%)

85/195 (43.6%)

31/46 (67.4%)
33/55 (60.0%)
647101 (63.4%)

ACRG, Asian Cancer Research Group; EMT, epitheliakmesenchymal wansition; M1, microsatellire insrable; MSS, microsatellite stable; SMC-2, Samsung Medical

Center Cohorr 2; TP53, wumor protein 53.
*Adapted from [15%].
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these differences may contribute to geographical
differences in clinical outcomes [16"].

These new approaches to characterize gastric
cancer have created a roadmap for patient stratifi-
cation and molecularly guided trial development.
The design of future gastric cancer trials, particularly
in molecularly targeted therapy and immuno-
oncology, should consider genetic and tumor
immunity differences in gastric cancer patients, as
they may impact on treatment response and
clinical outcomes. One remaining limitation of all
approaches could be the inherent heterogeneity of
gastric cancer.

Contemporary treatment of locally advanced gastric
cancer is multidisciplinary with different regional
preferences: while in East Asia adjuvant chemother-
apy is state of the art and neoadjuvant treatment
has been reserved for the group of patients with
borderline resectable tumors, perioperative chemo-
therapy for most resectable gastric cancers beyond
very early stages is the routine approach in most
Western centers. In the United States, adjuvant
chemoradiotherapy is used for completely resected
gastric cancer [3].

In a novel meta-analysis, investigators com-
pared clinical outcomes from randomized studies
ot neoadjuvant chemotherapy (NAC) and surgery
with primary surgery followed by adjuvant chemo-
therapy. Although NAC alone did not significantly
improve survival over surgery alone, perioperative
chemotherapy (NAC and adjuvant chemotherapy)
showed significant improvements in overall
survival (OS)}, progression-free survival (PES), and a
reduction in distant metastases in comparison
to surgery alone and in comparison to surgery
followed by adjuvant chemotherapy [17]. This
abservation is interesting, even more as in the Euro-
pean trials only slightly more than 50% of patients
started adjuvant chemotherapy and less than 50%
received all adjuvant chemotherapy cycles.

Latest results from the Korean ARTIST
(Adjuvant Chemoradiotherapy in Stomach Tumors)
randomized phase 3 study suggest that adjuvant
chemotherapy may be complemented by radiation
therapy in patients with completely resected intes-
tinal subtype gastric cancer and with positive lymph
nodes [18". To confirm these results, the novel
ARTIST-II trial (NCTO01761461) is now evaluating
adjuvant chemotherapy vs. adjuvant chemoradio-
therapy in patients with node-positive, D2-resected
gastric cancer in Korea.
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Platinum-fluoropyrimidine combination chemo-
therapy is the standard of care for the first-line
treatment of advanced gastric cancer [5]. But
the search for optimized doublet or triplet drug
regimens is ongoing.

A randomized phase 3 study compared epiru-
bicin, cisplatin, and capecitabine (ECX} with 5-FU/
folinic acid and irinotecan (FOLFIRI). The primary
end peoint was the time to ftreatment failure,
defined as the end of first-line treatment because
of tumor progression, death, toxicity, or other
reasons. In total, 416 patients with advanced gas-
tric cancer were randomly allocated (1:1) to
receive ECX or FOLFIRI. The study reached its
primary end point in favor of FOLFIRI (time to
treatment failure 5.1 vs. 4.2 months, hazard
ratio=0.77, P=0.008) which was more frequently
stopped because of tumor progression whereas
ECX was more frequently terminated because
of toxicity. Secondary end points (PFS and OS) were
not statistically different. This study shows
that FOLFIRI is a feasible and effective treatment
regimen that could substitute for platinum-based
first-line therapy [197].

Regarding the use of platinum compounds,
investigators from Japan demonstrated that the
combination of S-1+oxaliplatin was as effective as
S-1+cisplatin with lesser side-effects [20].

Two recently published randomized studies
confirm the value of optimized docetaxel-
platinum-fluoropyrimidine triplet combinations:
modified docetaxel, cisplatin, S-fluorouracil (DCF)
given every 2 weeks was more effective and less toxic
than classical three-weekly DCF [21]. The GATE
study investigated a combination ot docetaxel,
oxaliplatin, and infusional S5-fluorouracil every
2 weeks, which was well tolerated and active [22].

Nowadays, second-line chemotherapy has
become a standard of care on the basis of prospective,
placebo-controlled, randomized phase III studies.
Irinotecan, docetaxel, or paclitaxel monotherapy
are equally effective drugs for gastric cancer that
improve OS and symptom control compared with
best supportive care alone [5].

Future studies will elucidate if the new mol-
ecular classification of gastric cancer [13,14™] may
help to select optimal chemotherapy for indi-
vidual tumor types. Recent results suggest differ-
ent drug sensitivities according to different gene
expression patterns [23]. The metabolic subtype,
as defined by the Singapore gastric cancer consor-
tiums, appears to be particularly fluoropyrimidine
sensitive [24].
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Although the anti-VEGF directed antibody bevaci-
zumab failed to improve clinical outcomes in
first-line advanced gastric cancer [25,26], two stud-
ies assessing the anti-VEGFR2-directed fully human
monoclonal IgG1 antibody ramucirumab improved
OS in second-line metastatic gastric cancer. Ramu-
cirumab monotherapy improved OS compared with
placebo and ramucirumab plus paclitaxel was more
effective than paclitaxel alone [27"%,28™] (Table 3).

Anti-VEGFR2 therapy is now the first biclogic
strategy in an unselected patient population to
impact survival benefit in chemotherapy-refractory
gastric cancer. Among the currently available treat-
ment options for second-line advanced gastric can-
cer, the combination of ramucirumab and paclitaxel
seems to be the most effective one. However, based
on economic considerations, ramucirumab is not
refunded in all health systems. A biomarker-based
selection of patients who have a greater benefit from
antiangiogenic treatment would probably help to
convince authorities. The RAINFALL phase 3 study
is now recruiting 616 patients with metastatic HER2-
negative gastric cancer to receive cisplatin/capecita-
bine chemotherapy with or without ramucirumab
in first line (NCT trial number 02314117).

The trastuzumab for gastric cancer (ToGA) study
showed a significant OS benefit for trastuzumab
and cisplatin—fluoropyrimidine chemotherapy for
patients with HER2-positive chemotherapy-naive
metastatic gastric cancer [33]. In accordance with
ToGA, trastuzumab is registered in most countries
in combination with cisplatin and 5-fluorouracil

or capecitabine. A recent single-arm phase 2 study
confirmed the efficacy of trastuzumab in HER2-
positive gastric cancer in combination with
oxaliplatin and capecitabine which can be an
alternative for patients who do not tolerate
cisplatin [34].

In contrast, the EGFR/HER2-tyrosine kinase
inhibitor lapatinib was not effective in first-line
[35"] or second-line [36",37] treatment of HERZ-
positive metastatic gastric cancer. Patient selection
may have been suboptimal, as results from the Asian
Tytan studies suggest, where the subgroup of
patients with a HERZ immunohistochemistry 3+
score may have derived some benefit from the
addition of lapatinib to paclitaxel [36"]. A recently
presented phase 2/3 study investigating trastuzu-
mab-emtansine (T-DM1)}, an anti-HER2-directed
antibody-drug conjugate, also failed to meet its
primary end point. T-DM1 in second-line HER2-
postive gastric cancer did not improve OS compared
with taxane standard therapy (8.6 months with
taxane vs. 7.9 months with T-DM1, hazard
ratio=1.15, P=0.8589) [38]. Hence, the question
of optimal postprogression treatment of HER2-
positive advanced gastric cancers is yet unresolved
as lapatinib and T-DM 1 failed to meet the respective
study end points in this setting.

Why is the benefit of anti-HER2-directed drugs
in gastric cancer different from breast cancer?
First and foremost, we mneed to understand
how resistance against anti-HER2 treatment in
gastric cancer evolves. PIK3CA mutations, HER3
dimerization, upregulation of Src activity, and
PTEN loss are amongst the discussed mechanisms
[39]. Loss of HERZ expression occurs in
approximately one-third of patients with HER2+

Table 3. Second-line treatment options for advanced gastric cancer include irinotecan or taxanes and the anti-VEGFR2

antibody ramucirumab monctherapy or in combination with paclitexel

Protocol

Study

Overall survival

Symptom improvement

ThussPatience ef al. Irinolecan vs. BSC
(n=40) [29]

Kang et of. [n=202) [30] Irinotecan or docelaxel vs. BSC

Ford ef af. (n=168)
COUGARQZ [31]

Hironaka et of. (n=219)
[32]

Fuchs et of. REGARD
[2777]

Docetaxel vs. BSC
Paclitaxel vs. irinotecan

Ramucirumab vs. placebo

Wilke ef al. [n=6635]
RAINBOWY [28""]

Ramucirumab vs.
placebo + paclitaxel

4.0 months vs. 2.4 months

5.3 vs. 3.8 months

5.2 vs. 3.6 months

9.5 vs. 8.4 months

5.2 vs. 3.8 months

9.6 vs. 7.4 months

A4 vs. 5% improvement

(P=0.012)

Not reporfed

(P=0.007)

Global Qol unchanged, but better

(P=0.001] symplom conrol

Not reporfed

(P=0.38)

Better symptom control, longer Qlol
stabilization; (36 vs. 18% improved or
stable Qol after & weeks|

(P=0.044)

Delay in time 1o deterioration of
performonce status

(P=0.017)

BSC, best supportive care; Qol, quality of life.
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gastric cancer treated with trastuzumab, and
also presents a possible mechanism of resistance.
[t has been observed that upon tumor progression,
melecular alterations are observed in EGFR, TP53
mutations, and cell-cycle mediators such as
cyclin-dependent kinases and in the PI3K/AKT/
mTOR axis. These data suggest the need for repeat
biopsies to accurately determine appropriate
use of HER2-directed therapy wupon tumor
progression [40].

Clinically, the value of targeting HERZ is
undefined in the perioperative setting. Two phase
II studies assessed the feasibility of NAC with
trastuzumab and reported interesting complete
pathological response rates up to 22% [41,42]. This
observation raises hope that high response rates
in the neoadjuvant setting may translate into
improved survival rates. The gap will be closed by
an ongoing European Organisation for Research and
Treatment of Cancer (EORTC) trial (INNOVATION}
that randomly allocates patients with stages Ib—III
gastric cancer to receive NAC alone or in
combination with trastuzumab and pertuzumab
(a monoclonal antibody which targets HER2 at its
extracellular dimerization domain) (NCT02205047).
Radiotherapy Oncology Group (RTOG) 1010 is a
phase 3 trial which evaluates the addition of trastu-
zumab to neoadjuvant chemoradiation of HER2-
positive esophageal adenocarcinoma, including
GEJ cancer (NCT01196390). JCOG 1301 is a random-
ized phase Il study done by the Japanese Cooperative
Oncology Group which assesses systemic chemother-
apy with and without trastuzumab followed by
surgery in patients with HER2-positive gastric cancer
with extensive lvmph-node metastasis (http://www.
jcog.jp/document/1301.pdf).

Despite solid preclinical evidence and promising
phase 1/2 clinical trial results [43-46], several
approaches to address RTK-related signaling path-
ways like EGFR, cMET/HGF, and mTOR failed in
recent phase 3 studies [47-51]. This failure demon-
strates our incomplete understanding of encogenic
pathways in gastric cancer. In addition, current
diagnostic tools do not seem to appropriately select
the right patients for potentially active molecularly
targeted drugs. Consequently, new clinical trials
like EORTC-1418 (nintedanib plus FOLFOX for
previously untreated metastatic esophageal/gastric
adenocarcinoma: a randomized, double-blind phase
II study; http://www.eortc.be/protoc/listopen.asp)
are highlighting the need for correlative research
on drug targets, signaling pathways, and tumeor
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microenvironment. Apart from, companion diag-
nostics is gaining importance in drug development
in gastric cancer as in other tumors.

In view of the abundant somatic mutations found
in some subtypes [14""], gastric cancer may be a
good candidate for immune therapy, owing to
neoepitope presentation on cancer cell surfaces
that enhances tumor immunogenicity. Recently,
results from phase II studies raised hope that
patients with chemorefractory gastric cancer
may benefit from programmed death receptor
1 (PD-1) targeting: in keynote-012, 39 patients
with programmed death receptor ligand-1
(PD-L1) positive gastric cancers who had received
at least one previous line of therapy were treated
with pembrolizumab 10mg/kg every 2 weeks
for up to 24 months. In total, 22% achieved an
objective response confirmed by independent
assessment. PD-L1 expression level was found to
be associated with response. The 6-month PFES rate
was 24%, and the 6-month OS rate was 69% [52].
Comparable findings with nivolumab from the
CheckMate-032 study were recently presented
[53]. Several multinational phase 3 studies are
now assessing the value of PD-1 and PD-L1
targeting agents in different lines of treatment
of metastatic gastric cancer. The optimal selection
of patients with gastric cancer for immunotherapy
is yet to be determined. The recently published
finding of gastric cancer immunity signatures [167]
may help to detect target populations and
could inform the design of future immunotherapy
trials.

Based on preclinical data that showed that dual
blockade of PD-1 and CTLA-4 restores T-cell rejec-
tion function in tumors [54], an ongoing phase Ib/II
trial is investigating the activity of nivolumab alone
or combined with ipilimumab in patients with
advanced-stage solid tumors, including metastatic
gastric cancer [55]. This concept has been already
proved in malignant melanoma. Combination
of nivolumab and ipilimumab prolonged PES in
previously untreated patients with unresectable
stage III or stage IV disease. The median PFS was
11.5 months with the combination vs. 6.9 months
with nivolumab alene vs. 2.9 months with ipilimu-
mab alone [56].

In recent years, evidence indicates the existence
of a subclass of neoplastic cells within tumors,
termed cancer stem cells (CSCs) [57]. It was
suggested that CSCs evade chemotherapy and
radiation, partly because most treatments kill
rapidly dividing cells, and CSCs proliferate and
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divide less quickly. Therefore, the concept of com-
bining novel CSC-directed therapies with
conventional cytoreduction was postulated with
the goal to achieve complete tumor eradication.
The Januskinase-Signal transducer and activator
of transcription 3 (STAT3} signaling pathway
promotes cancer through CSCs and inflammation,
amongst other mechanisms [58]. In gastric cancer,
especially in the diffuse subtype, activation of
STAT3 is associated with epithelial-mesenchymal
transition and resistance to treatment [59]. BBI60S,
a small-molecule inhibitor of STAT3 gene transcrip-
tion and cancer stemmness properties, inhibits
stemmness gene expression and kills highly tumori-
genic and metastatic cancer cells isolated from a
variety of cancer types. Moreover, cancer relapse
and metastasis are effectively blocked by BBI608
in immunosuppressed mice [60%]. A phase 3 study
(NCT02178956) is now enrolling patients with
advanced gastric cancer who progressed on
previous chemotherapy. In this trial, patients are
randomly assigned to receive paclitaxel plus BBI608
or placebo with prolengation of OS as primary
end point [61].

The characterization of gastric cancer into
moiecular subtypes has evoived and provides a
roadmap for drug development and for patient
stratification. Targeting of HER2 is effective, but
resistance mechanisms of anti-HER2 treatment
remain poorly understood. Optimal patient selec-
tion remains challenging. Targeting angiogenesis
is an emerging concept in the management
of advanced gastric cancer, and ramucirumab
has prolonged survival in the second-line setting.
Immune check point inhibition and inhibition
of cancer stemness targets are novel emerging
directions. Tumor heterogeneity is an inherent
feature of gastric cancer, which challenges the
development of molecularly targeted and person-
alized treatment.
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4. Prediktivni a prognostické markery

S pokroky v molekularni analyze nadori byla testovdna rada cilenych 1éki také
u karcinomu Zaludku. Jak jiZ bylo uvedeno vyse, TCGA definoval ctyfi molekularni
subtypy. Kazdy jednotlivy podtyp ma jiné zastoupeni biomarker(i, coZ se promita do
odliSného potenciadlu pro volbu piipadné terapie. U chromozomalné nestabilnich nadori
(CIN) dochazi ¢asto k zménam poctu kopii v klicovych tyrosinkinazovych receptorovych
onkogenech, jako je lidsky receptor epidermalniho riistového faktoru 2 (HER2), receptor
epidermalniho riistového faktoru (EGFR), receptor fibroblastového rilistového faktoru 2
(FGFR2) a MET; chromozomalné nestabilni nadory jsou tedy targetovatelné HER 2
protilatkami ¢i inhibitory FGFR nebo MET. EBV pozitivni a MSI-high nadory, disponujici
vysokou mikrosatelitni instabilitou, jsou senzitivni k imunoterapii. Naopak nadory
genomicky stabilni predstavuji v praxi obtiZzné lécitelnou skupinu, nebot nevykazuji
expresi receptorii k cilené terapii, a podobné se radi k takzvanym imunitné ,studenym®
nadordm.

4.1 Prediktivni markery a jejich pouziti v klinické praxi — HER 2 cilena
léCba
41.1. HER 2 cilena lIé€ba u metastatického onemocnéni

PrestoZe v poslednich dvou dekadach dochazi krychlému rozvoji personalizované
mediciny, u adenokarcinomu GEJ a Zaludku byl po dlouha léta jedinym prediktivnim
markerem pouze HER 2. Prevalence nadmérné exprese HER2 predstavuje 10-20 % s tim,
Ze vyssi vyskyt je pozorovan u proximalni lokalizace v oblasti GE] a u histologického typu
adenokarcinomu dle Laurénovy klasifikace. U¢innost HER2 1é¢by je viak omezena vniti'ni
nadorovou heterogenitou exprese HER2. Proto bylo navrzeno kvantitativni hodnoceni
HER?2 pozitivity nadorovych bunék pomoci IHC a poméru genové amplifikace, a to pokud
byla provedena in situ hybridizace, zejména u pacienti s [HC 2+.21

Overexprese/amplifikace HER2Z je prediktorem k 1é¢bé trastuzumabem,
rekombinantni humanizovanou monoklonalni protilatkou IgG1, ktera se selektivné vaze
na extracelularni doménu receptoru 2 pro lidsky epidermalni ristovy faktor (HER2). Pfed
vice neZ 10 lety etablovala studie f III ToGA trastuzumab do 1écby prvni linie
metastatického onemocnéni. Pfidadni trastuzumabu k systémové chemoterapii
(kapecitabinu/5-fluorouracilu a cisplatiné) vedlo k prodlouZeni medianu celkového
preziti (mOS) (13,8 vs. 11,1 mésice, p = 0,0046), v pripadé IHC3+ a FISH amplifikace pak
mOS Cinil témér 5 mésict (16 v 11,8 M, HR 0,65).22

Po prvotnim dspéchu lécby s trastuzumabem nasledovala na poli HER inhibice rada
negativnich studii. Lapatinib, selektivni dudlni inhibitor tyrosinkinazy, nevedl
v kombinaci s chemoterapii v prvni ani druhé linii paliativni lécby k prodlouZeni
celkového preziti, ackoliv vysledky asijské studie Tytan naznacovaly vys$si ucinnost

! HAFFNER 1, K. SCHIERLE, E. RAIMUNDEZ et al. HER2 Expression, Test Deviations, and Their Impact on Survival in
Metastatic Gastric Cancer: Results from the Prospective Multicenter VARIANZ Study. J Clin Oncol. 2021, 39(13), 1468-
1478.

22 BANG Y. ], E. VAN CUTSEM, A. FEYEREISLOVA et al. Trastuzumab in combination with chemotherapy versus
chemotherapy alone for treatment of HER2-positive advanced gastric or gastro-oesophageal junction cancer (ToGA):
a phase 3, open-label, randomised controlled trial. Lancet. 2010, 376, 687-697.
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u skupiny pacientli s vysokou expresi HER2(3+).2324 Dal§im zklamanim byly negativni
vysledky studie GATSBY, ktera srovnavala T-DM1 (konjugat trastuzumabu
s mikrotubularnim inhibitorem emtansinem) s paklitaxelem v druhé linii metastatického
onemocnéni.2>

Nakonec ani kombinace trastuzumabu a pertuzumabu (monoklonalni protilatky
branici dimerizaci HER2) s chemoterapii v prvni linii neprinesla prodlouZeni preziti
pacientl s GE]J ¢i karcinomem Zaludku ve srovnani se samotnym trastuzumabem (faze III
JACOB).

V soucasné dobé vSak probiha intenzivni klinicky vyzkum novych cilenych HER2
inhibitorli/ protilatek, aktualné jsou ve fazi II/Ill, jmenovité trastuzumab deruxtekan,
margetuximab tucatanib, zanidatamab, a na rozdil od vySe uvedenych negativnich studii
vypadaji dosavadni vysledky velmi nadéjné. Nejblize vstupu do Kklinické praxe ma
trastuzumab deruxtekan.26

Co se tyce kombinované terapie, publikované vysledky studie faze II favorizuji do
prvni linie HER 2 pozitivniho adenokarcinomu kombinaci s checkpoint inhibitory.2?
V némecké studii faze II INTEGA byla hodnocena kombinace trastuzumabu, nivolumabu
a standardni chemoterapie FOLFOX. Pacienti v experimentalnim rameni dosahli 70 %
12mési¢niho celkového OS oproti 55 % hodnocenych po 16 mésicich ve studii ToGA.
Zajimavym faktem bylo, Ze kombinace trastuzumab/nivolumab/ipilimumab preZiti
nezlepsila. U podobné studie PANTERA bylo dosaZeno radiologické odpovédi azZ v 76 %
s povzbudivym medidnem OS 19,3 mésicli. A kone¢né planovand interim analyza ze studie
faze 111 KEYNOTE 81128 publikovala vyssi pocet 1é¢ebnych odpovédi u pacientli 1é¢enych
kombinaci.

23 HECHT J. R, Y. J. BANG, S. K. QIN et al. Lapatinib in Combination With Capecitabine Plus Oxaliplatin in Human
Epidermal Growth Factor Receptor 2-Positive Advanced or Metastatic Gastric, Esophageal, or Gastroesophageal
Adenocarcinoma: TRIO-013/LOGiC- A Randomized Phase I1ITrial. J Clin Oncol. 2015, 34(5), 443-451.

24SATOH T, R. H. XU, H. C. CHUNG et al. Lapatinib plus paclitaxel versus paclitaxel alone in the second-line treatment of
HER2-amplified advanced gastric cancer in Asian populations: TyTAN-a randomized, phase III study. J Clin Oncol 2014,
32,2039-2049.

25 KANG Y. K, M. A. SHAH, A. OHTSU et al. A randomized, open-label, multicenter, adaptive phase 2/3 study of
trastuzumab emtansine (T-DM1) versus a taxane (TAX) in patients (pts) with previously treated HER2-positive locally
advanced or metastatic gastric/gastroesophageal junction adenocarcinoma (LA/MGC/GE]C). Gastrointestinal Cancer
Symposium, Jan 2016, abstract 5.

26 SHITARA K, Y. J. BANG, S. IWASA et al; DESTINY-GastricO1 Investigators. Trastuzumab Deruxtecan in Previously
Treated HER2-Positive Gastric Cancer. N Engl] Med. 2020, 382, 2419-2430. Dostupné z: doi: 10.1056/NE]Mo0a2004413.
27 LORDICK F., R. OBERMANNOVA, E. C. SMYTH. Targeting HER2 for localised oesophageal cancer. Lancet Oncol. 2022,
23(2), 188-190. Dostupné z: doi: 10.1016/S1470-2045(22)00004-3.

28 JANJIGIAN, Y.Y., KAWAZOE, A, YANEZ, P. et al. The KEYNOTE-811 trial of dual PD-1 and HER2 blockade in HER2-
positive gastric cancer. Nature 2021, 600, 727-730. Dostupné z: https://doi.org/10.1038/s41586-021-04161-3.
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4.1.2. HER 2 cilena Ié¢ba u lokalné pokrocilého onemocnéni

Po uspéchu trastuzumabu jako soucasti kombinované 1é¢by v prvni linii metastatického
onemocnéni bylo logickym krokem testovani ucinnosti HER 2 inhibice v kombinaci
s chemoterapif ¢i radioterapii u lokalné pokrocilého onemocnéni. Z probihajicich studii
jmenuji akademickou studii skupiny EORTC INNOVATION.2° Jedna se o mezinarodni
prospektivni, multicentrickou, randomizovanou studii faze II, jejimZ cilem je vyhodnotit
ucinek cilené 1é¢by trastuzumabem, nebo kombinace trastuzumabu plus pertuzumabu
s perioperacni chemoterapii. Nabor této studie byl ukoncen, jeji publikaci predpokladame
vroce 2023. Naopak recentné byly uverejnény vysledky ze studie faze IIl NRG/RTOG1010
hodnotici perioperacni trastuzumab u HER2 pozitivniho resekabilniho adenokarcinomu
jicnu a GEJ. Pacienti s lokdlné pokrocilym onemocnénim stadia TIN1-2 nebo T2-3NO0-2
byli 1é¢eni neoadjuvantni chemoradioterapii (CRT) s karboplatinou a paklitaxelem (rezZim
studie CROSS) konkomitantné sradioterapii o LD 50,4G.30 BohuZel, u této studie
trastuzumab nezlepsil preziti bez onemocnéni (DFS), které bylo primarnim cilem studie,
ale také mira histopatologické remise a celkové preziti (0S) zlistaly nezménény. Negativni
vysledky NRG/RTOG1010 jsou zklamanim a zaslouzi peclivé prozkoumani.3! Ve svém
komentari jsme se vénovali moZznym divodim, které vedly k negativnimu vysledku
studie.3? Jednou z moZnych pricin byla volba poméru rizik HR 0,6 pro DFS. Tato hodnota
byla extrapolovana ze studii s karcinomem prsu, mize se tedy jednat o prili$ optimisticky
odhad. Dalsim aspektem je rozsah chirurgického vykonu. Jak uvadime, studie probihala
ve 111 centrech po celych Spojenych statech. Ze 194 vhodnych pacientii podstoupilo
operaci pouze 160 (82 %). Toto Ccislo je zretelné niz8§i neZ 94 % wuvadénych
u pacientd s adenokarcinomem ve studii CROSS pro dplnost je nutno dodat, Ze studie
CROSS zahrnovala kontrolu kvality provedeného chirurgického vykonu. Navic
z histopatologického nalezu vyplyva, Ze byl v obou ramenech zaznamenan nizky pocet
odoperovanych lymfatickych uzlin, a tento fakt je jednim ze znamych prognostickych
parametrl. Vysledky nasi analyzy tedy postuluji otdzku dostate¢nosti chirurgického
vykonu. DalSim aspektem byl dosazeny median DFS v kontrolnim rameni (14,2 mésice),
ktery se spiSe bliZi kritizované studii INT-0123 z devadesatych let neZ Cislu z moderni
studie CROSS, ktera uvadéla 29,9mési¢ni preziti bez progrese po konkomitanci
s radioterapii. Vzhledem k zasadnimu vyznamu exaktné provedené operace pro progndzu
pacienta mizZeme spekulovat, Ze se mohlo jednat o skupinu pacientii s pokrocilejSim
onemocnénim nebo provedenym suboptimalnim chirurgickym vykonem. Obé tyto pri€iny
mohly negativné ovlivnit potencialni prinos trastuzumabu. Dal$im faktorem mohlo byt
hodnoceni HER2 pozitivity. Ackoliv bylo hodnoceni HER2Z v NRG/RTO0G1010
centralizovano, vybérova kritéria pro HER2 byla pomérné liberalni. Do studie byli
zarazeni i pacienti s nadory s imunohistochemickym (IHC) skoére 0/1, pokud byl pomér

29 European Organisation for Research and Treatment of Cancer. Dosupné z: https://www.eortc.org/research_field/
clinical-detail/1203/.

30 SHAPIRO J., ]J. J. B. VAN LANSCHOT, M. C. C. M. HULSHOF, et al; CROSS study group. Neoadjuvant chemoradiotherapy
plus surgery versus surgery alone for oesophageal or junctional cancer (CROSS): long-term results of a randomised
controlled trial. Lancet Oncol. 2015, 16(9), 1090-1098.

31 SAFRAN H. P,K. WINTER, D. H.ILSON, et al. Trastuzumab with trimodality treatment for oesophageal
adenocarcinoma with HER2 overexpression (NRG Oncology/RTOG 1010): a multicentre, randomised, phase 3 trial.
Lancet Oncol. 2022, 23(2), 259-269.

32 LORDICK F., R. OBERMANNOVA a E. C. SMYTH. Targeting HER2 for localised oesophageal cancer. The Lancet
Oncology. 2022, 23(2), 188-190.
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amplifikace HER2 > 2,0. Jedna se o skupinu pacientt, ktera by na zakladé vysledki studie
TOGA nespliovala kritéria pro lécbu trastuzumabem. Navic randomizace nebyla
stratifikovana pro stav HER2, coZ vedlo k nerovnomérné distribuci se 42 % HER2
pozitivnich pripadl v IHC i ISH v rameni s trastuzumabem oproti 59 % v kontrolnim
rameni. Poslednim aspektem jsou nedostatetna data o kombinaci cilené terapie
s radioterapii. Podle naSich nejlepSich znalosti Zadné publikované preklinické nalezy
neobjasnuji dopad HER2 na radiosenzitivitu u adenokarcinomu jicnu.

Kriticka analyza dat studii prinasi radu otazek, zejména, jak optimalné designovat,
ale také, jak optimalné provadét klinickou studii. V tomto pripadé mohou negativni data
z robustni americké studie znamenat, ze se mozna efektivni 1é¢ebna modalita nedostane
do klinické praxe. Opakovat stejny klinicky vyzkum je prakticky nemozné, limitaci je nejen
ekonomicka naroc¢nost samotného provedeni studie, ale také ndklady na studiovy lék.
Planovani podobné klinické studie ve svétle negativnich dat je z hlediska sponzora
(farmaceutické firmy) nemoZzné.

46



4.2  PD-L jako prediktor IéCby u nadoru jicnu a Zaludku

Imunitni kontrolni body (checkpoint) jsou soucasti imunitniho dozoru a za normalnich
okolnosti zabranuji abnormalni proliferaci a vzniku nadorového onemocnéni. Jedinecnou
vlastnosti nadorovych bunék je pravé schopnost takzvaného imunitniho tniku, v jehoz
dlsledku dochazi k nekontrolované proliferaci a nddorovému bujeni. JiZ od devadesatych
let minulého stoleti byly kontrolni body predmétem zajmu rady védct, jak ve studiu
autoimunitnich, tak nddorovych onemocnéni. Vysledkem intenzivniho studia byl objev,
jenZ byl roce 2018 vyznamenan Nobelovou cenou za fyziologii a medicinu. Kalifornsky
védec James P. Alison a japonsky védec Tasuku Honjo prakticky paralelné studovali dva
odlisné proteiny, které identifikovali jako checkpoint inhibitory. Zatimco Alison objevil
protilatku proti anti-cytotoxickému T-lymfocyty asociovanému proteinu 4 (anti-CTLA-4)
a na zakladé tohoto objevu byla vyvinuta prvni nadorova protilatka, tzv. anti-CTLA4,
ipilimumab, Tasuku Honjo stal u zrodu protilatky proti programovému bodu bunécné
smrti PD-1. JiZ nékolik let pred Alisonem se vénoval intenzivnimu studiu kontrolniho
bodu pro bunécnou smrt a objevem protilatky jako blokady inhibitoru T bunék umozZnil
revolu¢ni 1écbu tfady nadorovych onemocnéni. Jeho objev zménil prognézu pacienti
s malignim melanomem, nadorem plic a nadorem ledvin. Postupné rada klinickych studii
dokladovala u¢innost i u méné imunitneé reaktivnich nddord, mezi néz radime i karcinom
jicnu a Zaludku. Podle soucasnych guidelines u karcinomu jicnu nasleduje kombinovanou
predoperacni 1é¢bu chemoradioterapii a operaci monoterapie nivolumabem, anti-PD-1
protilatkou. Toto doporuceni je zaloZeno na datech ze studie faze 11l CheckMate 577, ktera
hodnotila pridani adjuvantni 1é¢by anti-PD-1 protilatkou nivolumabem po dobu jednoho
roku k neoadjuvanci chemoradioterapii a operaci u obou hlavnich histologickych typti
karcinomu jicnu, a to v pripadé, Ze predchozi l1é¢bou nedoslo k uplné remisi nadorového
onemocnéni a dle vySetfeni provedeného patologem bylo pritomno rezidualni
onemocnéni v resek¢nim vzorku (= ypT1 a/nebo = ypN1). Nivolumab vedl ke zlepsSeni
preziti bez priznaku onemocnéni, a to tak vyznamné, Ze se okamZzité bez ohledu na expresi
PD-L1 etabloval do klinické praxe, numericky se jedna o 22,4 mésice ve srovnani s 11,0
mésice v rameni s placebem (HR 0,69; s 96,4 % intervalem spolehlivosti (CI) 0,56-0,86;
P < 0,001). Vsoucasné dobé cekdme na vysledky parametru celkového preZiti a je
otazkou, zda i vtomto parametru dosdhne neselektivné podany nivolumab stejnych
vysledkd.

U metastatického skvamo6zniho karcinomu jicnu je evropskym standardem 1écby
kombinovana chemoterapie s imunoterapii, a to na zakladé dat z randomizované studie
f. IIl CheckMate 648, ktera hodnotila prinos imunoterapie v kombinaci s cisplatinou
a 5-fluorouracilem; nebo efekt samotné kombinované imunoterapie, nivolumab
v kombinaci s ipilimumabem. Pacienti 1éCeni nivolumabem-chemoterapii méli lepsi OS ve
srovnani s pacienty léCenymi samotnou chemoterapii; tento prinos byl nejvyraznéjsi
u pacientd s nddorovymi butikami exprimujicimi PD-L1 = 1 % pti pouZiti TPS (HR 0,54;
99,5 % C10,37-0,80; P < 0,001). Nivolumab-ipilimumab také zlepSoval celkové preziti, ale
problematicka byla niZ$i radiologickd odpovéd ve srovnani nejen s chemoterapif
a nivolumabem, ale i se samotnou chemoterapii a dale vyssi pocet imrti v prvnich péti
mésicich 1écby. Podobné jako u nivolumabu je i pouziti pembrolizumabu zavislé na
expresi PD-L1, vtomto pripadé vSak vyjadienou pozitivitou CPS = 10 (kombinované
pozitivni skore, které do hodnoceni zahrnuje nejen nadorové, nybrz i imunitni burky),
zaloZeno na datech ze studie KEYNOTE 590.
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V druhé linii lécby skvamoézniho karcinomu jicnu se opirame o data ze studie
ATTRACTION 3 pii pouZiti nivolumabu, ktery je v Evropé i v CR schvalenou lé¢ebnou
moznosti bez ohledu na expresi PD-L1. V této linii, podobné jako v linii prvni, jsou
srovnatelna data o ucinnosti a bezpecnosti celkem z péti studii, vedle shora jmenovanych
se jedna o tislelizumab, sintilimab a camrelizumab, vSechny studie maji srovnatelny
benefit prodlouZeni medianu celkového preZiti na 7M s HR pod 0,80.

U metastatického adenokarcinomu jicnu, GE] a Zaludku se nivolumab etabloval do
prvni linie na zakladé studie CHECKMATE-649, kdy kombinace nivolumabu
a chemoterapie u PD-L1 CPS 2 5 vedla k prodlouZeni celkového preZiti numericky az o 3M
(HR0,71; 98,4 % CI1 0,59-0,86; P <0,0001) versus samotna chemoterapie u pacientti s PD-
L1 CPS =2 5. Ve studii faze Il KEYNOTE-062 byla monoterapie pembrolizumabem non-
inferiorni k cisplatiné-fluoropyrimidin pro OS u pacientti s PD-L1 CPS 21, ale byla spojena
s nizs$i mirou odpovédi a nizS§im PFS, a proto se nedoporucuje.

U HER2 pozitivnich pacientli ma trastuzumab v kombinaci a s pembrolizumabem
a chemoterapii v prvni linii vyborné vysledky v prodlouZeni celkového preziti, coz vedlo
FDA ke schvaleni této kombinace v prvni linii 1é¢by HER2 pozitivniho lokalné pokrocilého
¢i metastatického adenokarcinomu zaludku (KEYNOTE-811).

[ v terapii dalSich linif bylo dosaZeno pokroki, samoziejmé s mensim efektem nez
v linii prvni. Nivolumab v treti linii prodluzuje celkové preziti (schvaleni v Japonsku,
ATTRACTION-02) a pembrolizumab vykazuje pozitivni vliv na trvani odpovédi (schvaleni
pro CPS = 10, USA, KEYNOTE-059).

Prehled vyse uvedenych soucasnych doporucenych lécebnych postupt, ale
i potencial novych zkoumanych 1éku ¢i 1ékovych kombinaci zminujeme v publikaci [3]
(priloha 3, tab. 3, obr. 9).
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and EC qualify for the combination of pembrolizumab plus chemotherapy in Europe
(CPS > 10) and the USA. For Her2-positive patients, trastuzumab with first-line chemo-
therapy plus pembrolizumab has beneficial response rates and resulted in approval in the
USA (KEYNOTE-811). In third-line therapy, superior overall survival (OS) was achieved
by the administration of nivolumab (approval in Japan, ATTRACTION-02), and pembroli-
zumab shows a positive effect on the duration of response (KEYNOTE-059). Questions of
resistance to immunotherapy or the role of gender in response to ICI need to be clarified. This
review provides an overview of the current approvals of ICI in advanced EGAC and reflects
results of relevant phase II/ITI trials with focus on possible biomarkers, including PD-L1 CPS
and microsatellite-instability (MSI) status.

© 2022 Elsevier Ltd. All rights reserved.

1. Introduction

Gastric cancer (GC) ranks as the fifth most common
cancer in Buropean men and sixth most common in
women. About 133.100 GC cases are newly diagnosed in
Europe and 102,000 patients die from GC [1]. More
than half of the patients being diagnosed after the cancer
has already spread. Effective and feasible multimodal
therapy regimens are required to respond to the treat-
ment of this aggressive tumor disease. The rapidly
developing field of immune checkpoint inhibition (ICI)
enriches the standard combination therapy of esoph-
agogastric adenocarcinomas (EGAC).

The programmed death 1 (PD-1) inhibitors nivolu-
mab and pembrolizumab were already approved in
mono- and in combination therapy of advanced EGAC
in first- or third-line settings in Europe, the USA, and
Asia (see Tables 1 and 2).

There is a growing diversity of immune checkpoint in-
hibitors which are currently being investigated in an
increasing number of clinical trials in advanced EGAC
patients targeting different molecular antigens on tumor
and immune cells: anti-PD-1 (nivolumab, pembrolizumab,
sintilimab, tislelizumab, retifanlimab, and tebotelimab),
anti-PD-L1 (atezolizumab, avelumab, and durvalumab),
and anti-CTLA-4 (ipilimumab and tremelimumab).

Trastuzumab has already been successfully imple-
mented as a standard of care targeted therapy in com-
bination with chemotherapy in the first-line setting of
patients with advanced GC [2]. In the new era of ICI,
combination therapies of Her2-and PD-1/PD-L1-
directed agents aim for synergistic effects.

Various innovative approaches of Her2-directed
therapy are under investigation also for Her2-positive
patients who do not benefit from trastuzumab, including
the promising antibody—drug conjugate trastuzumab-
deruxtecan (T-DXd) in patients who were progressive
under prior trastuzumab therapy [3]. As already been
approved by the FDA as a second Her2-directed ther-
apy option for patients with unresectable, locally
advanced, or metastatic GC in 2021, T-DXd is currently

being investigated in combination with immune check-
point inhibitors [4,5]. Another approach is the use of the
Fc-engineered Her2-directed antibody margetuximab in
combination with PD-1 inhibition [6,7]. This article
gives an overview of phase II/III clinical trials investi-
gating the ICI in addition to standard chemotherapy
regimens —/+ Her2-targeted therapy and reflects their
impact on actual approvals for immune checkpoint in-
hibitors in EGAC (Tables 1 and 2).

2. Palliative first-line therapy

The CHECKMATE-649 trial investigated the effect of a
chemotherapy-free combination of nivolumab plus ipi-
limumab versus nivolumab plus chemotherapy (FOL-
FOX/XELOX) versus chemotherapy alone in a large
patient cohort of advanced adenocarcinoma patients.
Combination therapy of nivolumab plus chemotherapy
resulted in a significant benefit of overall survival (OS)
for the group with PD-L1 CPS > 5 tumors (primary
endpoint, 60% of patients, median OS 14.4 versus 11.1
months (mo) (HR 0.71 (98.4% CI (0.59—-0.86)), p <
0.0001)) and for all patients (median OS 13.8 versus 11.6
mo (HR 0.80 (99.3% CI 0.68—0.94), p = 0.0002)). After
12 months, there were significantly more patients alive
with PD-L1 CPS > 5 receiving nivolumab plus chemo-
therapy versus chemotherapy alone (57% versus 46%).
The same applies to PFS in the combination arm (HR
0.68 (98% CI 0.56—0.81), p < 0.0001) with a reduction in
the mortality rate of 32% [8]. Especially, patients with
PD-L1 CPS > 5 and microsatellite-instability (MSI)-
high tumors profited from the combination with
immunotherapy. Actually, there was no benefit of add-
ing nivolumab to FOLFOX/XELOX when CPS is <5
(see ESMO 2021). There was no clear survival benefit of
the chemotherapy-free combination of nivolumab and
ipilimumab [9]. Consequently, nivolumab plus chemo-
therapy was approved in patients with advanced/meta-
static esophageal/gastroesophageal junction cancer
(GEJC)/GC independent from PD-L1 CPS status in the
USA and Asia. In Europe, nivolumab plus

Downloaded for Anonymous User (n/a) at Masaryk Memorial Cancer Institute from Clinical Key.com by Elsevier on November
09, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved

51



P18 T [y 2u] 121898 [ 7207 TS0 o mad moqum sasm 2o ax Ape ssn puosad 0.0 2207 260
13UI3A0 N WO IIEAIS 5] G W04 [ESTI) WL IMTSU] WIS (BRI {Cesw N u (1) 195 ) SHOWABOY 10] PIPEOJIAOCT

Table 1

Overview of clinical trials of immune poil in Her2-negative esoph

Therapy  Agent Targer Trial Author Ref # Phase Study design Status PD-L1 score Main resulis Approval Approval Approvel Approval Approval Approval
Ime Europe  USA Japan  Taiwan Chima  Kores

Firstline  Nivolumab PDI  CM649 Jemjigian  [§] 11 Nivoflpiversus FPversus  Inanalysis ADcomers OSall 1.8 versus 116 mo (HR  Yes (CPS Yes Yes Yes Yes Yes
etal FP + Nive 0.80, 99.3% CI D.68-0.04),p = >3)
0.0002
PD-L1CPS  OSPD-LI CPS > 5: 14.4 versus
2 5 (60%) 111 w0, HR 0.71 (98.4% CL
0.59-0.86), p < D001
All comers  PFS all 7.7 versus 6.9 mo; HR
0,97 (95% C1 0.68-0.87), p >
.05
PDL1 CPS  PESPD-LI CPS > 5 7.7 versus
>5(60% 6.0 mo, HR 068 (98% CL 0,56
~b81), p < 0.0000
Nivalumab PDI  Auraction- Boluweral [13] VI Niva versus Placebo 4 Analyzed  All comers  OS nol reached in botk groups
o Chems (SOX/CAPOX) PES 0.7 (S.4—NR) and 10.6 mo
15.6-125)
Pembroliumas PD-I  KN-590 Sumetnl [14 I Pembro versus Placebo +  Analyzed  Allcomers  OSall 12.4 versus 9.8 mo (HR, Yes (CPS Yes
3 0.33,05% CI, 0.62-088). p < 2 10)
0.9001
PD.L1 OSPD-LI CP§ > 10: 135
CPS > 10 versus 94 mo (HR 0.62; 95% CI,
0.49-0.78), p < 00001
Al comers  PFS all pts 6.3 versus 5.8 o
(HR 0.65; 05% C1, 0.55-0.76), p
< 0.0001
PD-LL PFS CPS > 10, 7.5 versis 5.5
CPS > 10 mo (HR 0.51; 95% C1, 0.4l
£.65) p < 00001
Pembrofimman PD.I  KN:062 Shitara [15] I Pembro versus Pmmbro +  Anslyzed  PD.LI OSPDLL CPS > 1: 10,6 versus
ctal Chemo versus Chema (Cis/ PS> 1 111 oy HR 0.74 (95% C10.94
S-FUCage) —L10), p = 0.162, paoa
imferior to ¢
08 PDLI CPS > 10 174 ()
weraus 10.8 mo ic); HR 0.68
195% C1 0.49-0.97)
OSPD.LICPS > 1 125(p +<)
wersus 1.1 mo fc); HR 0.85
(95% CL0.7-1.03), p = 0.046, 3
+ ¢ not superior
OSPD-LI CPS 2 10: 123 (p +
o) versus 10.8 me (o HR 085
(0.62-1.17), p= 0158, p+ ¢
ot superior
PFSPD-LICPS > L 69{p +¢)
veraus 6.5 ma () HR 034 (070
—L00),p = 001
Pembrolzumsh PD-1  KN-g59 Tsbsmero  [17] U1 PembroversusPlacebo +  lnanalysis Allcomers  OS favaited)
et al Cis + FPICAPOX
Avelumab PD-L1 Javelin Moahler g om Avelumab matmienzncs Analyred  All comars  OS sl 10.4 versus 109 mo; HR
Clastric 100 etal .91 (95% CLO0.T~111), p =
01978

{conttnued on next page)
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Tanle 1 (continued )

Thempy  Aget Target Trial Author Rel # Phase Study design Status PI-LI scars Main esults Approval Approval Approval Approval Approval Appraval
Ime Burope USA  Japan  Taiwan
PD-LL O 14.9 versus 116 o, HR
> 1(43%) 072 (95% C1 0.49-105)
Sintilimal POl Orients16 Kuetal  [19] [ Sintlimabversts Placebo+ Inanalysis Al comers  OS 15.2 versus 123 mo, HR
Chemo (XELOX) 077 (95% C1 0.63-0.94), p =
0,009
08 18.4 versus 12.9 mo, HR
0.66; 5% CI 0.505-0.864; p =
.00
Talehzumad  PD-1  Ratiozale-  Xueral  [20] I Tisllzamab versus Placebo In anslysis 05, PES (waned)
305 + Czzmo (oxali + capel
wit5-FU)
Second:  Pembrobmmab PD1 KN.-061 Shitara [21] I Pemiro mono versus Asalyzed Al comters  OSPD-LLCPS > 1: 9.0 versus
line etal Chemo (Paclitaxel) 8.3 mo; HR 0.82 (95% CL 0.66
~1.07), onewgided p = 0:0421
PD-LICPS  OS PD-LLCPS > 10: 104
> 1(67%)  versus 8.0 mo; HR 0.69 (95% CI
0.46-1.08), p > D03
PPSPD-LI CPS > L: L5 versus
4.1 mo; HR 1.27 (95% CI 1.03
—L57)
Durvalumab  PD-L1 Dusigast Evrad [25] U Durvalumsb + chemo In analysic Al comers  Primary endpoit 4-mo PFS
eval versas Durvalumab + 70% not met, med PES 3.8 (3.0
Tramelimumab + Chemo ~7.4) versus 5.4 mo (29-6.4)
08 13.3 ma (6.6—15.6) versus
8.5 mo (11-103)
Avelumab PD.LI RAP Thuss. (4 I Avelmab + Ramucirumab In snalysis Al comers  OS (ITT) 10.6 mo (95% C1 8.2
Patience + Padlitaxel —13.0y
etal OSCPS < 5: 9.4 mo (95% C1 7.2
)
08 CPS > 5 14.0 ma (95% CI
12.3-153)
Thirdlize Nivelumab  PD.I  Abractiond? Kang [28] NI Nivoversus Placebo Inamslysis All comters O 5.3 versus .14 mo; HR 0,63 Ves Ves Ves Ve
eral (95% C10.51-0.78), p < 0-0001
Nivolumab ~ PD-l Integrate b Paviskis  [30] [ Nivo + Regorafenib versus Recrutting Al comers  OS {awaited)
etal, Chemo (physican’s ciraics)
Nivalumab  PDI CMA032 Jasjigian  [31] Il Nivo (3 mylky) versus Nivo Amalyzed  All comers  12.mn O rates 39%, 35%, M%
etal (1 mgke)Ipi (3 make) 120 PFS rates $%, 17%; 10%
versus Nivo (3 metkelIpi (1
mghkg)
Bembrofamah PD-L KN-0S9 Fudsetal [27] I Pembromono Anslyeed  All comers  ORR PD-L1+/—: [5.5% (95%
CI, 10.1%—22.4%) versus 6.4%
(95% C1 2.0%—12.8%)
Response duration PD-LI+—:
16.3 ma (95% CI 1.6-17.3)
warsus 6.9 mo (85% C124-7.0)
Avelumal PD-L1 Javelin 20] M1 Avelumab versas Chemo  Amilyzed  Allcomers  OS mot superior (HR L1, 95%
Gaslric 300 (physician's choict) CIos-14)
A iation: Pembro = , Tmab = ab, FD-1 = d death-ligand 1, PD-L]1 = programmed cell death protein 1, CPS = combined positivity
scare, Chema = chemotherapy, cis = cisplatin, cape = capecitabine, Oxali = oxaliplatin, FP = fluoropyrimidine, SOX = 81 plus oxaliplatin, CAPOX = capecitabine plus exaliplatin, KN =

keynote, CM = checkmate.
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Table 2
Overview of clinical trials of immune checkpoint inhibi in Her2-positive esopl ds
Therapy  Ageat Target Tral Author  Ref # Phase Stady desigs Stams  PDLI  Mainreln Acproval Approval Approval Approval Approval Approval
time score Europe USA  Japsn  Tawan Chine  Karea
Firsl-ine Pembro PD-IHe:2  KNBIL  Jajigian (6] I Pemibro versus Placcho +  In enalysts Al comes ORR 4% (66.2-81.6) versus  Espected Yes
+ Taab stal Tomab 4 BP SLO% (43.0—60.7), 95% CL112  in 2023
33,7, p = 000006
CR: 11.3% versus 3. 1%, DCR 95%
C1 962 (91 4—98 §) versus §9.3
(82.7-84.0)
Nivs + Ipi PD-ICTLA- Intega  Steinetel [38] 1 FOLFOX + Tmeb + Nivo Inemiysis Allcomers OS 218 mo (95% CI = 127-308
+ Tmah AMHer2 versus Tmab + Nivo + Igi mo) versus 164 ma (9% C = 83
25,9 mo)
PFS 10.7 mo (95% €I = 66-13.1
me) versus 3.2 mio (5% C1 = 20
6.5 1)
OSR 120 70% (95% €2 = 54%
—B1%) varss §7% (95% CI =
H1%-T1%)
Response durations 9.2 mo (3%
€1 = 81-13.5 mia) vessus 58 mo
(95% C1 = 2.4 mo—not estimable)
Durvalumgb  PD-LIHer? Desting-  Jenfigian  [3%] IbAl T-DXd & durvelumsb & Recruiting All comers Safoty, ORR. (awaited)
+TDXd Gastric 03 et al Chemo
Retifntimab  PD-IPD-I/  Mabogamy Catemsei [1] IV Masgoruximeb, In enelysis Al comess Sefety, ORR (aweited)
4 tshotelimat  Her2 etal ratsfanlimab, tebotelimab &
i margetocmab Cheme
Tiskizmss  PD-IHerz  Herzon- Tabermeo [4] I Tislelizemab & Recruting All comers OS, PES (awahied)
+ rdatamah Geadl  etal ramidatamab + chemo
: Pembro = pembrolizumab, Nivo = nivolumab, Ipi = ipi b, Trab — tr b, T-DXd = b-deruxtecan, PD-1 = programmed death-ligand 1, PD-L1 =

programmed cell death protein 1, CP8 = combined positivity score, chemo =

py, FP = fluon

KN = keynole.
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chemotherapy was approved in patients with PD-L1
CPS > 5 (Table 1).

Of note, comparable differences in treatment effects
between male and female patients have been observed in
many trials for immunotherapy and other anti-cancer
treatments. While in general clinical trials in oncology
are not designed or powered to detect treatment effects
in men and women separately, due to sex differences in
the immune system (for review see Klein et al., Nature
Review Immunology, 6; 626, 2016) [10] and others, these
differences may as well reflect true biological differences
in the treatment effect, and men and women should no
longer be considered as subgroups, but biologically
different groups of patients [11]. For CHECKMATE-
649, both in the overall population (HR 0.77; 95% CI
0.67—0.88 in male versus 0.84; 95% CI 0.69—1.04 in
female patients) and the subgroup of patients with a
CPS of >5 (HR 0.67; 95% CI 0.56—0.80 in male and
0.78; 95% CI 0.59—1.03 in female patients), the magni-
tude of treatment benefit from nivolumab was greater in
men than women. However, only about 30% of patients
included in this trial were women, which corresponds to
the epidemiology of GC [8]. Therefore, no definitive
conclusions can be drawn regarding differences in the
treatment effects between men and women, and further
pooled analyses in the different subgroups according to
CPS are required.

The beneficial effect of added nivolumab to chemo-
therapy was further analyzed in patients with previously
untreated advanced or recurrent EGC in the Asian
ATTRACTION-04 trial [12]. The combination of
immuno- and chemotherapy significantly improved
median PFS (9.7 mo (5.8—not reached) and 10.6 mo
(5.6—12.5)) [13], whereas there was no beneficial effect
on OS.

The KEYNOTE-590 trial showed a significant OS
benefit by the combination of pembrolizumab plus
chemotherapy (cisplatin, 5-FU) versus chemotherapy
alone in patients with locally advanced or metastasized
squamous cell carcinoma of the esophagus (PEC, n =
73%) and adenocarcinoma of the gastroesophageal junc-
tion {n = 25%, Siewert type 1). Combmation therapy with
pembrolizumab was superior independently from CPS
and histology: OS all patients 12.4 versus 9.8 mo (HR 0.73
(95% CI10.62—0.86), p < 0.0002) and PFS all patients 6.3
versus 5.9 mo (HR 0.65 (95% CI 0.55—0.76)). ORR was
superior in the combination of immune and chemo-
therapy (45%, 95% CI, 40—40) versus chemotherapy
alone 29%, 95% CI, 25—34). In patients with CPS > 10,
the benefit in OS (median OS 13.9 mo versus 8.8 mo; HR
0.57 (95% CI 0.43—0.75); p < 0.0001) and PFS (median
PFS 7.5 mo versus 5.5 mo; HR 0.51 (0.41-0.65); p <
0-0001) was even more pronounced [14]. Subsequently,
pembrolizumab with chemotherapy was approved for
metastatic esophageal and GEJC patients, independently
from PD-L1 CPS scores by the FDA and for patients with
CPS > 10 by the EMA.

M. Moechler et al. | European Journal of Cancer 176 (2022) 13—29

Pembrolizumab alone was non-inferior compared to
chemotherapy alone in PD-L1 positive (CPS > 1)
advanced EGC patients in the KEYNOTE-062 ftrial
(median OS 10.6 versus 11.1 mo, HR 091, 99.2% CI
0.69—1.18) [15]. In this three-armed therapy design,
patients received either pembrolizumab monotherapy,
combination with chemotherapy, or chemotherapy plus
placebo. Recent results from the 25 months follow-up
analysis presented at ASCO-GI 2022 confirm a benefi-
cial OS by pembrolizumab alone in patients with CPS >
10, while patients with CPS > 1 were non-inferior by
pembrolizamab monotherapy [16]. Even if ICI is not
inferior to chemotherapy, there is no survival increase
and early progression and death may occur in the
absence of chemotherapy, justifying the absence of
global approvals.

There was no difference in OS in pembrolizumab plus
chemotherapy in both subgroups. In particular, the
group of patients with CPS > 1 and MSI-high tumors (n
= 35) showed a benefit of pembrolizumab versus
chemotherapy with OS prolongation from 47% to 79%
(median OS not reached (95% CI 10.7-not reached)
versus 8.5 mo {(95% CI 5.3-20.8), HR 0.29) [15]. Addi-
tionally, the advantage in OS by pembrolizumab with
chemotherapy is further evaluated in the KEYNOTE-
859 trial [17].

The use of the PD-L1 inhibitor avelumab in
maintenance therapy following first-line chemo-
therapy was investigated in our JAVELIN Gastric
100 trial. The achieved superior benefit in OS was not
met, and the duration of response could not be pro-
longed [18]. However, an exploratory subgroup
analysis of patients with PD-L1 CPS > 1 (64.3% of
evaluable patients, n = 137/213) with the anti-PD-L1
antibody ‘22C3’ showed a promising signal of ICI
therapy as maintenance with a benefit in median OS
in the avelumab-treated group of patients (14.9 versus
11.6 mo, HR 0.72 (95% CI 0.49—1.05)). First results
of the Asian ORIENT-16 trial investigating the effect
of the PD-1 inhibitor sintilimab with XELOX and
showing a survival benefit of the combination in all
randomized patients versus chemotherapy alone (me-
dian OS 15.2 versus 12.3 mo, HR 0.77 {(95% CI
0.63—0.94), p = 0.0090), which was even more clear
in the subgroup of PD-L1 CPS > 5 tumors [19].

Thus, ICI in combination with chemotherapy is now
clearly established in European patients with CPS > 5
(nivolumab) and CPS > 10 (pembrolizumab) (see
Table 1). In addition, the anti-PD-1 antibody tisleli-
zumab or placebo in combination with chemotherapy
(oxaliplatin plus capecitabine/cisplatin plus 5-FU),
currently investigated in the RATIONALE-305 trial,
met the primary endpoint of OS in patients with PD-
L1 expression, with additional follow-up needed to
assess OS benefits in the intention-to-treat (ITT) pop-
ulation [20].

Downloaded for Anonymous User (n/a) at Masaryk Memorial Cancer Institute from Clinical Key.com by Elsevier on November
09, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved

55



M. Maehler et al. | European Journal of Cancer 176 (2022) 1329 19

3. Palliative second/third-line therapy

In the second-line setting, the KEYNOTE-061 study
randomized 595 patients who progressed after first-line
chemotherapy to pembrolizumab versus paclitaxel. The
study did not meet its primary endpoint (OS improve-
ment for patients with PD-L1 CPS > 1) (HR 0.82, 95%
CI 0.66—1.03; one-sided p = 0.0421). Nevertheless, the
higher the PD-L1 expression the better the effect of
pembrolizumab, which was more pronounced in tumers
with PD-L1 CPS > 10 (HR 0.64, 95% CI 0.41-1.02;
median OS 10.4 months [95% CI 5.9-17.3] with pem-
brolizumab versus 8.0 months [5.1—9.9] with paclitaxel)
[21].

To exploit the synergistic effect of combining ICI
with VEGF inhibition [22], a phase II trial investigating
the combination of ramucirumab, avelumab, and
paclitaxel in the second-line setting was performed in
Caucasian patients [23]. A first interim analysis showed
a median OS of the ITT population of 10.6 mo (95% CI
8.2-13.1), in patients with PD-L1 CPS > 5 with >14.0
mo (95% CI 12.8—15.3). Thus, combinations of ICI,
VEGF inhibition, and chemotherapy appear to be effi-
cacious and well-tolerated therapies [24].

The combination of chemotherapy (FOLFIRI) is now
investigated with the already in lung cancer-approved
anti-PD-L1 antibody durvalumab plus the CTLA4-
inhibitor tremelimumab, in the randomized multicenter
phase IT PRODIGE 59-DURIGAST trial in second line
of patients with advanced GEJ/GC. Patients were ran-
domized 1:1 to FOLFIRI plus durvalumab (FD) versus
FOLFIRI plus durvalumab plus tremelimumab (FDT).
Primary endpoint is the PFS at 4 mo [25].

At ASCO 2022, the results of an interim analysis were
presented. In the FD arm, 47 and 45 patients were evalu-
able with a 4-month PFS of 44.7% [90% CI: 32.3—57.7]
versus 55.6% [90% CI: 42.3—68.3), whereas the primary
endpoint of 70% PFS at4 months was not met. The median
PFS were 3.8 [3.0—7.4] versus 5.4 mo [2.9-64], respec-
tively. The median OS was 13.3 mo [6.6—15.6] and 9.5 mo
[7.1—-11.3] in the FTD arm. Both combinations of FD and
FDT turned out to be safe and manageable [26].

In the third-line setting, pembrolizumab was investi-
gated in a single arm, multi-cohort phase II trial
KEYNOTE-059 [27]. A total of 259 patients (Cohort 1)
pretreated with at least two prior lines received pem-
brolizumab monotherapy. The objective response rate
was 11.6% (95% CI, 8.0%—16.1%), and the median
response duration was 8.4 months (range 1.6+ to
17.34). The effect was more pronounced in PD-L1
positive tumors with a response rate of 15.5% (95% CI
10.1%—22.4%) and a median response duration of 16.3
months (95% CI 1.6—17.3) which initially led to FDA
approval for PD-L1 CPS > 1 tumors, but was later
removed. The ATTRACTION-02 trial investigated
nivolumab independently of PD-L1 expression in a

randomized phase III study versus placebo, including
493 Asian patients [28]. OS was improved significantly
(HR 0.63, 95% CI 0.51-0.78, p < 0.001). At one year,
26.2% of patients treated with nivolumab were alive
compared to 10.9% treated with placebo. Nivolumab
was approved in Asia based on this trial. The Javelin
Gastric 300 trial compared avelumab versus chemo-
therapy (physicians’ choice) in the third-line setting. In
371 patients randomized, OS was not superior (HR 1.1,
95% CI 0.9—-1.4) [29].

In the third-line setting, the synergism between ICI and
VEGF inhibition is currently investigated in the random-
ized phase III INTEGRATE-IIb study, comparing regor-
afenib + nivolumab versus standard chemotherapy in
refractory advanced gastroesophageal cancer [30].

Within the CHECKMATE-032 trial, patients with
locally advanced or metastatic esophageal, GC, or GEJ
cancer from the USA and Europe with chemotherapy-
refractory disease after two or more therapy lines received
nivolumab (arm A: 3 mg/kg) or nivolumab with ipilimumab
{arm B: nivolumab 1 mg/kg + ipilimumab 3 mg/kg, arm C:
nivolumab 3 mgfkg + ipilimumab 1 mg/kg). PFS rates of
8%, 17%, and 10% and OS rates of 39%, 35%, and 24% were
achieved, respectively. Single or double ICI therapy
demonstrated effective antitumor activity with durable re-
sponses and manageable safety profile in this patient cohort
of chemotherapy-refractory esophagogastric cancer [31].

4. Prospects for patients with oligometastatic disease

Oligometastatic disease may be regarded as an inter-
mediate state between loco-regional and systemic dis-
ease [32]. Potentially, it reflects a distinct and favorable
tumor biology where patients could benefit from the
combination of systemic treatment — as established for
truly metastatic disease — and loco-regional treatment,
including surgery and (stereotactic) radiation. The
CheckMate 577 trial established the benefit of nivolu-
mab as adjuvant therapy in patients with esophageal or
GEJC with an incomplete pathological response after
neoadjuvant chemoradiation and resection [33]. The
results of the trial raise the (thusfar unanswered) ques-
tion whether particularly patients with oligometastatic
disease could benefit from adjuvant ICI after systemic
induction therapy and local radical treatment. The Oli-
goMetastatic Esophagogastric Cancer (OMEC) con-
sortium — a consortium of 50 esophagogastric cancer
expert centers in Burope — is currently developing a
comprehensive definition of oligometastatic disease in
esophagogastric cancer to initiate studies on the benefit
of treatment strategies in this group of patients [34].

5. New ICI combinations with Her2-targeted therapy

In patients with Her2-positive tumors {(immunohisto-
chemical expression level 3+ or 2+ combined with
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positive FISH verification of HER2 gene amplification),
the addition of the first-line standard targeted therapy
trastuzumab to immune and chemotherapy is investi-
gated in various therapy settings.

A first single-arm analysis of combining targeted
therapy of trastuzumab, cytotoxic chemotherapy, and
ICI with pembrolizumab in first-line setting of patients
with Her2-positive metastatic EGC demonstrated a safe
and feasible therapy combination [35]. The KEYNOTE-
811 trial currently evaluates the effect of combination
trastuzumab and chemotherapy with pembrolizumab
versus placebo on OS and tolerability. The first interim
analysis (IA1l) showed superior ORR of 22.7% in tras-
tuzumab + chemotherapy with pembrolizumab versus
placebo (ORR 74.4% (66.2-81.6) versus 51.9%
(43.0—60.7), 95% CI 11.2-33.7, p 0.00006). The
complete response rate (CR) and the disease control rate
(DCR) were also beneficial by adding pembrolizumab
(CR: 11.3% versus 3.1%, DCR 95% CI 96.2 {91.4-98.8)
versus 89.3 (82.7-94.0)) [36]. The increase in ORR by
administration of pembrolizumab combined with tras-
tuzumab and chemotherapy resulted in the approval of
this combination for patients with Her2-positive meta-
static EGC in the USA and is expected in Europe next
year.

The INTEGA trial assesses a superior effect on OS by
the chemotherapy-free combination of Her2-blockade
(trastuzumab) plus ICI (nivolumab + ipilimumab) in
coniparison with nivolumab plus the standard first-line
regimen (trastuzumab + FOLFOX chemotherapy) in pa-
tients with Her2-overexpressing EGC in advanced or
metastatic disease stage [37]. First results demonstrate an
increased efficacy of the combination of trastuzumab,
nivolumab, and FOLFOX compared with the TOGA
regimen. The combination of Her2-blockade, immuno-
therapy, and chemotherapy prolonged the overall survival
rate (OSR) and improves PFS compared with the
chemotherapy-free study arm independently of PD-L1
CPS expression (OSR all patients: 70% versus 57%, p =
0.034; PFS all patients: 10.7 versus 3.2 mo). The median
O8 was 21.8 mo (95% CI 12.7—-30.8 mo) versus 16.4 mo
(95% CI 8.3—25.9 mo) and the median PFS 10.7 mo (95%
CI 6.6—13.1 mo) versus 3.2 mo (95% CI 2.0—6.5 mo) [38].

A new approach in Her2-targeted therapy of advanced
EGAC is the antibody—drug conjugate (ADC) T-DXd,
which consists of an anti-Her2 antibody, a tetra-peptide-
based linker, and a membrane-permeable topoisomerase [
inhibitor payload.

The efficacy of T-DXd in several combinations,
including immunotherapy, is investigated in the
DESTINY-GASTRIC 03 phase Ib/II trial. Patients with
prior trastuzumab therapy (part 1) and therapy-naive
metastatic patients (part 2) receive either T-DXd with
chemotherapy =+ the PD-1 inhibitor durvalumab [39]. As
presented at ASCO GI 2022, the first results suggest
tolerability and feasibility of the recommended phase 2
doses for T-DXd plus 5-FU and T-DXd plus
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capecitabine. The ORR results of both arms are prom-
ising [9]. Recruitment of patients is ongoing.

Margetuximab is another Her2-targeted antibody
with a specific optimized Fc domain. It activates the
innate and adaptive immune system by antibody-
dependent cellular cytotoxicity (ADCC) and anti-
Her2-targeted T-cell response. The combination of
margetuximab with the anti-PD-1 antibodies retifanli-
mab and tebotelimab with/without chemotherapy was
evaluated in the MAHOGANY trial [7]. A tumor
shrinkage of 85.7% (30/35 patients) was reported within
the first results of the safety analysis of PD-LI-positive
(CPS > 1), non-MSI-high patients treated with the
chemotherapy-free combination of margetuximab plus
retifanlimab at ESMO 2021. The combination therapy
was well tolerable with manageable treatment-related
adverse events [40].

The new Asian MK-7119 phase I trial investigates the
safety and pharmacokinetics of anti-Her2-directed drug
tucatinib in Chinese patients with Her2-positive advanced
breast cancer, GEJI, GC, or colorectal cancer. The study
recently started its recruitment. Tucatinib is already
approved in combination with trastzuzumab, and capeci-
tabine for treatment of Her2-positive locally advanced/
metastatic breast cancer who have already received at least
two prior anti-Her2 treatment regimens and might act as
possible new targeted therapy for patients with stomach/
GEJ adenocarcinoma and progression after trastuzumab
therapy [41]. Another promising targeted drug for Her2-
positive GEJ/GC patients is zanidatamab, a Her2-
targeted bispecific humanized IgGl-like antibody
directed against the juxtamembrane domain (ECD4), and
the dimerization domain (ECD?2) of Her2. After internal-
ization in the Her2-positive tumor cell, it inhibits tumor
cell proliferation and initiates antibody-depended cellular
cytotoxicity, phagocytosis, and complement-dependent
cytotoxicity. Currently, zanidatamab is investigated in
the global multicenter phase 111 trial HERIZON-GEA-01
in Her2-positive advanced or metastatic GEJ/GC cancers
in combination with chemotherapy (CAPOX/FP) + PD-1
inhibitor tislelizumab. Primary endpoints comprise PFS
and OS [42].

In summary, the OS of Her2-positive patients is also
prolonged by the addition of ICI with approvals in the
USA and awaited approval in Europe in 2023,

The optimal treatment of trastuzumab-resistant pa-
tients with loss of Her2 expression remains to be clari-
fied in future studies as a loss of Her2 expression could
be detected in 60.6% of patients with refractory discase
after first-line trastuzumab [43].

6. Recommendations of ESMO

An overview of a possible combination of the recent
approved ICI with chemotherapy for patients with
Her2-negative and Her2-positive advanced EGAC
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based on the ESMO clinical practice guidelines [44,45] is
presented in Fig. 1.

The European Society for Medical Oncology
Magnitude of Clinical Benefit Scale (ESMO-MCRBS) [46]
scores the use of nivolumab based on CHECKMATE-
649 as first-linc trcatment for adult patients with
advanced or metastatic GC and esophageal adenocar-
cinoma independently from the PD-L1 status with two
MCBS points, the subgroup of PD-L1 > 1 tumors with
three MCBS points, and especially the subgroup of pa-
tients with HER2-ncgative and PD-L1 CPS > 5 tumors
with four MCBS points [8] with a clear reccommendation
for European patients with PD-L1 CPS > 5 according
the EMA approval. According the results of the
KEYNOTE-811 trial, pembrolizumab achieves two
MCBS points for Her2-positive patients in first-line
treatment of locally advanced unresectable or metasta-
tic HER2-positive GC or GEAC [47]. see Table 3.

7. Molecular biomarkers in advanced gastric cancer

Her2 overexpression has been an established predictive
biomarker in advanced EGC for more than ten years,
PD-L1 CPS is being incorporated, and further bio-
markers arc under investigation.

The molecular characterization of 295 primary gastric
adenocarcinomas by the TCGA (The Cancer Genome
Allas) project in 2014 resulted in the classification of gastric
adenocarcinomas into four subgroups, including chromo-
somal instable tumors (mainly associated with intestinal
histology, TP53 mutation, and RTK-RAS activation),
EBV-positive tumors (dominated by PD-L1/2 over-
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(CIMP}), and immune cell signaling), microsatellite instable
tumors (including, e.g, hypermutations, gastric CIMP, and
mitotic pathways), and genomically stable tumors (e.g.
tumors with diffuse histology and CLDNIS§—ARHGAP
fusion gene}. There is a correlation of the molecular sub-
types and the region of the stomach cancer; however, the
chromosomal instable subtype clearly dominated all
gastric locations, the EBV subtype occurs mainly in the
fundus/body GC, and the amount of genomically stable
tumots increases in the lower gastric parts [48].

For instance, the specific location-dependent molec-
ular characterization of gastric adenocarcinoma cells
allows an individual targeted therapy as PD-1/PD-LI
inhibition or anti-Claudin-18.2-targeted therapy.

Claudin-18.2 is a component of tight junction mole-
cules and exclusively expressed in gastric mucosa in the
course of malignant transformation. Aberrations were
enriched in the genomically stable subgroup of GC
associated with the aggressive diffuse type of GC, but
could actually be detected in diffuse and intestinal GC
as well as esophageal cancer (EC) [49]. The monoclonal
IgGl antibody zolbetuximab (IMAB362) specifically
binds to Claudin-18.2. In the FAST trial, zolbetuximab
in combination with EOX significantly improved PFS in
Claudin-18.2 positive tumors (>70% of tumor cells) [50].
The efficacy is further analyzed in on-going clinical
phase IIT trials in combination with chemotherapy
(CAPOX/FOLFOX) in first-linc sctting of paticnts with
Her2-negative, Claudin-18.2 positive advanced/meta-
static GC/GEJ cancer (GLOW, SPOTLIGHT) [51,52].

Another promising target is the fibroblast growth
factor receptor 2b (FGFR2b) which is expressed in

expression, EBV- CpG island methylator phenotype  about 70% of non-Her2 positive GC cancer patients. The

1st line
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Chemo* doublet/triplet
PDLICPS <5

Nivolumab + Chemo* Trastuzumab + Chemo*

PD-L1CPS 25

Pembrolizumab + Chemo*

PD-L1CPS 2 10 oy oesc 2nd line
PSO-1 PS> 1
Ramucirumab + Paclitaxel Monotherapy:
Docetaxel
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g line Ramucirumab

PS0-1 PS>1

Trifluridin/ Tipiracil Docetaxel Irinotecan  Paclitaxel

*Platinum + fuoropyrimiding-based chematherapy

Fig. 1. New therapeutic strategies in advanced esophagogastric adenocarcinoma based on the ESMO clinical guidelines. Abbreviations:
Chemo = chemotherapy, PD-L1 CPS = programmed cell death protein 1 (combined positivity score). BSC = best supportive care.
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FGFR2b specifically blocking antibody bemarituzumab
shows first promising results: The phase II placebo-
controlled FIGHT trial showed benefit in first-line
therapy with the combination of bemarituzumab plus
chemotherapy (mFOLFOX6) in PFS (HR 9.68, 95% CI
(0.44—1.04), p = 0.07) and OS (prolonged median OS
with 5.7 mo (19.2 mo versus 13.5 mo, HR 0.60, 95% CI
(0.38—0.94))). Bemarituzumab plus chemotherapy is
currently further analyzed within the double-blind pla-
cebo-controlled phase III trial (FORTITUDE-101) and
in combination with nivolumab (FORTITUDE-102,
phase 1b/3) as first-line therapy of untreated, unresect-
able locally advanced, or metastatic FGFR2b-positive
GC or GEJ adenocarcinoma [53,54].

7.1. EBV infection

EBV-positive patients revealed a lower mortality rate and
better survival compared to other GC subtypes [55]. This
meolecular subgroup further exhibits a higher amount of
immune-checkpoint genes, including PD-1 and CTLA-4
and higher levels of lymphocytic infiltration compared
to MSS tumors [56]. EBV-positive and MSI-high tumors
were significantly associated with PD-L1 CPS > 1 (59.3%,
178 patients) in an Asian study that analyzed 300 GC
patients. EBV-positive GC patients were described to
particularly benefit from immunotherapy [57].

7.2. Helicobacter pylori

One of the crucial risk factors besides dietary habits is
the infection by Helicobacter pylori (HP), which in-
filtrates the gastric mucosa and produces enzymes that
lead to mucosa damage, dissolution of gastric mucus,
and therefore provokes the development of chronic
gastritis, pre-neoplastic gastric lesions, and finally the
development of mainly distal GC [58]. Classified as class
I carcinogen by the WHO, HP is responsible for about
75% of GC cases, and 2% of all HP-infected patients
show a risk to develop GC [59 61]. Studies report on
the upregulation of PD-1/PD-L1 expression in gastric
lesions and GC patients by HP infection, which facili-
tates the immune escape of cancer cells resulting in
resistance to immunotherapy [61].

7.3. PD-L1 CPS

The question of a reliable cut-off value of the PD-L1
CPS score as a consistent marker to predict benefit from
ICI needs to be clarified.

The PD-L1 CPS score of choice for the prediction of
efficacy of immunotherapy differs depending on each
clinical trial. In pembrolizamab trials, CPS > 10 showed
effective discrimination of response, while in nivolumab
trials, it was a cut-off of CPS >5. In general, response to
immunotherapy correlates with PD-L1 CPS: the higher
the CPS score, the higher the benefit in OS. This is seen
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in the CHECKMATE-649 trial with nivolumab (higher
OS benefit with CPS > 5 versus CPS > 1) and the
KEYNOTE-062/061 trials with pembrolizumab (higher
OS benefit with CPS > 10 versus CPS > 1). A recent
comprehensive analysis of selected clinical trials (KEY -
NOTE-059, KEYNOTE-061, and KEYNOTE-062)
with the administration of pembrolizumab in patients
with CPS > 10 further confirms this finding [62].

The assumed lack of benefit of the subgroup of pa-
tients with low CPS scores (CPS <5, <1) was confirmed
in the randomized phase III trials evaluating the addi-
tion of ICI to chemotherapy (CHECKMATE-649,
KEYNOTE-062, and KEYNOTE-590) [63]. Further
classifying the subgroup of low PD-L1 CPS patients by
specific analyses should be recommended to reflect the
rational use of immune checkpoint inhibitors.

The systematic review and meta-analysis of 14 phase
111 trials in advanced EAGC aimed to set up the magni-
tude and consistency of PD-L1 as a predictive marker.
According to the primary results presented at ASCO GI
2022, PD-L1 CPS was identified as the second strongest
predictive biomarker (after MSI) for survival benefit in
patients treated with ICI [64]. Additionally, a gender
difference in response to immune checkpoint therapy was
reported. For example, KEYNOTE-590 showed the
lower benefit of pembrolizumab plus chemotherapy
versus placebo for women compared to men (HR = 0.89
(0.59—1.35) versus HR = 0.70 (0.58—0.84), 95% CI) [14].
This abservation supports investigating the role of sex asa
predictive marker for ICI. There are confounding factors
that might influence the differentiation of response con-
cerning gender as age, ECOG, tumor location, progress of
disease at time of diagnosis, or CPS/MSI status, which are
not differentiated within the most clinical trials. Single
analyses are needed to clarify the gender effect without
these influential co-variables.

7.4. Immune scores: PD-LI TPS/CPSIIC score

Different clinical issues require specific analysis algo-
rithms, whereas clinical issues raise the question whether
a tumor biomarker is above or below a specific cut-off to
predict response to ICI therapy based on clinical trials.
Currently, there are several scores to detect PD-L1
expression in the tumor and surrounding stromal tis-
sue prior treatment, respectively. Tumor proportion
score (TPS): exclusively counts the membranous PD-L1
staining in tumor cells/total count of tumor cells; com-
bined positivity score (CPS): membranous and cyto-
plasmic PD-L1 staining of tumor cells and immune cells
(mononuclear immune cells: macrophages, lymphocytes,
dendritic cells)/total count of tumor cells; immune cell
score (IC): membranous and cytoplasmic PD-L1 stain-
ing of immune cells/area of tumor cells (area score) [65].

Clinical trials also use various scores as cut-off values
specific for individual patient selection prior to targeted
therapy: Pembrolizumab trials use the CPS > 10 score
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Table 3

Overview of MCBS scoring of immune checkpoint i for h ic ad i (GC/GEJC/EAC),
Investigated Combination with Control arm Trial name  Treatment design ~ Tumor  Primary Evaluated Outcome data Final Scorecard Comments Ref #
ICr subgroup outcome(s) outcome MCES
Score
Nivolumab FP + P (FOLFOX Chemo (FOLFOX Checkmate- First-ling treatment  — 05 (ITT) 0§ OS control: 1.6 2 289 FDA approval 51
ar CAPOX) or CAPOX) 649 for adult patients mo, 08 gain 2.2 April 2021 not
with gastric cancer mo, OS HR 0.80 EMA approved for
and esaphageal 99.3% CI0.68 tumors without
adenocarcinoma —0.94) confirmed PD-L1
CPS > 5
Nivolumab FP + P (FOLFOX Chemo (FOLFOX Checkmate First-ling treatment  PD-L1  OS (ITT) 0s OS control: 11.3 3 291 Subgroup not part [5]
or CAPOX) ar CAPOX) 649 for adult patients ~ CPS > 1 mo, 0§ gain 2.7 of the FDA
with gastrie cancer mo, 0§ HR 0,77 approval in April
and esophageal (99.3% CI 0.64 2021, also not part
adenocarcinoma —0.92) of the EMA
(CHMP)
September 2021
specifically for
tumors with PD-
L1CPS > 1
Nivolumab FP 4 P (FOLFOX Chemo (FOLFOX Checkmate-  First-line treatment  HER2-  OS 08 08 comtrol: 11.1 4 290 EMA (CHMP) #1
or CAPOX) or CAPOX) 649 of adult patients & PD-L1 mo, 08 gain 23 September 2021
with HER2-negative CPS > 5 mo, 08 HR 0,71 EC decision
whose tumors (98.4% CI 0.59 October 2021
express PD-L1 with 0.86) Not FDA
aCP§ >3 approved
specifically for PD-
L1CPS >5
Pembro- Tmab, FP, and Placebo + Keynote-811 First-line treatment  Her2+  PFS, 08, ORR 205% 2 3 FDA approval [36]
lizwnab P-containing Tmab + chemo locally advanced key secondary May 2021
Chemo unresectable or evaluated
melastatic HER2- outcome: ORR.
positive gastric or
gastrossophageal
junction
adenocarcinoma
Abbreviations: ICI = immunes checkpoint inhibitor, FP = fluoropyrimidine, P = platinum, FOLFOX = 5-FU + oxaliplatin, CAPOX = b + lipl chemo = ch ¥
Tmab = rastuzumab, GC = gastric ancer, GEIC = gastro-esophageal junction cancer, EAC = esophageal adenocarcinoma, OS = overall survival, PFS = progression-free survival,

ITT = intention-to-treat group, mo = months, FDA = US Food and Drug Administration, EMA = Buropean Medicines Agency, CHMP = Committee for Medical Products for Human Use,
EC = European Council
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to effectively discriminate response to ICI therapy,
whereas nivolumab trials use the CPS > 5 score or
rather the TPS > 1 score for primary endpoint OS and
PFS (see Table 1). Generally, responses to ICI therapy
with the prolongation of OS or PFS are dependent on
the amount of PD-L1 score positivity: the higher the
CPS score, the higher the benefit in OS.

There are several items that influence the assessment
of the single PD-L1 scores: especially stomach cancer is
characterized by a high amount of intratumoral het-
erogeneity, which requires the analysis of the whole
tissue sample across different parts of the tumor. In the
analysis, the pathologist has to distinguish between
positive tumor cells, immune cells, stromal cells, and
necrotic tissue, which also is stained positive. There are
efforts to standardize the PD-L1 scoring by special
regularly certificates of each certified pathological center
in order to address the challenge of reproducibility
within one clinic and along different centers.

Another issue is the high number of different anti-PD-
L1 antibodies used within countries and across the world.
Even clinical trials use various antibodies which exacer-
bates the comparability of PD-L1 assessment in addition
to the different analysis scores. Interlaboratory tests aim to
harmonize this diversity and are increasingly established.

7.5. MSI

There is growing evidence that MSI status is positively
correlated with the response to immunotherapy.
Recently, Pietrantonio et al. published a meta-analysis
of randomized phase III trials + a PD-L inhibitor and
provided outcomes in terms of MSI status (KEYNOTE-
062, KEYNOTE-061, CHECKMATE-649, and
JAVELIN Gastric 100). In total, 2545 patients with
evaluable MSI status were included with 123 MSI-high
GC patients (4.8%). In MSI-high tumors, the HR for OS
benefit by anti-PD-1 therapy was 0.34 (95% CI
0.21—0.54) compared to 0.85 (95% CI 0.71-1.00) for
microsatellite stable (MSS) [66]. This analysis
strengthens the hypothesis of MSI-high EAGC patients
as a highly immunosensitive population that is particu-
larly responsive to immunotherapy.

In the perioperative setting, a meta-analysis of
MAGIC, CLASSIC, ARTIST, and ITACA-S trials in-
dicates that there was no OS benefit in treating MSI-high
EGC patients with chemotherapy [67]. Furthermore,
recent results of the DANTE trial were presented at
ESMO 2021: MSI-high patients treated with a combi-
nation of FLOT and the ICI atezolizumab achieved the
pathological CR or subtotal regression (TRGla/b) in
80% (8/10) compared to 59% (7/12) in FLOT arm [68]. In
the first-line metastatic setting, the AUSPICIOUS study
is currently investigating short-term chemotherapy (two
course of CapOx), followed by retifanlimab, in patients
with deficient mismatch repair (IMMR) tumors, with a
specific focus on effects of the tumor microenvironment
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(TME), to define which subgroups of dMMR patients
benefit from chemotherapy (NCT05177133). Addition-
ally, the role of neoadjuvant nivolumab plus ipilimumab
followed by surgery and adjuvant nivolumab in localized
MSI-high/dMMR EGC was investigated in the GER-
COR NEONIPIGA phase II trial. These first results
presented at ASCO GI 2022 showed a pathological CR
rate of 59% (17/29 patients). Of note, 94% of patients
were free of events after 12 months of follow-up [69].
These results raise the question whether immunotherapy
postpones or even replaces surgery in patients that ach-
ieved complete clinical responses.

7.6. TMB

Analyses based on whole exome-sequencing studies and
the FoundationOne Cdx test (tissue tumor mutational
burden (TMB)) both show a positive association of GC
with high TMB rates with clinical outcomes [70].
Furthermore, the subgroup analysis of the KEYNOTE-
061 phase IIT trial with pembrolizumab versus paclitaxel
in patients with progressive disease after first-line ther-
apy demonstrated the superior benefit in PFS, OS, and
ORR in the pembrolizumab group [71]. Further in-
vestigations are needed to clarify a possible predictive
role of TMB for response to ICI.

In agreement with the results of the above-mentioned
clinical trials, biomarker research is a key in diagnosis
and treatment, as biomarkers have the potential to
predict an individual treatment response. The authors
suggest testing at least the biomarkers Her2, MSI, EBV,
PD-L1 prior treatment of advanced EGAC for routine
clinical practice.

Allin all, there are additional parameters that might
mnfluence the effects of ICI therapy: for example, the
amount of patients with second-line immunotherapy
varies within the clinical trials (8% of patients in
CHECKMATE-649, 15% in KEYNOTE-062) [8,15].
Furthermore, the different responses based on the basic
population (amount of Asian versus non-Asian patients)
have to be taken into account: Asian patients might have
lower disease burden which facilitates IO response [72].
Additionally, ICI studies analyze either anti-PD 1 or
anti-PD-L1 antibodies with individual mode of actions.

8. New perspectives

The different roles of ICI alone or combinations are
addressed in several clinical trials with different out-
comes. As presented in the MOONLIGHT trial, there
was no superior effect of progression-free survival by
combining chemotherapy-free ICI combination of PD-
1- and CTLA-4-inhibition (nivolumab plus ipilimumab)
in Her2-negative patients with locally advanced/meta-
static GEJ/gastric adenocarcinoma in this patient
cohort. The higher rate of toxicities was another reason
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to close this study arm in the further course of the study
[73].

An additional marker with prognostic relevance to ICI
therapy is the rate of POLE (DNA polymerase epsilon)
and POLD1 (DNA polymerase delta 1) mutations. Al-
terations of these polymerase genes result in impaired
proofreading in DNA replication and therefore support
further gene mutations and tumorigenesis. In stomach
adenocarcinoma patients, the mutation rate of POLE/
POLDI (total frequency) was 7.99% and associated with
adaptive immune resistance TME and dMMR status.
They reveal higher PD-L1 expression levels, higher tumor
mutational load, and higher MSI rates and therefore
potentially enhance responses to ICI therapy [74].

Beyond the PD-1/PD-L1 pathway, further immune
checkpoint pathways are currently under investigation
in GEJ and adenocarcinoma of the stomach. Analysis of
a possible predictive role of the immune checkpoint
molecules TIGIT (T-cell immune receptor with Ig and
ITIM domains, T-cells) and CD155 (tumor cells) in GC
patients showed a higher expression of CDS8posTI-
GITpos T-cells and that tumoral CDI155 blocks the
TIGIT receptors and inactivates the protective CDS8-
positive T-cells. Further, a targeted blockade of the
CDI155/TIGIT-linking could enhance the T-cell expres-
sion again and prolong the OS in mouse models [75].

In murine and human melanoma specimen, the
tumor cell marker CD155 determines the proteasomal
degradation of CD226 on the CDS8-positive tumor-
infiltrating T-cells. Resulting in dysfunctional T-cells
enabled the tumor to evade the immume system and
promote resistance to immunotherapy [76].

A new approach not only in hematologic but also in
solid tumor diseases is the new era of chimeric antigen
receptor (CAR)-T-cell targeted therapy: Preclinical
studies addressing Claudin18.2 — redirected CAR T-
cells showed promising therapeutic efficacy in Clau-
dinl8.2-positive advanced/metastatic gastrointestinal/
pancreatic patients including GC patients. In two
selected phase I studies, ORR rates of 33.3% (n = 12,
GC: 7) and 48.6% (n = 37, GC/GELJ: 28) were achieved,
and the often seen cytokine release syndrome was
mostly restricted to grade 1 and 2 [77,78]. Especially for
heavily-pretreated GC patients, targeted CAR T-cell
therapy might allow a promising and well-tolerable
therapeutic option in the future.

9, Conclusions

Personalized therapy of advanced EGAC patients with
Her2-negative/positive tumors is currently supplemented
by adding innovative ICI to standard chemotherapy in
various palliative therapy settings. Approvals for the
PD-1-inhibitors nivolumab or pembrolizumab were
achieved in first- and third-line therapy with a beneficial
effect on OS in Europe, the USA, and other countries

25

with restrictions of the PD-L1 CPS status (CPS > 5:
nivolumab and CPS > 10: pembrolizumab) in European
patients. One future challenge is to clarify the role of the
PD-L1 CPS score as a reliable tool to differentiate be-
tween responders and non-responders to ICI therapy as
recent phase IT and ITI trials indicate a survival benefit,
especially in patients with higher CPS scores (CPS > 5).
Furthermore, we recommend to use the MSI status as
predictive biomarker for immunotherapy as it is asso-
ciated with clinical outcomes, as well. As demonstrated
in CHECKMATE-649, differences in treatment effects
of ICI depend among others from sex differences as
survival benefit from nivolumab was greater in men
compared to women in this trial. We support efforts to
clarify the role of the biological different groups of men
and women in a different response to ICI therapy.
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4.3  MSI jako prediktor |éCby nadoru GIT

Hovorime-li o imunoterapii a jejich prediktorech, nesmime opomenout malou skupinu
pacientti, kterym 1é¢ba imunoterapii méni prognézu. Recentné Pietrantonio a kolektiv
publikovali metaanalyzu randomizovanych studii faze III +/- inhibitor PD-L optikou stavu
MSI-high (KEYNOTE-062, KEYNOTE-061, CHECKMATE-649, JAVELIN Gastric 100).
Celkem bylo do metaanalyzy zahrnuto 2545 pacientli s hodnotitelnym stavem MSI
a z toho 123/4,8 % pacientli disponovalo MSI-high adenokarcinomem Zaludku. U MSI-H
tumoril bylo v rameni s imunoterapii HR pro 0S 0,34 (95 % CI 0,21-0,54) ve srovnani
s 0,85 (95% CI 0,71-1,00) pro mikrosatelitné stabilni nddory. Naopak u stejné skupiny
neprinasi perioperacni chemoterapie prodlouzeni doby do progrese (metaanalyza studii
MAGIC, CLASICC, ARTIST a ITACA-S). Mimo jiZ zminéné retrospektivni analyzy mame
k dispozici i prospektivni data. Recentné, na ESMO 2021 publikovana studie DANTE, v niZ
byli MSI-high pacienti 1éCeni perioperacni kombinaci FLOT a atezolizumab, dokladuje
dosaZenou patologickou kompletni remisi nebo subtotalni regresi (TRG1la/b) v 80 %
(8/10) pripadi ve srovnani s 59 % (7/12) v rameni FLOT. Podrobnéjsi analyze
heterogenity mikroprostiredi MSI-H tumorli se vénuje studie AUSPICIOUS
(NCT05177133). A konec¢né, i pro neadjuvantni podani jsou recentné k dispozici data ze
studie GERCOR NEONIPIGA. Jedna se o studii faze II, ktera zkoumala ulohu
neadjuvantniho nivolumabu plus ipilimumabu s naslednou operaci a adjuvantnim
nivolumabem u lokalné pokrocilého MSI-high/dMMR adenokarcinomu jicnu a Zaludku.
Prvni vysledky prezentované letos na ASCO GI 2022 ukazaly dosaZeni patologické
kompletni remise azZ v 59 % (17/29 pacientii). Jedna se prilomovou informaci u této sice
malé, ale prognosticky zcela odlisné skupiny pacientd, ktera postuluje otdzku moZzZnosti
orgdn zachovné imunoterapie misto invazivniho chirurgického vykonu. I tuto
problematiku shrnuje vyse uvedena publikace [3] (priloha 3).

Tab. 3: MozZnosti prvni linie 1é¢by u HER2 negativniho karcinomu zaludku

Therapy line |Agent Target structure| Trial Author hase  |Study design |Approval Europe| Approval USA|Approval Japan|Approval Taiwan| Approval China|Approval Koreal
Firstline  |Nivolumab PD-1 CM-649 Janjigian et al. [8] Il |Nivo/Ipi vs. FP vs. FP + Nivo yes (CPS>5) yes yes yes yes yes
Nivolumab PD-1 Attraction-04 Bokuetal. [13] I/ |Nivo vs. Placebo + Chemo (SOX/CAPOX)
Pembrolizumab  |PD-1 KN-590 Sunetal. [14] Il [Pembro vs. Placebo + FP yes (CPS > 10) yes
Pembrolizumab  [PD-1 KN-062 Shitara et al. [15] [l |Pembro vs. Pembro + Chemo vs. Chemo (cis/S-FU, cape)
Pembrolizumab  [PD-1 KN-859 Taberneroetal. | [17] Il |Pembro vs. Placebo + Cis + F/CAPOX
Avelumab PD-LI Javelin Gastric 100 [Mochler et al. [18] Il |Avelumab maintenance
Sintilimab PD-1 Orient-16 Xuetal. [19] [l |Sintilimab vs. Placebo + Chemo (XELOX)
Tislelizumab PD-1 Beigene-305 Xuetal. [20] Il |Tislelizumab vs. Placebo + Chemo (oxalitcape/cis+3-FU)
Second-line |Pembro PD-1 KN-061 Shitara et al. [22] [l |Pembro mono vs. Chemo (paclitaxel)
Avelumab PD-LI RAP Hogner et al. [24] Il |Avelumab + Ramucirumab + Paclitaxel
Third-line  |Nivolumab PD-1 Attraction-02 Kangetal. [26] Il |Nivo vs. Placebo yes yes yes yes
Nivolumab PD-1 Integrate [Ib Pavlakis et al. 28] Il |Nivo+ b vs. Chemo (physician's choice)
Pembrolizumab  |PD-1 KN-059 Fuchs etal. [25] Il [Pembro mono yes (CPS> 1)
Avelumab PD-LI Javelin Gastric 300 [Bang et al. [27] Il |Avelumab vs. Chemo (physician's choice)

67



Obr. 9: MoZnosti druhé linie 1é¢by u HER2 negativniho karcinomu zaludku
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4.4  Antiangiogenni léCba

4.41. Antiangiogenni lééba u kolorektalniho karcinomu a identifikace
biomarkert

Od roku 1971, kdy Judah Folkman publikoval hypotézu vyznamu angiogeneze pro
nadorovy rist, uplynula fada let do prvni klinické studie u gastrointestinalnich nadord.
Prvnim antiangiogennim lékem, ktery dokladoval uCinnost v1écbé metastatického
kolorektalniho karcinomu a vstoupil v roce 2006 do klinické praxe, byla anti-VEGF
protilatka bevacizumab. Bevacizumab je rekombinantni humanizovand monoklonalni
protilatka, ktera blokuje angiogenezi inhibici vaskularniho endotelidlniho ristového
faktoru A, VEGF-A. Ackoliv je bevacizumab jiZ vice nez 15 let soucasti 1éCebného
standardu kolorektalniho karcinomu, dosud nebyl nalezen ucinny prediktor terapie.
V praxi se pridani bevacizumabu k chemoterapii promita do celkového preziti radové
pouze jednotky meésicli. Pozoruhodné je, Ze na rozdil od kolorektdlniho karcinomu
u metastatického karcinomu Zaludku bevacizumab neuspél a nedokladoval prodluzeni
celkového preziti pri pouziti vprvni linii 1é¢by, tedy pri analogické indikaci jako
u kolorektalniho karcinomu. AvSak ramucicrumab, lidska IgG1monoklonalni protilatka
proti receptoru pro vaskuldrni endotelidlni riistovy faktor VEGFR-2, se stal standardni
soucasti druhé linie nejen u kolorektalniho karcinomu, ale také u adenokarcinomu
7aludku a gastroezofagealni junkce, a to jak v kombinaci, tak i v monoterapii. U¢innost
ramucirumabu byla ovérena randomizovanou studii faze III RAISE.33 Jednalo se
multicentrickou, dvojité zaslepenou randomizovanou studii III. fize, do niZ byli zatazeni
pacienti, ktefi progredovali na paliativni chemoterapii prvni linie na bazi
fluoropyrimidinu ¢i oxaliplatiny (FOLFOX, XELOX) a bevacizumabu. Celkové preziti bylo
signifikantné prodlouZeno v rameni s chemoterapii a ramucirumabem - 13,3 mésice vs.
rameni s chemoterapiia placebem - 11,7 mésice (HR 0,844; p =0,0219). Nicméné redukce
rizika imrti pacienta pouze o 16 % neni pri zvazeni toxicity (neutropenie, astenie, bolesti
bficha a hypertenze) z klinického pohledu atraktivni. Ve snaze definovat skupinu
pacientd, kteii by nejvice profitovali z VEGFR 2 protilatky, jsme analyzovali vybrané
prediktivni a prognostické faktory. Prvni praci, kterou uvadim, je planovana analyza
podskupin, kterad zohlediiovala zvolené stratifika¢ni faktory, regulac¢ni poZadavky, znamé
prognostické faktory a fenotypové vlastnosti [4] (priloha 4). Z vyznamnych
prognostickych markeri, na néZ jsme se soustredili, jmenuji stav mutace KRAS (mutovany
versus wild type (WT)), vék (<65 let a = 65 let) a dobu do progrese onemocnéni (TTP) po
zahdjeni 1éCby prvnilinie (< 6 a 2 6 mésictli). Dle naSich vysledki byl pfinos ramucirumabu
pozorovan u pacienti mutovanych v KRAS exonu 2, tedy téch, ktefi nejsou vhodni pro
anti-EGFR terapii. Podobné byl zaznamenan tcinek u starsich pacientli (pokrocily vék je
spojovan s vyraznéjSimi nebo castéjSimi obavami o bezpecnost) a v neposledni radé
i u pacientti se Spatnou prognézou, progredujicich do Sesti mésicti od zahajeni prvni linie
s bevacizumabem. PrestoZe jsme zaznamenali konzistentni prinos v obou parametrech,
tedy OS a PFS, a také prodlouzZeni preZiti numericky srovnatelné s etablovanym

33 TABERNERO, J., T. YOSHINO, A. L. COHN, R. OBERMANNOVA, G. BODOKY, R. GARCIA-CARBONERO, T. CIULEANU,
D. C. PORTNOY, E. VAN CUTSEM, A. GROTHEY, ]. PRAUSOVA, P. GARCIA-ALFONSO, K. YAMAZAK]I, P. R. CLINGAN,
S.LONARDI, T. W. KIM, L. SIMMS, S. CHANG, F. NASROULAH. Ramucirumab versus placebo in combination with second-
line FOLFIRI in patients with metastatic colorectal carcinoma that progressed during or after first-line therapy with
bevacizumab, oxaliplatin, and a fluoropyrimidine (RAISE): a randomised, double-blind, multicentre, phase 3 study.
Lancet Oncology. 2015, 16(5), 499-508.
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bevacizumabem, konkurence s afliberceptem (treti molekula, jeZ je k dispozici v ramci
druhé linie 1é¢by) a vyssi cena se odrazily v limitovaném pouziti v klinické praxi, tedy
hovoiime-li o CR. Z na$i analyzy vSak vyplyva preference pouZiti ramucirumabu
u pacientd, ktefi rychle progreduji na chemoterapii v kombinaci s antiangiogenni 1écbou
v prvni linii.

Cilem dalsi explorativni analyzy ze studie RAISE bylo charakterizovat vztah mezi
expozici a odezvou na lé¢bu ramucirumabem z hlediska uc¢innosti a bezpec¢nosti.34 Na
zakladé jednorozmérného a vicerozmérného Coxova proporcionalniho modelu jsme
analyzovali vztah mezi predpokladanou minimalni koncentraci ramucirumabu
v ustdleném stavu (Cmin, ss) a prezitim. Pacienti z ramene s ramucirumabem,
5-fluorouracilem a irinotekanem byli stratifikovani dle hladiny ramucirumabu do kvartil
Cmin, ss (Q). K hodnoceni preZiti byla pouzita Kaplan-Meierova analyza. Dale model
analyzoval vztah mezi Cmin, ss a vysledky bezpec¢nosti. Na vzorcich od 905 pacientii byla
identifikovana vyznamna souvislost mezi Cmin, ss a celkovym preZitim a prezitim bez
progrese (p <0,0001 pro oba). Tato asociace zlistala vyznamna po upravé o vychozi
faktory spojené s OS nebo PFS (p <0,0001 pro oba). Median OS byl 11,5,12,9,16,4 2 16,7
mésice pro skupinu s ramucirumabem (Cmin, ss Q1, Q2, Q3, Q4) a 12,4 mésice pro
skupinu s placebem. Median PFS byl 5,4, 4,6, 6,8, 8,5 pro skupinu s ramucirumabem
(Cmin, ss Q1, Q2, Q3, Q4) a 5,2 mésice pro placebo (obr. 10). Riziko neutropenie gradu
> 3 vSak bylo vyssi pri zvySené expozici ramucirumabu. Analyza potvrdila Kklinicky
predpoklad, Ze vyssi expozice VEGF 2 protilatce pri stejném davkovani vede k prodlouZeni
celkového preziti a doby do progrese. V praxi se nabizi monitorace hladin koncentrace
ramucirumabu jako pripadny uZite¢ny marker k modulaci davky, nebot rozdil v medianu
0S mezi Q1 a Q4 predstavoval az 5 mésicli. Otazkou vsak ziistava, jak by se davkova
modulace/intervence promitla do nezadoucich ucinkl 1écby, z nichZ nejzavaznéjsi jsou
tromboembolické piihody a perforace.

* COHN, A L, T. YOSHINO, V. HEINEMANN, R. OBERMANNOVA, B. BODOKY, ]. PRAUSOVA,
R. GARCIA-CARBONERO, T. CIULEANU, P. GARCIA-ALFONSO, D. C. PORTNOY, E. VAN CUTSEM,
K. YAMAZAKI, P. R. CLINGAN, ]J. POLIKOFF, S. LONARDI, L. M. O'BRIEN, L. GAO, L. YANG, D. FERRY,
F.NASROULAH, ]. TABERNERO. Exposure-response relationship of ramucirumab in patients with advanced second-line
colorectal cancer: exploratory analysis of the RAISE trial. Cancer chemotherapy and pharmacology. 2017, 80(3), 599-
608.

70



Obr. 10: Grafy Kaplan-Meierovych kiivek (A a B) celkového preziti a (C a D) pieziti bez progrese
podle stavu divokého typu (A a C) a mutantniho (pasmo D) KRAS. CI, interval spolehlivosti; HR,
pomeér rizika; RAM, ramucirumab; PBO, placebo; n, pocet pacienti; 0S, celkové preziti
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Obr. 11: Forestové grafy pro (A) celkové pieziti v podskupinach. Poméry rizik (HRs) a 95% intervaly
spolehlivosti (CI) jsou uvedeny pro podskupiny definované vychozimi charakteristikami pacienta
a nadoru. CEA, karcinoembryonalni antigen
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Jak jsem jiz zminila vySe, antiangiogenni lé¢ba byla u kolorektalniho karcinomu
intenzivné studovana. NaSe skupina se v Masarykové onkologickém ustavu zabyvala
identifikaci cirkulujicich imunitnich biomarkert, které by pomohly definovat skupinu
pacientli profitujicich z uvedené molekuldrni inhibice [5] (priloha 5). V prospektivni
studii jsme analyzovali podskupiny cirkulujicich T bunék u pacienti s metastatickym
kolorektalnim karcinomem (mCRC) 1éCenych prvni linii chemoterapie s bevacizumabem
v kontextu lokalizace primarniho tumoru a stavu KRAS. Nasim cilem bylo zhodnoceni
vychozich hladin cirkulujicich podskupin T bunék jako potencialniho biomarkeru efektu
bevacizumabu. Pred zahajenim terapie jsme kvantifikovali podskupiny T bunék vcéetné
Treg a CD8+ T bunék v periferni krvi. Primarnim cilem studie bylo zhodnoceni preziti bez
progrese (PFS), celkové preziti (OS) a mira objektivni odpovédi (ORR). U skupiny pacienti
KRAS WT jsme zaznamenali vyssi hladinu cirkulujicich CD8+ cytotoxickych T bunék, ale
také vyssi hladiny T regulac¢nich (Treg) bunék, a to jak v absolutnim poctu, tak v poméru
Treg v podskupiné CD4+. Dale jsme zaznamenali nizky podil cirkulujicich Treg mezi CD4+
burikami a vysoky pomér CD8. Hladina Treg pti zahajeni terapie cilené na VEGF byla
spojena s priznivym klinickym pribéhem. U podskupiny pacientii s pravostrannym mCRC
bylo dosaZeno lepSiho PFS a OS v pripadé vysokého poméru CD8/Treg. Nase publikace
naznacuje, Ze baseline /vychozi hladina cirkulujicich imunitnich bunék predikuje klinicky
vysledek lécby angio/imunomodula¢ni latkou bevacizumab, navic se zda, Ze
u pravostranné lokalizovanych nadort by mohly Treg CD8+ slouZit jako prediktor efektu
antiangiogenni 1é¢by, niZe graficky vztah hladin sledovanych podskupin lymfocytt ve
vztahu ke KRAS a lokalizaci primarniho nadoru, viz obr. 12. Tuto hypotézu bude vsSak
nutno ovérit delSimi studiemi.

Obr. 12: Circulating CTLs and Tregs in metastatic colorectal cancer patients in the context of primary
tumor sidedness and KRAS mutation. p-values refer to the level of circulating T cell subsets in KRAS
wt vs. KRAS mut in the entire study group
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4.41. Antiangiogennilé€ba u karcinomu zaludku a zlu€ovych cest

U obou histologickych typt, jak kolorektalniho karcinomu, tak i karcinomu zaludku, vede
lécba ramucirumabem v druhé linii pouze ke skromnému prinosu v celkovém preZiti
pacientli. Logickym krokem bylo posunout ramucirumab do kombinace prvni linie, kde
jsou pacienti v celkové lepSim stavu. Intenzivnéjsi terapii trojkombinaci cilime k dosaZeni
co nejvyssich odpovédi a dlouhodobéjsiho klinického efektu. Vroce 2019 jsme publikovali
studii, jejimZ cilem bylo ovérit Uc¢innost ramucirumabu v kombinaci s chemoterapii
v prvni linii HER2 negativniho karcinomu zaludku.35 Primarnim cilem studie bylo pteziti
bez progrese. Kombinovanou lécbou bylo dosaZeno vyznamné delSiho preZiti bez
progrese hodnoceného zkouSejicim ve skupiné s ramucirumabem ve srovnani se
samotnou chemoterapii (HR 0,753, 95 % CI 0,607-0,935, p = 0,0106); median preziti bez
progrese 5,7 mésict oproti 5,4 mésiclim. AvSak analyza s centralnim nezavislym ¢tenim
nepotvrdila rozdil v preziti bez progrese (HR 0,961, 95 % CI 0,768-1,203, p = 0,74). Mezi
skupinami nebyl Zadny rozdil ani v mOS, a to numericky 11,2 mésice ramucirumab vs.
10,7 mésice pro placebo. Vysledky studie byly prekvapenim, nebot jsme automaticky
predpokladali vyssi ucinnost neZ v linii druhé. O diivodech Ize spekulovat, jednim z nich
miiZze byt uvadénd synergie paklitaxelu weekly s antiangiogenni 1écbou, a naopak
imunosupresivni efekt cisplatiny. Negativni vysledky z linie prvni a pomérné nizky
absolutni zisk v medianu preziti vlinii druhé vedl regula¢ni organy nékterych statl
i k zruSeni dhrady ve vyssi linii (benefit anti-VEGFR terapie u neselektované skupiny
pacientd dva mésice v OS).

Limitovand ucinnost monoterapie anti-VEGF u biomarkerové neselektované
skupiny pacientli vedla k hledani novych kombinaci, kterymi by se prekonala primarni
chemorezistence u nékterych gastrointestinalnich malignit, jako jsou naptiklad nadory
ZluCovych cest. Merestinib (LY2801653) je nizkomolekularni MET inhibitor, ktery
vynika i inhibici ostatnich tyrosinkinazovych receptort, napi. MST1R, FLT3, AXL, MERTK,
TEK, ROS1, NTRK1/2/3, a DDR1/2. Od kombinace s ramucirumabem byla ocekdvana
synergie pri uziti angiogenniho a multikinazového inhibitoru. Ramucirumab/merestinib
byl kombinovan se standardni chemoterapii zaloZené na gemcitabinu a cisplatinég, ktera
je zakladnim chemoterapeutickym schématem v prvni linii 1é¢by pacienti
s neresekabilnim nebo metastatickym cholangiocelularnim karcinomem.3¢ Primarnim
cilem bylo preziti bez progrese hodnocené zkouSejicim. Pfi medianu sledovani
10,9 mésicli bylo dosaZeno medidnu prezZiti bez progrese 6,5 mésice (80 % CI 5,7-7,1) ve
skupiné s ramucirumabem, 7,0 mésicti (6,2-7,1) ve skupiné s merestinibem a 6,6 mésicti
(5,6-6,8) ve skupiné placeba. Bohuzel ani kombinace ani monoterapie nevedly ke zlepSeni
pribéhu metastatického onemocnéni.

Pfes intenzivni studium biomarkert antiangiogenni 1é¢by, nebyl spolehlivy marker
ucinnosti objeven. Jak jiZ bylo uvedeno, u neselektované populace znamena kombinace
s antiangiogenni 1éCbou piinos v celkovém preziti nékdy jen jednotky mésicti, avsak pri
retrospektivni analyze z ceského registru CORECT a vlastnim klinickym pozorovanim
identifikujeme jednotlivce, u nichZ kombinace s antiangiogenni 1écbou vede k dlouhodobé
remisi onemocnéni. Retrospektivni pozorovani bohuZel neumoZiuje analyzu imunitnich

35 FUCHS, C. S., K. SHITARA ... R. OBERMANNOVA et al. Ramucirumab with cisplatin and fluoropyrimidine as first-line
therapy in patients with metastatic gastric or junctional adenocarcinoma (RAINFALL): a double-blind, randomised,
placebo-controlled, phase 3 trial. Lancet Oncology. 2019, 20(3), 420-435.

36 VALLE, J. W., A. VOGEL ... R. OBERMANNOVA et al. Addition of ramucirumab or merestinib to standard first-line
chemotherapy for locally advanced or metastatic biliary tract cancer: a randomised, double-blind, multicentre, phase 2
study. Lancet Oncology. 2021, 22(10), 1468-1482.
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biomarkerii u respondéri, kterd by oveérila hypotézu souvislosti CD4/C8 a Treg
subpopulace s OS pri terapii antiangiogenni lécbou. Synergisticky efekt antiangiogenni
lécby a imunoterapie je efektivni nejen u vysoce imunogennich nadort, jako jsou
karcinom ledviny ¢i karcinom plic, ale i u nékterych gastrointestindlnich nadord, napf-.
u hepatocelularniho karcinomu. Signalni draha PD-1/PD-L1 je casto hyperaktivovana
v mikroprostredi nadoru. Jedna se o mechanismus, jak uniknout smrti, zprostredkovany
cytotoxickymi T bunikkami (CD8+), pricemz klicovou roli hraje upregulace imunitniho
kontrolniho proteinu PD-L1 na imunitnich a nadorovych bunkach. To spolu se zvySenou
imunosupresivni regulacni populaci T bunék nakonec vede k downregulaci cytotoxické
odpovédi prostiednictvim dysfunkce CD8+ T bunék, které exprimuji PD-1. Ukazalo se, Ze
exprese proteinu PD-L1 na povrchu nadorovych a imunitnich bunék je prediktivni pro
odpovéd’ na anti-PD-1/PD-L1. BohuZel ale neni mikroprostredi PD-L1 pozitivniho nddoru
(kolorektalni karcinom ¢i karcinom Zaludku jsou toho dobrym ptikladem) vzdy priznivé
k dosaZeni klinického efektu monoterapii checkpoint inhibitory a pravé kombinace
s antiangiogenni 1éCbou je nadéjnym postupem. Studie u karcinomu Zaludku naznacuje
vyznam synergie a moznost vynechat chemoterapii i v ramci prvni linie onemocnéni.3”
Studie u kolorektalniho karcinomu probihaji.38

37 CHAU I, PENEL N, SORIANO AO, ARKENAU HT, CULTRERA ], SANTANA-DAVILA R, CALVO E, LE TOURNEAU C,
ZENDER L, BENDELL JC, MI G, GAO L, MCNEELY SC, OLIVEIRA JM, FERRY D, HERBST RS, FUCHS CS. Ramucirumab in
Combination with Pembrolizumab in Treatment-Naive Advanced Gastric or GE] Adenocarcinoma: Safety and Antitumor
Activity from the Phase 1a/b JVDF Trial. Cancers (Basel). 2020, 12(10), 2985.

38 ANTONIOTTI C, BORELLI B, ROSSINI D, PIETRANTONIO F, MORANO F, SALVATORE L, et al. AtezoTRIBE:
A Randomized Phase II Study of FOLFOXIRI Plus Bevacizumab Alone or in Combination with Atezolizumab as Initial
Therapy for Patients with Unresectable Metastatic Colorectal Cancer. BMC Cancer. 2020, 20(1), 683.
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Background: The RAISE phase |l clinical trial demonstrated that ramucirumakbs + FOLFIRI improved overall survival (OS)
hazard ratio (HR) =0.844, P=0.0219] and progression-free survival (PFS) (HR=0.793, P<0.0005) compared with
placebo + FOLFIRI for second-line metastatic colorectal carcinoma (MCRC) patients previously treated with first-line bev-
acizumab, oxaliplatin, and a fluoropyrimidine. Since some patient or disease characteristics could be associated with dif-
ferential efficacy or safety, prespecified subgroup analyses were undertaken. This report focuses on three of the most
relevant ones: KRAS status (wild-type versus mutant), age (<65 versus >65 years), and time to progression (TTP) on first-
line therapy (<6 versus >6 months).

Patients and methods: OS and PFS were evaluated by the Kaplan—Meier analysis, with HR determined by the Cox
proportional hazards model. Treatment-by-subgroup interaction was tested to determine whether treatment effect was
consistent between subgroup pairs.

Results: Patients with both wild-type and mutant KRAS benefited from ramucirumab + FOLFIRI treatment aver placebo
+FOLFIRI (interaction P=0.526); atthough numerically, wild-type KRAS patients benefited more (wild-type KRAS:
median 08 =14.4 versus 11.9 months, HR=0.82, P =0.049; mutant KRAS: median 0S=12.7 versus 11.3 months,
HR=0.89, P=0.263). Patients with both longer and sherter first-line TTP benefited frem ramucirumab (nteraction
P =0.9434), although TTP <8 menths was associated with poorer CS (TTP >6 menths: median OS=14.3 versus 12.5
months, HR =0.86, P=0.061; TTP <6 months: median OS =10.4 versus 8.0 months, HR =0.86, P=0.276). The sub-
groups of patients >65 versus <65 years also derived a similar ramucirumab survival benefit (interaction £ =0.9521) (>65
years: median OS = 13.8 versus 11.7 months, HR =0.85, P=0.156; <65 years: median OS =13.1 versus 11.9 months,
HR = 0.86, P =0.098). The safety profile of ramucirumab + FOLFIRI was similar across subgroups.
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Conclusions: These analyses revealed similar efficacy and safety among patient subgraups with differing KRAS muta-
tion status, longer or shorter first-line TTP, and age. Ramucirumab is a beneficial addition to second-line FOLFIRI treat-

ment for awide range of patients with mCRC.
Trial registration: ClinicalTrials.gov, NCT01183780

Key words: ramucirumab, metastatic colorectal carcinoma, CRC, VEGFR-2, RAISE, phase |l clinical trial

introduction

Metastatic colorectal carcinoma (mCRC) develops in approxi-
mately half of patients diagnosed with the disease [1]. The poor
prognosis and 5-year survival rate (13.5%) of patients with
mCRC drives ongoing efforts to find treatments that slow its
progression [2].

Adding anti-angiogenic agents to chemotherapy to improve
outcomes has become standard of care for treatment of mCRC
[1, 3]. Vascular endothelial growth factor A (VEGF-A) is a key
stimulator of capillary growth [4]. Evidence suggests that
VEGF-A interaction with VEGF Receptor 2 (VEGFR-2) is an
important mediator of vascular growth in tumors [5, 6]. Some
anti-angiogenic agents, such as bevacizumab, bind to circulating
VEGF molecules, eliminating their ability to bind to VEGF
receptors, thus blocking their mitogenic effects. Preventing
growth factor-receptor interaction by blocking the binding site
on the VEGF-R is a different strategy to disrupt the VEGF
angiogenic pathway.

Ramucirumab (IMC-1121B, Eli Lilly and Company) is a fully
human IgGl monoclonal antibody that binds to the VEGFR-2
extracellular domain with high affinity (K4 50 pM), preventing
binding of all VEGF ligands and ensuing receptor activation [7].
The RAISE trial showed that second-line ramucirumab in com-
bination with irinotecan, felinic acid, and 5-fluorouracil
(FOLFIRI) improved survival in patients with mCRC following
progression during or after first-line combination therapy with
bevacizumab, oxaliplatin, and a fluoropyrimidine [8]. Overall
survival (OS) for the ramucirumab + FOLFIRI arm was 133
months compared with 11.7 months in the placebo + FOLFIRI
arm [hazard ratio, HR=0.844, 95% confidence interval (CI)
0.730-0.976, P=0.0219]. Likewise, progression-free survival
(PFS) was extended in the ramuciramab + FOLFIRI arm over
the placebo+ FOLFIRI arm (HR 0.793, 95% CI 0.697-0.903,
P <0.0005) [8].

A consistent OS and PFS benefit for ramucirumab + FOLFIRT
was observed across prespecified subgroups in the RAISE
trial. The subgroups had been chosen to reflect stratification
factors, regulatory requirements, and known prognostic and
disease factors. Some tumor or patient characteristics are known
to be associated with differential efficacy or safety among sub-
groups of patients with mCRC. For example, patients with acti-
vating KRAS mutations (exon 2) are resistant to anti-EGFR
therapy, whereas patients with no activating KRAS mutations
may benefit from that type of treatment [9]. Advanced age has
been associated with more pronounced or frequent safety con-
cerns; as a result, the risk-benefit balance of cancer treatments
in the elderly population has been under scrutiny [10]. In some
cases, patients with more and less aggressive disease, as assessed
by time to progression (TTP) on first-line therapy, could have
differential responsiveness to second-line therapy [11].
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Given the importance of identifying patients who are most
likely to benefit from ramucirumab treatment of mCRC, the
prespecified data analyses presented here further examine these
three key subgroup pairings: KRAS mutation status (mutant,
wild type), age (<65 years and >65 years old), and TTP after
start on first-line therapy (<6 and >6 months). The objective
was to determine whether any of these three characteristics was
associated with a differential outcome to ramucirumab’s anti-
VEGF pathway effects.

methods

study design

The study design and conduct of the global, randomized, double-blind,
placebo-controlled phase III RAISE trial was previously reported [8] and is
summarized in the supplementary material, available at Annals of Oncology
online.

statistical analyses
The Kaplan-Meier method was used to estimate the median PFS and OS of
each arm in RAISE patient KRAS, age, and TTP subgroups. For each sub-
group, HRs and 95% Cls were calculated by unstratified Cox proportional
hazards model, and the log-rank test was used to compare the survival distri-
butions between the two arms. To determine whether the treatment effect
was consistent between subgroup pairs, a treatment-by-subgroup interaction
P-value was calculated based on Wald test in unstratified Cox proportional
hazards model. A multivariate Cox regression analysis of OS time was used
to assess the treatment effect after adjusting important prognostic factors.
Safety analyses included all patients who received at least one dose of any
study drug. Subgroup analyses of safety data were carried out for treatment-
emergent adverse events (TEAEs), overall, and by maximum CTCAE grade.
Statistical tests and Cls used a two-sided 0.05 a-level, whereas tests of inter-
actions used two-sided 0.10. SAS (version 9.1.2 or higher) software was used
for all statistical analyses.

results

The RAISE phase III clinical trial enrolled 1072 patients, with
536 patients in each arm: ramucirumab + FOLFIRI arm and
placebo + FOLFIRT (intent-to-treat, ITT population). Among
these patients, 529 in the ramucirumab + FOLFIRI arm and 528
in the placebo + FOLFIRI arm received >1 dose of treatrment
and comprised the safety population. At the time of primary
analysis, there were 769 patient deaths, with a censoring rate of
31.6% for ramucirumab + FOLFIRI and 25.9% for placebo+
FOLFIRL. In the trial population, baseline demographic, disease,
and pre-treatment characteristics were balanced across treat-
ment arms [8]. Among all study patients, 83% had >3 months
of first-line bevacizumab.

Approximately half of the patients had KRAS exon 2 mutant
(n=542) and wild-type (n=530) tumors, respectively. Within
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each KRAS subgroup, baseline patient and tumor characteristics
were balanced between treatment groups (supplementary
Table 81, available at Annals of Oncology online). Patients were
also divided into subgroups of those with more or less aggressive
disease, as defined by those progressing on first-line therapy in
<6 months (n=254) versus >6 months (1 = 818), respectively.
‘Within these T'TP subgroups, baseline patient and tumor char-
acteristics were balanced between treatment groups (supplemen-
tary Table $2, available at Annals of Oncology online). Likewise,
age subgroups, <65 years (n=645) and >65 years (n=427),
exhibited a balanced distribution of patient and tumor charac-
teristics between treatment arms (supplementary Table S3,
available at Annals of Oncology online).

Although the study was not powered for subgroup analysis,
there was a consistent positive ramucirumab treatment effect in
all subgroups analyzed, including those defined by KRAS muta-
tion status (Figure 1). Second-line treatment with ramucirumab
+ FOLFIRI significantly improved OS in patients with wild-type
KRAS (HR=0.82, 95% CI 0.67-1.00, P=0.049) (Figure 2A).
The median OS for that patient population was 14.4 months for
the ramucirumab + FOLFIRI arm versus 11.9 months for the
placebo + FOLFIRI arm. PFS was also significantly improved
(HR =077, 95% CI 0.65-0.92, P=0.004) (Figure 2C). Patients
with mutant KRAS exhibited a directional improvement in OS

Annals of Oncelogy

(HR = 0.89, 95% CI 0.73-1.09, P=0.263); the median OS was
12.7 months for the ramucirumab + FOLFIRI arm versus 11.3
months for the placebo + FOLFIRI arm. PFS also displayed dir-
ectional improvement (HR = 0.84, 95% CI 0.70-1.00, P = 0.056)
(Figure 2B and D). For both efficacy end points, there was no
significant interaction between treatment and KRAS subgroups
(interaction P =0.505 for OS and 0.526 for PFS) (Figure 1), sug-
gesting that ramucirumab can benefit patients regardless of
KRAS mutation status. Efficacy data for this subgroup and
others are summarized (supplementary Table S4, available at
Annals of Oncology online).

To determine whether anti-EGFR post-discontinuation
therapy influenced the magnitude of OS and PFS for the wild-
type KRAS patients, we reviewed post-discontinuation therapy
data. All post-discontinuation treatments were well balanced
between arms. Anti-EGFR therapy was administered to 27.1%
of all patients after progression on ramucirumab + FOLFIRI
or placebo + FOLFIRI. Almost all of these patients were KRAS
wild-type (95.5%). Examining just the wild-type KRAS popu-
lation, patients receiving post-discontinuation anti-EGFR
therapy were evenly distributed between arms [ramucirumab:
132 patients (49.4%) and placebo: 145 patients (52.7%)].
Thus, the improvement in OS and PFS in the KRAS wild-type
patients is unlikely to be related to post-discontinuation anti-
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Figure 1. Forest plots for (A) overall survival and (B) progression-free survival in subgroups. Hazard ratios (HRs) and 95% confidence intervals (Cls) are

shown for subgroups as defined by baseline patient and tumor characteristics. CEA, carcinoembryonic antigen; ECOG PS, Eastern Cooperative Oncology

Group performance status; RAM, ramucirumab; PBO, placebo; TTP, time to progression.
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Fig. 1 Continued

EGFR therapy since that variable was well balanced between
arms.

Patient subgroups based on first-line TTP also exhibited a
treatment effect in favor of the ramucirumab arm for both effi-
cacy end points, Patients who had progressed in >6 months
showed directional survival improvement (HR=0.86, 95% CI
0.73-1.01, P =0.061), with a median OS of 14.3 months for the
ramucirumab + FOLFIRI arm versus 12.5 months for the
placebo + FOLFIRI arm, and significant improvement in PFS
(HR =0.83, 95% CI 0.72-0.96, P=0.013) (Figure 3A and C).
Treatment with ramucirumab also led to better efficacy outcomes
among the 24% (254/1078) of patients who progressed on first-
line therapy in <6 months: median OS = 10.4 versus 8.0 months,
HR = 0.86, 95% CI 0.64-1.13, P = 0.2759; PFS HR = 0.68, 95% CI
0.52-0.89, P=0.0042 (Figure 3B and D). There was no inter-
action between first-line TTP status and treatment effect for
either efficacy end point (OS interaction P =0.9434; PFS$ inter-
action P = 0.1142) (Figure 1), showing that ramucirumab benefits
patients who progress both more and less rapidly on first-line
therapy. However, first-line TTP (<6 versus >6 months) was
found to be a prognostic factor for second-line mCRC patients:
HR = 1.55 (95% CI1.31-1.84, Wald’s P < 0.0001).

Both age subgroups also benefited from treatment with ramu-
cirumab. In the >65 years subgroup, there was directional im-
provement in both OS (HR = 0.85, 95% CI 0.68-1.07, P=0.156)
and PFS (HR=0.82, 95% CI 0.67-1.00, P=0.051) (Figure 4A
and C), with a median OS of 13.8 versus 11.7 months. The <65
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years subgroup displayed similar improvement in OS
(HR = 0.86, 95% CI 0.72-1.03, P =0.098), with a median OS of
13.1 versus 11.9 months (Figure 4B). PFS was significantly
improved in the ramucirumab-treated arm (HR =0.77, 95% CI
0.66-0.92, P=0.0027) (Figure 4D). The treatment effect was not
statistically different between patients younger and older than 65
vears, demonstrated by the lack of treatment-by-subgroup inter-
action (Figure 1), thus ramucirumab can positively affect efficacy
for both older and younger patients,

The incidence of ‘all grade’ and grade >3 TEAEs in the sub-
groups was relatively consistent across patient KRAS mutation
and first-line TTP subgroups (supplementary Table 85, available
at Annals of Oncology online). TEAEs that occurred more fre-
quently among patients treated with ramucirumab + FOLFIRI
(neutropenia, thrombocytopenia, stomatitis, epistaxis, hyperten-
sion) were elevated to a similar extent in both paired subgroups.
Special interest TEAEs (those associated with anti-VEGF ther-
apies) showed an equivalent incidence across KRAS and first-
line TTP subgroups (supplementary Table $6, available at
Annals of Oncology online).

Because age can be associated with a higher incidence of
TEAEs for some treatments, we also examined subgroups with
65 and 75 years as the cut-off (Table 1). For many TEAEs, older
patients had a similar incidence as younger patients. For those
TEAEs that occur more frequently with age (e.g. decreased
appetite and fatigue), the increased incidence was of similar
magnitude in both the ramucirumab + FOLFIRI and placebo +

79

dair10.1098/anmorc/mawd02 | 2085



A OS by wild-type KRAS stalus

Annals of Oncelogy

B OS by mutant KRAS status
1.0

RAM +FOLFIRI PBO+FOLFIRI RAM +FOLFIRI PBO+FOLFIRI
094 Patients 267 275 084 Patients 269 261
08 - Median, months  14.4 19 08 Median, months  12.7 13
(95% Clj (127, 16.14) (108,183) (95% ClI) (118,140) (108,129
a5 R HR (95% Gl 0.62(067.10)  (unstratified) = %77 HR (95% Cl) 089 (0.73,1.08) (Unstratified)
% 08+ Pvalue (log-rank)  0.049 (unstratified) § 08+ P-value {log-rank)  0.2683 (unstratified)
3 05 2 054
= =
§ 044 g 0.4
S 03 S 084
024 024
01+ 01+
0o T 1 00 T 1
0 3 6 9 12 15 18 21 24 27 30 83 38 39 42 0] 3 6 9 12 15 18 21 24 27 30 33 38 39 42
Time (months) Time {months)
C PFS by wild-type KRAS status D PFS by mutant KRAS status
1.0 4 104
064 RAM + FOLFIRI PBO+ FOLFIRI 0o RAM +FOLFIRI PBO+FOLFIRI
Patients 267 275 Patients 269 261
7 9B & Median, months 57 47 g 984 Median, months 58 4.3
% 074 (95% GI) (55862) (42586 % 074 (95% CI) (51,68) 41.54)
2 e HR (95% Cl) 0 77 (0650.92)  (unstratified) 2 s HR (95% Cl) 0.84 (0.70,1.00) (unstratified)
& P-value {log-rank) 0.004 (unstratified) o P-value (log-rank)  ©.056 (unstratified)
£ 054 2 W5
S 044 S 044
% 03 %’) 0.3+
Fo02- 2024
04 4 014
00+ 0.0 4

T
18 21 24 2F 30 33 36 38 42
Time {months)

Time {months)

Figure 2. Graphs of the Kaplan-Meier estimates of (A and B) overall survival and (C and D) progression-free survival by wild-type (A and C) and mutant (B
and D) KRAS status. CI, confidence interval; HR, hazard ratio; RAM, ramucirumab; PBO, placebo; #, number of patients; OS, overall survival (months); PFS,

progression-free survival (months).

FOLFIRI arms. Examination of the TEAEs associated with anti-
VEGF therapies found they were not elevated in either the >65
or >75 subgroup of patients (supplementary Table $7, available
at Annals of Oncology online).

As previously reported [8], ramucirumab dose adjustments
(reductions, omissions, delays) and discontinuations showed
some greater incidence in the ramucirumab treatment arm;
however, there was no difference in incidence within KRAS,
TTP, or age subgroups (data not shown).

discussion

The inherent heterogeneity of mCRC complicates identifying
patients more likely to benefit from treatment. Predicting
patients more likely to benefit from the addition of ramuciru-
mab to FOLFIRI second-line therapy would be useful to balance
its potential benefit with possible increased toxicities, in add-
ition to quality-of-life and economic considerations. This report
focused on the KRAS, first-line TTP, and age subgroups in the
RAISE population since they are important as prognostic or pre-
dictive factors and may affect safety.

KRAS status had been shown to impact anti-EGFR treatment
[9], thus prompting the question whether it also affected the effi-
cacy of anti-angiogenic treatments. Our examination of the
VEGFR2 antibody ramucirumab showed that patients with both
mutant and wild-type KRAS derived benefit from ramucirumab +
FOLFIRI treatment (interaction P = 0.526), although numerically,
wild-type KRAS patients benefited more (mutant KRAS: median

08=12.7 versus 11.3 months, HR=0.89, P=0.263; wild-type
KRAS: median OS=144 wversus 11.9 months, HR=0.82,
P=0.049). Likewise, KRAS status did not change the effect of
second-line bevacizumab on OS in the TML trial (interaction
P=0.1266) [12]. However, patients with KRAS mutations in the
TML trial did seem to derive less benefit from the bevacizumab-
chemotherapy combination versus chemotherapy alone (median
0$=104 versus 100 months, HR=0.92, P=04969) than
patients with wild-type KRAS (median OS=154 versus 11.1
months, HR = 0.69, P =0.0052) [12]. As in the RAISE study, this
result may have been impacted by the study not having been
powered to detect differences in subgroups, Whether KRAS status
impacts the treatment effect of second-line aflibercept + FOLFIRI
on the OS of the VELOUR mCRC patients has not been reported
to date.

Other gene mutations have also been identified as impacting
treatment of advanced CRC. BRAF mutation and extended
RAS mutations other than KRAS exon 2 have also been found
to reduce benefit from anti-EGFR therapies [13]. Post ltoc ana-
lyses are being undertaken to characterize extended RAS and
BRAF mutations in RAISE patient tumor samples to verify that
these other mutations do not interfere with ramucirumab
benefit.

Before this study, there was some indication that TTP <6
months after beginning first-line treatment may be a negative
prognostic factor among patients undergoing irinotecan-based
second-line therapy [11]. The RAISE study stratified patients by
first-line TTP <6 versus >6 months and then examined the data
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Figure 3. Graphs of the Kaplan-Meier estimates of (A and B) overall survival and (C and D) progression-free survival by time to progression on first-line
therapy >6 months (A and €) and <6 months (B and D). CI, confidence interval; HR, hazard ratio; RAM, ramucirumab; PBO, placebo; #, number of patients;
08, overall survival {months); PES, progression-free survival (months); TTP, time to progression.
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Figure 4. Graphs of the Kaplan-Meier estimates of (A and B) overall survival and (C and D) progression-free survival by age >65 (A and C) and <65 (B and D)
years. C, confidence interval; HR, hazard ratio; RAM, ramuciramab; PBO, placebo; #, number of patients; OS, overall survival (months); PES, progression-free
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Preferred term Any grade Grade >3
RAM + FOLFIRI PBO + FOLFIRI RAM + FOLFIRI PBO + FOLFIRI
Age >65 Age <65 Age 265 Age <65 Age >65 Age <65 Age >65 Age <65
n=209 n=320 n=212 n=316 n=209 n=320 n=212 n=316
1 (%) (%) 7 (%) 7 (%) 1 (%) (%) 7(%) (%)
Neutropenia 124(59.3) 187 (584) 108 (50.9) 133 (42.1) 81(38.8) 122 (38.1) 59 (27.8) 64 (20.3)
Thrombocytopenia 72 (34.4) 78 (244) 31 (14.6) 41 (13.0) 8(3.8) 8(2.5) 1(0.5) 3(0.9
Anemia 34(16.3) 52 (163) 19 (23.1) 61 (19.3) 2(1.0) 6(1.9) 7(33) 12(3.8)
Diarrhea 139 (66.5) 177 (553) 114 (53.8) 157 (49.7) 29(13.9) 28 (8.8) 22 (10.4) 29 (9.2)
Fatigue 133 (63.6) 172 (53.8) 114 (53.8) 161 (50.9) 32(15.3) 29 (9.1) 23 (10.8) 18(5.7)
Nausea 95 (45.5) 167 (522) 96 (45.3) 175 (55.4) 4(1.9) 9(2.8) 3(14) 11(3.5)
Decreased appetite 92 (44.0) 106 (33.1) 66 (31.1) 78 (24.7) 9(4.3) 4(1.3) 5(24) 5(1.6)
Stomatitis 64 (30.6) 99 (30.9) 52 (24.5) 58 (18.4) 11(5.3) 9(2.8) 5 (2.4) 529
Epistaxis 77 (36.8) 100 (313) 37 (17.5) 42 (13.3) 0 0 0 0
Vomiting 50 (23.9) 104 (32.5) 52 (24.5) 92 (29.1) 4(1.9) 11(34) 4(L9) 9(2.8)
Alopecia 66 (31.6) 89 (27.8) 72 (34.0) 93 (29.4) NA NA NA NA
Abdominal pain 18 (23.0) 92 (288) 52 (24.5) 87 (27.5) 5(2.4) 13 (4.1) 9(4.2) 10(32)
Constipation 60 (28.7) 91 (284) 51 (24.1) 69 (21.8) 2(1.0) 3(0.9) 3(14) 5(1.6)
Hypertension 17 (22.5) 89 (27.8) 17 (8.0) 28 (8.9) 22(10.5) 35 (10.9) 5 (2.4) 10(32)
Peripheral edema (28.7) 18 (15.0) 26 (12.3) 22 (7.0) 0 1(03) 0 0
Age>75 Age <75 Age>75 Age <75 Age >75 Age <75 Age>75 Age <75
n=>51 n=478 n=41 n=487 n=51 n=478 n=41 n =487
n (%) (%) 7 (%) n (%) n (%) n (%) #n(%) n (%)
Neutropenia 27 (52.9) 284 (59.4) 20 (48.8) 221 (45.4) 20 (39.2) 183 (38.3) 14 (34.1) 109 (22.4)
Thrombocytopenia 11 (21.6) 139 (29.1) 6 (14.6) 66 (13.6) 0 16 (3.3) 0 4(0.8)
Anemia 10 (19.6) 76 (159) 13 (31.7) 97 (19.9) 1(2.0) 7(1.5) 1(2.4) 18(37)
Diarrhea 34 (66.7) 282 (59.0) 19 (46.3) 252 (51.7) 7 (13.7) 50 (10.5) 1(9.8) 47 (9.7)
Fatigue 19 (76.5) 266 (55.6) 23 (56.1) 252 (51.7) 14 (27.5) 47 (9.8) 6(14.6) 35(7.2)
Nausea 18 (35.3) 244 (51.0) 16 (39.0) 255 (52.4) 0 13(2.7) 0 14 (2.9)
Decreased appetite 26 (51.0) 172 (36.0) 16 (39.0) 128 (26.3) 2(3.9) 1123) 3(7.3) 7(1.4)
Stomatitis 16 (31.4) 147 (30.8) 10 (24.4) 100 (20.5) 3(5.9) 17 (3.6) 2(4.9) 10 (2.1)
Epistaxis 17 (33.3) 160 (33.5) 6 (14.6) 73 (15.0) 0 0 0 0
Vomiting 9(17.6) 145 (303) 10 (24.4) 134 (27.5) 1(2.0) 14(2.9) 0 13 (27)
Alopecia 18 (35.3) 137 (287) 12 (29.3) 153 (31.4) 0 0 0 0
Abdominal pain 11 (21.6) 129 (27.0) 7 (17.1) 132 27.1) 0 18 (3.8) 1(24) 18(37)
Constipation 16 (31.4) 135 (2822) 10 (24.4) 110 (22.6) 0 5(1.0) 1(24) 7 (1.4)
Hypertension 7 (13.7) 129 27.0) 2 (4.9) 43 (8.8) 3(5.9) 54(11.3) 0 15(3.1)
Peripheral edema 18 (35.3) 90 (18.8) 6 (14.6) 42 (8.6) 0 1(02) 0 0
#, safety population; NA, not applicable; PBO, placebo; RAM, ramucirumab; TEAE, treatment-emergent adverse event.
*TEAEs that occur in >20% of patients at any grade in either treatment arm, and grade >3 TEAEs that occur in >5% of patients in either treatment arm.
TEAE graded by NCI-CTCAE v4.0. Terms in italics are consolidated terms, that is, a composite term consisting of multiple related preferred terms based
on Standardized MedDRA Queries (SMQ) and medical review.

following the study to determine whether TTP on first-line
therapy was prognostic for OS, The median OS of patients who
progressed on first-line therapy in <6 months was 10.4 months
for ramucirumab + FOLFIRI versus 8.0 months for placebo +
FOLFIRI. Patients who progressed on first-line therapy in >6
months exhibited a median OS of 14.3 versus 12.5 months, re-
spectively, TTP <6 months on first-line therapy is prognostic for
poorer median OS (in this study, ~4 months), but both patients
with longer and shorter first-line TTP received benefit from the
addition of ramucirumab to standard FOLFIRI treatment. This
result differentiates the RAISE study from the TML registration
trial for second-line bevacizumab that excluded patients who
progressed in <3 months on first-line bevacizumab with

chemotherapy [14]. (The TML study also excluded patients who
received <3 months of continued bevacizumab treatment in the
first-line, whereas the RAISE study included both groups.) Since
ramucitumab efficacy is similar in patients with both longer and
shorter time to first-line progression and with either mutant or
wild-type KRAS status, oncologists might consider it a beneficial
addition to second-line chemotherapy.

Pooled analyses have shown that the efficacy of combination
chemotherapy in healthy older mCRC patients is similar to that
in younger patients [15-17]. However the declining physiologic
reserves and organ function associated with aging reduces the
ability of older patients to compensate for stressors such as
chemotherapy and infection, thus increasing the incidence and
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severity of TEAE in older patients for some chemotherapies
[18]. Our analyses of the >65 versus <65 years RAISE patient
subgroups confirmed an equivalent ramucirumab + FOLFIRI
treatment benefit (interaction P = 0.9521 for OS and 0.6965 for
PFS). We also compared the incidence of all grade TEAEs and
grade 3/4 TEAEs within the <65 and >65 age groups and found
that those TEAEs associated with ramucirumab treatment were
elevated to a similar extent in both age subgroups. Although the
addition of ramucirumab to chemotherapy has been found to
cause a manageable increase in grade >3 neutropenia [38.4%
versus 23.3%, with low (~3%) and similar febrile neutropenia
between arms] and grade >3 hypertension (11.2% versus 2.8%)
[8], neither neutropenia nor hypertension was further elevated
in elderly patients. The same results held true for subgroups
defined by age 75; however, the small size of the >75 subgroup
requires confirmation of this result.

Treatment-by-subgroup interaction test was utilized in these
analyses. This test largely had low statistical power as the study
was not powered for testing treatment-by-subgroup interaction.
However, given the generally large P-values, the presence of real
interactions was not suppotted by the data.

The RAISE trial showed that the addition of ramucirumab to
FOLFIRI demonstrated a consistent and clinically meaningfal
survival benefit for patients with mCRC who progressed on or
after first-line combination therapy with bevacizumab, oxalipla-
tin, and a fluoropyrimidine. The detailed analyses presented
here reveal no efficacy or safety difference in response among
patients with differing KRAS mutation status, longer or shorter
first-line TTP, and age. Ramucirumab + FOLFIRI is an effective
second-line treatment for a wide range of patients with mCRC.
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Circulating T cell subsets are associated ®

with clinical outcome of anti-VEGF-based

1st-line treatment of metastatic colorectal
cancer patients: a prospective study with

focus on primary tumor sidedness
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Abstract

Background: In a prospective study with long-term follow-up, we analyzed circulating T cell subsets in patients
with metastatic colorectal cancer (mCRC) in the context of primary tumor sidedness, KRAS status, and clinical
outcome. Our primary goal was to investigate whether baseline levels of circulating T cell subsets serve as a
potential biomarker of clinical outcome of mCRC patients treated with an anti-VEGF-based regimen.

Methods: The study group consisted of 36 patients with colorectal adenocarcinoma who started first-line
chemotherapy with bevacizumab for metastatic disease. We quantified T cell subsets including Tregs and CD8T T
cells in the peripheral blood prior to therapy initiation. Clinical outcome was evaluated as progression-free survival
(PFS), overall survival (OS), and objective response rate (ORR).

Results: 1) mCRC patients with KRAS wt tumors had higher proportions of circulating CD8" eytotoxic T cells among
all T cells but also higher measures of T regulatory (Treg) cells such as absolute count and a higher proportion of
Tregs in the CD4™ subset. 2} A low proportion of circulating Tregs among CD4™ cells, and a high CD&Treg ratio at
initiation of VEGF-targeting therapy, were associated with favorable clinical outcome. 3} In a subset of patients with
primarily right-sided mCRC, superior PFS and OS were observed when the CD&Treq ratio was high.

Conclusions: The baseline level of circulating immune cells predicts clinical outcorne of 1st-line treatment with the
anti-VEGF angio/immunomodulatory agent bevacizumab. Circulating immune biomarkers, namely the CD8Treg
ratio, identified patients in the right-sided mCRC subgroup with favorable outcome fallowing treatment with 1st-
line anti-VEGF treatrent.

Keywords: Metastatic colorectal cancer, T cell subsets, Regulatory T cells, Antiturnor immune response, Anti-VEGF,
Primary colorectal carcinoma sidedness
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Background

Immune cells play a crucial role in control of tumor growth,
potentially leading to elimination of cancer cells even while
immunosuppression contributes to evasion by malignant
cells. Cytotoxic CD8" T cells (CTLs) represent cne of the
mest important effectors of anti-cancer immunity [1]. Accu-
mulation of CD8" cells in solid tumers of various origins in-
cluding colorectal carcinoma [2—6] has been associated with
favorable prognosis and has led to definition of the immuno-
scere concept that is now emerging in clinical practice in the
management of colorectal cancer [7, 8].

Regulatory T cells (Tregs) prevent immune hypersensitivity
and extensive inflammatory responses. However, through their
immunosuppressive properties, Tregs can contribute to escape
of tumor cells from immune surveillance [9]. A connection
between a high number of Tregs and worse prognosis has
been described in several tumor types (reviewed in [10]).
There are at least two major subsets of Tregs; natural Treg
cells (nTregs) that are generated in the thymus and are consti-
tutively present in bloed and lymphoid organs, and induced
(or inducible) Tregs (iTregs) that develop outside of the thy-
mus from naive T cells during immune responses [9]. nTregs
can be recognized by their CD4* CD25* FoxP3* D127~
neuropilin® surface immunophenctype [9; 11]. In cancer pa-
tients, Tregs can be detected in beth the peripheral blood cir-
culation and in the tumor microenvironment (TME),
although mechanisms regulating the homing of Tregs into
and from the TME are not yet fully elucidated. Nevertheless,
in colon cancer patients, cancer-associated circulating Tregs
have been shown to inhibit proliferation of autologous T cells
[12] and effector T cell migration intoc tumors through an
adencsine-dependent mechanism [13]. Moreover, the TME
and gut microbiome contribute to Treg plasticity and hetero-
geneity [14, 15] and also consequently te the differential prog-
nostic role of Tregs in colorectal cancer [16-18]; for example,
in the context of primary colorectal cancer, Tregs may play
both an anti-inflammatory and also a potentially anti-cancer
role. In metastatic CRC, as well as other cancer types includ-
ing breast cancer [19], pancreatic cancer [20], and head-and-
neck squamous cell cancer [21], elevated numbers of circulat-
ing Tregs may be related to worse prognoss.

CRC is a heterogeneous disease that develops through
different molecular pathways affecting distinct gene ex-
pression, tumor and TME phenotype, and tumor behavior
[22-25]. Consensus molecular subtype (CMS) numbers 1-4
have been associated with distinct immune characterization,
as 1) immune activated, highly immunogenic CMS1 tumors
of hypermutated microsatellite instable origin with increased
infiltration of immune effector cells into the TME [26-28], 2)
canonical CMS2 and metabolic CMS3 subtypes which are
generally immune-ignorant, and 3) mesenchymal CMS4 tu-
mers with inflamed, immune-tolerant TMEs representing the
subtype with dominant immunosuppressive features (TGF-B,
myeloid-derived suppressor cells / MDSC, Tregs, Th17).
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Metastatic colorectal cancer is an incurable disease treated
in a palliative setting by chemotherapy or chemotherapy plus
the anti-VEGF antibody bevacizumab as a tumor angiogenesis
modifying agent. Median progression-free survival is reported
to be 11.5 months and median overall survival is 29.5 months
from initiation of first line (1st-line) therapy with bevacizumab
and chemotherapy [29]. Together with its angiomodulatory
properties, bevacizumab may influence immune parameters
including cells of the adaptive immune response. Bevacizumab
partially reversed VEGF-induced inhibition of dendritic cell
development [30, 31] and VEGF-associated increases in Tregs
[32]. It has also been reported that bevacizumab can directly
decrease the level of Tregs and impair their function via VEGF
receptors expressed on the surface of Tregs [33]. Finally,
bevacizumab-based therapy was shown to increase circulating
B and T cells and these effects were associated with better
clinical outceme in mCRC [34].

In a prospective study, we analyzed circulating T cell sub-
sets in patients with metastatic colorectal cancer in the con-
text of primary tumor sidedness, KRAS status, and clinical
outceme. Our primary goal was to investigate whether base-
line levels of circulating immune cells could be a potential
biemarker of the clinical cutcome of mCRC patients treated
with an anti-VEGF-based regimen.

Methods

Study group

The prospective study group consisted of 36 patients with
histologically confirmed KRAS-tested metastatic adenocar-
cinoma of colon or rectum who began 1st-line treatment for
metastatic disease between November 2008 and May 2013.
A flow chart of patient enrcllment with detailed inclusion
and exclusion criteria is shown in Fig. 1. Briefly, consecutive
patients were older than 18 years, had an Eastern Coopera-
tive Oncology Group performance status of 0/1/2, and
signed inform consent. Exclusion criteria were: known alter-
ation of immune system (active infections or autoimmune
disorder); treatment with G-CSF; contraindication to treat-
ment with bevacizumab or its discontinuation; prior chemo-
therapy (CTx) for advanced disease, or adjuvant CTx less
than 6 months before enrollment onto study, cancer multi-
plicity. Choice of chemotherapy regimen was at the physi-
cians’ discretion. Bevacizumab was administered at a dose of
5 mg/kg IV with the 2-week regimen or at a dose of 7.5 mg/
kg IV with the 3-week regimen. Patients’ responses to treat-
ment and tumor measurements were evaluated with com-
puter tomography scan by a staff radiologist according to
RECIST criteria. PFS was defined as the time from the begin-
ning of treatment until the first cbservation of disease pro-
gression or death from any cause, while OS was defined as
the time from the beginning of treatment until death from
any cause. Patients were followed-up until death or loss to
follow-up. Survival rates were last updated in March 2018.
ORR was defined as the proportioen of patients who have a
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/" Inclusion criteria:

+ consecutive patients of 2 out of 8
oncology outpatient wards in MMCI

+ older than 18 years

* metastatic CRC previously untreated
with systemic treatment and
histologically confirmed
adenocarcinoma

+ intended for 1% line therapy with
defined chemotherapeutic regimen
and bevacizumab?!

+  ECOG performance status of 0/1/2

\_*__signed informed consent

B

Fig. 1 Stucy group cefinition. ! Intercen CTx regimen was chosen from among the following: CapeOX (oxaliplatin 130 mg/m? v day
citanine 1000 mg/m? twice daily per os (PO) for 14 days, repeat every 3 v i
m* twice daily PO for 14 days, reoeat every 3 weeks); FOI FOX£ {oxaliplatin 85 mg/m* intravenous {1V} day 7,
2, 5- “luerouracil 400 ma/m? 1V belus en day 1 and 2, 5- fluorouracil 800 mg/m? 22-h continueus Tnfusion days 1 and 2, repeat every 2 weexs);

{a

FOLFIR ¢

Mutation Test (Roche Diagnostizs).,

blacder cancer, or carcinama = situ of the orostate, cenvix, or breast, curatively treated with no evidence of disease for 23 years

Start: November 2008

Stop: May 2013

Assessed for eligibility
(N =88)

inolecan 780 mg/m’” IV day 1, Leucovorin 400 mg/m” IV day 1, 5- flucteuradil 400 mg/m? IV bolus day 1, then 5- Tucrouracil “ 200 mgy/
mé /d continucus infusion days 1 and 2, repeat every 2 weeks), Bevacizumab was adminstered en tne first day of each cycle at a dose of 5 mg/
kg I¥ 1 combination with the 2-week regimen and at a cose of 7.5 mg/kg IV with the 3-week regimen. 2 KRAS status was nct tested {ri
petformed o7 not arderad during the enrcliment perioc; for mCRC pat'ent managemeant; KRAS testing was parformed by 150 1518%-accredited
metheds; specifically 2008 - December 2011 by real time PCR methoc using TheraScreen (DxS); January 2012
orior malignancy except for lozally curable cancers such as basal or squamous cell skin cancer, supeficial

/Exclusion criteria: \

1) participation in other clinical trial

2) confirmed or suspected genetic syndrome, including
hereditary intestinal polyposis

3) unknown site of primary tumor; synchronous multiple
primary colorectal carcinomas

4) unknown KRAS status?

5)  cancer multiplicity*

6) adjuvantCTx less than 6 months prior to the enrollment
into the study

7)  autoimmunedisorder*

8) contraindication for bevacizumab*

9) treatment with G-CSF within 1 month prior to the blood
collection*

10)  active infections®*

\11) discontinuation of bevacizumab for adverse events** /

Study group
(N = 36)

Stop: March 2018

Lost to follow-up (continued
treatment elsewhere)
(N=1)

Analysed group
(N = 36)

cks); CapelRl (irinotecan 230 mg/m” cay 1, capecitadbire 1000 mg/
aucovorin 200 mg/m* W days 1 ang

et
May 2013 using the Cobas® KRAS

4 active, known,

or suspecled autloimmune disease 1 ystemic lreatment with Tmmuanosuppressive medication including chronic wlammalory bowel
disease (Crohn's disease or uicerative is;. ® active infection al the time of blood collection including dlinically significant ron-healing or
hearg weurc, ulcer. * exc usion criterion apoicable if appears before the blood cellection. ** exdusion criterion applicable * anoears before the

achievement of chjective clinical resoonse

partial or complete response to treatment. Baseline charac-
teristics of patients are summarized in Additional file 1:
Table S1.

Sample collection and lymphocyte count evaluation

Peripheral blood specimens were collected at initiation of
anti-VEGF treatment in a 26 mL S-Monovette” tube with
K;EDTA anticoagulant (Sarstedt, catalog number 04.1901) in
a phlebotomy room in close proximity to the laboratory where
analysis was performed. Blood specimens were mixed for

several minutes on a roller mixer. Immediately after that, ab-
solute lymphocyte count was obtained from the complete
blood count by a differential analyzer Sysmex XE 5000 (Sys-
mex Corporation, Japan). Absolute lymphocyte count was
used for caleulation of the absolute count of T cell subsets.

Flow cytometry - T cell subset quantification

Lymphocyte subsets were evaluated within 3 h of blood col-
lection. For Treg detection as CD3'CD4'CD25'CD127 o
cells and CD4' T cell detection, 50 ul. of whole blood was

87



Bencsikova et al. BMC Cancer (2019) 19:687

stained with a premixed cocktail of conjugated mAbs (Beck-
man Coulter) for the following markers, CD3-FITC (clone
UCHT1), CD25-PC5 (cdone B1499), CD4-PC7 (clone
13B8.2), and CD127-PE (clone R34.34) in concentrations ac-
cording to manufacturer instructions. The gating strategy
for CD3*CD4*CD25°CD127"°"* cells including details
on gating set-up and the analytical and statistical compar-
ability of CD257CD127""** and CD25"FoxP3" quantifi-
cation approaches are shown in Additional file 1: Figure
S1. CD8" cells were detected using 50 uL of whole blood
stained with tetraCHROME CD45-FITC/CD4-PE/CDS8-
ECD/CD3-PC5 multi-color reagent (Beckman Coulter) in
concentrations according to the manufacturer instruc-
tions. After a 15 min staining for Tregs or CD8" T-cells in
the dark, red blood cells were lysed for 15 min in the dark
by adding 600 L of VersaLyse Lysing Solution (Beckman
Coulter, France). Cells were subsequently analyzed using a
Cytomics FC 500 flow cytometer, hardware compensation
and CXP software (Beckman Coulter, USA).

Statistical analysis

Wilcoxon two-sample two-tailed test was used to compare
continuous variables between the two groups in the Results
section, part 1. Survival probabilities were estimated using
the Kaplan-Meier method in the Results section part II and
II. Log-rank test was used to assess the association of cat-
egorical variables with survival endpoints. Hazard ratios were
determined using Cox proporticnal hazard model. Logistic
regression was used to predict objective responses and to de-
termine odds ratio. The need for adjustment by common
biomarkers was considered in the Results section part II and
III. The Cox model with interaction term was used to com-
pare effects in subgroups in the Results sectien part IIL. Opti-
mal cut points of continuous variables with respect to the
survival endpoints were determined using the conditional
hazard function which was estimated using smoothing tech-
niques based en kernel methods [35]. Statistical comparison
of twe Treg quantification approaches was performed using
Bland-Altman plot and Passing-Bablok regression in MS
Excel. Conditional hazard functions were estimated in
MATLAB, other analyses were performed in R, a language
and environment for statistical computing (R Core Team,
2013). Results with p <005 were considered statistically

significant.

Results

Circulating Tregs, CD8" CTLs and CD8:Treg ratio in
metastatic colorectal cancer patients in the context of
primary tumor sidedness and KRAS status

Relative and absolute numbers of circulating immune cells
were quantified in mCRC patients at the initiation of 1st line
anti-VEGF-based therapy and were evaluated in the context
of primary tumor sidedness and KRAS status. Regardless of
primary tumor sidedness, there was no difference in
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circulating Treg or CD8" CTL count. A trend was observed
toward an increasing proportion of CD8" CTLs in T cells
from proximal to distal tumeor locations. Notably, KRAS wt
colorectal cancers exhibited a significantly higher proportion
of CD8" CTLs among T cells but also higher Treg measures
(absolute count and the proportion of Tregs among CD4"
cells (Table 1, Fig. 2).

Circulating Tregs, CD8" CTLs, CD8:Treg ratio, and clinical
outcome of 1st-line anti-VEGF-based therapy of mCRC
Median length of follow-up was 77.4 months. Median
PES for the study group was 10.5 months (95% CI: 8.8—
16.3 menths), median cverall survival was 30.0 months
(95% CI: 23.3—38.5 months), and ORR was 55.6% (95%
ClI: 39.6-70.5%). Survival and response rate analysis was
performed for parameters clinically relevant for meta-
static colerectal cancer, such as gender, age, MO vs. M1,
number of metastatic sites, KRAS status, and primary
tumor sidedness (Fig. 3). Of those, age < 65 years was as-
sociated with shorter PES and ‘OS but not ORR (Fig. 3).
Levels of circulating immune cells at 1st-line anti-VEGF
therapy initiation were investigated in the context of
clinical outcome using the conditional hazard function
estimated by smoothing techniques (Additional file 1:
Figure $2). Cut-off levels for each parameter, dividing
cases to “low” and “high”, were established as shown in
Additional file 1: Figure 52 and subgroups defined by
levels of immune parameters were analyzed for PFS and
08 (Fig. 3). Of those, the baseline proportion of Tregs in
CD4" cells was predictive for shorter PFS and OS and
worse ORR, and the baseline CD8:Treg ratio was pre-
dictive for longer PFS and OS. In the subgroup of mCRC
patients with <6% frequency of Tregs among CD4"
cells, median PFS (mPFS) was 16.2 months, mOS was
38.5 months, and ORR was 76.4% compared to those
with a high frequency of circulating Tregs of 6% among
CD4" cells which had a mPFS of 8.8 menths, mOS of
22.3 months, and ORR of 36.8%. In the subgroup of
mCRC patients with a high CD8:Treg ratio of 210, mPFS
was 12.6 months and mOS was 37.8 months compared
to those with a ratio of circulating CD8:Treg of <10
which had an mPFS of 8.1 months and mOS of 21.0
months (Additional file 1: Table S2).

Circulating Tregs, CD8" CTLs and CD8:Treg ratio and the
clinical outcome of anti-VEGF-based therapy of mCRC in
the context of primary tumor sidedness

The association between number of circulating immune
cells and clinical outcome of mCRC therapy was further
analyzed in the context of primary tumor sidedness
(Fig. 4). The predictive value of the baseline proportion of
Tregs among CD4" cells and the CD8:Treg ratio had the
same direction in primary right- and left-sided mCRC. In
addition to the strong association between high CD8:Treg
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Table 1 Medians of circulating immune cells in mCRC patient subgroups

mCRC Primary tumor \:}-leib:m KRAS status

right c. left c. rsdrectum KRAS wit KRAS mut

I ymphacytes {cells/ul } 1445 1593 1469 1309 1527 1312
CD3" in lympheaytes (%6 63 a5 7 59 G a5
I cell count {cells/iiL} 042 1137 51 294 1220 894
8™ ir T cells (%) A4 3B el 43 45 38
CR8" court {cells/ul) B0 372 511 401 558 309
Treg in lymphocyles (94) 19 17 20 20 23 &
Treg in CD4" (98) 6.2 53 65 72 70 o 44
Ireg count (cels/pL) 26.5 330 379 254 385 B 230
CD&Treg 31 109 3.3 e 115 140

Stars indicate statistically significant difference in mCRC patients between respective subgroups: *p < 0.05, ** p < 0.005. ¢, colon; 5., rectosigma

ratio and favorable clinical outcome in the entire study
group, the association between high CD8Treg ratio and
longer overall survival was significantly higher in primary
right-sided mCRC (Fig. 4, Additional file 1: Figure $3) and
those with a high CD8:Treg ratio of =10 had a mPFS of
144 months and a mOS of 39.9 months compared to
those with a low ratio of circulating CD8:Treg of <10
which had a mPFS 7.1 months and a mQOS of 12.9 months
(Additional file 1: Table 52). In the subgroup of mCRC pa-
tients with primary tumors in the right colon, a significant
interaction between primary tumor sidedness and the

predictive value of absolute T cell count as well as the ab-
solute CD8"™ and CD4" cell counts revealed an association
of poor PFS and OS with low baseline circulating absolute
T cells or CD8" CTLs (Fig. 4, Additional file 1: Table S2
and Figure S3).

Discussion

Here we show that the baseline level of parameters de-
rived from circulating Tregs, namely the Treg propor-
tion amoeng CD4" T cells and the CD8:Treg ratio, at the
initiation of anti-VEGF-based therapy predicts treatment
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PFS PFS 0s 0s ORR ORR
B PFS
Variable Group No. of patients @ 0S HR(85% Cl) P-value HR(95%CIl) P-value OR (95% CI) P-value
Sex MIF 22114 azs 0.63(0.30-1.30) 0208 1.00(0.48-2.09) 0.993 . 0.80(0.23-348) 0878
Age 265/<65 13123 . 0.29(0.12072) 0.005 0.38(0.16-0.87) 0.018 . 0.80 (0.23-3.60) 0.877
Location leftiright 24112 i 2 0.82(0.39-1.70) 0589 1.18(0.55-252) 0.865 ] 0.84(0.20-342) 0813
Kras wi/mut 1916 - 1.23(0.60-251) 0564 1.15(0.56-2.35) 0.702 . 0.67(0.17-2.57) 0557
M of primary tumor M1/MO 24/12 i 1.22(0.56-2.55) 0801 1.70(0.80-3.60) 0.163 - 0.84 (0.20-342) 0813
2 and more metastasis yes/no 20/16 . 1.71(0.82-3.60) 0.150 1.89(0.91-3.91) 0.081 - 0.37(0.09-1.43) 0.159
ALC 21400/<1400 20116 e 0.87 (0.43-1.75) 0701 0.70(0.35-1.42) 0.324 . 2.39(0.63-9.62) 0.206
T cell count 21200/<1200 14122 o~ 0.86(0.41-1.79) 0884 0.79(0.38-164) 0518 L] 3,00 (0.75-13.78) 0.132
CD4+ count 2600/<600 18118 s 1.01(0.49-2.05) 0988 0.96(048-193) 0815 . 2.50 (0.86-10.15) 0.184
CDB8+ count >350/<350 18118 - 0.80(0.39-1681) 0523 0.68(0.34-1.38) 0.286 . 2,50 (0.86-10.15) 0.184
Treg count 240/<40 11125 o 127(0.56-2.80) 0.552 1.69(0.77-3.72) 0.186 . 0.56(0.13-2.33) 0421
CD3+ in lymphocytes 260/<60 23113 i 0.80(0.39-1.63) 0542 1.08(0.52:221) 0.840 . 1.81(046-7.44) 0.396
CD4+ In T cells 260/<50 22/14 — 1.91(0.91-4.00) 0083 145(0.70-299) 0310 . 0.33(0.07-1.33) 0132
Treg in lymphocytes 215115 26/10 o 223(0.88-507) 0050 1.41(0.65-3.06) 0.385 - 0.21(0.03-1.06) 0.081
Tregin CD4+ 26/<6 1917 & 236(1.134.90) 0019 250(1.205.18) 0.012 - 0.18(0.04-0.72)  0.021
CD8:Treg 210/<10 24112 - 046 (0.22-0.96) 0.034 0.34(0.15-0.75) 0.005 - 4.00 (0.96-19.08) 0.065
0,‘120250,5[} 10 20 40 005 DIEE 1.00 4.00 20:00
Hazard ratio Odds ratio

Fig. 3 Results of univariable analysis far progression-free, overall surviva and oojective resparse rate (ORR). Location: right”=right colon, "left’=
left colon and rectum. Al C= absclute lymphocoyte count

outcome in terms of both PES and OS, and objective re-
sponse rate, Our findings are in agreement with a study
by Roselli et al. by showing that a low baseline proportion
of Tregs in PBMC, but not any other clinical or laboratory
parameter evaluated, is associated with favorable outcome
in mCRC patients receiving 1st-line FOLFIRI plus bevaci-
zumab [36]. Roselli et al. emphasized the unexplained lack
of association between clinical outcome and CD8" T cells
[36] that we also observed when bascline circulating im-
mune parameters from mCRC patients were analyzed ir-
respective of primary tumor sidedness. Nevertheless, and
based on our previous findings of poor clinical outcome
of mCRC patients with primary tumors in the right colon
[37] and the differential impact of KRAS status for 1st-line
anti-VEGF-based therapy in primary right vs. left-sided
mCRC [38], we analyzed circulating immune cells in the
context of primary tumor sidedness, revealing that the as-
sociation of previously identified Treg-associated bio-
markers, as well as a baseline number of circulating CD8*
T cells, with clinical outcome of 1st-line anti-VEGF-based
therapy is particularly strong in mCRC patients with pri-
mary tumor in the right colon.

The differential disease behavior of primarily right vs.
left-sided mCRC is substantiated by the prevalence of

distinct colorectal cancer subtypes within the colon and
rectum [39]. Based on the association of the immune-
activated, highly immunogenic CMS1 tumor subtype with
right-sided tumor location [39] on the one hand, and the
strong association of favorable circulating immune signature
(low Tregs, high CD8" T cells, high CD8:Treg ratio) and fa-
vorable clinical outcome in primary right-sided mCRC on
the other, we propose that right-sided mCRC patients with
favorable circulating immune signature overlap with a sub-
group of patients with immunec-activated tumors that clearly
benefit from immunomodulatory anti-VEGF-based therapy.
Our hypothesis that immune characteristics in the TME are
reflected in the circulation is further supported by the finding
of an association of KRAS mutant status with reduction in
both CD8" T cell count and number of Tregs. CMS2 and 3
subtypes are associated with reduced immune infiltration
and reactivity, and this immune quiescence is more profound
in KRAS-mutated tumors [40] and is likely mirrored in per-
ipheral blood.

Due to the small size of study group, the cut-off levels of
immune cells stratifying prognostic subgroups may not be
accurate and should be validated in larger cohort of pa-
tients. Limited size of the study group also did not allow
multivariable analysis. A strength of this study is its long-
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ight ight
: e PFS PFS : i . os os

Variable Group No. of patients HR (95% CI) P-value HR (95% CI) P-value

Sex M/F 7/5 - 0.40(0.11-1.43) 0.387 - 0.69 (0.19-2.46) 0.481
159 . 0.79 (0.32-1.94) . 1.21 (0.49-2.97)

Age =65/<65 57 L 0.25(0.06-1.08) 0.879 Ll 0.16 (0.04-0.67) 0.130
8/16 . 0.29 (0.11-0.74) . 0.56 (0.22-1.46)

KRAS wifmut 4/8 L 0.47 (0.12-1.83) 0.088 L 0.71 (0.18-2.74) 0.405
15/8 . 209 (0.84-5.21) . 1.41 (0.57-3.53)

M of primary tumor M1/MO 10/2 - 0.82(0.10-6.54) 0.633 - 4.24 (0.53-33.63) 0.342
14/10 . 1.28 (0.55-3.02) . 1.43 (0.61-3.36)

2 and more metastasis yes/no 6/6 - 2.94 (0.81-10.66) 0.366 - 3.98 (1.10-14.43) 0.181
14/10 . 1.46 (0.60-3.55) . 1.31 (0.54-3.17)

ALC 21400/<1400 8i4 = 0.34 (0.08-1.35) 0.132 L 0.13 (0.03-0.51) 0.007
12112 . 1.10 (0.48-2.57) . 1.18 (0.51-2.74)

T cell count 21200/<1200 6i6 - 0.22 (0.05-0.95) 0.015 L] 0.06 (0.01-0.25) <0.001
8/16 . 1.69 (0.61-4.73) L4 3.79 (1.36-10.57)

CD4+ count 2600/<600 8i4 L 0.33(0.08-1.34) 0.071 - 0.11 (0.03-0.46) <0.001
10/14 . 1.47 (0.60-3.57) . 2.40 (0.98-5.84)

CD8+ count 2350/<350 6/6 - 0.22 (0.05-0.93) 0.025 - 0.08 (0.02-0.31) <0.001
12112 . 1.30 (0.55-3.06) . 1.59 (0.68-3.75)

Treg count 240/<40 39 L 0.36 (0.08-1.69) 0.050 L 0.68 (0.14-3.21) 0.118
8/16 . 2,51 (0.96-6.56) . 2.95 (1.13-7.70)

CD3+ in lymphocytes =60/<60 913 - 0.83(0.18-3.95) 0.893 - 1.56 (0.33-7.39) 0.615
14/10 . 0.75(0.32-1.75) . 0.99 (0.42-2.31)

CD4+in T cells =250/<50 93 L 1.64 (0.41-6.48) 0817 - 1.65 (0.42-6.50) 0.852
13111 . 1.99 (0.84-4.73) . 1.41 (0.69-3.35)

Treg in lymphocytes 21 5/<15 8/4 = 173(048-630) 0583 . 133(0.37-4.84) 0842
18/6 . 2.81(1.03-7.72) . 1.41 (0.52-3.88)

Treg in CD4+ 26/<6 418 ] 510 (1.17-22.21) 0379 ] 10.15 (2.33-44.20) 0.051
15/9 . 2.48 (1.02-6.03) . 1.94 (0.80-4.70)

CD8:Treg =10/<10 8i4 - 0.16 (0.04-0.71) 0117 L 0.09 (0.02-0.38) 0.040
16/8 . 0.58 (0.23-1.45) . 0.49 (0.20-1.22)

F % 5 ¥ . F £ & & F 1
005 0.25 1.00 4.00 20.00 0.05 0.25 1.00 4.00 20.00
Hazard ratio Hazard ratio

Fig. 4 Results of Cox analyses for pregression-free and overall survival accore'rg to primary tumer ocation. P-values correspong to test

significance of the nteraction term (test of diferent effects of varian es according to primary “ight- and left-sicdec mCRC). Lacation:

coon, “left”=left colon and rectum

term follow-up. On the other hand, during the time period
when the study was designed, biomarkers such as
NRAS, BRAF, and MSI were just emerging in the clin-
ical practice of colorectal cancer patient management
and unfortunately were not analyzed in the context of
circulating immune cells in mCRC treatment with bev-
acizumab. Thus, it remains to be investigated whether
the subsct of patients with right-sided tumor and favor-
able circulating immune signature overlaps with the
MSI-H/CMS1 subsct and may therefore be a good can-
didate for immunotherapy with checkpoint inhibitors.
Also, it remains to be addressed whether mCRC pa-
tients, particularly those with right-sided tumors with

an immunosuppressive circulating immune signature
(high Tregs, low CD8" T cells and/or low CD8:Treg ra-
tio) would benefit from the aggressive, triple combin-
ation chemotherapy regimen FOLFOXIRI [41].

Conclusions

Circulating immune parameters derived from the
baseline level of CD8" CTLs and Tregs may predict
clinical outcome following 1st-line treatment with
the anti-VEGFE angio/immunomodulatory agent bev-
acizumab and thereby identify mCRC patients, par-
ticularly within the primarily right-sided subgroup,
who have favorable outcome.
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4.5 Lateralita u kolorektalniho karcinomu jako prognosticky Ci
prediktivni marker?

Jiz od 80. let minulého stoleti existuji v literatufe data o vztahu lokalizace nadoru
a celkového preZiti. AvSak az v druhé dekadé 21. stoleti byla publikovana prvni data, ktera
napovidala, Ze lateralita muze vést k odliSnému léCebnému vysledku také
u antiangiogenni 1é¢by. Data o vztahu laterality a efektu cilené lécby byla nejprve
k dispozici z retrospektivnich analyz z randomizovanych studii nebo analyz vlastnich dat
z registrii protinddorové 1écby. V kontextu lokalizace a KRAS jsme analyzovali data
z Ceského narodniho registru kolorektalniho karcinomu CORECT. Celkem jsme provedli
tfi analyzy na souboru vice nez tisice zarazenych pacientli. Prvni analyzu, kterd byla
publikovdna v roce 2016 na svétovém kongresu ESMO GI, tvotily vysledky lécby
bevacizumabem v prvni linii v kontextu KRAS a ve vztahu k lokalizaci primarniho
tumoru.3? Data od 802 pacienttli evidovanych v registru CORECT v letech 2009-2015 jsme
sbirali prospektivné. Vretrospektivni analyze byla populace pacientli stratifikovana
podle lokalizace primarniho naddoru (pravostranna versus levostranna). Bevacizumab byl
podavan bez ohledu na stav mutace RAS v kombinaci s chemoterapii FOLFOX/CAPOX
a FOLFIRL

Z vysledkl vyplyva, Ze celkem 60,2 % mélo levostranny a 39,8 % pravostranny
karcinom tlustého stieva, pricemZ pomér KRASwt vs. KRAS mut byl 51,8 % vs. KRAS
48,8 %. Pri medianu sledovani 21,8 mésice jsme zaznamenali zasadné odliSny median
celkového preZiti u pravostranné lokalizace - 22,3 mésice - ve srovnani s mOS - 31,3
mésice u levostrannych tumort (HR = 1,48; 95% CI 1,23-1,79; p < 0,001). Stejné tak
u pravostrannych versus levostrannych nadorii bylo PFS vyznamné kratsi (9,7 mésice vs.
12,2 mésici, HR =1,29 (95% CI 1,09-1,51, p = 0,002). NaSe analyza také odhalila zvySenou
frekvenci mutace KRAS u pravostrannych karcinomti tlustého stireva a zjistila vyznamné
kratsi PFS a OS u pacientd s pravostrannymi tumory, ktefi byli 1éeni kombinovanou
chemoterapii s bevacizumabem. Tento poznatek odpovidal i pozdéjSim retrospektivnim
datlim z randomizovanych studii a dnes je samoziejmou informaci.

3 OSTRIZKOVA, L, L. PETRUZELKA, K. HEJDUK, L. ZDRAZILOVA DUBSKA, M. VOCKA,
D. BRANCIKOVA, B. BENCSIKOVA, R. VYZULA a R. OBERMANNOVA. Right-sided colon cancer is associated with
increased frequency of KRAS mutation and with a poor outcome in patients with metastatic disease treated in the first
line with bevacizumab and chemotherapy. Annals of Oncology. 2016, 27(Suppl 2), 1i114.

94



Obr. 13: Vysledky celkového preziti v zavislosti na lateralité a KRAS v1écbé 1.linie s bevacizumabem
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Dalsi analyzou, ktera byla také publikovana formou prezentace na konferenci ESMO ASIA
2016, byla retrospektivni analyza vysledkli 1047 pacientd lé¢enych v prvni linii
bevacizumabem a chemoterapii FOLFOX, CapOx nebo FOLFIRIL. Primarnim cilem bylo
opét posouzeni celkového preziti vzavislosti na lokalizaci (pravostranné vs.
Levostranné), vtomto pripadé ale pouze u KRAS mutovaného metastatického
kolorektalniho karcinomu.*® Pravostranna lokalizace primarniho tumoru byla
zaznamendana u 281 z 1047 pacienti (26,8 %), levostrannda u 430 (41,1 %)
a rektalnf u 336 (32,1 %). Statisticky vyznamné rozdily byly pozorovany ve stavu KRAS
u pravostranného vs. levostranného mCRC vs. rekta. Pacienti s mutovanym KRAS dosahli
0S 19,9 mésici, u pravostranného mCRC vs. 25,0 mésicti u levostranného mCRC a 23,7
mésicli u karcinomu rekta a tento vysledek nebyl statisticky signifikantni. Podobné tomu
bylo i u PFS (9,6 mésicti vs. 10,5 mésice, v pravém vs. levém tra¢niku a u karcinomu rekta
9,9 mésice. Na vlastnim souboru pacientli se nam podarilo prokazat, Ze ackoli je
pravostranna primarni lokalizace nadoru dobie znamym negativhim prognostickym
faktorem u mCRC, tento faktor neni signifikantni, hodnotime-li pouze podskupinu
pacientli s mutovanym KRAS mutovanych.

40 OBERMANNOVA, R,, L. OSTRIZKOVA, K. HEJDUK, L. ZDRAZILOVA DUBSKA, M. VOCKA, R. VYZULA, B. BENCSIKOVA
a L. PETRUZELKA. Right-sided versus left-sided primary tumour location in patients with KRASmut metastatic
colorectal cancer (mCRC) treated with 1st-line anti-VEGF plus chemotherapy (CTx) - Data from the National Czech
Registry. Annals of Oncology. 2016, 27(Suppl 9), ix53.
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Obr. 14: Graf zavislosti celkového pieziti na lateralité; vysledky prvni linie chemoterapie
s bevacizumabem - pouze u souboru mutovaného KRAS
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V kontextu antiangiogenni 1éCby a laterality zarazuji jeSté neakademickou publikaci,
respektive post-hoc analyzu ze studie RAISE zroku 2019. Cilem nasi retrospektivni
analyzy bylo zhodnotit efekt antiangiogenni 1é¢by v zavislosti na lokalizaci nadoru
a v souvislosti s RAS, ale i BRAF.#1 V této praci jsme zaznamenali srovnatelny efekt 1écby
VEGF, resp. ramucirumabem, u pacientli s mutovanym KRAS (OS HR = 0,86, 95% CI 0,71-
1,04), se skupinou s RAS/BRAF WT (OS HR = 0,86, 95% CI 0,64-1,14). Navic byl
zaznamenan vétsi piinos antiangiogenni 1é¢by ve skupiné pacientli (n = 41) s mutovanym
BRAF (OS HR = 0,54, 95% CI 0,25-1,13), i kdyZ rozdil nebyl statisticky vyznamny.
Numericky pridani ramucirumabu k FOLFIRI zlepSilo median OS levého CRC o 2,5 mésice
oproti placebu (HR = 0,81, 95% CI 0,68-0,97); median OS u pacientd s pravostrannym
nadorem léCenych ramucirumabem byl 1,1 mésice oproti placebu (HR = 0,97, 95% CI
0,75-1,26). 1 kdyz se jednalo o post-hoc analyzu, nas vysledek je konzistentni
s pozorovanim jinych, i akademickych skupin, a odrdzi Spatnou progndzu
a biomarkerovou ,poust u pacientti s pravostranné lokalizovanym nadorem. Naopak ale
vyvraci negativni prediktivni hodnotu pravostranné lokalizace nadoru pro 1écbu
antiangiogenni terapii.

RAS je standardnim prediktorem lécby EGFR protilatkami, jinymi slovy pacienti
s WT RAS nadory reaguji 1épe na 1écbu cetuximabem ¢i panitumumabem. Jak jiZ bylo
zminéno vyse, lateralita nddoru je negativnim prognostickym faktorem, otazkou, ktera se
nabizela v roce 2016, tedy jesté pred uverejnénou analyzou ze studie CRYSTAL a FIRE3,
bylo, zda je lokalizace nadoru také negativnim prediktivnim faktorem pro lé¢bu anti-EGRF
protilatkami.42 Posledni analyza zregistru CORECT zahrnovala pacienty s KRAS WT
mCRC 1écené v prvni az tieti linii anti-EGFR terapii s cilem zhodnotit OS a PFS v kontextu
primarni lokalizace nadoru.

41YOSHINOT., D. C. PORTNOY, R. OBERMANNOVA, et al. ]. Biomarker analysis beyond angiogenesis: RAS/RAF mutation
status, tumour sidedness, and second-line ramucirumab efficacy in patients with metastatic colorectal carcinoma from
RAISE-a global phase III study. Ann Oncol. 2019, 30(1), 124-131. doi: 10.1093 /annonc/mdy461.

42 PETRUZELKA, L., R. OBERMANNOVA, K. HEJDUK, L. OSTRIZKOVA, L. ZDRAZILOVA DUBSKA, D. BRANCIKOVA, B.
BENCSIKOVA, R. VYZULA a M. VOCKA. Comparison of survival for left-sided KRASwt mCRC patients treated with anti-
EGFR-based therapy as compared to right-sided mCRC. Journal of Clinical Oncology. 2017, 35(Suppl 4), 763.
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Na 567 pacientech s KRAS WT mCRC lécenych anti-EGFR jsme provedli retro-
spektivni analyzu, ptficemz skupina metastatického karcinomu rekta byla analyzovana
samostatné. Primarnim cilem bylo posouzeni OS a PFS u 1., 2. a 3. linie 1é¢by (tab. 4).

Nase analyza ukazala vyznamnou roli lokalizace nadoru pro medidn celkového
preziti pacienti 1éCenych anti-EGRF protilatkami. Lécba WT KRAS pravostranného
tumoru vedla nejen k niZSimu efektu anti-EGFR terapie a zda se, Ze i k zhorSeni celkového
0S, viz obr. 15, ktery shrnuje vysledky. NaSe data byla zdhy potvrzena retrospektivni

analyzou studie CRYSTAL a FIRE 3, ktera vedla ke zméné guidelines i klinické praxe.*3

Tab. 4: Prediktivni vyznam lokalizace primarniho nadoru pro 1é¢bu EGFR protilitkami u pacienti
s WT RAS

i Primary-tumour-localization i
Right-colonH | Left-colonH | RectumH g
1st-line-anti-EGFR- n-=-52H n-=-651 n-=-76H H
Median-PFSH 6.5-(3.9-9.1)4 10.3-(7.9-12.6)d 11.6+(8.1-15.2)1 0.087d
Median-0S5-H 13.4-(4.7-22.0)1 37.0-(26.7-47.2)4 25.2-(13.0-37.5)4 0.003H
2nd-line-anti-
EGFRH n-=-40H n-=-90H n-=-62H H
Median-PFS-H 5.6-(5.1-6.1)H 8.8-(6.8-10.9)1 7.6-(5.9-9.3)x 0.061H
Median-OS-H 12.4-(10.0-14.8)x 18.6-(13.5-23.6)K 15.7-(12.2-19.1)x 0.054H
3rd-line-anti-
EGFR-treatmentx n-=33H n-=76H n-="73 "
Median-PFSH 2.7-(1.7-3.7)H 6.0-(5.3-6.7)x 5.4-(4.1-6.6)H 0.002H
Median-O5-H 6.5-(4.8-8.3)H 13.9-(10.0-17.9)K 13.3-(9.9-16.7)x 0.002H

4 TEJPAR S., S. STINTZING, F. CIARDIELLO, ]. TABERNERO, E. VAN CUTSEM, F. BEIER, R. ESSER, H. ]J. LENZ,
V. HEINEMANN. Prognostic and Predictive Relevance of Primary Tumor Location in Patients With RAS Wild-Type
Metastatic Colorectal Cancer: Retrospective Analyses of the CRYSTAL and FIRE-3 Trials. JAMA Oncol. 2017, 3(2), 194-
201. Erratum in: JAMA Oncol. 2017, 3(12), 1742.
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Obr. 15: Prediktivni vyznam lokalizace primarniho nadoru pro 1é¢bu EGFR protilatkami u pacienti
s WT RAS
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4.6 Vybrané molekularni alterace a implementace NGS do studii
a klinické praxe

Moznosti Seagrenova NGS testovani prinesly extenzivni studium biomarkert u nadort
bilidrniho traktu (BTC). Podobné jako u jinych GI malignit se skupina nadoru Zlucovych
cest déli na fadu podskupin, které mohou byt definovany anatomickou lokalizaci
souvisejici s odliSnym embryonalnim vyvojem jednotlivych soucasti biliarniho systému,
etiologicky ovlivnéna infek¢nim onemocnénim (endemické infekce zptisobené Clonorchis
sinensis, Opisthorchis species), na drovni molekuldrni je pak definovana pritomnosti
targetovatelné molekularni alterace.#* Zatimco u intrahepatalniho cholangiokarcinomu je
nejcastéjsi mutaci IDH %2 mutace ¢i FGFR fluze, nddory Zlu¢niku se vyznacuji spiSe BRCA 2
mutaci a periferni Zlucové cesty HER2 amplifikaci.

44 VALLE, ]. W et al. New Horizons for Precision Medicine in Biliary Tract Cancers. Cancer Discovery. 2017, 7(9), 943-
962.
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Obr. 16: Charakteristika molekularnich alteraci u nadori biliarniho traktu4s
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Terapie zamérena na homologni rekombinaci DDR deficitu (HRD) je nyni
standardem u ovaridlniho karcinomu, karcinomu vaje¢nikii a recentni data jsou
k dispozici i u nddoru pankreatu. S dostupnosti metod precizni mediciny byla nad ramec
BRCA1/2 odhalena tfada jinych genti hrajicich roli v homologni rekombinaci a skytajici
potencialni 1écebny cil, jmenujme ARID1A, ATM, ATRX, BAP1, BARD1, BLM, BRCA1/2,
BRIP1, CHEK1/2, FANCA/C/D2/E/F/G /L, MRE11A, NBN, PALB2, RAD50, RAD51,
RAD51B nebo WRN. Proti samotné BRCA % mutaci charakterizované incidenci 1-7 %,
geny zahrnuté do reparace DNA (DDR) jsou vyznamnym cilem pro potencialni terapii
praveé pro cetnost zastoupeni okolo 29 % pacientii s nové diagnostikovanym BTC.4> Dle
Heeke, AL et al detekce mnohocetnych mutaci se ztratou funkce v jinych genech DDR,
epigenetickd inaktivace BRCA1 nebo metylace promotorti RAD51C charakterizuje tzv.
f ,BRCAness” fenotyp. Nicméné stile neexistuje konsenzus o metodach testovani
a definovani zmén DDR v BTC. Jednoduchym klinickym faktorem BRCAness fenotypu je
senzitivita k platinovému derivatu. Pravé citlivost k alkylacnimu cytostatiku mtiZe byt
zplisobena deficienci systému pro homologni rekombinaci (HRD) a teoreticky
predstavuje jednoduchy indikator senzitivity k PARP inhibitoriim. Tato hypotéza nas
vedla k iniciaci akademické mezinarodni randomizované studie faze II, Pamiparib and
Low Dose Temozolomide In Patients With Platinum Sensitive Biliary Tract Cancer
PAMICC*® (obr. 17). Jedna se akademicky EORTC projekt, realizaci nyni planujeme a na
definitivnim amendmentu a sponzoringu studie nyni pracujeme. Pacienti s nadory
biliarntho traktu budou 1é¢eni prvni linii paliativni chemoterapie reZimem
gemcitabine/cisplatina, pripadné oxaliplatinou. V ptipadé dosaZeni objektivni odpovédi
budou randomizovani do dvou skupin, v experimentalnim rameni budou léCeni PARP

45 HEEKE, A. L., M. J. PISHVAIAN, F. LYNCE, J. XIU, ]. R. BRODY, W. J. CHEN, T. M. BAKER, J. L. MARSHALL a C. ISAACS.
Prevalence of Homologous Recombination-Related Gene Mutations Across Multiple Cancer Types.J/CO precision
oncology. 2018,P0.17.00286. https://doi.org/10.1200/P0.17.00286.

46 Pamiparib and Low Dose Temozolomide In Patients With Platinum Sensitive Biliary Tract Cancer (PAMICC). [Online].
Dostupné z: https://clinicaltrials.gov/ct2 /show/NCT04796454.
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inhibitorem v kombinaci a druhad skupina pacienti bude pokracovat dle tolerance
udrZovaci chemoterapii do progrese. Primarnim cilem studie je PFS a sekundarnim cilem
je PFS a OS ve skupiné pacienti, ktefi dosahli minimalné parcidlni remise na platinovém
derivatu. U téchto pacientli bude také provedena prospektivné NGS analyza se
stanovenim HRD. Hlavni hypotézou je predpokladana senzitivita k PARP inhibici ve
skupiné s defektem v genech zahrnutych do homologni rekombinace. Vychazeli jsme
z predchozi analyzy provedené na 86 pacientech lécenych s lokalné pokrocilymi nebo
metastazujicimi solidnimi tumory zarazenym do studie BGB-290-103.47 V této studii
pacienti DDR+ (N = 22) odpovidali na lécbu ve 27,3 % (90 % CI, 0,12-0,47), zatimco
pacienti DDR- (N = 64) ve 14,1 % (90 % CI, 0,08-0,23). Pokud jde o HRD stanovené
genomicky instabilnim skére (Myriad My Choice - GIS), byly vysledky k dispozici u 34
pacientd. ORR byla zaznamenana v 81,8 % (90 % CI, 0,53-0,97) pacienti s GIS+ (N = 11)
oproti 13 % (90 % CI, 0,04-0,30) u pacientt s GIS- (N = 23). Dal$im transla¢nim cilem je
sledovani sérovych hladin 2-hydroxygluteratu (2_HG) u HRD+ subjekti. Hlavnim cilem je
ovérit uzitecnost hladin 2-HG jako prediktivniho biomarkeru a ovéteni cutt off hladiny
pro pritomnost mutaci IDH1/2 u intrahepatalniho cholangiokarcinomu. Dle dosavadnich
publikaci je pouzitim prahové hladiny 2-HG = 170 ng/ml moZné predpovédét pritomnost
mutace IDH1/2 u intrahepatidlniho cholangiokarcinomu se senzitivitou 83 %
a specificitou 90 %.48 Design této studie s extenzivnim translacnim vyzkumem prispéje
k odhaleni mechanismi uc¢innosti cilené terapie u klinicky charakterizovanych podskupin
pacientd s tumory Zlucovych cest. Design studie viz obr. 17.

Obr. 17: Design studie PAMICC
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47 STRADELLA A, M. L. JOHNSON, S. GOEL, S. R. CHANDANA, M. D. GALSKY, E. CALVO et al. 451PDUpdated results of the
PARP1/2 inhibitor pamiparib in combination with low-dose (Id) temozolomide (TMZ) in patients (pts) with locally
advanced or metastatic solid tumours. Ann Oncol 2019, 30(5), v166-v167.

48 POINSIGNON V., L. MERCIER, K. NAKABAYASHI, M. D. DAVID, A. LALLI, et al. Quantitation of isocitrate dehydrogenase
(IDH)-induced D and L enantiomers of 2-hydroxyglutaric acid in biological fluids by a fully validated liquid tandem mass
spectrometry method, suitable for clinical applications. ] Chromatogr B. 2016, 1022. 290-297.
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4.7  Potencialni prediktivni markery a prognostické markery u nadoru
gastrointestinalniho traktu

4.71. VitaminD

Vitamin D ma v organismu pleomorfni UCinky, zejména se vSak podili na homeostaze
kalcia. Z hlediska nadorového onemocnéni je zndmy svym komplexnim ucinkem na
proliferaci, diferenciaci, apoptézu a angiogenezi a zasahem do signalnich drah, které
pozitivné ¢i negativné reguluji buné¢ny cyklus. Hladina cirkulujici hladiny 25-OHD je
dobrym ukazatelem stavu vitaminu D v organismu. Nizké hladiny 25-OHD jsou vsSak
povazovany za potencidlni negativni prognosticky marker u vice nadorovych
onemocnéni. Je znam sezonni charakter stavu cirkulujicitho 25-OHD, a proto je nutno pri
hodnoceni jakéhokoliv souboru k této skutecnosti prihlédnout. Svoji disertaci jsem
vénovala vyznamu hladin cirkulujiciho 25-OHD u metastatického kolorektalniho
karcinomu. Na naSem souboru jsme prokazali souvislost ¢asové sledovanych hladin (time
course) 25-OHD s prognézou metastatického kolorektalniho karcinomu.#® Monitorace
cirkulujicich hladin je vSak ¢asové naroc¢nd a intervencni studie k ovéieni tohoto poznatku
pomérné finan¢né nakladna. Pred iniciaci pripadné prospektivni studie jsme ve snaze
ovérit hypotézu souvislosti hypovitaminézy D s prognézou gastrointestinalnich nadori
provedli retrospektivni analyzu dat ze studie EXPAND. Cilem nasi analyzy bylo jednoduse
vySetrit predterapeutické/baseline hladiny cirkulujictho 25-OHD v plazmé u pacientt
s pokrocilym karcinomem Zaludku léCenych v mezinarodni randomizované placebem
kontrolované studii faze III EXPAND a prozkoumat, zda jsou nizké plazmatické hladiny
25-OHD spojeny s horsi prognézou [6] (priloha 6). Druhym cilem bylo zjistit, zda hladina
25-OHD interferuje s ucCinnosti cetuximabu. Studie EXPAND hodnotila vyznam
cetuximabu v kombinaci se standardni chemoterapii prvni linie proti chemoterapii
samotné. Median PFS pro 455 pacienti 1éCenych v rameni s kapecitabinem/cisplatinou
a cetuximabem se statisticky vyznamné nelisil od pacientii bez cilené 1é¢by; 4,4 mésice ve
srovnani s 5,6 mésici u 449 pacientd, ktefi byli 1éCeni samotnou chemoterapii.>® Tedy
jinymi slovy, cilena 1écba nezlepsila pribéh metastatického karcinomu zaludku. Z této
studie bylo do nasi analyzy zahrnuto 655 pacientli s dostupnymi predlécebnymi
plazmatickymi hladinami 25-OHD. Porovnani krivek preziti bylo provedeno pomoci log-
rank testu a Coxiiv model proporcionalni regrese rizika byl pouZit k analyze souvislosti
mezi nizkou hladinou 25-OHD a prezitim v obou 1é¢ebnych ramenech. V naSem souboru
pacientd vSak nebyl zjistén Zadny prognosticky dopad inicidlnich plazmatickych hladin
25-0OHD, navic nebyly ani zjiStény Zadné znamkKky interference plazmatickych hladin
25-0OHD a ucinnosti 1écby anti-EGFR monoklonalni protilatkou cetuximab (obr. 19). Jistou
limitaci nasi studie byla pouze jedna odebrand hodnota hladiny 25-OHD, proto jsme
provedli i analyzu zamérenou na sezdénni vliv (obr. 20). Dale jsme zaznamenali tézky

4 OBERMANNOVA R,, L. DUSEK, K. GREPLOVA, J. JARKOVSKY, J. STERBA, R. VYZULA, R. DEMLOVA, L. ZDRAZILOVA
DUBSKA, D. VALIK. Time-course pattern of blood 25-hydroxycholecalciferol is a significant predictor of survival
outcome in metastatic colorectal cancer: a clinical practice-based study. Neoplasma. 2015, 62(6), 958-965.

50 LORDICKF., Y. K. KANG, H. C. CHUNG, P. SALMAN, S. C. OH, G. BODOKY, G. KURTEVA, C. VOLOVAT, V. M. MOISEYENKO,
V. GORBUNOVA, ]. 0. PARK, A. SAWAKI, I. CELIK, H. GOTTE, H. MELEZINKOVA, M. MOEHLER; Arbeitsgemeinschaft
Internistische Onkologie and EXPAND Investigators. Capecitabine and cisplatin with or without cetuximab for patients
with previously untreated advanced gastric cancer (EXPAND): a randomised, open-label phase 3 trial. Lancet Oncol.
2013, 14(6), 490-499. doi: 10.1016/S1470-2045(13)70102-5.
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deficit 25-OHD v celém souboru pacientti (obr. 18), coZ ¢ini tento soubor nesrovnatelnym
s daty ze studii publikovanych u kolorektalniho karcinomu, zvlasté uvédomime-li si, Ze
deficientni hladina, tedy hladina <50 nmol/l byla zaznamendana témér u 70 % pacienti
naseho souboru. Vysledky u metastatického karcinomu Zaludku byly odliSné od nasi
predchozi prace u kolorektalniho karcinomu (viz vyse), a také ve srovnani s daty
publikovanymi z randomizovanych studii. Jak uvadime v diskusi ¢lanku, Fuchs a kol.
publikovali data z adjuvantni studie u kolorektalniho karcinomu CALGB 89803, kde
zkoumali vliv predikovaného skoére 25-OHD na recidivu onemocnéni a mortalitu (preZiti
bez onemocnéni) a zjistili, Ze pacienti v nejvySSim kvintilu 25-OHD meéli lepsi OS neZ
pacienti v kvintilu nejniZs§im.>? Podobna data byla publikovdna stejnou skupinou
i u metastatického onemocnéni.>2 Jak jsem jizZ predeslala, jednotliva hladina 25-OHD
patrné nevypovida o prognostickém vyznamu a neodpovi na otazku, zda ma modulace
hladin 25-OHD prognosticky potenciadl. Rozdily mezi nasi studii u karcinomu zaludku
a daty z kolorektalniho karcinomu vsSak lze také vysvétlit nejen specifickymi rozdily
v biologii obou onemocnéni, ale také obvykle vyznamnou alteraci nutri¢niho stavu
pacientd s pokrocilym karcinomem Zaludku.

Obr. 18: Histogram hladin vitaminu D ve sledovaném souboru pacientii s metastatickym
karcinomem Zaludku lé¢enych se studii EXPAND
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colon cancer recurrence and mortality in CALGB 89803 (Alliance). Ann Oncol. 2017, 28(6), 1359-1367. doi:
10.1093/annonc/mdx109.

52 NG, K. et al. Vitamin D status and survival of metastatic colorectal cancer patients: Results from CALGB/SWOG 80405
(Alliance). J Clin Oncol. 2015, 33, 3503-3503.
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Obr. 19: Analyza OS v zavislosti na cirkulujici hladiné vitaminu D
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Obr. 20: Sez6nni vliv na hladinu vitaminu D u pacientii 1é¢enych ve studii EXPAND
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Priloha 6: Vlastni prispévek k dané problematice
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Results: Majority of study patients were found to have severe vitamin D deficiency. No prog-
nostic impact of 25-OHD plasma levels could be found in our patient cohort, and there was no
indication of an interference of 25-OHD plasma levels and the efficacy of treatment with the
anti—epidermal growth factor receptor monoclonal antibody cetuximab.

Conclusions: Although majority of patients with advanced gastric cancer show hypovitamino-
sis D deficiency, there is no proof for a negative impact on survival or reduced treatment
response. A prospective study is needed to investigate the potential benefit of vitamin D sup-
plementation in this patient cohort during first-line chemotherapy.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Prognosis of patients with advanced gastric cancer is very
poor. Although palliative chemotherapy prolongs overall
survival (OS) and improves symptom control [1,2], the
role of targeted therapy in gastric cancer is still modest.
Except for trastuzumab, other biologically targeted
agents including the epidermal growth factor receptor
(EGFR)—targeted monoclonal antibodies cetuximab and
panitumumab failed to improve survival outcomes [3—5].
The reasons for treatment failure in the respective studies
are complex and not completely understood, encom-
passing weaknesses in the respective study designs, inad-
equate patient selection, tumour heterogeneity and
various host—disease interactions [4—6].

Several environmental factors have been studied in
gastric cancer, and a strong causal association was
demonstrated for infection of the gastric mucosa with
Helicobacter pylori |7]. Vitamin D (25-OHD) has been
implicated in epidemiology of several common malig-
nancies including gastrointestinal tumours [8-11]. A
number of studies reported severe deficiency of vitamin
D in breast and patients with colorectal cancer. Thera-
peutic potential of vitamin D and related compounds in
cancer has been postulated [12—15] based on its pleio-
tropic biological properties such as modulation of cell
proliferation and differentiation [16,17]. Promising data
were recently published in patients with metastatic
colorectal cancer. Patients with higher postdiagnostic
levels of 25-OHD had better OS and better disease
outcome [ 8,19]. An association between higher levels of
vitamin D and better survival outcomes was also
observed in diffuse large B-cell lymphoma treated with
the anti-CD20 monoclonal antibody rituximab [20]. It
was hypothesised that vitamin D deficiency impairs
antibody-dependent cell-mediated cytotoxicity (ADCC)
and substitution of vitamin D plasma levels may
improve rituximab-mediated cellular cytotoxicity. The
same concept was described in a cetuximab-treated
colorectal cancer [21] ex-vivo model and thus may also
be applied in other malignancies where monoclonal
antibodies are used in treatment and where ADCC is
assumed to be a mode of activity, as it has been

postulated for cetuximab [22]. Vitamin D is a pro-
hormone most noted for the regulation of calcium and
phosphate levels in circulation, and thus of bone meta-
bolism. Inflammatory and immune cells not only
convert inactive vitamin D metabolites into calcitriol,
the active form of vitamin D, but also express the nu-
clear receptor of vitamin D that modulates differentia-
tion, activation and proliferation of these cells [23].

The Erbitux (cetuximab) in combination with Xeloda
(capecitabine) and cisplatin in advanced esophago-
gastric cancer (EXPAND) trial was a large, open-label,
randomised, controlled, phase III trial comparing
capecitabine and cisplatin with and without the EGFR-
directed monoclonal antibody cetuximab in patients
with advanced gastric and oesophagogastric junction
cancer [4]. The primary end-point of the EXPAND
study was progression-free survival, with OS being
observed as a secondary end-point. Survival outcomes
were similar between treatment groups: progression-free
survival was 4.4 versus 5.6 months and OS was 94
versus 10.7 months with cetuximab combination and
control treatment, respectively. Overall response rates
were 29% with cetuximab and 30% with control
Because of the similar safety profiles in both arms, the
negative results of this trial cannot be explained by
toxicity.

To the best of our knowledge, no data on vitamin D
levels and its potential influence on prognosis of patients
with advanced gastric cancer are available. The goal of
our retrospective analysis was to study circulating 25-
OHD plasma levels in patients treated in the EXPAND
trial and to explore whether low 25-OHD plasma levels
are associated with worse prognosis and may impede on
cetuximab clinical efficacy.

2. Methods
2.1. Patients
The EXPAND trial (clinical registration number:
EudraCT, number 2007-004219-75) included adults

aged 18 years or older with histelogically confirmed
locally advanced unresectable (M0) or metastatic (M1)

Downloaded for Anonymous User (n/a) at Masaryk Memorial Cancer Institute from ClinicalKey.com by Elsevier on September
01, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved
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adenocarcinoma of the stomach or oesophagogastric
junction. The study design, patient characteristics and
trial results are available in the original publication [4].
Treatment consisted of 3-week cycles of twice-daily
capecitabine 1000 mg/m? (on days 1—14) and intrave-
nous cisplatin 80 mg/m® (on day 1), with or without
weekly cetuximab (400 mg/m? initial infusion on day 1
followed by 250 mg/m” per week thereafter). 25-OHD
plasma levels were measured in all EXPAND patients
with available bascline plasma samples. The analysis
data sct for the study presented here consists of 630
EXPAND study patients with valid follow-up for whom
baseline vitamin D pretherapeutic levels were measured.

2.2. Blood samples

Analysis of 25-OHD plasma levels was performed at
Masarvk Memorial Cancer Institute (MMCI} in Brno,
Czech Republic, using Abbott Architect chemilumines-
cent immunoassay (Abbott Laboratories, Illinois,
USA). The plasma specimens for analysis were stored at
80 °C at the biobank of University Cancer Center
Leipzig and shipped to MMCI in dry ice. To reduce
analytical variabilities, the whole sample set was ana-
lysed over the shortest possible period of time (from
9.11. to 10.11.2016) using one reagent lot and one cali-
bration function. The measurement was performed in an
1SO15189-aceredited clinical laboratory.

2.3. Statistical analyses

The distribution of 25-OHD levels was illustrated using
histogram of untransformed values. Cutofl values lo
characterise patients with insufficient and deficient
vitamin D levels were taken from the literature [24]. OS
was estimated using the Kaplan—Meier method. Com-
parison of survival curves was performed using the log-
rank test. The Cox propotrtional hazard regression
model was used to analyse the association between low
25-OHD and survival (OS) in both treatment arms.

2.4. Role of the sponsor and funding source

Analyses presented here were sponsored by the
participating institutions and by the Czech Ministry of
Health grants no. 17—29389A. The EXPAND trial was
financially supported by Merck Serono GmbH, an
affiliate of Merck KGaA, Darmstadt, Germany. Merck
KGaA, Darmstadt, Germany, reviewed the manuscript
for medical accuracy only before journal submission,
The authors are tully responsible for the content of this
manuscript, and the views and opinions described in the
publication reflect solely those of the authors.
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IFig. 1. llistogram of 25-O11D baseline plasma levels in 630 pa-
tients with advanced gastric cancer treated within the EXPAND
trial.

3. Results
3.1. Distribution of 25-OHD plasma levels

The distribution of pretherapeutic vitamin D plasma
levels (baseline) are shown in Fig. 1. Applying accepted
criteria of  25-OHD msufficicncy (plasma
levels < 75 nmol/l) and deficiency (<50 amol/l) [24]. the
EXPAND patient cohort was found to be heavily 25-
OHD deficient already at baseline, before the start of
any treatment. Median vitamin D plasma level was
38.2 nmol/l (interquartile range (IQR) 25.8; 58.9), and
mean was 43.5 nmol/l. Some slight differences in vitamin
D plasma levels were scen between specitic subgroups
(Table 1).

Table 1
Vitamin D plasima levels (nmel/l) according to different patient char-
acteristics within the study population.

Variable Mean sSD p-value
Age <65 43.31 22.65 0.787
Age 65+ 43.84 21.83

Female 40.11 22.68 0.0317
Male 44.60 2222

ECOG PS 0 45.31 23.14 0.0207
ECOGPS 1 41.17 21.27

Asian 3935 18.37 0.00534
Non-Asian 44.65 23.32

BMI under 18.5 34.23 19.26 0.00802
BMI 18.5 to 25 44.16 22.59

BMI 25 to 30 44.36 22.76

BMI over 30 45.32 21.67

N mets less than 2 41.49 20.77 0.00927
N mets 2 or more 46.40 24.38

BMI, body mass index (kg/m?); BCOG PS, Eastern Cooperative
Oncology Group performance status; N mets, number of metastases;
SD, standard deviation.
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Fig. 2. A) OS by vitamin D status deficient <50 nmol/l, insufficient 50—75 nmol/l and 75 + nmel/l. (B) O8 by vitamin D status deficient
<50 nmol/l and 50 4+ nmol/l and by treatment arm. C. contrel arm: B, experimental arm; OS, everall survival; CI, confidence interval.

3.2. Vitamin D deficiency and OS

Fig. 2A shows the Kaplan—Meier curves for OS by
vitamin D status as detined in the literature. There is no
evidence of a prognostic role for vitamin D status on OS
(Log rank test p = 0.70). This also holds true when
vitamin D is entered lincarly into a Cox regression
model. Adding the treatment arm and an interaction
term into the Cox model, there is no suggestion of a
prognostic impact of vitamin D in either treatment arm,
and thus, no suggestion that vitamin D deficiency affects
the treatment arms differently. Fig. 2B shows the

Kaplan—Meier curves for OS by vitamin D status and
the by treatment arm. There is no evidence of a prog-
nostic role for vitamin D in either of the two arms, for
any treatment interaction or for any predictive role (log-
rank test p = 0.79}.

3.3. 25-OHD seasonality and deficiency
The date of 25-OHD cvaluation was analysed in the

context of seasonality in the particular region. As ex-
pected, we observed the highest levels of 25-OHD in
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Fig. 3. Empirical cumulative distribution function of Vitamin D
by seasons. Spring: April to June (northern hemisphere, NH),
October to December (southern hemisphere, SH); summer: July to
September (NH), January to March (SH); autumn: October to
December (NID), April to June (S1I); winter: January to March
(NH). July to September (SH).

samples drawn during the summer season and the lowest
values in winter cases (Fig. 3).

4, Discussion

The primary goal of our study was to investigate a
possible association of pretherapeutic plasma 25-OHD
levels with survival in a global population of patients
with advanced gastric cancer and to determine if low
plasma 25-OHD levels interfere with treatment out-
comes in patients treated with chemotherapy alone or
with chemotherapy and the anti-EGFR monoclonal
antibody cetuximab. We found that a majority of pa-
tients with advanced gastric cancer were highly 25-OHD
deficient and did not observe statistically significant
differences in OS in patients who were 25-OHD deficient
and those who had less severe 25-OHD deficiency or
normal plasma levels.

These findings are in contrast to patients with colo-
rectal cancer where the subgroup with higher post-
diagnostic vitamin D plasma levels had longer OS than
patients with lower levels [18.25.26]. Fuchs et af. [27]
recently published data from adjuvant colorectal can-
cer CALGB 89803 trial; they examined the influence of
the predicted 25-OHD scores on cancer recurrence and
mortality (discase-free survival) and found that paticnts
in the highest quintile of 25-OHD had a better OS than
patients in the lowest. These results confirmed previous
observations from the Cancer and Leukemia Group B
(CALGB) 80405 study performed by Ng et af. [18]. Ina
recently published study from our group, we could also
find prognostic differences between patients with colo-
rectal cancer with high and with low 25-OHD plasma
levels [19]. The differences between our current gastric

cancer study and data from colorectal cancer might be
explained by specific differences in tumour biology be-
tween gastric and colorectal cancer but also by the
usually more severely altered nutritional status of pa-
tients with advanced gastric cancer [2§].

The chronobiological pattern of scasonal variations
of 25-OHD levels described in many observational
studies was also found in our analysis. Higher 25-OHD
plasma levels were observed during summer/fautumn
scason, and conversely, the lowest 25-OHD plasma
levels were measured in the winter/carly spring season.
This is generally consistent with previous observations
[29] showing substantial fluctuations in plasma levels of
25-OHD throughout the year. As the EXPAND trial
recruited patients from three continents and from the
Northern as well as the Southern hemispheres, the
phenomenon  of scason-dependent 25-OHD  plasma
levels is of worldwide significance. These variations may
thus further substantiate clinical considerations towards
oral supplementation of vitamin D in the winter season.
In addition, this finding brings more confidence in the
accuracy of our assay to underline the robustness of our
measurements.

The second goal of our analysis was to examine if
there is a prognostic difference in patients treated with
cetuximab. We assumed that low 25-OHD plasma levels
arc associated with an adverse prognosis in these pa-
tients because of interactions of vitamin D with the
immune system. ADCC significantly contributes to the
antitumour effects of monoclonal antibodies, including
cetuximab [22]. This association has been observed in
malignant lymphoma treated with rituximab [20], and ex
vivo data arc available in colorectal cancer treated with
cetuximab [20.21]. However, in patients with advanced
gastric cancer, we observed no significant differences in
the cetuximab treatment arm. This is probably due to
the lacking efficacy of cetuximab in this discase. How-
cver, as we observed severe deficiency of vitamin D in
the majority of paticnts, it may be important to study
whether carly vitamin D supplementation in patients
with advanced gastric cancer improves their prognosis.
Of note, some targeted drugs such as pertuzumab and
TDM-1 have shown efficacy in other discases but failed
in studies for metastatic gastric cancer [30,31]. The
reasons for these failures are certainly complex and not
entirely understood, but profound hypovitaminosis D
might be one of the concomitant factors. A prospective
study is needed to investigate the potential benefit of
vitamin D supplementation in this patient cohort during
first-line chemotherapy. Whether or not Vitamin D
supplementation can be of any benefit for a gastric
cancer population, like it has been shown for patients
with colorectal cancer [32], nceds to be demonstrated.

One might question the precision and accuracy of the
vitamin D measurcment after plasma storage for 3—5
years and transportation to another laboratory. How-
ever, 25-hydroxyvitamin D3 measured in biological
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fluids such as plasma is a quite stable species [33,34],
provided the conditions of storage are constant which
was the case during this study.

This study has some limitations: first, it is an un-
planned retrospective analysis. However, the analysis
has been carried out within the framework of one of
the biggest prospective randomised controlled studies
ever carried out in previously untreated advanced
gastric cancer. Sampling of clinical data and bioma-
terial were defined per protecel and closely moni-
tored. Another criticism could be that we analysed
only pretherapeutic baseline samples, while it could
also be interesting and of prognostic information how
plasma 25-OHD levels developed in the course of
treatment. However, we feel that with the severe
deficiency observed in the majority of patients and
the lack of any prognostic impact, further analysis
might be expensive but futile and most probably
without any clinical impact. Finally, we are lacking
information on the lifestyle of the patients of our
cohort, for example, if they followed more indoor or
more outdoor activities, and we also did not analyse
racial and gender differences in 25-OHD plasma
levels.

In summary, although seasonal differences in the 25-
OHD plasma levels of patients with advanced gastric
cancer were found, the majority of them have a severe
vitamin D hypovitaminosis. No prognostic impact of
25-OHD plasma levels could be found in our patient
cohort, and there was no indication of an interference of
25-OHD plasma levels and the efficacy of treatment
with the anti-EGFR monoclonal antibody cetuximab.
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4.7.2. Sarkopenie a modifikované Glasgowské prognostické skore

Sarkopenie predstavuje prokdzany nepriznivy prognosticky faktor u pacienti
s nadorovym onemocnénim a pacienti skarcinomem Zaludku byvaji casto
diagnostikovani jiZ ve stadiu pokrocilé sarkopenie. Hodnoceni sarkopenie jsme provedli
na stejném souboru pacientii s metastatickym karcinomem zaludku ze studie EXPAND.
Méreni zaloZend na pocitacové tomografii (CT) jsou pomérné presnym, i kdyZ casové
narocnym prostiredkem k analyze sarkopenie. ProtoZe zanét hraje ve vyvoji sarkopenie
klicovou roli, studovali jsme roli modifikovaného Glasgowského prognostického skoére
(mGPS), skladajiciho se z parametr(i zanétu, a to plazmatického C-reaktivniho proteinu
(CRP) a albuminu, s cilem zhodnoceni sarkopenie a télesného sloZeni souvisejicitho
s tukovou tkani, body composition (BC). Provedli jsme analyzu vychozich parametri
a jejich zmén v priibéhu 1écby a analyzovali jsme jejich prognostickou roli ve spojeni
s parametry BC [7] (ptiloha 7). CT méreni parametrl télesného sloZeni byla provedena
na zacatku studie a ve 12. tydnu a mGPS byl vypocten z vychozich hladin CRP a albuminu
v plazmé. Analyza ukazala silny prognosticky vyznam mGPS pro celkové preziti (0OS).
Vedle analyzy ostatnich parametr(, jako jsou mGPS v Case, svalové atenuace a stavu
vykonosti (PS), jsou PS dle ECOG spolu s CRP nebo mGPS jedinymi vychozimi
prognostickymi faktory OS. NaSe zjiSténi podporuji hypotézu, Ze zanétliva odpovéd
zprostifedkovana nadorem predstavuje silny prognosticky faktor, ktery je v pri¢inné
souvislosti se sarkopenii. U¢inna protinadorova terapie, ktera potla¢i systémovy zanét,
bude patrné slibnou strategii ke zlepSeni sarkopenie a ovlivnéni celkové prognézy
pacienta. V soucasnosti probiha klinickd studie s gevokizumabem, humanizovanou
rekombinantni protilatkou proti interleukinu IL1{ u pacientti s kolorektalni karcinomem
a karcinomem Zaludku, jeZ maji elevaci CRP. Na jeji vysledky cekame.
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Priloha 7: Vlastni prispévek k dané problematice
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prognostic score (mGPS) is correlated with sarcopenia and dominates the prognostic role
of baseline body composition parameters in advanced gastric and esophagogastric

junction cancer patients undergoing first-line treatment from the phase III EXPAND trial.
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Modified Glasgow prognostic score (mGPS) is correlated with sarcopenia
and dominates the prognostic role of baseline body composition parameters
in advanced gastric and esophagogastric junction cancer patients
undergoing first-line treatment from the phase lll EXPAND trial
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Background: Sarcopenia represents an established adverse prognostic factor in cancer patients. Consequently, different
means to counteract sarcopenia have been proposed to improve cancer treatment. Computed tomography (CT)-based
measurements, also labor intensive, are well validated for the analysis of sarcopenia. As inflammation plays a key role in
the development of sarcopenia, we here studied the role of the modified Glasgow prognostic score (mGPS), consisting
of inflammation parameters plasma C-reactive protein (CRP} and albumin, to predicting sarcopenia and adipose tissue-
related body composition (BC) parameters at baseline and their changes during treatment and to analyze its prognostic
role in conjunction with BC parameters.

Patients and methods: CT measurements of BC parameters were carried out at baseline and week 12 in patients with
advanced gastric or esophagogastric junction cancer from the phase lll EXPAND trial, undergoing first-line platinum-
fluoropyrimidine chemotherapy. mGPS was calculated from baseline CRP and albumin plasma levels. Pearson
correlation and Cox regression analyses were carried out.

Results: mGPS is strongly prognostic for overall survival (OS). Baseline mGPS is significantly correlated with baseline
mean muscle attenuation (MA; P < 0.0001). Baseline mGPS did not predict a decline in muscle or adipose tissue
parameters during 12 weeks of treatment and a decline in muscle or adipose tissue parameters was not prognostic
for OS. MA lost its proghostic role for OS when mGPS or CRP was entered into the Cox models. Eastern
Cooperative Oncology Group performance status together with CRP or mGPS remained the sole baseline prognostic
factors for 0S.

Conclusions: Our findings support a model where tumor-mediated inflammatory response represents a strong
prognostic factor, which is causally related to sarcopenia, but with no direct causal path from sarcopenia to survival.
Therefore, therapeutic targeting of systemic inflammation should be further explored as a promising strategy to
improve both sarcopenia and the efficacy and tolerability of cancer treatment.

Key words: gastric cancer, sarcopenia, mean muscle attenuation, inflammation, modified Glasgow prognostic score,
prognosis
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Involuntary weight loss is a common finding in cancer patients
and the frequency of weight loss >5% in 6 manths varies ac-
cording to primary tumor location and tumor stage. The
prevalence in gastric cancer patients is high and weight loss
before diagnosis was demonstrated to be a negative prog-
nostic factor.! Loss of muscle mass significantly contributes to

https//daiorg/10.1016/.annonc.2022.03.274 685
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the weight loss observed in cancer patients and the patho-
genesis is multifactorial.> More importantly, sarcopenia can
occur in overweight or even obese cancer patients and was
shown to carry prognostic information independently of the
body mass index.?

Sarcopenia has been recognized as a condition in cancer
patients adversely influencing tolerability of cancer treatment
(i.e. chemotherapy, molecular targeted therapy, immuno-
therapy) and prognosis.” Computed tomography (CT)-based
cross-sectional image analysis using the third lumbar vertebra
as a landmark represents a standard method to gain informa-
tion on muscle mass [i.e. by calculation of the skeletal muscle
index (SMI}] as well as muscle quality [i.e. by measuring mean
muscle attenuation (MA) in Hounsfield units (HU).” The defi-
nition of universally valid cut-off values for these parameters,
however, is problematic, since they rely on large but hetero-
geneous patient cohorts, thus hampering transferability be-
tween different cancer patient cohorts.® We recently studied
the role of CT-based body composition (BC) parameters as the
prognostic parameter in a large prospectively studied cohort of
gastric cancer patients from the phase Ill EXPAND trial” un-
dergoing first-line palliative chemotherapy (i.e. fluoropyr-
imidine/cisplatin + cetuximaby}. Specifically, we introduced BC
parameters linearly into the statistical models to avoid the use
of cut-offs and used stringent statistics including multivariate
Cox models, Bayesian model selection and finally bootstrap
analysis to identify MA as the sole independent BC parameter
prognostic for survival.?

Both preclinical and clinical data underscore a patho-
physiological link between systemic inflammatory response
and sarcopenia in different chronic inflammatory diseases®
and in cancer.'” The modified Glasgow prognostic score
(mGPS),'! which includes C-reactive protein (CRP) (i.e. a key
marker of acute phase response} and albumin (i.e. a marker
implicated in both nutritional status and acute phase
response}, represents one of the most extensively validated
prognostic parameters in a wide variety of cancer types'’
including gastric cancer.?

Recently, retrospective studies identified an independent
prognostic role of sarcopenia in conjunction with

U. T. Hacker et al.

inflammation parameters using empiric cut-off values for
muscle-related BC parame‘fers.“"21 Using cut-points sim-
plifies presentation but always leads to information loss.
Thus, cut-paints should be avoided whenever paossible in
order to prevent methodological artifacts when investi-
gating whether the prognostic information in one
parameter is fully covered by the prognostic information in
a second one.

Thus, in contrast to the previous studies from other groups,
we here aimed at elucidating the causal role of inflammatory
response with respect to established parameters of sarcopenia
and their impact on the prognosis based on the well-
characterized EXPAND cohort of advanced gastric cancer pa-
tients. Muscle-related parameters are entered linearly into the
statistical models avoiding the use of cut-off values.

We hypothesized a causal model (Figure 1}, based on the
following assumptions: (i} tumor-related acute phase response
in the liver mainly induced by cytokine release from the tumor
represents a well-recognized, negative proghostic marker
related to shorter OS—therefore, we aimed to confirm that
mGPS predicts OS in our cohort; (i} inflammation causes sar-
copenia—therefore, we investigated whether baseline mGPS
predicts BC including sarcopenia-related parameters SMI and
MA; (i} sarcopenia is a mere symptom of inflammation
without a separate causal path to shorter OS independent
from the effect of inflammation—therefore, we investigated
whether the independent prognostic value of BC parameters
persists when the prognostic information on mGPS or CRP is
available. Importantly, nutritional intake and physical activity
can also have an impact on the development of sarcopenia.
However, due to a lack of data, we could not address the role of
these factors in our analysis.

METHODS

Patients

Patients with unresectable, locally advanced or metastatic
gastric or esophagogastric junction (EGJ} cancer and an
Eastern Cooperative Oncology Group (ECOG) performance
status (PS) of 0 or 1 from the phase Ill EXPAND trial were

Nutritional intake,
physical activity

-

Inflammation, ‘

acute phase response, mGPS F-

|

-~
Survival/O8

Figure 1. In the causal model, cancer-related inflammation is a key trigger for sarcopenia and represents a strong prognostic factor for overall survival.
Reduced nutrient intake or physical inactivity can further contribute to the development of sarcopenia. We here aimed to address the question, whether sarcopenia
represents an independent prognostic factor in this cohort of advanced or metastatic gastric or EGJ cancer patients.

EG), esophagogastric junction; MA, mean muscle attenuation; mGPS, modified Glasgow prognostic score; QS, overall survival,

686 https://doi.org/10.1016/j.annonc. 2022 03.274

Volume 33 m Issue 7 m 2022

115



U. T. Hacker et al.

studied. This trial failed to demonstrate an improvement in
progression-free survival (PFS} and OS with the addition of
the anti-epidermal growth factor receptor antibody cetux-
imab to standard chemotherapy with capecitabine and
cisplatin.” The core analysis population comprises n = 509

patients with complete measurements including mGPS
(comprising CRP and albumin blood levels, Supplementary
Table §1, available at https://doi.org/10.1016/j.annonc.
2022.03.274) and key clinical data. At week 12, 308 CT
scans were available (consort diagram, Figure 2).

1191 patients screened

h 4
904 patients randomly assigned

v
802 baseline CT scans available

A 4

297 ineligible

229 violated inclusion or exclusion criteria
18 withdrew consent

2 adverse events

1 death

1 lost to follow-up

1 symptomatic deterioration

44 other

1 reason missing

analysis including all clinical data?

761 baseline CT scans available for SM| and MA

A 4

509 mGPS available

A 4

308 CT scan week 12 available

Figure 2. Consort diagram.

BMI, boady mass index; CT, computed tomography; ECOG, Eastern Cooperative Oncology Group; MA, mean muscle attenuation; SMI, skeletal muscle index.

*ECOG, BMI, sex, ethnicity, age, number of metastatic sites.

Volume 33 m Issue 7 m 2022

https//daiorg/10.1016/.annonc.2022.03.274 687

116



This study was carried out according to the principles of
the Declaration of Helsinki, and local/national ethics
committee-approved translational research.

Measurement of body composition parameters

BC parameters were measured at baseline and at week 12
during treatment. Methodology and validation have been
described in detail previously.® Shortly, two trained observers
(K. L. and L. ).} measured visceral adipose tissue areas and
skeletal muscle areas including corresponding MA to assess
interobserver reproducibility (i.e. intracbserver coefficient of
variation <1.3% was required). Observers were blinded to
patients’ survival status. Cross-sectional CT images at the third
lumbar vertebra were analyzed and the average of two adja-
cent slices was calculated. Muscle areas included psoas,
erector spinae, quadratus lumborum, transversus abdominis,
external and internal obliques, and rectus abdominis muscles.
HU thresholds were —30 to 150 HU for skeletal muscle
and —190 to —30 HU for subcutaneous adipose and visceral
adipose tissue. The BC parameters except MA were normalized
for height in m? and are expressed as cm’/m>. The following
parameters were analyzed: total adipose tissue (TAT}, total
skeletal muscle area (Mtot) and MA, measured in HU based on
the total muscle area at the third lumbar vertebra of the same
CT images. The term SMI indicates Mtot normalized for height
{i.e. given in cmzlmz), as this term is regularly used in the
literature.

To determine mGPS (Supplementary Table S1, available
at https://doi.org/10.1016/j.annonc.2022.03.274}, plasma
CRP and albumin levels were used."

Statistical analysis

Since no statistically significant differences in PFS or OS
between treatment arms were found in EXPAND, all pa-
tients (n = 509} irrespective of the treatment arm were
included if baseline CT scans and mGPS were available
(consart diagram, Figure 2}.

Analysis of SMI, MA and TAT was carried out on the
original scale. We used Pearson’s correlation coefficients to
analyze correlation among parameters. Kaplan—Meier
curves were generated for overall survival (OS} analysis
according to mGPS, and log-rank test was used to compare
these survival curves.

The correlation of mGPS with BC parameters was
analyzed comparing mean and medians by mGPS scores and
illustrated plotting empirical cumulative distribution
functions.

For univariate and multivariate analysis of the prognostic
role of BC parameters in conjunction with inflammation-
related parameters (i.e. logCRP, logCRP plus albumin or
mGPS categories), Cox regression analysis was carried out
relying on the proportional hazard assumption.

RESULTS

The cohort reported here comprises N = 509 locally
advanced or metastatic gastric or EG) cancer patients in
good ECOG PS (0/1) from the phase Il EXPAND trial,” who
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underwent first-line palliative therapy (consort diagram,
Figure 2). Patient characteristics are given in Table 1.

Baseline CRP and plasma albumin levels showed an L-
shaped pattern (i.e. low albumin levels were predominantly
found in patients with increased CRP levels, supporting the
definition of mGPS, Supplementary Figures $1 and S§2,
available at https://doi.org/10.1016/j.annonc.2022.03.274}.

As expected from published data, mGPS was strongly
prognostic for OS in this study cohort, log-rank P < 0.0001
(Figure 3} and for PFS (Supplementary Figure S3, available at
https://doi.org/10.1016/j.annonc.2022.03.274},

Next, we analyzed correlations between mGPS and
baseline muscle-related parameters (i.e. MA and SMI} as
well as the adipose tissue-related parameter TAT. We found
that mGPS at baseline is related to low baseline median MA
(P < 0.0001) (Figure 4 and Table 2}. In contrast, no such
correlations were found for the muscle parameter SMI (P =
0.420} or TAT (P = 0.065} (Table 2}.

While ECOG PS did not correlate with MA at baseline,
there was a significant correlation with SMI (P = 0.006,
Supplementary Table $2, available at https://doi.org/10.
1016/j.annonc.2022.03.274) as well as a statistically signif-
icant correlation between ECOG PS and mGPS (P < 0.0001,
Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2022.03.274).

We then correlated baseline mGPS with a decline in MA,
SMI or TAT between baseline and week 12. Furthermore,
we studied the prognostic role of a decline of MA and SMI
for 0S. Baseline mGPS was not predictive for a decline of
MA, SMI or TAT between baseline and week 12 (data not
shown). Moreover, neither a decline in MA nor SMI be-
tween baseline and week 12 was prognostic for OS
(Supplementary Tables 54 and S5, available at https://doi.

Table 1. Patient characteristics
N %)

ECOG PS

i 292 (57.4)

0 217 {42.6)
Age {years)

<65 375 (73.7)

=65 134 (26.3)
BMI {kg/m?)

<18.5 46 {9)

18.5-25 293 {57.6)

25-30 123 (24.2)

>30 47 {9.2)
Sex

Female 122 (24)

Male 387 (76)
Metastatic sites

=2 220 {43.2)

<2 289 (56.8)
Liver metastasis

Yes 244 {47 .8)

No 265 (52.1)
Ethnicity

Asian 128 (25.1)

Non-Asian 381 (74.9)

BMI, body mass Index; ECOG PS, Eastern Cooperative Oncology Group performance
status.
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Figure 3. EXPAND overall survival by mGPS.

Kaplan—Meier curves for overall survival according to mGPS category and 12-month overall survival rates according to mGPS in & = 509 patients.
Cl, confidence interval; mGPS, modified Glasgow prognostic score; OS, overall survival

org/10.1016/j.annonc.2022.03.274). More information on
baseline patient characteristics in relation to CRP or mGPS
are given in Supplementary Tables S6 and S7, available at
https://doi.org/10.1016/j.annonc.2022.03.274. Moreover,
the relation of tumor burden with CRP and albumin levels at
baseline is indicated in Supplementary Figure S4, available
at https://doi.org/10.1016/j.annonc.2022.03.274.

To investigate whether there remains an independent
prognostic role of BC parameters for OS when inflammation
parameters (mGPS or CRP) are considered, we fitted
multivariate Cox models with baseline MA, SMI or TAT
together with either CRP as a continuous parameter
(logCRP} of inflammation or logCRP plus alboumin or mGPS.
Strikingly, while ECOG PS and logCRP were significantly

1.0+
0.8
3
© i
2 0.6
o
5 HO: equal means
g P <0.0001
o 04
[
o
N
aaL — mGPS-0 261
— mGPS-1 146
— mGPS-2 102
0.0
\ \ \ T 0 \ \
0 10 20 30 40 50 60 70
MA

Figure 4. Empirical cumulative distribution function of MA at baseline according to mGPS categories (i.e. 0, 1, 2) at baseline.

Patients with a higher mGPS score are characterized by significantly lower MA.

MA, mean muscle attenuation; mGPS, modified Glasgow prognostic score.
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Table 2. Body composition parameters by mGPS
Al mGPS 0 mGPS 1 mGPS 2 P value

MA

Mean + SD 45.18 + 9.42 46.67 + 8.02 45.13 £ 958 41.05 + 9.26 <0.0001

Median 46.24 47 .82 45.96 41.82 <0.0001
SMI

Mean &+ SD 61.62 £ 9.44 62.04 £ 834 61.03 & 10.63 61.40 + 10.30 0582

Median 61.52 62.02 60.48 60.75 0.420
TAT®

Mean & SD 86.56 £ 57.23 81.80 £ 55.50 96.61 + 61.52 84.36 & 53.87 0.054

Median 77.29 71.20 86.43 78.63 0.065
N all 509 261 146 102

MA, mean muscle attenuation {in Hounsfield units); mGPS, modified Glasgow prognostic score {see Supplementary Table S1, available at https://doi.org/10.1016/] annonc.2022

03.274); SMI, skeletal muscle index {in cm?/m?); TAT, total adipose tissue in cm”
*Normalized for body size: area 1cm)2/size (m]2

prognostic for OS (P < 0.0001 each), none of the BC pa-
rameters (MA, SMI, TAT} was independently prognostic
(Table 3}. When entering CRP plus albumin into the model,
CRP was the dominating prognostic parameter (P <
0.0001}, and the prognostic role of albumin was borderline
(P = 0.042, Table 3). When entering the categories of mGPS
into the Cox model, all BC parameters measured lost their
prognostic impact (Table 3). Finally, CRP levels decreased
from baseline (n = 509, mean CRP 23.0 mg/!} to timepoint
6 weeks (N = 419, mean CRP 10.7 mg/l} to timepoint 12
weeks (N = 295, mean 5.1 mg/l} during treatment related
to the selection for patients reaching these timepoints
(Supplementary Table S8 and Figure S5F, available at
https://doi.org/10.1016/j.annonc.2022.03.274). Moreover,
a prognostic role for CRP levels during treatment (i.e. at
week 6} is indicated in Supplementary Figure S6B, available
at https://doi.org/10.1016/j.annonc.2022.03.274. Follow-up
data for mGPS and ECOG are given in Supplementary

Table 3. Cox models with logCRP, logCRP and albumin or mGPS
Covariates. HR 95% CI P value
logCRP 1612 1.396-1.862 <0.0001
ECOG (1 versus 0) 1539 1.264-1.874 <0.0001
MA 0.959 0.98-1.004 0.182
SMI 0.993 0.982-1.005 0.251
TAT® 0899 0.957-1.002 0.606
Covariates. HR 95% CI P value
log CRP 1.536 1.32-1.788 <0.0001
Albumin 0.975 0.951-0.999 0.043
ECOG (1 versus 0) 1504 1.234-1.834 «<0.0001
MA 0.994 0.982-1.006 0.334
SM| 0.994 0.983-1.005 0.306
TAT® 1 0.558-1.002 0.884
Covariates HR 95% CI P value
mGPS 1 1584 1.263-1.887 <0.0001
mGPS 2 1778 1.374-2.302 <0.0001
ECOG (1 versus 0} 153 1.254-1.866 «<0.0001
MA 0.989 0.977-1.002 0.186
SM| 0.995 0.983-1.006 0.353
TAT® 1 0.958-1.002 0.876

Cl, confidence interval; CRP, C-reactive protein {in mg/l); ECOG, Eastern Cooperative
Oncology Group; HR, hazard ratio; MA, mean muscle attenuation {in Hounsfield
units); mGPS, modified Glasgow prognostic scere {see Supplementary Table S1,
available at https://doi.org/10.1016/].annonc.2022.03.274); SMI, skeletal muscle
index {in cm?/m®); TAT, total adipose tissue {in cm?).

*Normalized for body size: area {cm)*/size {m)>
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Table S9, available at https://doi.org/10.1016/j.annonc.
2022.03.274, and the correlation matrix of baseline pa-
rameters is given in Supplementary Table 510, available at
https://doi.org/10.1016/j.annone.2022.03.274.

DISCUSSION

To our knowledge, this study is the first to analyze the role
of inflammation as measured by mGPS to predict CT-based
sarcopenia-related BC parameters (MA and SMI} at baseline
and up to week 12 during first-line treatment and to model
their prognostic impact in a well-defined large study cohort
of advanced gastric and EGJ cancer patients.

There is a strong rationale to study BC and sarcopenia in
conjunction with inflammation-related parameters as
inflammation has been demonstrated to trigger muscle loss
in different preclinical disease models including cancer
(reviewed in®). A causal link between inflammation and sar-
copenia has been identified in healthy elderly individuals.?>*
Moreover, clinical data indicate a correlation between
inflammation and sarcopenia in different chronic diseases™
as well as in cancer, according to a recent meta-analysis,
which relied mostly on studies in early-stage cancer pa-
tients (i.e. non-metastatic colorectal cancer in the majori‘fy).25

We choose mGPS as (i} the prognostic power of this score
has extensively been validated'? and (i) the parameters
CRP and albumin included in this score are strongly related
to inflammation/acute phase response. In our cohort,
decreased albumin plasma concentrations were found with
increasing frequency in patients characterized by higher
CRP concentrations indicating that even in gastric cancer,
where nutritional restrictions play an important role, in-
flammatory response is an important factor contributing to
low albumin plasma concentrations, thus underscoring the
role of albumin as a negative acute phase reactant.”®
Interestingly, plasma albumin levels represented the stron-
gest single prognostic laboratory-based marker contributing
to a recently developed novel multi-dimensional prognhostic
score for cancer patients.”’

As expected, mGPS was strongly prognostic for OS in our
cohort (Figure 3} and this is in full agreement with several
published studies including gastric cancer,'® as summarized
in a large meta-analysis."”
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More importantly, we found a strong correlation be-
tween baseline mGPS and baseline MA (P < 0.0001} but not
for SMI or TAT. Interestingly, in our previous analysis, MA
was the only independent prognostic BC parameter for 05.%
A decrease in MA levels morphologically is related to an
increased skeletal muscle fat content and accordingly the
term myosteatosis has been coined.”® In patients suffering
from chronic liver disease, a decrease in MA value (i.e.
myosteatosis} has been demonstrated to precede the
development of muscle loss (i.e. sarcopenia as measured by
a decrease in SMI).29 From this background, it might be
speculated that MA represents an ‘early’ marker of sarco-
penia in our cohort as well and that a loss of muscle mass
may not have fully occurred until baseline evaluation in our
trial cohort of patients suffering from an advanced,
aggressive cancer entity, likely explaining the lack of asso-
ciation between baseline mGPS and SMI.

While there have been reports indicating that a decrease
in muscle mass during treatment is related to an adverse
prognosis,>® we did not find a prognostic role for changes in
muscle parameters during treatment in our cohort up to
week 12 and mGPS at baseline was not predictive for such
changes during this time period. It can be speculated that
massive selection (i.e. dropout of patients due to death or
progressive disease} at week 12 related to an adverse
course of the disease may account for this finding.

Next, we built prognostic models including both inflam-
mation parameters (i.e. CRP and mGPS) and BC parameters.
To circumvent the problems related to the use of pre-
defined cut-off values of muscle-related BC parameters,s we
introduced all parameters linearly into our models. Strik-
ingly, all BC parameters including MA lost their prognostic
value in the presence of inflammation markers. Our analysis
relies on metastatic gastric cancer patients in good PS who
underwent first-line systemic cancer therapy in a phase Ill
clinical trial, thus representing a well-defined and fully
documented cohort, which can be assumed to have been
subject to positive selection (i.e. only ECOG 0/1 patients
included} compared to the real-world situation. While
cachexia and sarcopenia are common in advanced gastric
cancer, our findings might be transferable to similar clinical
situations (i.e. advanced metastatic cancers characterized
by an adverse prognosis and rapid development of
cachexia/sarcopenia}. More research into this direction is
encouraged by our data to validate the findings.

In view of the strong correlation of baseline MA with
mGPS and the lack of prognostic impact of MA in the
combined prognostic model, data suggest that CT-based
analysis of BC parameters can be substituted by easy-to-
perform laboratory measurements of blood-based inflam-
mation-related parameters (i.e. CRP and/or mGPS} as they
fully indicate the prognosis and represent a good surrogate
for the muscle parameter MA. Data underscore the central
role of inflammatory response as a driver of sarcopenia
development in cancer patients and suggest that ap-
proaches targeting host inflammatory response are prom-
ising both to improve cancer-directed treatment®' and
sarcopenia. The decrease in CRP levels during systemic

Volume 33 m Issue 7 m 2022

chemotherapy in our cohort may point in this direction.
Interestingly, a recently published paper has shown that a
decrease in CRP levels was prognostic for OS in the second-
line treatment of metastatic non-small-cell lung cancer pa-
tients treated with atezolizumab,®” suggesting that immune
checkpoint blockade can also lower cancer-related inflam-
mation. Moreover, pharmacological interventions are under
development to block the preo-inflammatory properties of
interleukin-6, a key driver of cancer-related inflammation
and cachexia, while maintaining its immunostimulatory
proper‘ties,.ag'34

Interestingly, exercise training, which represents a
promising component in the multimodal treatment of
cachexia/sarcopenia, may also have positive effects on in-
flammatary response.”” Finally, successful treatment of the
tumor itself is important to decrease inflammatory re-
sponses.36 Regarding nutritional interventions, a recent
analysis in cancer patients with different types and stages of
cancer could demonstrate that an individualized nutritional
support reduced the risk of mortality and improved func-
tional and quality-of-life outcome.?” On the other hand, it is
well established that the effectiveness of nutritional sup-
port is negatively correlated with baseline inflammation in
disease-related malnutrition®® and recently, it was reported
that cancer patients with low or moderate CRP levels (<10
mg/dl or 10-100 mg/dl} showed a reduction in mortality
(odds ratio 0.27 or 0.37} when receiving intensive nutri-
tional support while patients with high CRP levels {odds
ratio 1.26} did not.>”*° Finally, it could be hypothesized that
efficient cancer treatment related to a decrease in inflam-
matory response might improve the efficacy of nutritional
support, thus arguing for synergistic effects.

In summary, our findings support the causal model that
acute phase response as measured by mGPS, representing a
well-validated strong negative prognostic factor, is related
to sarcopenia. Sarcopenia turns out to be a mere symptom,
while a direct causal path from sarcopenia to survival is
lacking. Cancer-associated inflammation represents a key
target to improve both sarcopenia and survival in gastric or
EG) cancer patients.
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4.8 Inovativni prediktivni markery v individualizovaném [éCebném
pfistupu u adenokarcinomu GEJ

Hledani prediktivnich biomarkertli, které zlepsi odpovéd na lécbu a/nebo umozZni
optimalizaci lé¢ebného pristupu, je predmétem intenzivniho transla¢niho a klinického
vyzkumu. Inovativni pouZiti stavajicich diagnostickych metod ¢i nové prediktivni
markery umoziujici individualizaci a personalizaci 1é¢ebného postupu jsou dalsi topikou
mé habilita¢ni prace. Vyuziti biomarkeru jako indikatoru rezistence k chemoterapii
k adaptaci 1é¢ebného algoritmu byla zdrojem inspirace pro studii GastroPET, ktera
analyzuje pouZiti sekvencniho PET a miRNA.

4.8.1. PET jako biomarker Ié€ebné odpovédi u GEJ

Perioperacni chemoterapie je doporucenym lécebnym postupem u lokalné pokrocilého
adenokarcinomu gastroezofagealni funkce. Problémem je riziko progrese v priibéhu
chemoterapie, nebot ne vSichni pacienti reaguji na neoadjuvantni lécbu. Vcasna
identifikace nereagujicich pacientii (non-respondérii) ma potencial zlepsit nejen odpovéd’
na terapii a perioperacni vysledky, ale i celkové preZiti, jehoZ S5lety median je i pres
komplexni terapii pouze 50 %. FDG-PET je zkoumanym prediktorem 1é¢ebné odpovédi.
JiZz vroce 2001 prezentoval Weber vyznamné vétsi pokles standardizovaného
vychytavani FDG (SUV) ve skupiné klinickych responderti neZ u non-responderi.>3
Nasledujici studie ovérily pozorovani Webra a zaznamenaly mozZnost prediktivniho
vyznamu FDG-PET, konkrétné poklesu SUV jako korelatu stupné patologické odpovédi
(Ott, Wieder, Kauppi, Port). Wieder provedl srovnani casného méteni dva tydny po podani
prvni chemoterapie a prokazal, Ze ¢asna odpovéd’ po prvnim cyklu tézZ koreluje s operacni
regresi.>* Vzapéti studie Municon I prospektivné hodnotila vyznam PET, provedeného
den 14, jako biomarkeru histopatologické odpovédi a preZiti.5> V této studii jedinci, ktefi
dosahli 35% poklesu SUVmax PET, byli hodnoceni jako respondefi. U téchto pacientii byla
také zaznamenana vyznamna histopatologicka odpovéd’ s méné nez 10 % residualnich
bunék u 29 z 50 pripadii, zatimco u PET-non-responderti nebyl takovy histopatologicky
nalez ani jeden. Zména SUV sice nedokazala predpovédét pCR, ale median preziti
responderti byl signifikantné delsi neZ u non-responderti (HR = 2,13; 95 % CI: 1,14-3,99;
P = 0,015).5¢ V Municon I byla u non-respondérii chemoterapie preruSena a vsichni

53 WEBER W. A, K. OTT K, K. BECKER et al. Prediction of response to preoperative chemotherapy in adenocarcinomas
of the esophagogastric junction by metabolic imaging. J Clin Oncol. 2001, 19, 3058-3065.

54 WIEDER H. A, B. L. BRUCHER, F. ZIMMERMANN, K. BECKER, F. LORDICK, A. BEER, M. SCHWAIGER, U. FINK,
J. R. SIEWERT, H. J. STEIN, W. A. WEBER. Time course of tumor metabolic activity during chemoradiotherapy of
esophageal squamous cell carcinoma and response to treatment. / Clin Oncol. 2004, 22(5), 900-908. doi:
10.1200/]JC0.2004.07.122.

55 OTT K, K. HERRMANN, B. J. KRAUSE, F. LORDICK. The Value of PET Imaging in Patients with Localized
Gastroesophageal Cancer. Gastrointest Cancer Res. 2008; 2(6): 287-294.

56 ZUM BUSCHENFELDE C. M., K. HERRMANN, T. SCHUSTER, H. GEINITZ, R. LANGER, K. BECKER, K. OTT, M. EBERT,
F. ZIMMERMANN, H. FRIESS, M. SCHWAIGER, C. PESCHEL, F. LORDICK, B. ]. KRAUSE. (18)F-FDG PET-guided salvage
neoadjuvant radiochemotherapy of adenocarcinoma of the esophagogastric junction: the MUNICON II trial. ] Nucl Med.
2011, 52(8), 1189-96. doi: 10.2967/jnumed.110.085803.
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pacienti podstoupili operaci. Municon II naopak pracoval s hypotézou, Ze zména
predoperacni 1é¢by umozni intenzifikovat 1é¢ebny postup a individualizovat 1écebny
pristup.>” Nase skupina vysla z predchozich publikaci némecké skupiny a iniciovala
multicentrickou narodni studii faze Il GastroPET hodnotici vyznam biomarkeru 8FDG-
PET/CT ve zméné piredoperacni 1éCebné strategie (obr. 21). Primarnim cilem studie je
dosazeni RO resekce ve skupiné non-respodérl. Pacienti s lokdlné pokrocilym
adenokarcinomem gastroezofagealni junkce (Siewert I-III) stadia Ib-Illc podstoupili
2 sekvencni FDG-PET vySetreni v odstupu 14 dni podobné jako u Municon I, II. Respondéri
byli definovani snizenim primeéru SUVmax tumoru = 35 % od vychozi hodnoty. Pacienti,
ktefi odpovidali na chemoterapii, pokracuji ve stejném chemoterapeutickém rezimu,
avsak u neodpovidajicich pacient je lécebna strategie modifikovana ve prospéch
chemoradioterapie (tydné karboplatina a paklitaxel se sou¢asnou radioterapii (45 Gy ve
25 frakcich) (obr. 22). Nabor do studie probiha. V nasi prvni publikaci jsme ovérovali
presnost metodického postupu hodnoceni PET, potvrdili proveditelnost multicentrického
klinického hodnoceni a publikovali data o bezpecCnosti. VSechny parametry byly
hodnoceny na prvnich 63 pacientech zarazenych do studie [8] (ptiloha 8).

Obr. 21: Schéma studie GastroPET
ALA: 4 cycl f 4 cycl f
. cycles o cycles o
Metabolic FOLFOX/FLOT FOLFOX/FLOT
responders
1 cycle of
FOLFOX/FLOT
Arm B: Chemo-
Metabolic Radiotherapy —> Follow-up
non-responders Paclitaxel/carboplatin
18FDG-PET sken: 2-deoxy-2-[18F]fluor-D-glukéza PET; FOLFOX: oxaliplatina 85 mg/m2, leukovorin 200

mg/m? a fluorouracil 2600 mg/m? jako 48hodinovd infuze v den 1 kaZdé dva tydny; reZim FLOT: k FOLFOX se
priddvd docetaxel 50 mg/m? a fluorouracil 2600 mg/m? jako 24hodinovd infuze v den 1 kaZdé dva tydny.

SURGERY

Baseline
FDG-PET

Comparative
FDG-PET

V interim analyze, ktera nebyla publikovdna, bylo dosaZeno RO resekce u 25
respondért (89,3 %; 95 % C1 72,8-96,3 %), z nichZ 21 bylo 1é¢eno FLOT (pocet resekci RO
91,3 % v této skupiné), a u 17 non-respondert (89,5 %; 95% CI 68,6-97,1 %).
Histopatologickd odpovéd TRG 1-3 podle Mandarda byla nalezena u 15 respondéri
(54 %) a u 15 non-respondérti PET (83 %) po chemoradioterapii. Rozdil mezi obéma
rameny zatim nebyl statisticky vyznamny (p = 0,058). Nicméné pozitivnim jevem je, Ze ve
skupiné pacientili se Spatnou prognoézou, jakymi skupina non-respondéri bezpochyby je,
bylo dosaZeno stejné histopatologické odpovédi jako u respondérii. Vysvétleni je
v pouZitém rezimu chemoradioterapie, kde implementace radioterapie do 1é¢ebného
schématu vede k jednoznacné vyssi lokdlni kontrole. Podobnych vysledkd, ale
u neselektované populace, bylo dosazeno ve studii NeoAEGIS, kterd srovnavala
perioperacni chemoterapii FLOT s chemoradioterapii, kterou jsme pouZili i v nasi studii.

57 Lordick F., K. Ott, B. J. Krause, et al. PET to assess early metabolic response and to guide treatment of adenocarcinoma
of the oesophagogastric junction: the MUNICON phase II trial. Lancet Oncol. 2007, 8, 797-805.
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Origindlné se jednda o schéma ze studie CROSS. Prvni vysledky studie NeoAEGIS>8
(publikovan zatim pouze abstrakt) ukazuji lepsi lokalni kontrolu, ktera sevSak nepromita
do delsi doby celkového preziti bez progrese.

Uvodni hodnoty 8FDG-SUV byly v nasi studii numericky vy$si u intestinalniho
adenokarcinomu ve srovnani karcinomt s difdznim typem dle Laurénovy klasifikace.
Tento vysledek byl hrani¢né statisticky signifikantni (p = 0,058), proto jsme provedli
explorativni analyzu odpovédi PET podle histologického podtypu. Pokles SUV v obou
ramenech na histologické podtypy je znazornén na obr. 23.

Obr. 22: Asociace poklesu FDG-SUV s histopatologickou odpovédi u metabolickych respondéru
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58 REYNOLDS]. V., S. R. PRESTON, B. O’NEILL, et al. Neo-AEGIS (Neoadjuvant trial in Adenocarcinoma of the Esophagus
and Esophago-Gastric Junction International Study): Preliminary results of phase III RCT of CROSS versus perioperative
chemotherapy (Modified MAGIC or FLOT protocol). (NCT01726452). ] Clin Oncol 2021, 39, 4004-4004.
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Obr. 23: FDG SUV ve studijnich kohortach. (A) SUV na pocatku podle histologického typu, (B) zmény
SUV pro PET respondéry a non-respondéry
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Co se tycCe nezadoucich ucinkd, do data této analyzy dokoncilo operaci 47 pacientt (28
respondérii a 19 non-respondérii). Poopera¢ni komplikace stupné = 3 (Common
Terminology Criteria for Adverse Events, CTCAE verze 5.0) byly hlaSeny u 5 respondérii
(18 %; 95% CI, 7,9-36 %) a 2 non-respondérii (11 %; 95% CI 2,9-31 %). Rozdil mezi
obéma rameny nebyl statisticky signifikantni (p = 0,058), pricemZ postoperacni
hospitaliza¢ni mortalita dosahla 4,3 % (2/47 pacientt; 95 % CI, 1,2-14 %).

Spatnad progndéza non-respondért identifikovanych provedenym FDG-PET je
ovérenym faktem. Intenzifikaci davkového schématu radioterapie lze teoreticky
dosahnout vyssi histopatologické odpovédi jako surrogatu pro celkovy priibéh
onemocnéni. Problematickym bodem vnavySovani davky radioterapie v ramci
neoadjuvantni chemoradioterapie je toxicita v oblasti rizikovych organti, konkrétné plic
a srdce. Plice jsou pri nasledné operaci exponovanym a vysoce rizikovym organem,
a proto je dilezité nehandicapovat pacienta nadmérnymi davkami ozareni. Obecné se za
standardni povaZuje davka LD do 50 Gy, zatimco davka nad 50 Gy neprinesla benefit v OS,
ale je rizikova pravé z perspektivy budouci operace. Nicméné data ze studie CROSS
a NeoAEGIS prispéla k evidenci vyznamu radioterapie z hlediska lokalni kontroly a poctu
dosaZenych patologickych kompletnich remisi. Proto jsme vramci naseho projektu
naplanovali a provedli i virtudlni planovaci studii, jejimz cilem bylo ovérit bezpecnost
intenzifikované davky radioterapie [9] (priloha 9).
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Priloha 8: Vlastni prispévek k dané problematice
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Introduction

Oesophageal cancer is the seventh most common
malignancy worldwide and the sixth leading cause
of cancer-related death.! In locally advanced
oesophageal adenocarcinoma including adenocar-
cinoma of the oesophago-gastric junction (AEG),
either perioperative chemotherapy or preoperative
chemoradiotherapy is the recommended standard
of care.*® As a downside, preoperative treatment
postpones surgery and thereby can increase the
risk of disease progression in non-responding
patients. Several groups have investigated the
early identification of non-responders and the
adaptation of the preoperative treatment approach
before. In 2006, Ott et al. evaluated the maximum
standardised uptake value (SUV) of 2-deoxy-2-
[18 Flfluoro-D-glucose PET (®FDG-PET)
before and on day 14 of preoperative chemother-
apy. They defined an early metabolic response
based on SUV decrease and established a reduc-
tion of SUV,,,, = 35% as the best cut-off to predict
major histopathologic response and improved
progression-free survival.” In the consecutive
MUNICON I and II studies, the same group of
investigators demonstrated that an early metabolic
response-guided treatment algorithm identifies
non-responding patients and allows for the adjust-
ment of the perioperative treatment strategy.®®
Since then, several other groups developed
response-guided treatment algorithms with some
modifications in methodology, endpoeints and trial
designs!®1? but implementation into clinical prac-
tice is still lagging behind.

The goal of the national multicenter GastroPET
study reported here was to explore whether early
metabolic non-responders benefit from a switch
from induction chemotherapy to chemoradiother-
apy. This design was based on the reports of
promising histopathological response rates follow-
ing preoperative chemoradiotherapy® compared to
the rate known from preoperative chemotherapy
alone at the time when GastroPET was designed.
Here, we present the data of the first 63 patients
receiving both ¥FDG-PET scans focusing on (1)
the feasibility of a multicentre methodology, (2)
interobserver variability (local versus central) of
FDG-PET readings and (3) postoperative com-
plications and mortality. This analysis was
requested by the study steering board and the
funding organisation during the study conduct as
a consequence of slightly delayed accrual, to
ensure the feasibility and safety of the FDG-PET-
response tailored multicenter treatment approach

for patients with localised oesophago-gastric junc-
tion cancer.

Materials and methods

Study design

GastroPET is a phase I study evaluating sequen-
tial "*FDG-PET/CT scanning as an imaging bio-
marker for response to the standard treatment of
advanced the

adenocarcinoma of

locally denocarcinoma
oesophago-gastric junction (AEG). In addition,
blood and tumour tissues were collected for
miRNA assessment which will be reported in a
separate paper. Included patients were stratified
by metabolic response to cither of two arms
(Figure 1). The primary objective, which i3 not
reported here, is the RO resection rate in
non-responders.

The study was designed as an academic invesriga-
tor-initiated trial and was sponsored and coordi-
nated by the Masaryk Memorial Cancer Institute
(MMCI), Brno, Czech Republic. Patients from
three instirutions across the Czech Republic were
recruited: MMCI, General University Hospital in
Prague (GUH) and University Hospital in
Olomouc (UHO). The trial was approved by the
National regulatory agency (State Instirute for
Drug Control, 28 June 2017, ref. no.
sukls146974/2017), Local Ethics Committees
(LEC MMCI, 25 July 2017, ref. no.: 2017/2123/
MOU, MOU 174 875; LEC+MEC UHO and
Faculty of Medicine of the Palacky University
Olomouc, 14 October 2017, ref. no.: 144/17
MEK 22; LEC GUH Prague, 11 January 2017,
ref. no.: 74/17 Grant), and assigned EudraCT
number 2017-001264-38 in the European
Clinical Trial Database (16 October 2017). The
study is funded by the Ministry of Health, Czech
Republic — grant no. 17-29389A, Conceptual
Development of Research Organization (MMCI
00209805) and the Ministry of Education, Youth
and Sports, MEYS-Czech Clinical Research
Infrastructure (CZECRIN) LM2018128 and
BBMRI-CZ 1L.M2018125.

Patients

The total number of participants planned to be
recruited is 120. Eligibility criteria included the
presence of biopsy-proven locally advanced
resectable AEG (Siewert I-III) stage Ib-Illc.
Staging procedures included endoscopy, endo-
scopic ultrasound and FDG-PET/CT scan of
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Figure 1. Study design diagram.

'8FDG-PET scan, 2-deoxy-2-[18 Flflucro-D-glucose PET; FOLFOX, oxaliplatin 85 mg/m?, leucoverin 200mg/m? and fluorouracil 2600 mg/m? as a 4B-h
infusion on day 1 every 2 weeks; FLOT regimen, docetaxel 50 mg/m? is added to FOLFOX, and fluorcuracil 2600 mg/m? as a 24-h infusion on day 1

avery 2 weeks.

the chest and abdomen. Eligible patients had to
be fit for oxaliplatin-fluoropyrimidine-{docetaxel)
containing chemotherapy (FOLFOX or FLOT),
and tumours were deemed RO resectable after
consultation of the institutional multidisciplinary
tumour board.

Key exclusion criteria were age < 18 years, Eastern
Cooperative Oncology Group (ECOG) score > 2,
life expectancy <3 months, uncontrolled rumour
bleeding and previous chemotherapy, radiotherapy
or endoscopic therapy for early stage cancer within
the past 3months. All participants provided writ-
ten informed consent. Patients had to consent to
additional diagnostic procedures. Compared to
teatment standard blood samples, the second
PET scan and oesophagogastroduodenoscopy
with sampling for translation research were per-
formed. The first patient was enrolled on 3
November 2017 at MMCIL Recruitment was
ongoing at the time of this analysis.

'eFDG-PET/CT

The baseline "FDG-PET/CT was performed
before the initiation of treatment to exclude meta-
static disease and determine the baseline tumour
FDG-SUV. The second comparative scan was per-
formed 14days after the start of the first cycle of
neoadjuvant chemotherapy. " FDG-PET/CT scans
were carried out in specialised PET study centres
working according to the study-protocol-defined
standard operating procedure and the European
Association of Nuclear Medicine (EANM) guide-
lines.!* All patients underwent *FDG-PET/CT on
one of the following hybrid PET/CT scanners:

Biograph mCT Flow, Siemens (in MMCI),
Discovery 690, GE (in GUH) and Biograph 40,
Siemens (in UHQO). The identical scanner was used
for the baseline and the comparative *FDG-PET/
CT scans for all patients. Data and records of the
BEDG-PET/CT scans were sent for the second
(central) reading to the PET Center at MMCIL
When PET scans were performed locally at MMCI,
a different nuclear medicine physician was responsi-
ble for the central read.

Tracer uptake was assessed semiquantitatively as
SUV jyernge Using a two-dimensional circular region
of interest with a diameter of 1.5cm (2D ROI) in
axial slice using the TrueD software (Siemens
Medical Solutions) or GE Advantage Workstation
4.5. In the comparative scan, the ROIwas placed in
the same anatomical position.® The percentage dif-
ference [ASUV = 100 X (SUV_, reiive = SUVusctine)/
SUVyciine) Was calculated.” Patients whose tumour
FDG-SUV decreased by=35% (ASUV =-35%)
were defined as metabolic responders.

Treatment

All eligible patients started preoperative treat-
ment with chemotherapy (FOLFOX or FLOT).
One of the two regimens was chosen according to
the patient’s performance status and comorbidi-
ties. FOLFOX consists of oxaliplatin 85mg/m?,
leucovorin 200 mg/m?, fluorouracil 400 mg/m? as
a bolus and fluorouracil 2600mg/m? as a 48-h
infusion given every 2 weeks. In the FLOT regi-
men, docetaxel 50mg/m? is added to FOLFOX
with continuous fluorouracil as a 24-h infusion on
day 1.

journals.sagepub.com/home/tam
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Metabolic responders (Arm A) subsequently
received additional four preoperative cycles
(8weeks) of FLOT or FOLFOX every 2 weeks.
Surgery in Arm A was planned 4 to 6 weeks after
day 1 of the last FLOT/FOLFOX administration.
In addition, patients were planned to receive four
postoperative cycles (8weeks) of FLOT/
FOLFOX starting within 12 weeks after surgery.

Metabolic non-responders (Arm B) switched to
concurrent chemoradiotherapy consisting of five
times weekly carboplatin at AUC = 2mg/ml/min
and paclitaxel at 50 mg/m? together with concur-
rent radiotherapy (45 Gy in 25 fractions, 1.8 Gy
per daily fraction, 5 days per week for 5 weeks

with no additional boost).

Dose reductions in both arms were made accord-
ing to common clinical practice. G-CSF was pre-
scribed according to the investigator’s decision
and was prioritised to chemotherapy dose reduc-
tions in case of haematological toxicities. In Arm
B, G2 thrombocytopenia for more than 2 weeks
was a reason for the discontinuation of chemo-
therapy but not radiotherapy.

The recommended surgical treatment was Ivor-
Lewis oesophagectomy for Siewert type 1 and
total gastrectomy with transhiaral extension if
needed for Siewert type 3 tumours. For Siewert
type 2 cancers, gastrectomy with distal oesophagec-
tomy was recommended, but transthoracic
oesophagecromy was also allowed. The main goal
of the surgical approach was to obtain complete
resection including adequate regional lymphad-
enectomy, with negative surgical margins.

Adverse events during neoadjuvant therapy and
perioperative complications were documented and
reported according to the Common Terminology
Criteria for Adverse Events (CTCAE) Version 5.0

Histopathelogy

RO resection was defined as margin-negative resec-
tion, in which no gross or microscopic tumour resi-
dues at resection margins exist (definition according
to the College of American Pathologists).!> The
tumour regression grade (TRG) was determined
according to the Mandard score.1®

Follow-up
Clinical follow-up visits were conducted every 3
months in the first 2 years and then every 6

months for 3 years. Endoscopy and chest/abdo-
men CTs were performed once a yvear from the
first to the fifth year.

Endpoints and statistic methods

This study was designed as a two-arm trial strati-
fied by the metabolic response. The primary end-
point is to achieve 85% RO status in resected
metabolic non-responders. This threshold was

chosen

trial

based on previously trial
results.®? A total of 40 evaluable patients are
required in Arm B to confirm an 85% RO resec-
tion rate with a 95% confidence interval (74—
96%,). Patient and treatment characteristics were
described using standard summary statistics, that
is, median and interquartile range IQR) for con-
tinuous variables and frequencies and propor-
tions for categorical variables. Confidence
intervals (ClIs) for proportions were calculated
using the Wilson method. Correlation of SUV
decrease and metabolic response with histopatho-
logical response were evaluated using the Mann—
Whitney and Fisher exact tests, respectively.
Preplanned secondary endpoint analyses will
assess disease-free survival (DFS) and overall sur-
vival (OS). All statistical analyses were performed
employing R version 4.0.3,17 and a significance
level of 0.05. This analysis aims to assess the
accuracy of the study methodology and patient

safety data after 60 recruited patients.

Results

Fatients

Between July 2017 and June 2021, 89 patients
were screened. Patient enrolment is shown in the
Consort diagram (Figure 2). After the first
BEDG-PET/CT scan, three patients (3.6%) were
non-cligible due to low tumour FDG uptake, and
16 patients (19%) were diagnosed with metastatic
disease. Sixty-three patients were eligible for this
analysis.

Fifty-three patients (84%) received FLOT, and
all others were treated with FOLFOX. Patient
characteristics of the study cohort reported here
are shown in Table 1.

Metabolic response

Baseline and comparative ®)FDG-PET/CT scans
were performed in 64 patients. The median radi-
oactive dose administered was 342 MBq in the
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November 2017

+  Age of 18 years or more
*  Not currently participating in another clinical trial
= Biopsy-proven locally advanced resectable

Assessed for eligibility

June 2021

(n=89)

oesophago-gastric adenocarcinoma (Siewert | -
1) with T3NO, TAND, T2 — T4N+, stage Ib — liic

*  Tumours must be potentially RO resectable
during consecutive operation.

Ineligible (n = 4)
Ongoing(n=1)

Baseline FDG-PET
(n=84)

PET not evaluable (n= 3)
ic disease (n=16)
Ongoing (n=1)

Comparative FDG-PET|
(n=64)
i/ B,

Arm A (Metabolic responders)
(n=35)

Ongoing(n=2)
Patient's decision (n = 2)
Death(n=1)

—
Surgery
(n=30)

—_—

| Explorative surgery (n=2)

R —
Completed surgery
(n=28)

Figure 2, Flowchart of the study.

baseline PET (range: 144-520) and 328 MBq in
the comparative PET (range: 148-499). The
median time interval between FDG injection and
the start of the emission scan was 61 min at base-
line (range: 51-94) and 61 min at the comparative
PET (range: 55-90). The median blood glucose
level was 5.8 mmol/L before baseline (range: 4.1—
9.4) and 5.8 mmol/L. before the comparative PET
(range: 4.3-11.7).

The BFDG-SUV at baseline was numerically
higher in the intestinal versus diffuse subtype

Stratification

Treatment changed (n= 1)

(n=63)

(n=28)

Arm B (Metabolic non-responders)]

[

tic di

Surgery
(n=21)

cancers with borderline statistical significance
(p=0.058, Figure 3(a)), therefore an exploratory
analysis of PET-response according to histology
subtypes was performed. The SUV decrease in
both arms per histological subtypes is shown in
Figure 3(b).

Thirty-five patients (56%) were PET-responders
with a median SUV decrease of 50% (IQR 42—
60%). For FLOT, the metabolic response rate was
57% compared to 50% with FOLFOX (p=0.740).
Twenty-eight patients (44%) were non-responders

Death(n=1
Treatmentchanged(n=3)
AE(n=2)

)

iU

Explorative surgery (n = 2)

Completed surgery
(N=19)

July 2021
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Table 1. Patient baseline characteristics.

N =63 Arm A PET-responders Arm B PET-non-responders
All patients Completed surgery  All patients Completed surgery
N=35 N =28 N=28 N=19
Age
Median (1QR) 65 (57-72) 65 (58-70) 45 (56-70) 66 (57-74) 63 (57-73)
Range 30-81 30-75 44-T74 51-81 52-78
Sex
Female 8 (13%) 6 [17%) 5[18%) 2(7%) 1 [5%)
Male 55 [87%) 29 (83%]) 23 (82%) 26 [93%) 18 [95%]
T category
2 2 (3%) 2 (6%) 2 (8%) 010%] 0(0%])
3 47 [81%]) 26 (81%) 20 (77%) 21 (81%) 14 (78%)
4 9 (16%) 4(12%) 4 [15%] 5(19%) 4(22%])
X 5 3 2 2 0
N category
0 25[41%) 12 (35%) 11 (41%) 13 [48%) 9 [47%)
1 18 [30%) 12 [35%) 9 (33%] 6 (22%) 5 (26%)
2 14 (23%) 8 [24%) 6(22%) 6[22%) 4(21%)
2 4 (7%) 2 (6%) 1 (4%] 2(7%) 1[5%)
Unknown 2 1 1 1 0
ECOG PS
0 27 46%) 17 (50%]) 15 (56%) 10 (40%) 5 [29%)
1 32 [54%) 17 (50%]) 12 (44%) 15 (60%) 12 [71%]
Unknown 4 1 1 3 2
Siewert type
Siewert 1 22[346%) 11 (33%) 9 (33%] 11 (39%) 8 [42%)
Siewert 2 31(51%) 18 [55%) 15 (56%) 13 [46%) 8 [42%)
Siewert 3 8 (13%) 4(12%) 3(11%) 4(14%) 3(16%)
Unknown 1 2 1 0 0
Histological type
Diffuse 10 (17%] 3(10%) 3(12%] 7 [26%) 5 (26%)
Intestinal 34 [59%) 22(71%) 17 (68%) 12 [44%) 9 [47%)
Indeterminate 12 (21%] 5 [16%) 4[16%] 7 (26%) 5 [26%)
[Continued]
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Table 1. (Continued)

N=63 Arm A PET-responders Arm B PET-non-responders
All patients Completed surgery  All patients Completed surgery
N =35 N=28 N =28 N=19
Other/mucinous 2 (3%) 13%) 1 [4%) 1 [4%] 0(0%]
Unknown 4 3 3 1 0
Chemaotherapy
FLOT 53 (84%)] 30 (86%) 25 (89%) 23 (82%) 17 (89%)
FOLFOX 10(16%) 5 [14%) 3 (11%) 5(18%) 2[11%)

ECOG PS, performance status according to the Eastern Cooperative Oncology Group; FLOT, docetaxel added to FOLFOX; FOLFOX, oxaliplatin,
leucovorin and fluorouracil; IGR, interquartile range; PET, positron emission tomography.

according to the study criteria. The ASUV range in
this group was from —33% to +31%.

SUV quantification was compared between local
and central reading (Supplementary Figure 1).
The observed concordance of stratification by
response was 100% (Figure 4).

Surgery

In metabolic responders, 30 (86%) patents pro-
ceeded to surgery, 28 patents underwent radical
tumour resection and 2 ended the procedure after
exploration because of inoperable disease. Two
patients have not yet completed chemotherapy, two
patients refused surgery and one patient died during
chemotherapy due to pulmonary embolism.

In metabolic non-responders, 21 (75%) patients
proceeded to surgery, 19 underwent radical tumour
resection and 2 ended the procedure after explora-
tion because of the diagnosis of inoperable disease.
One patient died during chemotherapy due to car-
diac arrest, one patient did not undergo surgery
due to newly diagnosed metastases, two patients
due to worsening of their performance status and
comorbidities (ischemic cardiac disease), and three
patients changed the treatment (one was not able to
undergo radiotherapy, two refused the switch to
chemoradiotherapy because of subjective improve-
ment of symptoms during chemotherapy).

RO resection was achieved in 25 responders
(89.3%; 95% CI: 72.8-96.3%), of which 21 had
been treated with FLOT (RO resection rate 91.3%
in this group; 95% CI: 73.2-97.6%), and in 17
non-responders (89.5%; 95% CI: 68.6-97.1%).

Histopathelogy

Histopathological response (TRG 1-3, according
to Mandard) was found in 15 PET-responders
post chemotherapy (54%) and in 15 PET-non-
responders (83%) post chemoradiotherapy. The
difference between both arms was not statistically
significant (p=0.058). Characteristics after neo-
adjuvant treatment and surgery according to
PET-response are summarised in Table 2.

In PET-responders, the histopathological
response was associated with a higher FDG-SUV
decrease with a median of 57% wersus 45% in
patients without histopathological response
(p=10.044, Figure 5).

Postoperative complications and mortality

The postoperative mortality rate (30 days and in-
hospital mortality) was 4.3% (2/47 patients; 95%
CI: 1.2-14%); one patient in each arm died.
Postoperative complications of grade 3 (CTCAE
5.0) or more, including nonsurgical morbidity,
were reported in five PET-responders (18%; 95%
CI: 7.9-36%) and two non-responders (11%;
95% CI: 2.9-31%), with no statistical difference
berween both groups (p=0.685). Postoperative
adverse events according to study arms are sum-
marised in Supplementary Table 1.

Discussion

The phase II academic GastroPET study aims to
investigate the predictive value of *FDG-PET-
based response assessment and its impact on tai-
loring preoperative treatment according to the
metabolic response. Contrary to the first rtrial

Jjournals.sagepub.com/home/tam

133



Therapeutic Advances in Medical Oncology 13

® Diffusetype #® Indeterminate type @ Intestinaltype @ Other/mucinous
(a) (b)
AmA Arm B
responders nonresponders
5] p=o0.0s8 i
. °
30 30
°
=
525 25
o
Q
o
‘I.I.
- 20 20
2 i 3
3 (2]
) o
g ! .
S 15 15 s
=3 . L]
5 ! H
w
—— [ ;
101 —2— 10 e ——
. . e |
[ (L2 | | @ EBEBe—Sas 3 c !
| 0 : L—-‘ =———
54 L& | = 5
] : ' ‘ (== E —
&£ & » Baseline Comparative Baseline Comparative
< ) ) & 18
& © & & FDG-PET
& & i &
S & & ¢
& §
K

Figure 3. FDG-SUV in the study cohorts. (a) SUV at baseline according to histelogical type and (b) SUV changes for PET-responders

and non-respanders.

using this approach (MUNICON-1).? GastroPET
uses a multicenter design. Therefore, we planned
central reading of PET/CT scans to verify the fea-
sibility of the methodology. The main finding of
this analysis was a reassuring concordance of local
versus central assessment of PET-response, con-
firming the feasibility of the methodology in a
multicenter setting. In addition, we can confirm
the safety of the treatment approach in terms of
perioperative complications and mortality.

Recently, FLOT was established as a novel stand-
ard of care for the perioperative treatment of gas-
ric and oesophago-gastric junction cancers.”
From a clinical perspective, not all patients are
candidates for the multi-drug regimen FLOT.
Therefore, we allowed for FOLFOX as an alter-
native regimen. Regarding PET-response, no sig-
nificant  difference between FLOT (57%
response) and FOLFOX (50% response) was
observed. Similarly, in the CALBG 80803 trial,
no significant difference in the rate of PET-
response was seen between FOLFOX and carbo-
platin/paclitaxel (64.9% wersus 56.1%).'* This

observation confirms that PET-response is a sus-
tainable predictor of tumour chemosensitivity
and to a large extent independent from variations
in platinum-based chemotherapy regimens.
Accordingly, Ott er al’7 reported that PET-
response was the only independent factor predict-
ing recurrence (p=0.018) in a group of completely
resected (RO) patents with oesophago-gastric
cancer. Whether this holds true for novel combi-
nations of chemotherapy plus targeted therapy
(such as HER2-antibodies) or immune check-
point inhibitors, which may soon become stand-
ard not only in stage IV, and also in the adjuvant
serting after an incomplete response to preopera-
tive chemoradiation and surgery, remains to be
investigated.!® In summary, PET-response indi-
cates a favourable prognosis which is consistent
among multiple prior studies.’-810:11

One might criticise that five cycles of preoperative
FLOT as given in the GastroPET study is diverg-
ing from the initially published four preoperative
cycles applied in the FLOT4 trial.> However,
only around 50% of patients can finish
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Figure 4. Comparison of local and central reading of PET-response based on FDG-SUV changes. The solid line
represents the correlation between local and central reading; the horizontal and vertical dashed lines separate
PET-responders and non-responders (SUV cut-off decrease of 35%).

the postoperative part of treatment. In terms of
PET-proven chemosensitivity, we therefore
decided to intensify the preoperative period by
using five cycles of chemotherapy. Another issue
of uncertainty is the optimal neoadjuvant radio-
therapy dose. According to the guidelines, the
standard dose of radiation in a preoperative set-
ting is in the range 0f 41.4-50.4 Gy.!1:19-21 In view
of poor prognosis of metabolic non-responders to
chemotherapy, the dosing schedule of 45 Gy in
25 fractions for 5weeks was chosen which is
slightly more intensive compared to the 41.4 Gy
that was applied in the CROSS study.® In addi-
tion, compared to the CROSS trial where a 3D
conformal radiation technique was used, we
applied the volumetric modulated arc therapy
(VMAT). Finally, the perioperative treatment
landscape is expected to change in the near future
with increasing implementation of adjuvant
immunotherapy according to the results of
Checkmate-5771% and potentially also following
or in addition to preoperative chemotherapy if
ongoing trials such as EORTC1707-VESTIGE
will be positive.?2 However, we expect the recruit-
ment of GastroPET to be finished until then.

Numerically, higher baseline FDG-SUVs were
observed in intestinal versus diffuse subtype can-
cers. Therefore, an exploratory analysis according
to histologic subtypes was performed. Although
patient numbers were limited and cancers with dif-
fuse subtypes were rare in our data set (17%), this
analysis indicates that diffuse oesophago-gastric
cancers are probably not the ideal subgroup for a
PET-response tailored treatment approach.?? The
observation that diffuse type gastric cancers are
less FDG-avid is not new and was previously
described by several other investigators.?*?7
Typically, diffuse subtype cancers are less com-
mon at the oesophago-gastric junction and more
frequent in non-cardia gastric cancers. Patients
with this tumour location were not included in the
GastroPET study. Ott and coworkers identified
patients with PET-non-avid tumours as a specific
subgroup with histopathological response rates
and survival rates close to PET-non-responders.28

To the best of our knowledge, GastroPET is the
first study to evaluate PET-response during neo-
adjuvant FLOT chemotherapy with a planned
change to CROSS-type chemoradiotherapy as a
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Table 2. Characteristics after neoadjuvant treatment and surgery according to PET-response.

Overall Arm A ArmB
N =47 PET-responders PET-non-responders
N=28 N=19
ASUV
Median (IQR] -40(-52to -14) -50 [-60 to -42) -12 (-22 to -1)
Range -78to 31 -78to -3¢ =381t0'31
Unknown 2 1 1
Grade
1 5(11%) 3(12 %) 2 (11%])
2 17 (39%) 10 (40%) 7 [37%)
3 20 (45%) 11 [44%) 9 [47%)
2-3 2(5%) 1 (4 %) 1 (5%)
Unknown 3 3 0
TRG
1 6[13%) 3(11%) 3(17%)
2 15 (33%) 10 (36%) 5 (28%])
g 9 (20%] 2 (7% 7 (39%)
4 11 (24%) 8 [29%] 3(17%)
5 5(11%]) 5 (18%]) 0(0%)
Unknown 1 0 1
Adequate regional 45 (96%) 27 (96%) 18 (95%)
lymphadenectomy
Residual disease
RO 42 (89%) 25 (89%) 17 (89%)
R1 4 (9%]) 2 (7%] 2 (11%)
R2 1(2%]) 1 (4%]) 0 (0%])

IQR, interquartile range; PET, positron emission tomography; SUV, standardised uptake value; TRG, tumour regression

grade [Mandard).

salvage strategy for non-responders. Two prac-
tice-changing phase III trials contributed to
establishing these two treatment regimens as the
standard of care.>®29 The phase III randomised
international Neo-AEGIS trial aimed to compare
perioperative  chemotherapy to preoperative
CROSS chemoradiotherapy.?® NeoAegis showed
a higher RO resection rate in the chemoradiother-
apy arm (95% wersus 82%); however, only 10% of
the patients were treated with FLLOT compared

to 84% in our study. The important observation
of NeoAegis is that neither a higher RO resection
rate nor a higher histopathologic complete remis-
sion (pCR) rate in the chemoradiotherapy arm
led to improved overall survival. Two ongoing
randomised phase III trials (Esopec® and
TopGear®) comparing perioperative chemother-
apy versus CROSS may shed more light on the
question of which pre-/perioperative treatment
regimen should be preferred for localised
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Figure 5. Association of FDG-5UV decrease with histopathological response in metabolic responders,

oesophago-gastric  junction adenocarcinoma.
Recent data®!%!! including the results from
GastroPET suggest that PET-response assess-
ment during necadjuvant chemotherapy may
allow for a personalised treatment selection.

The histopathological response was more fre-
quently observed in the metabolic non-responder
arm compared to the metabolic responder arm.
This observation is in line with published data
where the addition of radiation therapy led to a
higher rate of histopathologic response.®??

The relatively high dropout rate seen before and
during neoadjuvant therapy deserves a critcal
appraisal. The specific biology of non-FDG-avid
oesphago-gastric  cancers is already discussed
above,?8 and the higher than initially expected rate
of newly diagnosed metastatic disease underscores
the value of FDG-PET baseline staging to identfy
patients with clinically occult metastases. Detection
of distant metastases complements the advantages
of BFDG-PET/CT scanning for oesophageal and
oesophago-gastric junction cancers regarding the
accuracy of clinical staging, response evaluation,
radiation target volume definition and follow-ups 3*

Our dropout rate was still lower than that reported
from the German MEMORI wial®® where 85
patients (53%) could not be involved, that is, 40
(25%) because of previously undetectable metasta-
ses, 21 (13%) for too low FDG tumour uptake and
24 (15%) for other reasons.

The postoperative mortality rate (30 days and in-
hospital mortality) was 4.3% which is acceptable
but not ideal. However, this was almost similar to
4.0% reported in the CROSS trial,® where — like
in GastroPET — patients were operated only in
selected expert centres. Interestingly, we saw no
difference in mortality between PET-responders
who received chemotherapy alone and non-
responders who received chemoradiotherapy
(p=0.682) confirming observations from the
NeoAegis trial >

To conclude, our data confirm the feasibility of a
PET-response-tailored treatment approach in a
multicentre setting and are in concordance with
recently published studies. However, the limita-
tion of the phase II non-randomised design in
general and a small number of patients with com-
plete follow-up at this stage have to be admitted.
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The recruitment is ongoing and final results are
planned to be published in 2023,
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Abstract: Background and Objectives: The treatment of gastroesophageal junction (GT]) adenocarci-
noma consists of either perioperative chemotherapy or preoperative chemoradiotherapy. Radiother-
apy (RT) in the neoadjuvant setting is associated with a higher probability of resections with negative
margins (R0) and better tumor regression rate, which might be enhanced by incrementing RT dose
with potential impact on treatment results. This virtual planning study demonstrates the feasibility of
increasing the dose to GE] tumor and involved nodes using PET/CT imaging. Maferials and Methods:
16 patients from the chemoradiotherapy arm of the phase Il GastroPET study were treated by a
prescribed dose of 45.0 Gray (Gy) in 25 fractions. PET/CT was performed before treatment. The
prescribed dose was virtually boosted on PET/CT-positive arcas to 54.0 Gy by 9 Gy in 5 fractions.
Dose-volume histograms (DVII) were compared, and normal tissue complication (NTCF) modeling
was performed for both dose schedules. Results: DVIs were exceeded in mean heart dose in one case
for 45.0 Gy and two cases for 54.0 Gy, peritoneal space volume criterion Visgy <195 cem in three
cases for 54.0 Gy and Viscy < 825 com in one case for both dose schedules. The left lung volume
of 25 Gy isodose exceeded 10% in most cases for both schedules. The NTCP values for the heart,
spine, liver, kidneys and intestines were zero for both schemes. An increase in NTCP value was for
lungs (median 3.15% vs. 4.05% for 25 x 1.8 Gy and 25 + 5 x 1.8 Gy, respectively, p = 0.013) and peri-
toneal space (median values for 25 x 1.8 Gy and 25+ 5 x 1.8 Gy were 3.3% and 14.25%, respectively,
p < 0.001). Conclusion: Boosting PET/CT-positive areas in KT of GLJ tumors is feasible, but prospective
trials are needed.

Keywords: gastroesophageal junction cancer; PET /CT; radiotherapy; neoadjuvant chemoradiotherapy
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1. Introduction

The role of radiation therapy (RT) in the management of gastroesophageal junction
(GE]) adenocarcinoma is not clearly established [1-4]. In the western world, the standard
of care is either perioperative chemotherapy (POC) or preoperative chemoradiotherapy
(PCRT) [2,5]. In the preoperative setting, the CROSS trial showed a significant survival
advantage and higher pathological response rate in the arm of concurrent chemoradio-
therapy compared to the surgery alone, and the better local control and longer follow-up
showed reduced locoregional recurrences in the concurrent chemoradiotherapy arm, and
to a lesser extent reduced systemic recurrences [6]. Additionally, the preliminary results
of the recently published NeoAgis trial comparing perioperative chemotherapy with
ECF/ECX (epirubicin, cisplatin (oxaliplatin), 5-FU (capecitabine)) and more latterly FLOT
(docetaxel, 5-FU, leucovorin, oxaliplatin) to preoperative CROSSchemoradiotherapy (car-
boplatin/paclitaxel, 41.4 Gray (Gy) radiation therapy) showed a higher rate of resection
with negative margins (R0, 95% vs. 82%) and better tumor regression rate (TRG > 241.7%
vs. 12.1%) and the number of local controls was higher in the chemoradiotherapy arm [7].
Also, the TOPGEAR trial comparing POC versus PCRT with subsequent postoperative
chemotherapy in GEJ or gastric cancer (GC) demonstrated the safety of administration
of preoperative chemoradiotherapy with no added perioperative toxicity. Nevertheless,
definitive results are pending [8]. Moreover, an achievement of significant TRG and patho-
logical complete tumor regression (pT0) resection seems to be associated with better overall
survival [9,10]. The evidence of significantly improved prognosis in patients reaching
complete pathological response after necadjuvant radiochemotherapy [11] and the fact
that higher dose usually means a higher probability of reaching the complete remission of
the disease [12,13] led us to conduct this planning study evaluating the safety of possibly
boosting the primary tumor and involved nodes in GEJ cancers with the hypothetical
consequence of a higher pathological complete response rate with the same RT-related
toxicity. The aim of this virtual planning study was the objective feasibility and safety of
increased-dose RT. For this purpose, additional virtual boost plans with an increased dose
of 9.0 Gy in 5 fractions on tumor and involved nodes using PET/CT imaging were created
and added to existing and delivered basic RT plans with a dose of 45.0 Gy in 25 fractions in
patients with GEJ adenocarcinoma.

2. Methods
2.1. Study Population

GastroPET is an academic investigator-initiated prospective, multicenter, interven-
tional, non-randomized phase Il exploratory clinical trial evaluating FDG-PET scan as a
biomarker of tumor metabolic response to the standard POC treatment of locally advanced
GE]J adenocarcinoma. The trial was approved by the Institutional Ethics Committee of
Masaryk Memorial Cancer Institute, protocol code 2017/2123/MOU, date of approval
25 July 2017.

Eligibility criteria included the biopsy-proven, locally advanced resectable adenocar-
cinoma or esophagogastric junction (Siewert I-III) stage Ib—Illc. Eligible patients had to
be fit for oxaliplatin-fluoropyrimidine-(docetaxel) containing chemotherapy (FOLFOX or
FLOT), and tumors were deemed RO resectable after consultation with the institutional
multidisciplinary tumor board. Key exclusion criteria were age <18 years, Eastern Cooper-
ative Oncology Group (ECOG) score >2, life expectancy <3 months, uncontrolled tumor
bleeding, and previous chemotherapy, radiotherapy, or endoscopic therapy for early-stage
cancer within the last 3 months. Before treatment, all enrolled patients underwent fiberoptic
esophagogastroscopy, endoscopic ultrasound, and initial pretreatment PET/CT imaging.
Baseline standard uptake values (SUV) were determined for the tumor and involved nodes.
The initial PET/CT was then followed by the first cycle of the preoperative FLOT regimen.

After the first cycle of preoperative chemotherapy, an interim PET/CT scan was per-
formed to evaluate metabolic response to guide further preoperative treatment. Patients
with a decrease in the SUV mean >35% compared to the initial PET scan were considered
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to be metabolic responders and continued for two further cycles of preoperative FLOT
chemotherapy. Patients with a decrease in the SUV mean <35% compared to the initial PET
scan were deemed metabolic non-responders and were switched to concurrent chemora-
diotherapy consisting of five times weekly carboplatin at the area under the concentration
versus time curve 2 mg/ml./min and paclitaxel at 50 mg/m?, together with concurrent
radiotherapy (45 Gray (Gy) in 25 fractions, 1.8 Gy per daily fraction, five days per week
for five weeks with no additional boost). Patients from both arms of preoperative treat-
ment further followed the original study protocol, which consisted of radical surgery and
follow-up.

All patients from the non-responding arm with concurrent chemoradiotherapy were
included in this secondary analysis consisting of a virtual planning study evaluating the
role of an increased dose of PCRT. This planning study consisted of the subsequent virtual
boost of a 9 Gy in 5 fractions, added to the originally applied RT plans with 45 Gy in
25 fractions. The non-responding arm was the only inclusion criterion for the virtual
planning study.

2.2. Patients” Characteristics

A total of 16 patients (pts) with adenocarcinoma of GEJ (12 men and 4 women) were
deemed non-responders and enrolled in this planning study. The average age was 67 years
with a median of 67 years (range 52-76). There were 7 pts with initial TNM (Tumor, Node,
Metastasis) classification TANOMO, 6 pts with TAN1IMO, one with T4aNOMO, and two with
T4aN1MO. According to the tumor histology (Laurén classification), there were 7 intestinal,
5 diffuse types of adenocarcinomas, and 4 without were adenocarcinomas without further
specification. Grade 1 was in 3, grade 2 in 4, and grade 3 in 9 cases. All patients fulfilled
the treatment plan according to the non-responding arm of the core study protocol. A total
of 14 out of 16 patients underwent successive surgical treatment; RO resection was reached
in 12 cases, R1 resection in two cases. The Mandard ’s tumor regression score (TRG) after
preoperative treatment was assessed in 12 out of 16 pts. No TRG 0 and 1was found, three
patients reached TRG 2, five TRG 3, and four TRG 4 with no case of TRG 5.

2.3. Radiotherapy

The prescribed dose of concurrent RT in the preoperative setting was 45.0 Gy given
in 25 fractions of 1.8 Gy on 5 days per week. In the presented in silico planning study,
the prescribed dose was virtually increased by the additional boost to the primary tumor
and involved nodes at 9 Gy in five fractions of 1.8 Gy to a total dose of 54.0 Gy. Before
initiating radiation treatment planning and delivery, all patients underwent the fiberoptic
esophagogastroscopy, endoscopic ultrasound, and pretreatment PET /CT (baseline and
interim), as mentioned above. The radiation therapy planning process consisted of a
standard CT in the supine position with the intravenous administration of contrast medium.
CT slice-thickness was not larger than 3 mm. The median number of CT slices was 123
(range 105-144). An illustration of the pre- and post-radiotherapy CT images for one
selected patient is shown in the Supplementary Materials as Figure S1.

Several target volumes were defined as follows: gross tumor volume (GTV_tumor)
included the tumor site and its extent defined by FDG-PET—computed tomography
(hybrid PET /CT scans), so the areas with SUV with all available pretreatment examinations
such as fiberoptic endoscopy, endoscopic ultrasound (EUS) were assessed as well. GTV
was also determined for the involved lymph nodes (GTV_nodal), including all visible CT
lymphnodes along the GEJ and lesser curvature, and PET /CT active lymphnodes in another
lymph node stations, described further as elective for in clinical target volume (CTV). CTV
consisted of the sum of all additional clinical target volumes as follows: CTV_tumor was
created by adding a margin of 1-1.5 em radially and 3 cm cranially and 3-5 cm distally to
GTV_tumor to include the position of the tumor after the registration of planning CT and
initial PET /CT on GEJ to cover possible variations in the shape of the upper part of stomach
on these initial examinations. CTV_nodal was created by adding 0.5 cm to GTV_nodal. CTV
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was further enlarged to encompass the elective lymph node stations —paracesophageal,
paracardial, perigastric—along the lesser curvature, short gastric vessels, splenic artery,
splenic hilum, coeliac axis, or an entire proximal third of the stomach in case of the tumor
with suspicious spread within the 5 cm from the gastroesophageal junction. An additional
margin of 0.8-1 cm was created to define the planning target volume (PTV) to correct
daily setup variation and organ motion. Additional virtual boost volume consisted of
adding 1 cm to GTV_tumour and 0.5 cm to GTV_nodal in all directions creating CTV_boost.
For the boost volume, the lymphnodes were initially deemed PET /CT-positive only from
stations paraesophageal, along GEJ, lesser curvature or coeliac axis were included. The
lymphonodes from the other more distant lymphonode stations were excluded from the
boost volume even if initially deemed PET/CT-positive, but no such case appeared in
this planning study. Another 0.8 cm was added to define the PTV_boost volume. An
illustration of the treatment planning difference for one selected patient is shown in the
Supplementary Materials as Figure 52.

The following organs at risk (OARs) were contoured: whole organs—heart, lungs, kid-
neys, liver, bowels small and large intestine loops separately, and whole peritoneal cavity
excluding CTV contoured two slices below PTV. All treatment volumes were contoured
and double-checked by experienced radiation oncologists (M.S., P.B., and TK.). Only
volumetric modulated RT techniques (VMAT) were used. The Eclipse Planning Software,
version 15.6, with AAA algorithm (Varian, Palo Alto, CA, USA) was used to generate the
treatment plans. A single-phase coplanar VMAT plan was calculated on the planning
CT scan, tailored to achieve optimal PTV coverage while respecting the dose volume
constraints. The plan was typically delivered from 1 or 2 volumetric modulated arcs with
the gantry angles in the ranges 0-360°. The exact gantry angle range was not mandated
and was adjusted to meet the optimal coverage of PTVs and dose volume constraints. Only
10 megavoltage photon energy was used. The same planning process was utilized for
additional boost and the summary plan was then assessed.

Dose prescription and recordings were in accordance with recommendations of the
International Commission on Radiation Units and Measurements (ICRU) 50/62 and 83.
The dose homogeneity within the planning volume was within —5% and +7% of the
prescribed dose. The PTV should be encompassed by the 95% isodose-volume, Under-
dosage was only allowed if requested by the proximity of serial OAR. Doses on OARs
complied with the Quantitative Analysis of Normal Tissue Effects in the Clinic (QUANTEC)
recommendations [14].

2.4. Treatment Plan Evaluation and NTCP Modeling

The treatment plans were then analyzed according to dose—volume histograms (DV Hs)
data. Following DVH parameters were evaluated, and the differences were set between a
primary plan (D 45 Gy) and the virtual plan with an additional boost of 9.0 Gy (D 54 Gy):
the mean lung, heart, and liver doses, median left and right kidney doses, the volume of the
isodose of 25 Gy (Vasgy isodose) for each lung, bilateral lung (sum of both lungs) volume of
the isodose of 20 Gy (Vaogy isodose), the heart volume of 30 Gy isodose (Viogy isodose), the
small bowel volume of 15 Gy isodose (V15gy isodose), the liver volume of 35 Gy isodose
(Vasgy isodose), the volumes of the isodoses of 15 and 45 Gy (Vi5g, and Vysg, isodose)
for peritoneal space, and the maximal dose on the spinal cord. OAR constraints of DVH
parameters are shown in Table 1.

Normal tissue complication probability (NTCP) for heart, spine, lungs, kidneys, liver,
peritoneal cavity, and small bowel was calculated for basic dose 25 x 1.8 Gy, and escalated
boost 25 x 1.8 Gy + 5 x 1.8 Gy. Lyman-Kutcher-Burman (LKB) model was employed, de-
scribing the sigmoidal dose-response curve of normal tissues at the software BioGrayPlus,
(East Slovakia Oncology Institute, Kosice, Slovakia) Version 2.0.3.1104 [15]. This soft-
ware uses model parameters based on QUANTEC project for these G3 toxicity endpoints:
Kidney—Clinical Nephritis; Heart—Pericarditis and pancarditis; Spine—Myelitis, necrosis;
Liver—failure; Lungs—pneumonitis; Small bowel—obstruction, perforation; Peritoneal
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cavity—obstruction, perforation. The parameters ni—volume dependence; NTD50(1)—dose
sensitivity; m—slope of DVH; reference volumes for v = 1 (whole organ) are summarized
in Table 2.

Table 1. OAR constraints of dose-volume histogram parameters.

OAR Parameter Limit
lung sum mean 20 Gy
Vaocy 35%
lung sin/dx Vosay 10%
n mean 26 Gy
eary Vaogy 46%
small bowel Visay 275 ccm
peritoneal space Xﬁgi égg ESE
I mean 20 Gy
iver Yasay 66%
kidney sin/dx median 15 Gy
spinal cord max 45 Gy

Abbreviations: Gy—Gray, OAR—organ at risk.

Table 2. Parameters of Lyman-Kutcher-Burman NTCP model based on QUANTEC project used by
BioGrayPlus software.

Organ
Barameter " 3 n Small Peritoneal
Kidneys Heart Spine Liver Lungs Bowel Cavity
n 07 0.64 0.05 0.69 1 0.15 0.15
m 0.1 0.13 0.18 015 0.39 0.16 0.16
NTD50 323 50.6 71.6 45 31.4 58 58
aof B 3.25 2 2 1.5 3.7 7 7

Description: #—volume dependence; NTD50(1)}—dose sensitivity; m—slope of DVH; reference volume for v =1
(whole organ).

2.5. Statistical Analysis

Primary plans with the prescribed dose of 45 Gy /25 fractions were compared with
particular summary plans consisting of primary plans of 45 Gy /25 fractions with the
additional virtual boost of 9.0 Gy in 5 fractions. Differences for each defined parameter
were determined between particular fractionation schemes. The DVH parameters and
the differences were described using standard summary statistics, i.e., median and range.
Moreover, mean DVH was estimated for PTV and specific OAR. The coverage of individual
PTVs by 95% isodose in primary and boost plans was expressed by the value of the Van’t
Riet conformity index (CI), with the most optimal value being equal to 1, which means a
practically unachievable situation when the 95% isodose exactly fits the defined PTVs. To
compare the NTCP values between groups, a two-tailed paired Wilcoxon test was used
with a common significance level of 0.05. All statistical analyses were performed employing
R version 4.0.3.

3. Results
Radiotherapy Plans Evaluation

All radiation treatment plans met the study criteria regarding the dose homogeneity
within the PTVs in the primary and the boost plans. Additionally, the matching the shape
of the PTVs by the 95% isodose was adequate—average Van 't Riet conformity index
for the primary treatment was 0.89 with the median value of 0.90 (range 0.84-0.94), and
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for the boost plans average 0.87 with a median of 0.85 (range 0.83-0.97). The extracted

dose-volume characteristics of all OARs are summarized in Table 3.

Table 3. Dose-volume histogram parameters.

D 45 Gy D54 Gy Ditference
e median 8.8 10.0 1.1
(meagn Gl range 52-14.9 6.60-17.29 0.6-2.4
7=y, limit exceeded 0 (0%) 0 (0%)
Tiferstim median 13.9 15.7 2.7
W 8 %) range 50241 64344 07-103
Ay s limit exceeded 0 (0% 0 (0%
(0%) (0%)
LR median 16.3 19.5 2.3
W b %) range 43258 60-27.9 03-87
BEyLS limit exceeded 11 (75%) 12 (80%)
s median 5.1 5.8 1.3
W B | range 04-11.2 0.9-165 04-53
ey limit exceeded 1 (7%) 3 (20%)
Heark median 17.2 20.0 25
-y range 14.3-29.5 16.5-33.8 2143
e limit exceeded 1 (6%) 2 (13%)
ear median 22.9 27.1 4.8
¥ %) range 11.7-53.3 15.0-60.5 2.7-83
Wy limit exceeded 1 (6%) 1 (6%)
el median 87.7 93.8 13
(V i) range 11.2-181 12.4-183 0.2-6.1
15Gy limit exceeded 0 (0%) 0 (0%)
ottt RS median 24.6 80.7 66.8
(li, ' P;m) range 01-168.7 0.2-278 01164
58y limit exceeded 0 (0%) 3 (19%)
it i median 561.7 5723 11.1
(P\’, ' chm) range 134-870 134880 0.75-72.7
L limit exceeded 1 (6%) 1 (6%)
liver median 18.7 20.5 2.60
Griean, Oy range 12.5-24 4 15.0-28.0 1.0-3.6
0 Y limit exceeded 7 (44%) 9 (56%)
liver median 104 13.8 3.2
(Vasow, %) range 54-20.1 7.7-23.9 2.02-73
Soliyr limit exceeded 0 (0%) 0 (0%)
Lidnssrsin median 2.3 2.5 0.2
e ik , range 1.0-13.0 11-148 01-18
it limit exceeded 0 (0%) 0 (0%)
; median 23 24 0.1
(Hlfecgl.‘g Cg‘ , range 05-12.7 06-153 01-2.6
Y, limit exceeded 0 (0%) 1 (6%)
ST median 29.3 329 4.5
F 1 range 167-37.4 21.5-435 1574
A, limit exceeded 0 (0%) 0 (0%)

Description: D 45 Gy—primary plan; D 54 Gy—plan with an additional boost of 9 Gy. Abbreviations: Gy—Gray,

OAR—organ atrisk.

The DVH parameters for the lung sum (mean and Vaog, iscdose), kidney (median),
spinal cord (maximum), the small bowel (V156 isodose) and liver (Vascy isodose) did not
exceed the limits in all the cases for primary and D 54 Gy plans.
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The mean heart dose exceeded the limit of 26 Gy in two cases in D 54 Gy plan.
Peritoneal space volume criterion Vs < 195 cam was not maintained within evaluation
limits in three cases in D 54 Gy plan, while the parameter Visg, isodose was exceeded the
limit of 825 cem in one case in both fractionation schedules.

The assessed volume of 25 Gy isodose exceeded the limit of 10% in most cases for the
left lung in both dose schedules. For the right lung, one case of D 45 Gy plan and three
cases of D 54 Gy plan were under the limit of 10%.

DVH means of PTV and OARs for both plans are shown in Figure 1. A specific
comparison of DVH means between plans is illustrated in Figure 2 for PTV, heart, lung sum
and peritoneal space. Individual DVH for each patient are included in the Supplementary
Materials as Figure 53.

original (25 = 1.8 Gy)
100 1
754
50
251 — PTV
g — lung sum
@ — heart
g 07
% perit. space
> original (25 x 1.8 Gy) + boost (5 x 1.8 Gy) e figer
[0}
> il
ﬁ 160 — kidney sin
2 kidney d
¥ y dx
75 small bowel
— spinal cord
50
25 4
U -

20 40 60
Dose (Gy)

Figure 1. Dose-volume histogram means of the planning target volume (PTV) and organs at risk (OARs) for primary (top)

and boost (bottom) plans.
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— original (25 x 1.8 Gy) — original (25 x 1.8 Gy) + boost (5 x 1.8 Gy)
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Figure 2, Comparison of dose-volume histogram means means between primary (black) and boost (blue) plans.
Calculated values of NTCP are summarized in Table 4.

Table 4. Calculated NTCP values.

Median NTCP for Organs at Risk (%)

Organ
Dose (Gy)  Kidney Kidney Heart Spine  Liver Lungs SMall  Peritoneal
Right  Left P 5% Bowel Cavity
25 % 18 0 0 0 0 0 3.15 0 3.3
25+5x18 0 0 0 0 Q 4.05 0 14.25

The NTCP values for heart, spine, liver and kidneys were zero or near zero for both
fractionation schemes. The values for lungs were more variable, according to the distance
of PTV from the lung. Dose escalation results only in a low increase in median NTCP
value (median 3.15% vs.4.05 %, for 25 x 1.8 Gy and 25 + 5 x 1.8 Gy, respectively, p = 0.013).
Median NTCP values for small or large intestines were also zero or near-zero. The potential
movement of the intestine was not taken into consideration. When we used the same
model for the whole peritoneal cavity, which is the peritoneal space, where the intestine can
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take place with certain probability, the value is much higher. In this case, the increment of
NTCP for obstruction/ perforation is more interesting than the NTCP value itself. Median
values for 25 x 1.8 Gy, 25+ 5 x 1.8 Gy were 3.3%, and 14.25 %, respectively, p < 0.001.

4. Discussion

This planning study objectified the role of PET/CT-based dose increase on the tumor
and involved nodes in the preoperative treatment of gastroesophageal adenocarcinoma.
The use of PET/CT is also incorporated in the newest study dealing with GEJ tumors
and has the potential to estimate the extent of disease with better accuracy [7]. While the
dose on the tumor and involved nodes was significantly higher, the dose burden on OARs
was exceeded in particular lungs and peritoneal space parameters. The lung parameter,
where the volume of 25 Gy isodose should exceed 10%, was derived from breast cancer
RT constraints and was used as an illustrative parameter although it was not validated
for gastrointestinal RT. We only used it to show the dose burden on the lungs with lower
doses. Otherwise, the lung dose constraints were not exceeded. The largest differences in
the dose—volume parameter we found in the cases where the 45 Gy isodose should not
overlap the volume of 195 ccm of peritoneal space [14]. This criterium was not met in three
patients with a higher dose schedule. Despite its importance, it was set for 3D conformal
radiotherapy planning [16].

The other constraints derived from protocols of necadjuvant chemoradiation for rectal
cancer. The risk of grade 3 small bowel toxicity less than 10% in cases if parameters
VisGy < 275 com for individual loops and Visgy < 825 cem for the peritoneal cavity were
met. In our cases, the last of the mentioned constraints was slightly exceeded in only one
case. Nevertheless, it is appropriate to report all these parameters to assess the potential
risk of gastrointestinal toxicity, and in some cases, it may be improved by additional plan
optimization. The NTCP modeling is a reliable method, but the model we used for the
peritoneal cavity is assigned for the small intestine only. In the case of small intestine
loops, no elevated risk of G3 complications was shown, but it must be interpreted with
caution as DVH parameters for the peritoneal cavity seem to be more significant in this case.
Our results in dose burden of risk organs are similar to the results of the planning study
published by Li et al. [17] compared with the standardly planned VMAT with pinnacle
auto-planning in lower esophageal cancer patients. The mean lung dose in our study
(8.8 Gy and 10.0 Gy for dose primary and boost schedules, respectively) was comparable
to automated planning (9.83 Gy) and better than standard VMAT plans (11.9 Gy). In lung
sum, Vzocy isodose was also comparable, or even better, in our case (22.3% and 26.3% vs.
13.9% and 15.7%).

Our parameters were worse for heart Vg, (auto/manual planning 13.6 ccm/
17.1 cem vs. 22.9 ccm and 27.1 cem for our two dose schedules). In fact, we allowed
higher doses to the heart to spare the lungs to minimize the surgical complications con-
sidering a relatively worse oncological prognosis of these patients, where the intention to
avoid possible serious perioperative complications is more important than reducing the
risk of late ischemia. On the other hand, the doses causing an increased risk of pericarditis
remained within the limits (Vagy <46%). The mean doses on the liver in the published
planning study were worse in our study (7.8% and 10.4% vs. 18.7% and 20.5%). The worse
mean doses may be due to lower primary tumor placement focusing on better lung and
peritoneal space sparing than in the cited study. The liver dose volume parameter Vasc
values are comparable to V3gg, in the cited study (9.60% for automated and 12.4% for
standard VMAT planning).

In the study on 20 patients, comparing manual and hybrid automated (script-based
planning and knowledge-based planning combination) treatment planning, similar results
were shown regarding dose burden on the heart, lungs and liver [18]. However, there
are limitations in the direct comparison of the cited studies with our cohort. Both studies
used 60 Gy resp. 61.4 Gy to the tumor, and the locations of the tumors were somewhat
different than those in our study: they were mostly located above the diaphragm, and
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despite sometimes considerable PTVs, the authors did not have to deal with peritoneal
space-sparing.

The importance of this planning study is related to the observation that achieving
a significant TRG and pTO resection could be associated with better treatment outcomes,
and even have an impact on overall survival [9]. The most common degree of regression
in our study, after primary treatment, was Mandard TRG 3 (not yet published) or lower,
which was shown to be associated with worse overall treatment results [10]. Based on
this observation, the applied dose of 45 Gy seems to not be sufficient. Therefore, the
potential RT dose increase might improve the treatment results. In addition, reaching
RO resection is fundamental for the long-term survival of these patients, and a higher
rate of RO resection was associated with neocadjuvant (chemojradiation treatment [11,19].
Of course, this treatment is associated with non-negligible toxicity [19] and it is very
difficult to estimate the extent of the potential adverse events and safety of the surgical
procedure after such treatment augmentation. In the core trial, there are indications
that there was no statistically significant difference in overall G3 toxicity between the
neoadjuvant chemotherapy (18%) and neoadjuvant concomitant chemoradiotherapy (11%)
group (p = 0.685, not yet published). This fact is potentially encouraging and favors the
possibility of cautious dose escalation.

Considering the importance of reaching RO resections, a recent meta-analysis with
more than 13,000 patients reached the opposite conclusions [2]. Although a higher grade of
RO resections was present, no survival advantage was demonstrated after incorporating
RT into the preoperative treatment of GE]J [2]. This metaanalysis has several limitations.
It was a retrospective analysis of prospectively collected data, with several cofounding
factors inherent to large dataset analysis, and it also lacks important pieces of information.
In addition to information on chemotherapy, it also lacks detailed information on the
radiation technique used, and because the data are derived from the peried of 2004-2015,
older and simpler RT techniques were likely utilized. On the other hand, the results of
the prospective CROSS trial demonstrated, in addition to a higher rate of RO resections,
a longer overall survival and, in the last update, also suggested a reduced incidence
of distant metastases [11]. This evidence, together with the fact that reaching complete
pathological remission, demonstrated encouraging treatment results, leading to long-term
survival [11,20]. This has led us to the idea of a potential dose increase with a higher
probability of tumor control. Although our results showed acceptable doses for OARs
with the implementation of a modern RT technique, this is still a hypothesis-generating
planning study, which serves as a crucial prerequisite of prospective trials focused on the
safety and efficacy of dose escalations using modern RT techniques.

5. Conclusions

With new state-of-the-art radiation treatment, we demonstrated the ability to relatively
safely increase the dose for tumor and involved dose in the preoperative setting with an
acceptable dose volume burden on selected OARs in the adenocarcinoma of GE]. This
planning study might be interpreted as a solid basis for future studies dealing with RT in
this field.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/10
.3390/medicina57121334/s1, Figure S1: [llustration of pre- and post-radiotherapy CT images for one
selected patient, Figure S2: Patient with Siewert Il tumor, with suspicious infiltration of a posterior
fundal wall, Figure 53: Individual DVHs for each patient and mean DVH for primary and boost
plans.
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4.8.2. Profilovani exprese miRNA v séru

FDG-PET jako biomarker ¢asné identifikace neodpovidajicich pacientii na neoadjuvantni
lécbu byl a je ovérovan i jinymi autory. Inovativni ¢asti studie GastroPET bylo najit
jednoduchy a ekonomicky vyhodny laboratorni biomarker pro stanoveni ¢asné progrese.
Dysregulace mikroRNA je v patogenezi karcinomu GE] a Zaludku pomérné casnou
udalosti. Proto se zda miRNA dobrym kandidatem k monitoraci 1écebné odpovédi.
Identifikaci signifikantné dysregulovanych miRNA jsme se =zabyvali na souboru
u metastatického karcinomu Zaludku [10] (priloha 10). Cilem naseho pilotniho souboru
bylo ovérit idealni kandidatni miRNA u karcinomu Zaludku a zhodnotit jeji potencial jako
markeru progrese onemocnéni. MiRNA jsou vysoce konzervované endogenni nekédujici
RNA (délka 18-24 nt) zacilené na miRNA kddujici protein na post-transkrip¢ni trovni.
Mohou fungovat jako onkogeny nebo tumorové supresory a jejich deregulace prispiva
k tumorigenezi ovlivnénim proliferace, apoptdzy, vlivem na invazi a metastazovani.
U Siroké skaly tumorti véetné karcinomu Zaludku bylo prokazano, ze deregulace miRNA
koreluje s klinicko-patologickymi rysy onemocnéni. V nasi studii z roku 2018 byly pomoci
kvantitativni polymerazové retézové reakce v realném case vysSetreny hladiny exprese
Sesti miRNA (miR-10 b, -21, -93, -107, -143 a -145) v 67 nadorovych tkanich a 67
sparovanych nenadorovych Zaludecnich tkanich. Hladiny exprese miR-10 b, miR-21, miR-
93 a miR-107 byly vyznamné vyssi ve vzorcich karcinomu GE]J a Zaludku ve srovnani
s nenadorovou tkani. Kromé toho hladiny exprese miR-10 b, miR-143 a miR-145 pozitivné
korelovaly s pokrocilymi stadii a zvySena exprese miR-10 b, miR-21 a miR-145 byla
vyznamneé spojena s horsi prognézou pacientf.

miR-21 je nejcastéji studovanou onkogenni miRNA, navic, jak bylo uvedeno vyse,
byla u karcinomu Zaludku dokumentovana jeji overexprese. V souladu s predchozimi
pozorovanimi jsme i u naseho souboru zaznamenali vyznamné vyssi hladiny exprese
v nadorech ve srovnani s kontrolni Zalude¢ni tkini. Na rozdil od autort Inoue et al>9, ktefi
pozorovali souvislost mezi hladinou miR-107 s hloubkou invaze a metastazovani do
lymfatickych uzlin, a tedy i klinickym stadiem, a miR-107 byla v jejich souboru nezavislym
prognostickym faktorem pro OS a DFS, v naSem souboru nebyla tato souvislost statisticky
vyznamna. Druhym cilem této studie bylo identifikovat miRNA s potencidlem odliSit
pacienty s dobrou a Spatnou prognézou. Zjistili jsme, Ze zvySené hladiny miR-10b, miR-
21 a miR-145 vyznamneé korelovaly se Spatnou progndézou, a to miR-10b a miR-21 s DFS
a 0S amiR-145 pouze s 0S. Nase zjisténi tykajici se miR-21 jsou v souladu s vysledky Wang
et al.o0, které ukazaly, Ze doba preZiti pacientd ve skupiné s vysokou expresi miR-21 byla
vyznamné krat$i nez u pacientii ve skupinach s normalni nebo nizkou expresi. Celkové
nase vysledky ukazuji, Ze miRNA (miR-10 b, miR-21, miR-93, miR-107, miR-143 a miR-
145) maji potencial slouZit jako relevantni GC diagnostické biomarkery; navic miR-10b,
miR-21 a miR-145 mohou také slouZit jako biomarkery molekuldarni predikujici
individualni prognézu (obr. 24).

59 INOUE T, H. IINUMA, E. OGAWA, T. INABA, R. FUKUSHIMA. Clinicopathological and prognostic significance of
microRNA-107 and its relationship to DICER1 mRNA expression in gastric cancer. Oncol Rep. 2012, 27(6), 1759-1764.
doi: 10.3892/0r.2012.1709.

60 WANG Y, X. J. GAO, F. WEI, X. W. ZHANG, J. P. YU, H. ZHAO, Q. SUN, F. YAN, C. YAN, H. LI, REN X. Diagnostic and
prognostic value of circulating miR-21 for cancer: A systematic review and meta-analysis. GENE. 2014, 533(1), 389-
397.doi: 10.1016/j.gene.2013.09.038
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Obr. 24: Kaplan-Meierova analyza preziti bez onemocnéni (DFS) a celkového (0S) pieziti na zakladé
exprese miRNA
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Kaplan-Meierova analyza preZiti bez onemocnéni (DFS) a celkového (0S) preZiti na zdkladé exprese miRNA
u 67 pacientti s karcinomem Zaludku. Zvysend exprese miR-10b byla spojena jak s kratsim DFS (mezni hodnota
=0,13; p = 0,0379) (A), tak s OS (mezni hodnota = 0,124; p = 0,0490) (C). ZvySend exprese miR-21 byla také
spojena s kratsim DFS (mezni hodnota = 16,34; p = 0,008) (B) a OS (mezni hodnota = 20,56; p = 0,0078) (D).
Zvysend exprese miR-145 byla spojena s kratsi OS (hranice = 3,342; p = 0,0384) (E).

Klinicka studie GastroPET probiha. V souladu s pfedchozim planem jsme provedli ve vzorcich
plazmy analyzu cirkulujicich miRNA u prvnich 36 pacientl zarazenych do studie. 17 z nich byli
pacienti odpovidajici na chemoterapii, respondéfi s hodnotou tumor regression gradeTRG 1-2
a 19 pacientli byli non-respondéri s TRG 4-5. Na vzorcich jsme identifikovali 20 signifikantné
dysregulovanych miRNA, které jevily potencial cirkulujiciho sérového biomarkeru odpovédi na
neoadjuvantni terapii.

Pomoci sekvenovani nové generace a nastroje DESeq byly analyzovany hladiny cirkulujici
miRNA u pacientl s riznym vysledkem TRG. Celkové bylo identifikovano 63 miRNA s p < 0,05,
deset miRNA bylo downregulovano a 53 upregulovano. Nasledné bylo identifikovdno dvacet
nejvice vyznamné dysregulovanych miRNA (obr. 25). U pacient s dobrou histopatologickou
odpovédi byl pozorovan odliSny expresni vzorec ve srovnani s pacienty se Spatnou
histopatologickou odpovédi.

Na zakladé vysledkl sekvenovani byly miR-150-5p, miR-10b, miR-144-5p a miR-320b
vybrany pro dalsi technickou validaci pomoci kvantitativni polymerazové retézové reakce (qPCR).
Ze Ctyt kandidatl byl miR-150-5p tispésné validovan ve stejnych vzorcich, které byly pouzity pro
sekvenovani. Vysledky na obr. 26 ukazuji, Ze miR-150-5p je vyznamné downregulovana
u pacientii se Spatnou histopatologickou odpovédi, a ROC analyza ukazala biomarkerovy potencial
miR-150-5p s AUC 0,7028, senzitivitou 70,59 % a specificitou 78,95 %. Pro dalsi analyzu
a monitoraci cirkulujici miRNA byla tedy selektovana kandidatni miRNA. Studie a sbér materialu
na definitivni zhodnoceni probihda. Prace byla submitovana.
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Obr. 25: Vyznamné dysregulované miRNA
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Tumor Expression of miR-10b, miR-21, miR-143 and
miR-145 Is Related to Clinicopathological Features
of Gastric Cancer in a Central European Population

RADKA OBERMANNOVA!, MARTINA REDOVA-LOJOVAZ,
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MILANA SACHLOVA!, MAREK SVOBODA!, ROSTISLAYV VYZULA! and ONDREJ SLABY!?

!Department of Comprehensive Cancer Care, Masaryk Memorial Cancer Institute, Brno, Czech Republic;
2Central European Institute of Technology, Masaryk University, Brno, Czech Republie;
3Department of Clinical Oncology, Queen Elizabeth Hospital, Hong Kong, P.R. China

Abstract. Background/Aim: In Western countries, most patients
with gastric cancer (GC) present in advanced stages. Therefore,
there is imminent clinical need for novel diagnostic and
prognostic biomarkers. Deregulation of microRNAs has been
reported as a frequent event in GC development in a number of
studies. Our study validated the potential of microRNAs to serve
as diagnostic and prognostic biomarkers in patients with GC
Jfrom the Central Enropean population. Materials and Methods:
Using quantitative real-time polymerase chain rveaction,
expression levels of six microRNAs (miR-10b, -21, -93, -107, -
143, and -145) were examined in 67 tumor tissues and 67 paired
adjacent gastric tissues, and correlated with clinicopathological
Jeatures of GC patients. Results: Expression levels of miR-10b,
aiR-21, miR-93, and miR-107 were significantly higher in GC
samples compared to non-tumor tissue. Furthermore, the
expression levels of miR-10b, miR-143, and miR-145 positively
correlated with advanced stages, and increased expression of
AUR-10b, miR-21 and miR-145 was significantly associated with
worse prognosis of gastric cancer patients. Conclusion: Our
results indicate that selected tissue microRNAs have the potential
to serve ag relevant dingnostic and prognostic biomarkers of GC
in a central European population.

Gastric cancer (GC) ranks as the fifth most commonly
diagnosed cancer worldwide and the third leading cause of
cancer-related death. For Europe in 2012, gastric cancer was
estimated to lead to more than 60,000 deaths (1). Despite

Correspondence to: Associate Professor Ondrej Slaby, Ph.D.,
Central European Institute of Technology (CEITEC), Masaryk
University, Kamenice 5 (A35), 625 00, Brno, Czech Republic. Tel:
+420 549496876, +420 776494155, e-mail: on.slaby@gmail.com

Key Words: Gastric cancer, microRNA, diagnosis, prognosis.

decreasing incidence observed in the last decade, the clinical
outcome of patients with locally or metastatic cancer remains
poor, with 5-year overall survival of omly 20-30% (2).
Introducing endoscopy as a population-based screening
seems to be effective in reducing mortality from gastric
cancer (3), however, this strategy is not applicable for most
of Central and Western European countries demonstrating a
low incidence of GC. Therefore, searching for new
biomarkers and their definition is crucial for early GC
diagnosis. Additionally, elucidation of mechanisms of
treatment failure is essential for improving patient outcomes.

An increasing number of studies confirmed microRNAs
(miRNAs) to be important regulators of gene expression,
playing pivotal roles in development, progression and
aggressiveness of virtually all human types of cancer (3, 4).
miRNAs are highly conserved endogenous non-coding
RNAs (18-24 nt in length) targeting protein-coding mRNAs
at the post-transcriptional level. They can function as both
oncogenes or tumor suppressors (5) and their deregulation
contributes to tumorigenesis by having an impact on cancer
cell proliferation, apoptosis, invasion and metastasis.
Furthermore, in a wide range of cancer types, including GC,
deregulation of miRNAs has been shown to correlate with
clinicopathological features of the disease (6).

miR-10b, -21, -93, -107, -143, and -145 were selected for
our study, based on recent evidence (7-11), and their
deregulation in tumor tissue and association with various
clinicopathological features of GC were independently
evaluated in a Central European population.

Materials and Methods

Patients and tissue samples. In this retrospective single-center study,
67 patients (39 males and 28 females) with histopathologically-
confirmed GC were included. All patients underwent a radical or
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Figure 1. Nowmalized expression of miRNAs analyzed in tumor tissue and adjacent non-tumor tissue of gasiric cancer (GC) patients. A: miR-10b
was increased in GC tissue compared to normal healthy tissue (p=0.0002). B: miR-21 was elevated in GC tissue compared to control tissue
(p<0.0001 ). C: mir-93 was increased in GC tissue (p<0.0001 ). D: miR-107 was elevated in GC fissue compared to healthy control tissue (p=0.0002).

palliative surgical procedure at Masaryk Memorial Cancer Institute
{Brno, Czech Republic) between 2007 and 2014, Tumeor tssue and
paired control gastric tissue were collected during the surgery and
immediately stored at —80°C till further analysis. All patients were
of the same ethnicity (Central European origin) with a median age
of 88 years (range of between 36 and 85 years). Patient
characteristics are summarized in Table I. Written informed consent
was obtained from all patients and the study was approved by the
local Ethics Committee at Masaryk Memeorial Cancer Institute.

piRNA extraction. Isclation of total RNA enriched in small RNAs
was performed using the mirVana miRNA Isolation Kit {Ambicn
Inc., Austin, TX, USA) according to the manufacturer’s instructions.
RNA concentration and purity were determined by UV
spectrophotometry (A260:A280 >2.0; A260:A230 >1.8) using
NancDrep ND-1000 {Therme Fisher Scientific, Waltham, MA,
USA). RNA integrity was checked using Agilent 2100 Bicanalyzer
{Agilent Technologies, Santa Clara, CA, USA).

Real-time gquantification of miRNAs. cDNA was synthesized from
total RNA using miRNA-specific primers according to the Tag-Man
MicroRNA Assay protocol {Applied Biosystems, Foster City, CA,
USA) using T1000™ Thermal Cycler (Bio-Rad, Hercules, CA,
USA). Real-ime polymerase chain reaction (PCR) was performed
according to the standard protocol using TagMan MicroRNA Assay
Kit and an Applied Biosystems 7500 Sequence Detection System
{both Applied Biosystems).

Data normalization and statistical analysis. The thresheold cycle data
were calculated by SDS 2.0.1 software {Applied Blosystems). All
quantitative RT-PCR reacticns were run in triplicates. The average
expression levels of measured miRNAs were normalized using small
nucleclar RNA, C/D box 48 (RNU48), (Applied Blosystems) and
subsequently analyzed by the 2-25Ct method. Statistical differences
between expression levels in paired tumor and adjacent non-tumor
gastric samples were evaluated by Wilcoxon test. Statistical
differences between clinicopathelogical parameters and miRNA
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Figure 2. Normalized expression of miRNAs analyzed in gasiric cancer tissue from 67 patients according to tumor stage (A-C), grade (D), and
histotype (E, F}. Expression of miR-10b (p=0.0197) (A}, miR-1453 (p=0.0188)} (B), and miR-143 (p=0.0204} (C} was positively correlated with tumor
stage and that of miR-I45 (p=0.0258) (D) with tumor grade. Expression of miR-143 (p=0.0164) (E} and miR-145 (p=0.0077) (F) was clearly increased
in more aggressive diffuse (dif) GC than intestinal (intest) histotype of GC. Lines represent medians, and bars are 25th and 75th percentiles.

expression levels were evaluated using non-parametric tests: the
Mann-Whitney U-test between two groups and the Kruskal Wallis
test for three or more groups. Receiver cperating curve (ROC)
analysis was performed to identify cut-offs to distinguish patients
with different prognoses. Disease-free {DFS) and overall (OS)
survival analyses were carried out using the log-rank test and Kaplan
Meier plots. All calculations were performed using GraphPad Prism
version 5.00 {GraphPad Software, San Diego, CA, USA). Differences
with p-values of less 005 were considered statistically significant.

Results

In order to evaluate the diagnostic potential of six miRNAs
(miR-10b, miR-21, miR-93, miR-107, miR-143, and miR-145),
their expression levels in tumor tissue samples of 67 GC
patients with 67 matched paired control gastric tissue samples
were determined by quantitative RT-PCR (normalized to
RNU48). Significantly higher levels of miR-10b (p=0.0001},
miR-21 (p<00001), miR-93 (p<0.0001), and miR-I07
(p=0.0001) were observed in GC tumor tissue samples
compared to control gastric tissue (Table I; Figure 1). There
were no significant differences in expression levels of miR-I143

3722

and piR-745 in GC tumor and non-tumor tissues. Furthermore,
tumnor expression levels of miR-10b (p=0.0159), miR-107
(p=0.0127}, miR-143 (p=00254), and miR-145 (p=0.0247)
significantly differed among groups of patients with different
TNM stage, with expression levels progressively increasing
with advancing TNM stage (Table I; Figure 2}, Significanty
different expression of miR-143 (p=0.0164} and miR-145
(p=0.0077) was identified in different GC histological subtypes
according to Lauren classification (Figure 2).

In order to evaluate the prognostic potential of analyzed
miRNAs, Kaplan-Meier survival curves were generated and
compared by log-rank test. High expression levels of miR-10b
and miR-2] were found to be significantly correlated with
DFES in patients with non-metastatic GC in our cohort (Figure
3A and B}. Considering the whole cohort, high miR-10b,
miR-21 and miR-145 expression levels were significantly
correlated with OS (Figure 3C-E}. Regarding miR-10b, the
median DFS in patients with low levels (cut-off=0.13) was
58 months, and was 17 months in those with high levels
(HR=2.155, 95% CI=1.053-4.831; p=00379}, with
corresponding OS of 62 and 25 months, respectively (cut-
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Figure 3. KEaplan-Meler analysis of disease-free (DFS) and overall (OS) swrvival based on the expression of miRNAs in 67 patients with gastric
cancer. Increased expression of miR-10b was associated with both shorter DFS {cut-off=013; p=00379) (A) and OS (cut-off=0.124; p=0.0450)
(C). Increased expression of miR-21 was alse associated with both shorter DFS (cut-off=1634; p=0.008) (B} and OS (cut-off=20.56; p=0.0078)
(D). Increased expression of miR-145 was associated with shorter OS (cut-off=3 342; p=0.038%4) (E}.

off=0.124; HR=2.000, 95% CI=1.003-3.984; p=0.0490}.
Regarding miR-21, the median DFS in those with low levels
(cut-off=16.34) was 58 months, and was 16 months in those
with high levels (HR=2.841, 95% CI=1.323-5.848; p=0.008),
while the corresponding OS durations were 52 and 23
months, respectively (cut-off=20.56; HR=2.608, 95%
CI=1.287-5.286; p=0.0078}. Regarding miR-145, the median
08 in those with low levels (cut-off=3.342} was 62 months,
and was 25 months in the cohort with levels higher than cut-
off value (HR=2.096, 95% CI=1.0414.219; p=0.0384}.

Discussion

It has been documented that aberrant expression of miRNAs
plays an important role in GC development (6-11}. In this
study, the utility of miR-10b, miR-21, miR-93, miR-107, miR-
143, and miR-145 as novel diagnostic and prognostic
biomarkers of GC was evaluated. Based on previous results
and consistently with other smdies, statistically significant
differences in expression were observed for miR-10b (8, 12),
miR-21 (7,13, 14}, miR-93 (9, 15), and miR-107 (10, 16),
enabling the differentiation between tumor and non-tumor
control gastric tissue.

miR-21 is the most frequently studied oncogenic miRNA
in cancer, with overexpression repeatedly confirmed in
gastric tumors (7, 13, 14}. In agreement with previous
observations, we recorded significantly higher expression
levels in tumors in comparison to control gastric tissue. As
well as confirming an increase in the level of miR-107 in GC
tissue, Inoue er «l. reported significant association between
miR-107 level and the depth of tumor invasion, lymph node
metastasis and stage. Furthermore, in the Cox multivariate
analysis, they showed that miR-107 expression in GC tissues
was an independent prognostic factor for OS and DFS (16},
Unfortunately, our results regarding miR-107 expression
levels and DFS and OS did not reach statistical significance.
Correlation of the overexpression of miR-10b with Lauren
classification and TNM stage in our cohort confirms the
findings of Wang et al. (12}, who proposed miR-10b as a
useful molecular biomarker for assessing the risk of GC
development. As diagnostic and prognostic factors beyond
disease stage are clearly needed, histological type in
combination with miRNAs could be proposed as a surrogate
biomarker of disease biology (17, 18).

A second aim of this study was to identify miRNAs with
the potential to differentiate between patients with good and
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poor prognosis. We identified that increased levels of both
miR-10b, miR-21 and miR-145 significantly were correlated
with poor prognosis, miR-10b and miR-21 with DFS and OS,
and miR-145 only with OS. Our findings regarding miR-21
are in accordance with the results of Wang et al. (14) and
Ren et al. (19), which showed that the survival times of
patients in the group with high miR-21 expression were
significantly shorter than those of patients in the groups with
normal or low expression. Zhang et al. described high
expression of miR-21 in GC as being regulated by
phosphatase and tensin homolog (PTEN), which is associated
with the growth and invasion of GC (20).

Taken together, our results indicate that miRNAs (miR-
10b, miR-21, miR-93, miR-107, miR-143, and miR-145) have
the potential to serve as relevant GC diagnostic biomarkers;
moreover, miR-10b, miR-21 and miR-145 might also serve
as molecular biomarkers predicting individual prognosis.
After detailed and independent validation, they might
provide potential value for the clinical decision-making
process in GC
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4.9 Covid-19 vakcinace a produkce neutralizacnich protilatek
u pacientd v aktivni Ié€¢bé onkologického onemocnéni

V dobé prvni viny covidu-19 jsme predpokladali horsi odpovéd na vakcinaci proti SARS-CoV-2
u aktivné lé¢enych onkologickych pacientli. Divodem byl znamy imunosupresivni ucinek aktivni
systémové chemoterapie, kdy pacienti jen téZce vyviji jak protilatkovou, tak bunécnou imunitu.
JiZ zcela neznamou byla interakce s modernimi onkologickymi 1éky, jako je protilatkova cilena
1é¢ba, cilena lécba multikindzovymi inhibitory, kde se piedpoklada také imunosuprese, a zejména
nebyla zcela znama rizika 1é¢by imunoterapii checkpoint inhibitory. Proto jsme iniciovali studii
Covigi, jejimz cilem bylo vyhodnotit nezadouci ticinky vakcinace, ale zejména zhodnotit icinnost
a imunitni odpovéd proti SARS-CoV-2 u pacientd se solidnimi i hematologickymi malignitami.
Prvni vysledky imunitni odpovédi specifické pro SARS-CoV-2 (protilatky, lymfocyty) jsme
prezentovali na evropské konferenci ESMO 2021, kde byla naSe prace prijata k oralni prezentaci¢!,
design studie viz obr. 27.

Obr. 27: Design studie CoVigi

StUdy dESIgn Start of enroliment: 22 March 2021
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Patient characteristics
Solid Haemato Healthy
tumours oncologic volunteers
Age (years)
59 (22-77) 61 (27-78) 40 (18-68)

2

Visit 4

S o
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il
(st

&£ 144 (68%) 47 (48%) 55 (72%)
EUDRACT Number: 2021-000566-14 _
BEM™™ :sf::"(ir:lw,,/:”)"““'“" 33 (15%) 20 (21%) 20 (26%)

Studie byla zahajena v breznu 2021. V dobé hodnoceni souboru v ni bylo zarazeno
213 pacientl se solidnimi tumory, z nichz 210 dokoncilo vakcinaci, a 97/96 pacientl
s hematologickymi malignitami, referen¢nim souborem nam byli zdravi dobrovolnici
rekrutovani ze zaméstnancii Masarykovy univerzity, 76/58. VSechny subjekty byly
ockovani vakcinou Pfizer-BioNTech. Z vysledkii stoji za zdiiraznéni, Ze priblizné 1/3

61 OBERMANNOVA, R, R. DEMLOVA, 1. SELINGEROVA, M. DOUBEK, D. OKROUHLICOVA, M. MLNARIKOVA,
K. PILATOVA, J. NEVRLKA, H. LEJDAROVA, B. WEINBERGEROVA, Z. CERMAKOVA, D. VALIK, J. MAYER, I. KISS
a L. ZDRAZILOVA DUBSKA. CoVigi phase IV multicentric trial evaluating COVID-19 vaccination adverse events and
immune response dynamics in cancer patients: First results on antibody and cellular immunity. Annals of Oncology.
2021, 32(Suppl 5), S1131.
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ucastnikd studie méla detekovatelné protilatky proti SARS-CoV-2. Z toho pouze 52 %
pacientd se solidnimi nadory a 58 % hematoonkologickych pacientli udavalo onemocnéni
covid-19 v anamnéze (p = 0,197). Vyznamnym inicidlnim poznatkem tedy bylo, Ze znaCny
pocet pacientd s rakovinou prodélal infekci SARS-CoV-2 béhem aktivni protinadorové
1é¢by pred ockovanim a ¢asto asymptomaticky.

SARS-CoV-2 specifickd odpovéd T-bunék (IGRA po stimulaci CD4/CD8) byla
0,04 pg/ml a odpovéd podobna NKT (nartist CD69 na NKT - jako pti stimulaci) 10,9 %,
zatimco u SARS-CoV-2 naivnich byla SARS-CoV-2 specificka odpovéd T-bunék spravné
nulova a odpovéd podobna NKT okolo 7,5 %.

U pacientii s nadorovym onemocnénim, ktefi prodélali SARS-CoV-2, jsme pozorovali
odpovéd T-bunék specifickou pro SARS-CoV-2 (pred oCkovanim).
Co se tyce protilatkové odpovédi, mezi icastniky zotavenymi ze SARS-CoV-2 obé skupiny
pacientli s rakovinou dosahly po druhé davce srovnatelné hladiny anti-S jako zdravi
dobrovolnici (p = 0,113). Mezi jedinci, ktefi neprodélali Covid (SARS-CoV-2 naivni), méli
pacienti s rakovinou podstatné nizsi hladiny anti-S Ab po druhé davce ve srovnani se
zdravymi dobrovolniky (p <0,001).

Zjistili jsme, Ze hladina protilatek a jejich ¢asovy priibéh po ockovani proti covidu-
19 jsou podstatné ovlivnény infekci SARS-CoV-2 pred ockovanim jak u skupin pacient
s rakovinou, tak u zdravych dobrovolnikii (obr. 28). Vyhodnoceni u skupin 1écenych
systémovou chemoterapii, cilenou lé¢bou a imunoterapii probiha a bude predmétem dalsi
publikace. Zde vSak pro zajimavost uvadim jeSté nepublikované grafy u jednotlivych
lécebnych modalit. Zda se, Ze pouze systémova chemoterapie tlumi imunitni odpovéd
a zplsobuje pozdéjsi dynamiku protilatkové odpovédi. Naproti tomu pacienti 1éc¢eni
imunoterapii ¢i nadorovymi protilatkami reaguji témér jako zdravi pacienti. Vysledek je
patrné ovlivnén stimulaci imunitniho systému, at'jizZ pti lécbé checkpoint inhibitory, nebo
protilatkami v ramci cilené terapie (obr. 29).

Obr. 28: Vysledky protilatkové imunity u kohorty pacientd se solidnimi tumory, hematologickymi
malignitami a jejich srovnani se zdravymi dobrovolniky
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Obr. 29: CoVigi - jednotlivé 1écebné skupiny a jejich protilatkova odpovéd
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4.10 Od Klinického vyzkumu k tvorbé doporucenych klinickych postupu
v lécbé

V optimalnim pripadé vstupuje po uspé€Sném zavrSeni klinického zkousSeni novy 1ék do
klinické praxe. Z pohledu autora klinickych doporucenych postupii, které jsou shrnuty
v Modré knize Ceské onkologické spole¢nosti, to znamena update aktualnich klinickych
guidelines, coZ je umoZnéno soucasnou koncepci periodické aktualizace doporucenych
klinickych postupti. Od roku 2015 jsem hlavnim autorem a vykonnym editorem kapitol
Modré knihy, které jsou vénovany karcinomu jicnu a Zaludku.62 Publikace byla vydavana
se Sestimési¢ni periodicitou, aktualné je aktualizace provadéna jednou ro¢né. Vroce 2016
jsem se stala spoluautorem evropskych léCebnych guidelines (ESMO guidelines) pro
karcinom jicnu. Podobné jako u naSich narodnich guidelines se jednalo
o multidisciplindrni spolupraci, tentokrat vsak v mezindrodnim tymu [11] (pfiloha 11).
V dobé publikace byla do evropského doporuceného postupu u skvamozniho karcinomu
zahrnuta varianta elektivniho chirurgického vykonu v situaci, kdy po neoadjuvantni
konkomitantni chemoradioterapii perzistuje tumor, s tim, Ze byl tento postup poprvé
opfen o data na evropském souboru pacient. OdloZeni chirurgického zakroku

62 Modra kniha COS. Zhoubny novotvar jicnu a gastroezofagealni junkce. Zhoubny novotvar Zaludku. Dostupné
Z: https://www.linkos.cz/lekar-a-multidisciplinarni-tym/personalizovana-onkologie /modra-kniha-cos/aktualni-
vydani-modre-knihy/28-2-zhoubny-novotvar-jicnu-a-gastroezofagealni-junkce-c15-c16-0/ a https://www.linkos.cz/
lekar-a-multidisciplinarni-tym/personalizovana-onkologie /modra-kniha-cos/aktualni-vydani-modre-knihy/28-3-
zhoubny-novotvar-zaludku-c16/.
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neznamena diskriminaci v dobé do relapsu onemocnéni ¢i v celkovém preziti pacientd.
Jedinym rozdilem je lehce vyssi pocet lokalnich recidiv v pripadé elektivniho vykonu. Co
se tycCe systémové lécby, v roce 2016 byl u adenokarcinomu jedinym prediktorem 1écby
HER 2. V poslednich 5 letech vSak doslo k dynamickému pokroku i u nadori jicnu
a zZaludku a na pole systémové 1écby vstoupily checkpoint inhibitory, viz recentné
publikovana evropska guidelines [12] (priloha 12). V paliativnim podani bude
podminkou 1écby checkpoint inhibitory exprese PD-L hodnocena kombinovanym
pozitivnim skdre CPS nebo tumor proportion skére, TPS (obr. 31). DalSi zmény zahrnuti
pokrok v zajiStovaci terapii u lokalné pokrocilého karcinomu jicnu, kde bez ohledu na
histologicky typ a prediktivni hodnotu PD-L exprese je po komplexni onkologické terapii
k dispozici adjuvantni imunoterapie nivolumabem, a to pouze v pripadé ypT+ nebo ypN1
(mDFS 22M vs. 11M v rameni s placebem) (obr. 30). Tento vysledek ze studie f.III byl
natolik vyznamny, Ze bez ohledu na kratsi follow-up studie a nezralost dat pro hodnoceni
celkového preziti vstoupil do klinické praxe (podrobné zminéno v kapitole vénované
prediktorim v imunoterapii). V Ceské republice bude pravdépodobné k dispozici az na
podzim roku 2022.

Obr. 30: Obermannova R. ESMO guidelines 2022 - 1é¢ba lokalné pokrocilého karcinomu jicnu a GEJ
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Obr. 31: Obermannova R. ESMO guidelines 2022 - 1é¢ba metastatické onemocnéni
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Ackoliv doporucené postupy zahrnuji standardy onkologické péce, rada situaci je
pomérné jedineCna a vyzaduje individualizaci 1écebného pristupu. Tato je zpravidla
vysledkem Kkonsenzu multidisciplinarniho tymu. Jednou z takovych situaci je
oligometastatické onemocnéni. V pripadé oligometastatického onemocnéni se
doporucuje individualni pristup se snahou o dosaZeni resekce a dlouhodobé remise.
Problematickou je vSak otdzka samotné definice oligometastatického onemocnéni. Snaha
definovat oligometastatické onemocnéni vedla kpublikaci shrnujici pristupy
multidisciplinarnich tym1 v riznych evropskych zemich [13] (ptiloha 13).

Metodologicky bylo vybrano 49 expertnich center s cilem prodiskutovat 15 stejnych
realnych pripadl v kazdé multidisciplinarni komisi (MDT). Pripady se liSily z hlediska
lokalizace a po¢tu metastaz, histologie, synchronniho versus metachronniho onemocnéni,
stavu 1écby primarniho naddoru a odpovédi na systémovou lé¢bu. Primarnim cilem bylo
zhodnotit shodu v definici oligometastatického onemocnéni v dobé stanoveni diagnozy
a po systémové 1écbé. Sekundarnim cilem byla shoda v 1éCebnych strategiich. LéCebné
strategie pro oligometastatické onemocnéni byly kategorizovany dle predem navrzené
lokalni 1é¢by (tj. metastazektomie nebo stereotakticka radioterapie), systémové terapie
nasledované restagingem. Shoda MDT byla hodnocena jako bud nepfitomna/
nedostatecna (<50 %), primérna (50-75 %) nebo konsenzus (= 75 %). Celkem se
projektu zucastnilo 47 MDT v 16 zemich (96 %). Konsenzem byla definice
oligometastatického onemocnéni srozsahem: 1-2 metastaz bud v jatrech, plicich,
retroperitonealnich lymfatickych uzlinach, nadledvinach, mékkych tkanich, nebo kostech.
Podobné nastal konsenzus v situaci, kdy byli pacienti primarné 1éceni systémovou lécbou
s neoadjuvantnim zamérem a nasledné bylo onemocnéni zhodnoceno po medianu
18 tydni. Experti souhlasili s definici oligometastatického onemocnéni i v tomto pripadé,

168



pakliZze nedoSlo k poCetni progresi onemocnéni. Pokud pri restagingu po medianu
18 tydnt systémové terapie pocet 1ézi progredoval, nebylo onemocnéni povazovano za
oligometastatické (priimérna shoda). V pripadé lé¢ebnych strategii pro oligometastatické
onemocnéni vSak ke shodé nedoslo. D4 se tedy uzavrit, Ze mezi jednotlivymi expertnimi
centry napiic¢ Evropou doslo ke shodé v definici oligometastatického onemocnéni, avsak
stale jesté existuje vysoka variabilita v1écebnych strategiich. Metodologie prace je
graficky zobrazena na obr. 32.

Obr. 32: Metodologicky pristup k definici oligometastatického onemocnéni u gastroezofagealniho
karcinomu [14]

1. Definition of oligometastatic esophagogastric cancer at diagnosis

One or two metastases in either liver, lung, retroperitoneal lymph nodes,

Consensus adrenal gland, soft tissue, E_IT que

2. Restaging of oligometastatic esophagogastric cancer after systemic therapy

"8F-FDG PET/CT for either lung, retroperitoneal lymph nodes, adrenal

1 i i i
Consensus | giand, soft tissue, or bone oligometastasis.

3. Definition of oligometastatic esophagogastric cancer after systemic therapy

Consensus | No progression or progression in size only of the oligometastatic lesion(s)
— 0

4. Treatment of oligometastatic esophagogastric cancer

No/poor
agreement

Jak jiZ bylo zminéno vyse, mimo 1éCebné standardy existuje rada situaci, které je
nutno resit individudlné. Cennym krokem je konfrontace nazoru vice odborniku a pokud
mozno spole¢ny konsenzus. V roce 2019 jsem se zucastnila 4th St. Gallen EORTC
Gastrointestinal Cancer Conference, ktera byla vénovdna kontroverznim otdzkam
v multimodalni primarni 1écbé adenokarcinomu zaludku, GE] a jicnu. Konference
zahrnovala odbornou moderovanou diskusi a nasledné hlasovani vénované
multidisciplinarni 1é¢bé lokalné pokrocilého onemocnéni. V nasi publikaci [14] (priloha
14) uvadime klicové body diskuse a vysledna doporuceni v diagnostice a terapii. Maji-li
byt shrnuty kontroverzni situace, u nichz byl nalezen konsenzus, jednalo se o postaveni
endoskopického ultrazvuku jako vySetrovaci metody u jednotlivych stadii ¢i diagnostické
laparoskopie k diagnostice peritonealniho postiZeni pired zahajenim neoadjuvantni 1é¢by
u vSech karcinomi Zaludku a u lokalné pokrocilého karcinomu jicnu, AEG typu II a III.
Obecné byla perioperacni multimodalni 1é¢ba navrZena pro vSechny lokalné pokrocilé
nadory jicnu a pro karcinomy Zaludku s klinickym stadiem nad T1NO. Panovala i shoda
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v preferenci perioperacniho kombinovaného reZimu FLOT pro pacienty v kondici. Naopak
otazka optimalni volby periopera¢ni chemoterapie versus piedoperacni
chemoradioterapie zlistava otevirena. Dokud nebudou k dispozici data ze studii ESOPEC
a TOPGEAR, je doporuceno zohlednit lokalizaci nddoru, naddorovou biologii, riziko
nekompletni (R1) resekce, odpovéd na dosavadni 1é¢bu, prihlédnout k riziku lokalni ¢i
systémové recidivy a v neposledni radé ke komorbiditdim pacientli a predpokladané
perioperacni morbiditeé.
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Priloha 11: Vlastni prispévek k dané problematice

[11] LORDICK, F., C. MARIETTE, K. HAUSTERMANS, R. OBERMANNOVA a D. ARNOLD.
Oesophageal cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Annals of Oncology. 2016, 27(Suppl 5), v50-v57. ISSN 0923-7534.
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Memorial Cancer Institute and Faculty of Medicine, Masaryk University, Brmo, Gzech Republic; ®Instituto CUF de Oncologia, Lisbon, Portugal

incidence and epidemiology

Oesophageal cancer is the 19th most common cancer in the
European Union (EU), with ~45 900 new cases diagnosed in
2012 (19 of the total). In the EU, the highest age-standardised
incidence rates for oesophageal cancer are in the Netherlands
for men and the UK for women [1]. Variation between coun-
tries is high and may reflect different prevalence of risk factors,
use of screening and diagnostic methods.

Between 2000-04 and 2005-09, oesophageal cancer mortality
declined by 7% (from 5.34 to 4.99/100 000) in EU men, and by
3% (from 1.12 to 1.09/100 000) in EU women. Predictions to
2015 show persistent declines in mortality rates for men in the
EU overall and stable rates for EU women, with rates for 2015 of
4.5/100 000 men (~22 300 deaths) and 1.1/100 000 women
(~7400 deaths).

Oesophageal cancer has two main subtypes—oesophageal
squamous cell carcinoma (SCC) and oesophageal adenocarcin-
oma (AC). Although SCC accounts for ~90% of cases of oe-
sophageal cancer worldwide, mortality rates associated with AC
are rising and have surpassed those of SCC in several regions in
the EU [2].

Oesophageal carcinoma is rare in young people and increases in
incidence with age, peaking in the seventh and eighth decades of
life. AC is three to four times as common in men as it is in women,
whereas the sex distribution is more equal for SCC [3].

The main risk factors for SCC in Western countries are
smoking and alcohol consumption, whereas AC predominantly
occurs in patients with chronic gastro-oesophageal reflux
disease and their risk is correlated with the patient’s body mass
index with a higher risk for obese persons [3, 4].

*Corespondence to: ESMC Guidslines Committes, ESMO Head Cfiice, Via L. Taddei 4,
6962 Viganello-Lugano, Switzerland.
E-rnail: clinicalguidelines@esrmo. ory

TApproved by the ESMO Guidelines Committes: August 2003, last update August 2018,
This publication supersedes the previously published version—Ann Oncol 2013, 24
(Suppl. B): vi51-vis8

diagnosis and pathology/molecular
biology

Screening for Barrett’s oesophagus, endoscopic surveillance and
ablation of precursor lesions are not in the focus of this guide-
line. We recommend to follow the recently updated guidelines
of the American College of Gastroenterology [5].

All patients with new dysphagia, gastrointestinal bleeding,
recurrent aspiration or emesis, weight loss and/or loss of appe-
tite should undergo an upper intestinal endoscopy [III, A].
Approximately three-quarters of all ACs are found in the distal
oesophagus, whereas SCCs occur more frequently in the
proximal to middle oesophagus [3]. Biopsies should be taken
from all suspect areas. The minimal recommended number of
biopsies is not defined. The diagnosis should be made from an
endoscopic biopsy with the histology classified according to
the World Health Organization (WHO) criteria [6]. The differ-
entiation between SCC and AC is of prognostic and clinical
relevance.

Immunohistochemical stainings are recommended in poorly
and undifferentiated cancers (G 3/4) according to WHO to
differentiate between SCC and AC [V, B]. Additionally, small
cell carcinoma and other rare histologies (endocrine tumours,
lymphoma, mesenchymal tumours, secondary tumours and
melanoma) must be identified separately from SCC and AC and
should be treated accordingly.

staging and risk assessment

Decisions on the initial treatment approach of oesophageal
cancer are taken on the basis of clinical staging, which should be
done with the highest degree of accuracy possible, Staging
should include a complete clinical examination and a computed
tomography (CT) scan of the neck, chest and abdomen [III, A].
Ultrasound of the abdomen can be carried out initially as a
simple and inexpensive test to exclude stage 4 liver metastases.
In candidates for surgical resection, endoscopic ultrasound
(BUS) should be carried out to evaluate the T and N tumour

©® The Author 20186. Published by Oxford University Press on behalf of the European Society for Medical Oncology.

Allrights reserved. For permissions, please emal: journals permissions@oup.com.

172



Annals of Oncology

categories [IIL, B]. The sensitivity and specificity of EUS for the
correct evaluation of the T category are 81%-92% and 94%-
97%, respectively. It is lower for the N category [7]. 18F_fluoro-
deoxyglucose-positron emission tomography (FDG-PET; today
mostly done as PET-CT) is particularly helpful to identify other-
wise undetected distant metastases. *F-FDG-PET should,
therefore, be carried out in patients who are candidates for oeso-
phagectomy [III, B], as the finding of otherwise unknown
distant metastases may prevent patients from futile surgery.
However, the availability of PET-CT differs among countries
and centres.

A tracheobronchoscopy should be carried out in the case of
tumours at or above the tracheal bifurcation to exclude tracheal
invasion. In the case of oesophageal SCC due to chronic tobacco
and alcohol consumption, meticulous investigation of the oral
cavity, oropharynx and hypopharynx by an ear, nose and throat
specialist, as well as trachea-bronchoscopy to exclude a syn-
chronous second cancer in the aerodigestive tract, should be
carried out [TV, B].

In locally advanced (T3/T4) ACs of the oesophago-gastric
junction (OG]J) infiltrating the anatomic cardia, laparoscopy can
be done to rule out peritoneal metastases, which are found in
~15% of patients. [TV, C]. The finding of otherwise unknown
peritoneal metastases may prevent patients from futile surgery.

The stage is to be given according to the American Joint
Committee on Cancer (AJCC)/Union for International Cancer
Control (UICC) TNM staging system (7th edition) (Table 1)
[8]. Anatomic staging should be complemented by medical risk
assessment, especially in patients who are scheduled for multi-
modal therapy and/or surgery. Medical risk assessment should
comprise a differential blood count as well as liver, pulmonary,
cardiac and renal function tests.

The nutritional status and history of weight loss should be
assessed according to The European Society for Clinical
Nutrition and Metabolism (ESPEN) guidelines [III, A] [9]. More
than half of patients lose »>5% of their body weight before admis-
sion to oesophagectomy, and 40% lose >10%. Independent from
the body mass index, weight loss confers an increased operative
risk, worsens a patient’s quality of life and is associated with poor
survival in advanced disease. Therefore, nutritional support
according to the ESPEN guidelines [10] is an integral part of the
medical care for patients with oesophageal cancer in the curative
and in the palliative setting [II, A].

management of local/locoregional
disease (MO}

Upfront interdisciplinary planning of the treatment is manda-
tory [III, A]. The main factors for selecting primary therapy are
tumour stage and location, histological type, and the patient’s
performance status (PS) and comorbidities. Nutritional status
matters and should be corrected. Endoscopic stenting should
not be used in locoregional disease in operable patients and al-
ternative routes of feeding (e.g. with needle catheter jejunost-
omy) should be preferred [II, A] [11]. Patient preferences
should also be assessed and be taken into account. A summary
of treatment recommendations is shown in Figure 1.
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Table 1. TI

edition) [ -,

Definition of TNM (2009)
Primary tumour (T)

TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

Tis Carcinoma in sifu/high-grade dysplasia

T1 Tumour invades lamina propria or submucosa

T1la Tumour invades mucosa or lamina propria or muscularis
mucosae

T1b Tumour invades submucosa

T2 Tumour invades muscularis propria

T3 Tumour invades adventitia

T4 Tumour invades adjacent structures

T4a Tumour invades pleura, pericardium, diaphragm or adjacent
peritoneum

T4b Tumour invades other adjacent structures such as aorta,
vertebral body or trachea

Regional lymph nodes (N}

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Metastasis in 1-2 regional lymph nodes

N2 Metastasis in 3-6 regional lymph nodes

N3 Metastasis in 7 or more regional lymph nodes

Distant metastasis

MX Distant metastasis cannot be assessed
MO No distant metastasis
M1 Distant metastasis

Stage grouping
Carcinomas of the oesophagus and gastro-oesophageal junction

Stage 0 Tis NO MO
Stage [A T1 No MO
Stage IB ™ NO Mo
Stage [IA T3 No MO
Stage I1B T3 T2 N1 MO
Stage IITA T4a No MO

T3 N1 MO0

T1, T2 N2 MO
Stage IIIB T3 N2 MO
Stage I1IC T4a NI, N2 MO

T4b AnyN MO

Any T N3 MO
Stage IV Any T Any N M1

The regional lymph nodes, irrespective of the site of the primary tumour,
are those in the oesophageal drainage area including coeliac axis nodes and
paracesophageal nodes in the neck but not supraclavicular nodes.

Edge et al. [8]. Used with the permission of the American Joint Comrmittee
on Cancer (AJCC), Chicage, IL, USA. The original source for this material
is the AJCC Cancer Staging Handbook, 7th edition (2010) published by
Springer Science and Business Media LLC, www.springer.com.

limited disease (¢T1-T2 cNO MO0)

Surgery is the treatment of choice in limited disease. In patients
with Tla AC, endoscopic therapy is the preferred therapeutic
approach, being both effective and well tolerated [II, A].
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cTNM stagmgriendoscopy, EUS,
MS-CT, FDG-PET)
Functional assessment
(symptoms, comorbidity,
nutritional status, patient preferences)

Limited disease Locally advanced disease

(cT3-T4 or cN1-3 MO)

(CT1-T2 cNO MO)

Adenocarcinoma’

v

Neoggjuvani
oradiotherapy

Perioperative
chemotherapy

A w W W
Restaging Follow-up Restaging Restaging
(exclusion of M1) (every 3 months) (exclusion of M1) (exclusion of M1)

’ v

v * v *

Figure 1. Algorithm for the treatment of local/locoregional resectable thoracic oesophageal cancer. EUS, endoscopic ultrasound; FDG-PET, fluorodeoxyglu-
cose-positron emission tomography; MS-CT, multislice-computed tomography; ¢TNM, clinical tumour, node, metastases classification according to AJCC/
UICC [8]; CRT, chemoradiotherapy; OS, overall survival. ICriteria for endoscopic instead of surgical resection are specified in the text ZFor patients unable or
unwilling to undergo surgery, combined CRT is superior to radiotherapy alone. *Evidence suggests that neoadjuvant CRT followed by surgery and definitive
CRT are equally effective with regard to overall survival. Oesophageal surgery should be carried out in experienced (high volume) centres only. For patients not

willing to undergo oesophageal surgery or who are medically unfit for major surgery, definitive chemoradiotherapy should be preferred. Even many experi-
enced centres prefer definitive CRT for oesophageal tumours with a very proximal/cervical location. “Sufficient evidence supports the use of perioperative
chemotherapy as well as neoadjuvant CRT. Both standards can be recommended with an equal level of evidence/grade of recommendation [I, A]. Several
ongoing studies in Europe are comparing both medalities. Inclusion of patients in one of these studies is encouraged. Some centres prefer neoadjuvant CRT for
tumours of the oesophagus and AEG type I or Il according te the Siewert’s classification, while they use perioperative chemotherapy for AEG type I or II, but
this is only a pragmatic solution not currently supported by scientific evidence. *This is optional in the case of incomplete response to CRT or local relapse.
This should be carried out only in selected patients and experienced centres.

Endoscopic mucosal resection (EMR) and endoscopic sub- bloc resections were shown to be higher with ESD [II, B]. In
mucosal dissection (ESD) are both regarded as effective endo- addition, relapses occurred less often [13].

scopic resection techniques. Similar cure rates compared with Radical and transthoracic oesophagectomy (Ivor-Lewis pro-
surgical resection have been reported in specialised centres [12]. cedure) is the surgical technique of choice [I, B] in localised oe-

Furthermore, in patients with superficial submucosal infiltration sophageal cancer beyond very early stages (Tla NO). A
of an AC, but without further risk criteria (pTlsml; <500 um prospective randomised study showed a strong trend towards

invasion, L0, V0, G1/2, <20 mm diameter, no ulceration), endo- better survival outcomes for this approach in resectable stage I-
scopic resection can be considered as an alternative to cesopha- IV AC and OGJ AC, compared with less radical transhiatal re-
gectomy, but outcomes are still more limited than in mucosal section in AC of the oesophagus [14]. Details concerning endo-
AC [IV, B]. In the case of a high-grade intraepithelial neoplasia scopic and surgical resection techniques are not in the scope of
or a mucosal carcinoma (L0, VO, no ulceration, grading G1/G2, this article but can be found elsewhere [15, 16]. The role of a min-
infiltration grade m1/m?2) in the squamous epithelium, an endo- imally invasive approach to the thoracic and/or abdominal cavities

scopic en bloc resection should be carried out [III, A]. ESD is increasing in clinical practice. Recent randomised studies suggest
should be preferred over EMR, especially in lesions >15 mm, as that either thoracoscopic oesophagectomy or Ivor-Lewis procedure
in Japanese studies en bloc resection rate and the rate of RO en with laparoscopic gastric mobilisation and open right thoracotomy
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(called hybrid minimally invasive oesophagectomy) have led to
significantly lower postoperative complication rates, especially pul-
monary complications. For hybrid minimally invasive oesopha-
gectomy, it was also demonstrated that short-term oncological
outcorres, compared with dassical Ivor-Lewis procedure, are not
deteriorated [17, 18]. Laparoscopic gastric mobilisation is now the
standard procedure, based on the results of two randomised, con-
trolled trials [IT, A]. The additional role of thoracoscopic dissection
should be confirmed in additional randomised studies, as well as
its long-term oncological outcome/safety. If done, the procedure
should be carried out in expert centres for selected patients with
small tumours.

Of note, the results of large, multicentre studies in different
health systems provide sufficient evidence to support the cen-
tralisation of oesophagectomy to high volume centres, with a
lower rate of morbidity and better infrastructure to deal with
complications following major surgery, thereby preventing
further mortality [I, A] [19-21].

The value of preoperative treatment in limited disease is uncer-
tain, as the number of patients who have been induded in pro-
spective randomised clinical trials is small [22-25]. A recent
randomised study involving 195 patients with stage I and stage II
oesophageal cancer showed that compared with surgery alone,
neoadjuvant chemoradiotherapy (CRT) with cisplatin plus fluor-
ouracil did not improve RO resection rate or survival but enhances
postoperative mortality. The results of this study also suggest that
surgery alone should be recommended as the primary treatment
approach for ¢T2NO oesophageal cancer, despite 50% of patients
having nodal disease at the time of surgery [II, B] [26, 27].

For patients unable or unwilling to undergo surgery, combined
CRT is superior to radiotherapy (RT) alone [II, A] [21]. Four
courses of cisplatin/5-fluorouracil (5-FU) combined with radi-
ation doses of 50.4 Gy in fractions of 1.8 Gy are regarded as
standard for definitive CRT. Alternatively, six cycles of oxalipla-
tin/5-FU/folinic acid (FOLFOX) can be given [I, C] [28]. Recent
evolutions in technology with intensity-modulated and volumet-
ric arc RT combined with functional imaging allow for increased
radiation doses up to 60 Gy in fractions of 1.8-2.0 Gy, frequently
using a simultaneously integrated boost. This approach allows for
shortening the overall treatment time, which is advantageous es-
pecially in SCC of the oesophagus. There is insufficient evidence
at this time to state that increased doses of RT improve survival in
oesophageal cancer [29], as the results of randomised studies
evaluating the safety and oncological benefits of RT doses higher
than 50.4 Gy are not yet available. This is of importance if salvage
oesophagectomy is considered as a therapeutic strategy, since
doses higher than 55 Gy have shown to be linked with increased
postoperative mortality and morbidity [30].

locally advanced disease (¢T3-T4 or cN1-3 M0}

Surgery alone is not a standard treatment in locally advanced
disease, since a complete (R0) tumour resection cannot be achieved
in ~30% (T3) to 50% (T4) of cases. Furthermore, even after com-
plete tumour resection, long-term survival rarely exceeds 20%. Of
note, preoperative treatment (chemotherapy or CRT) has been
shown to increase RO resection and survival rates [22-25, 31, 32].
Therefore, preoperative treatment is clearly indicated in operable
patients with locally advanced oesophageal cancer [I, A].

sguamous cell carcinoma: Meta-analyses and a recent phase IIT
study [20, 22, 23, 31] demonstrate that patients with locally
advanced disease benefit from preoperative chemotherapy or, most
likely to a greater extent, from preoperative CRT, with higher rates
of complete tumour resection and better local tumour control and
survival [I, A]. It was suggested in the past that preoperative CRT
may also increase postoperative mortality rates, but this has not
been the case when treatment is carried out in expert centres, with
modern radiation planning techniques, use of adequate radiation
doses and fractionation and a good multidisciplinary cooperation
and infrastructure. On the basis of the results of the
Chemoradiotherapy for Oesophageal Cancer Followed by Suigery
Study (CROSS) [31, 32], the weekly administration of carboplatin
(doses titrated to achieve an area under the curve of 2 mg/ml/min)
and padlitaxel (50 mg/m? of body-surface area) for 5 weeks and
concurrent RT (41.4 Gy in 23 fractions, 5 days per week), followed
by surgery, can be recommended as a contemporary standard of
care [I, A]. However, only patients with clinical stage TIN1 or T2-
3N0-1 were included in that trial.

Two prospective, randomised controlled studies resulted in
equivalent overall survival (OS) outcomes of definitive CRT
without surgery compared with neoadjuvant CRT followed by
surgery, although the non-operative strategy was associated with
higher local tumour recurrence rates [33, 34]. Therefore, neoad-
juvant CRT with planned surgery or definitive CRT with close
surveillance and salvage surgery for local tumour persistence or
progression [30] can be considered to be the recommended de-
finitive treatments for locally advanced SCC of the oesophagus
[1I, B] [22]. However, there are currently no data comparing
neoadjuvant CRT + surgery versus definitive CRT and salvage
surgery on demand. Definitive CRT is recommended for cervi-
cally localised tumours [III, B].

For patients unable or unwilling to undergo surgery, treat-
ment recommendations from the ‘limited disease’ section may
be adapted.

adenocarcinoma: On the basis of the recent meta-analyses and
the largest prospective randomised controlled studies, peri-
operative chemotherapy with regimens containing a platinum
and a fluoropyrimidine for a duration of 8-9 weeks in the pre-
opetative phase (as well as 8-9 weeks in the postoperative phase,
if feasible) or preoperative CRT (41.4-50.5 Gy) should be con-
sidered standard in locally advanced AC of the oesophagus, in-
cluding OGJ cancers [I, A] [22-25]. Direct comparison of
chemotherapy versus CRT is scarce. Smaller randomised studies
have shown that the addition of RT to neoadjuvant chemother-
apy results in higher histologically complete response rates,
higher RO resection rates and a lower frequency of lymph-node
metastases, without significantly affecting survival. In one of two
studies, postoperative mortality was increased after neoadjuvant
CRT [35, 36].

Chemotherapy with cisplatin/5-FU combined with 41.4-
50.4 Gy in fractions of 1.8-2.0 Gy has long been the standard
treatment, but two recent randomised trials showed a favourable
toxicity profile for (bi)weekly combinations of oxaliplatin/5-FU
or carboplatin/paclitaxel with RT [28, 31, 32].

Even after complete tumour response to preoperative chemo
(radio)therapy, operable patients with AC should proceed to
surgery [IV, C].
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management of advanced/metastatic
disease (M1)

Patients with metastatic oesophageal cancer can be considered
for different options of palliative treatment depending on the
clinical situation. Single-dose brachytherapy may be a preferred
option even after external RT, since it provides better long-term
relief of dysphagia with fewer complications than metal stent
placement [I, B] [37].

Chemotherapy is indicated for palliative treatment in selected
patients, particularly for patients with AC who have a good PS
[IIL, B]. Despite scarce evidence, treatment of advanced oe-
sophageal AC is managed mostly according to the recommenda-
tions for gastric cancer [38]. Newer regimens based on
oxaliplatin/fluoropyrimidine combinations are an alternative to
the ‘classical” cisplatin/5-FU schedule. Infusional 5-FU may. be
replaced by capecitabine if the swallowing of tablets is not com-
promised. Taxanes are recommended in first-line combinations
or as monotherapy in second-line therapy.

In SCC, the value of palliative chemotherapy is less proved.
Cisplatin-based combinations showed increased response rates
but no survival gain compared with monotherapy. Overall,
results with palliative chemotherapy are inferior to those in AC.
Therefore, best supportive care (BSC) or palliative monotherapy
should also be considered [II, B].

personalised medicine

Randomised data with biologically targeted medical therapies
are limited in oesophageal carcinoma. For treating patients with

Annals of Oncelogy

human epidermal growth factor receptor 2 (HER2)-positive AC,
the recommendations of the ESMO gastric cancer guidelines
should be followed [38]. Consequently, HER2-positive metastat-
ic AC should be treated with a trastuzumab-containing regimen
[I, B]. In contrast, other biologically targeted drugs like the
EGFR inhibitor gefitinib were not effective in post-progression
treatment of oesophageal cancer [39].

Response to neoadjuvant treatment is routinely assessed by
the evaluation of tumour-related symptoms, endoscopy and CT
scan. Patients with a curative treatment intention should be re-
ferred to surgery independently of the tumour response, except
in the case of metastatic disease. Usually, complete morpho-
logical responders should be operated in the case of AC, as the
evidence for a watch-and-wait strategy is sparse for this histo-
logical subtype, whereas for SCC, the benefit/risk balance
between surgery and close surveillance should be discussed.

Tumour response to chemotherapy may be predicted early by
FDG-PET in oesophageal and OGJ AC [III, C] [40]. However,
at the present time, changing the therapeutic strategy according
to early response assessment is investigational. FDG-PET is not
relevant for evaluating tumour response after GRT, as it cannot
reliably identify complete responders.

A personalised medicine synopsis is given in Table 2.

follow-up, long-term implications and
survivorship

Except for those patients who may be potential candidates for
an endoscopic re-intervention or an early “salvage surgery” after

Table 2. ynopsis table for | aesophageal an
Biomarker Method LOE,
GOR
HER2 Immunohistochemistry for HER2 protein expression or ISH Used to select patients with metastatic disease for treatment ILB

for HER2 gene amplification

with a trastuzumab-containing regimen

HER?2, human epidermal growth factor receptor 2; ISH, in situ hybridisation; LOE, level of evidence; GOR, grade of recommendation

Table 3. Summary of recommendations

Diagnosis and pathology/molecular biology

intestinal endoscopy [IIL, A].

AC of the oesophagus [V, B].

Staging and risk assessment

All patients with new dysphagia, gastrointestinal bleeding, recurrent aspiration or emesis, weight loss and/or loss of appetite should undergo an upper

Immunochistochemical stainings are recommended in poorly and undifferentiated cancers (G 3/4) according to WHO to differentiate between SCC and

should be carried out [IV, B].

Decisions on the initial treatment approach of oesophageal cancer are taken on the basis of clinical staging, which should be carried out with the highest
degree of accuracy possible. Staging should include a complete dlinical examination and a CT scan of the neck, chest and abdomen [III, A].

In candidates for surgical resection, EUS should be carried out to evaluate the T and N tumour categories [III, B].

18R EDG-PET should be carried out in patients who are candidates for oesophagectomy [I11, B].

In the case of oesophageal SCC due to chronic tobacco and alcohol consumption, meticulous investigation of the oral cavity, oropharynx and
hypopharynx by an ear, nose and throat specialist, as well as trachea-bronchoscopy to exclude synchronous second cancers in the aerodigestive tract,

Continued
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Table 3. Continued

In locally advanced (T3/T4) ACs of the OGJ infiltrating the anatomic cardia, laparoscopy can be done [IV, C].

The nutritional status and history of weight loss should be assessed according to the ESPEN guidelines [III, A].

Nutritional support according to the ESPEN guidelines is an integral part of the medical care for patients with oesophageal cancer in the curative and in
the palliative setting [II, A].

Management of local/locoregional disease

Upfront interdisciplinary planning of the treatment is mandatory [ILI, A].

Nutritional status matters and should be corrected. Endoscopic stenting should not be used in locoregional disease in operable patients and alternative
routes of feeding, e.g. with needle catheter jejunostomy, should be preferred [II, A].

Surgery is the treatment of choice in limited disease. In patients with Tla AC, endoscopic therapy is the preferred therapeutic approach, being both
effective and well tolerated [II, A].

In patients with superficial submucosal infiltration of an AC without further risk criteria (pT1sm1; <500 pm invasion, L0, V0, G1/2, <20 mm diameter,
no ulceration), endoscopic resection can be considered as an alternative to oesophagectomy [IV, B].

In the case of a high-grade intraepithelial neoplasia or a mucosal carcinoma (L0, V0, no ulceration, grading G1/G2, infiltration grade m1/m2) in the
squamous epithelium, an endoscopic en bloc resection should be carried out [ILL, A].

ESD should be preferred over endoscopic mucosa resection, especially in lesions >15 mm [IL, B].

In T1/T2 NO oesophageal cancer, radical and transthoracic oesophagectomy (Ivor-Lewis procedure) should be the surgical technique of choice [I, B].
Oesophagectomy should be done in high volume centres, with a lower rate of morbidity and better infrastructure to deal with complications following
major surgery, thereby preventing further mortality [I, A].

Surgery alone (without necadjuvant treatment) should be recommended as the primary treatment approach for cT2N0 oesophageal cancer [1I, B].

For patients unable or unwilling to undergo surgery, combined CRT is superior to RT alone [I1, A].

Four courses of cisplatin/5-FU combined with radiation doses of 504 Gy in fractions of 1.8 Gy are regarded as standard for definitive CRT. Alternatively,
six cycles of FOLFOX can be given [, C].

Preoperative treatment is indicated in operable patients with locally advanced oesophageal cancer (¢T3-T4 or cN1-3 MO) [1, A].

Patients with locally advanced SCC benefit from preoperative chemotherapy or, most likely to a greater extent, from preoperative CRT, with higher rates
of complete tumour resection and better local tumour control and survival [I, A].

For patients with squamous cell oesophageal cancer, weekly administration of carbeplatin (area under the curve of 2 mg/ml/min) and paclitaxel {50 mgf
m’) for 5 weeks and concurrent RT {41.4 Gy in 23 fractions, 5 days/week), followed by surgery, can be recommended as a contemporary standard of care
[L, Al

Neoadjuvant CRT with planned surgery or definitive CRT with close surveillance and salvage surgery for local tumour persistence or progression can be
considered as a recommended definitive treatment for locally advanced squamous cell cancer of the oesophagus [II, B].

Definitive CRT is recommended for cervically localised tumours [III, B].

For patients with oesophageal AC perioperative chemotherapy with regimens containing a platinum and a flueropyrimidine for a duration of 8-9 weeks
in the preoperative phase (as well as 8-9 weeks in the postoperative phase, if feasible) or preoperative chemoradiotherapy (41.4-50.5 Gy) should be
considered standard in locally advanced AC of the oesophagus, including OGJ cancers [1, A].

Even after complete tumour response to preoperative chemo(radio)therapy operable patients with AC should proceed to surgery [IV, C].

Management of advanced/metastatic disease

Patients with metastatic oesophageal cancer can be considered for different options of palliative treatment depending on the clinical situation. Single-
dose brachytherapy may be a preferred option even after external RT, since it provides better long-term relief of dysphagia with fewer complications than
metal stent placement [, B].

Chemotherapy is indicated for palliative treatment in selected patients, particularly for patients with AC who have a good PS [IIL, B].

In squamous cell oesophageal cancer, the value of palliative combination chemotherapy is less proved. Therefore, BSC or palliative monotherapy should
also be considered [II, B].

Personalised medicine

HER2-positive metastatic AC should be treated with a trastuznmab-centaining treatment [IL, B].
Tumour response to chemotherapy may be predicted early by 18F-FDG-PET in oesophageal and OGJ AC [III, C].

Follow-up, long-term implications and survivorship

Follow-up visits should be concentrated on symptoms, nutrition and psychosocial support [V, D].
In the case of complete response to CRT and no operation, a 3-month follow-up based on endoscopy, biopsies and CT scan may be recommended to
detect early recurrence leading to a discussion about salvage surgery [IV, B].

WHO, World Health Organization; SCC, squamous cell carcinoma; AC, adenocarcinoma; CT, computed tomography; EUS, endoscopic ultrasound; FDG-
PET, lQF-fluomdeoxyglucose positron emission tomography; OGJ, oesophago-gastric junction; ESPEN, Buropean Society for Clinical Nutrition and
Metabolism; ESD, endoscopic submucosal dissection; CRT, chemoradiotherapy; 5-FU, 5-fluorouracil; FOLFOX, oxaliplatin/5-FU/folinic acid; RT,
radiotherapy; PS, performance status; BSC, best supportive care
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Levels of evidence

conducted randomised trials without heterogeneity

with demonstrated heterogeneity
III  Prospective cohort studies
IV Retrospective cohort studies or case-control studies
V  Studies without control group, case reports, experts opinions

Grades of recommendation

1 Bvidence from at least one large randomised, controlled trial of good methodelogical quality (low potential for bias) or meta-analyses of well-

I Small randomised trials or large randomised trials with a suspicion of bias (lower methodological quality) or meta-analyses of such trials or of trials

= o0

A Strong evidence for efficacy with a substantial clinical benefit, strongly recommended

Strong or moderate evidence for efficacy but with a limited clinical benefit, generally recommended

Insufficient evidence for efficacy or benefit does not outweigh the risk or the disadvantages (adverse events, costs, ...}, optional
Moderate evidence against efficacy or for adverse outcome, generally not recommended

Strong evidence against efficacy or for adverse outcome, never recommended

“By permission of the Infectious Diseases Society of America [41].

(failing) endoscopic resection or definitive CRT, there is no evi-
dence that regular follow-up after initial therapy has an impact
on survival outcomes.

Therefore, follow-up visits should concentrate on symptoms,
nutrition and psychosocial support [V, D]. Often, during the
follow-up phase, a multidisciplinary care team is required, coor-
dinated by the physician who is seeing the patient on a regular
basis. Every patient will develop a variety of needs and problems,
which are related to the new condition of life without an oe-
sophagus or to other treatment sequelae or to psychosocial
needs. The expertise of a dietician, a radiologist, a gastroenter-
ologist, a psychologist and a social worker i3 often needed
during follow-up.

In the case of complete response to CRT and no operation, a
3-month follow-up based on endoscopy, biopsies and CT scan
may be recommended to detect early recurrence leading to a
discussion about salvage surgery [IV, B] [28].

methodology

These clinical practice guidelines were developed in accordance
with the ESMO standard operating procedures for dinical prac-
tice guidelines development, http:/www.esmo.org/Guidelines/
ESMO-Guidelines-Methodology. The relevant literature has
been selected by the expert authors. A summary of recommen-
dations is shown in Table 3, and an overview of these recom-
mendations related to therapy is shown in Figure 1. Levels of
evidence and grades of recommendation have been applied
using the system shown in Table 4 [41]. Statements without
grading were considered justified standard clinical practice by
the experts and the ESMO faculty. This manuscript has been
subjected to an anonymous peer review process.
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INCIDENCE AND EPIDEMICLOGY

Oesophageal cancer is the seventh most common cancer
worldwide, with 604 000 new cases diagnosed in 2020. It is
the sixth most common cause of cancer-related mortality,
with an estimated 544 000 deaths in 2020." Approximately
70% of oesophageal cancer diagnoses occur in men; there is
a twofold to threefold difference in incidence and mortality
rates between the sexes. Rates of oesophageal cancer are
higher in developing versus developed countries for men,
but are comparable for women.” Eastern Asia exhibits the
highest regional incidence, followed by Southern Africa,
Eastern Africa, Northern Eurcpe and South Central Asia.!
Recent data from the US Surveillance, Epidemiology, and
End Results database indicate an increased incidence of
oesophageal adenocarcinoma (AC) in patients aged
<50 years. In addition, young patients tend to be diagnosed
in more advanced stages.’

There are two main subtypes of oesophageal cancer:
oesophageal squamous-cell carcinoma (SCC) and oesopha-
geal AC. Although SCC accounts for ~90% of cases of
oesophageal cancer worldwide, the incidence of AC is rising
and has surpassed the incidence rate of SCC in several

*Correspondence to: ESMO Guidelines Committee, ESMO Head Office, Via
Ginevra 4, CH-6900 Lugano, Switzerland
E-mail: clinicalguidelines@esmo.org (ESMO Guidelines Committee).

“Note: Approved by the ESMO Guidelines Committee: September 2016, last
update July 2022. This publication supersedes the previously published ver-
sion—Ann Oncol 2016;27(suppl 5):v50-v57.

0923-7524/© 2022 European Society for Medical Oncology. Published by
Elsevier Ltd. All rights reserved.
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regions of Eurcpe and North America, as well as certain
high-risk areas of Asia, where this change was preceded by
economic development and dietary changes (e.g. in China).

Heavy alcohol consumption, smoking and their synergis-
tic effects are the major risk factors for oesophageal SCC in
Western populations.4 In lower-income countries, including
parts of Asia and sub-Saharan Africa, the major risk factors
for oesophageal SCC have yet to be elucidated, although
potential dietary components have been identified,
including nutritional deficiencies and nitrosamines.” Addi-
tional suspected risk factors for oesophageal SCC are betel
quid chewing in the Indian subcontinent, consumption of
pickled vegetables (e.g. in China) and consumption of food
and beverages at very hot temperatures (e.g. in Uruguay,
Iran and Tanzania).”

AC represents roughly two-thirds of oesophageal cancer
cases in high-income countries, with excess body weight,
gastroesophageal reflux disease and cesophageal intestinal
metaplasia among the key risk factors.*®” Across high-
income countries, incidence rates of oesophageal AC are
thus rising, partly due to the increasing prevalence of excess
body weight and gastroesophageal reflux disease, and
possibly because of decreasing incidence of chronic Heli-
cobacter pyfori (H. pylori) infection,® which has been inversely
associated with oesophageal AC.” These trends are predicted
to continue in the near future, with incidence of oesophageal
AC surpassing SCC in many high-income countries.

Finally, the incidence of oesophagogastric junction (OGJ}
AC seems to have moderately increased during recent
decades, although this has not been uniformly classified.™”
Similar to oesophageal AC, obesity, gastroesophageal
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reflux disease and a high fat intake are risk factors for 0GJ
cancer,” and H. pylorf infection is inversely related.”

DIAGNOSIS, PATHOLOGY AND MOLECULAR BIOLOGY
Diagnosis

Screening for precursor lesions (oesophageal intestinal
metaplasia) in high-risk patients, surveillance and endo-
scopic ablation of precursor lesions are not discussed in this
guideline. The guidelines of the American College of
Gastroenterology should be followed. "

The recommended diagnostic and staging investigations
are detailed in Table 1. All patients with new dysphagia,
gastrointestinal bleeding, recurrent aspiration or emesis and
weight loss and/or loss of appetite should undergo an
upper intestinal endoscopy. Approximately three-quarters
of all oesophageal ACs are located in the distal oesoph-
agus, whereas SCCs occur more frequently in the proximal-
to-middle oesophagus.'” Biopsies should be taken from all
suspicious areas. There is limited evidence for the optimal
number of biopsies required to ensure a diagnosis where
malignancy is present. The accepted convention is to abtain
>6-8 representative biopsies of the lesion. The number of
biopsies should be sufficient for pathological and molecular
analysis.

Pathology

Diagnosis should be based on endoscopic biopsies with the
histological tumour type classified according to the World
Health Organization (WHO) criteria.’® The differentiation

Table 1. Diagnostic and staging investigations in oesophageal cancer

Procedure Purpose

FBC Assess for iron-deficiency anaemia
Renal and liver function Assess renal and liver function to
determine appropriate therapeutic
options
Obtain tissue for diagnosis, histological
classification and molecular biomarkers,
e.g. PD-L1 and HER2 status {AC)
EUS Accurate assessment of T and N stage in
potentially resectable tumours
Bronchoscopy with endobronchial Assess tumour growth towards central
ultrasonography alrways; complementary to EUS,
especially when tumour stricture
precludes EUS
Staging of tumour to detect local/
distant lymphadenopathy and
metastatic disease
Staging of tumour to detect local/
distant lymphadenopathy and
metastatic disease
Exclude occult metastatic disease
involving peritoneum/diaphragm,
especially in locally advanced (T3/T4)
ACs of the OG) infiltrating the
anatomical cardia

Endoscopy and biopsy

CT of thorax + abdomen
=+ pelvis

PET—CT, if avallable

Laparoscopy = washings

AC, adenocarcinoma; CT, computed tomography; EUS, endoscopic ultrasound; FBC,
full blood count; HER2, human epidermal growth factor receptor 2; N, node; 0Gl,
oesophagogastric junction; PD-L1, programmed death-ligand 1; PET, positron emis-
sion tomography; T, tumour,

Volume 33 m Issue 10 m 2022

between oesophageal SCC and AC is of prognostic and
therapeutic relevance.

Immunohistochemical (IHC} staining is recommended in
poorly differentiated and undifferentiated cancers [grade
3/4 American Joint Committee on Cancer (AJCC)/Union for
International Cancer Control (UICC) 8th Edition] when dif-
ferentiation between SCC and AC using morphological
characteristics is not possible. In addition, other less
frequently occurring tumour types, such as neuroendocrine
tumours/carcinomas, lymphomas, mesenchymal tumours,
melanomas or secondary tumours, must be identified
separately from SCC and AC.

Moiecular pathology

The Cancer Genome Atlas research network identified three
subtypes of oesophageal SCC (oesophageal SCC1, oeso-
phageal SCC2 and oesophageal SCC3), which are each
associated with defects in specific molecular pathways.'* So
far, no distinct therapeutic options for these subtypes are
available.

Patients with oesophageal SCC have been shown to benefit
from programmed cell death protein 1 (PD-1) blockade.**%®
In patients who are candidates to receive first-line treat-
ment with immune checkpoint inhibitors (ICls), programmed
death-ligand 1 (PD-L1} IHC is recommended [see the table of
ESMO Scale for Clinical Actionability of Molecular Targets
(ESCAT) scores for further details; Supplementary Table 51,
available at https://doi.org/10.1016/j.annonc.2022.07.003].
PD-L1 expression is measured using tumour proportion score
(TPS), which evaluates the percentage of viable tumour cells
showing partial or complete membrane staining at any in-
tensity (PD-L1 positivity is defined as TPS >1% in the case of
first-line treatment with nivolumab and nivolumab—ipili-
mumab), or combined positive score (CPS), which is calcu-
lated by the total number of cells with PD-L1-positive plasma
membrane staining (including tumour cells, lymphocytes and
macrophages) divided by the number of vital tumour cells,
multiplied by 100 (PD-L1 positivity is defined as CPS >10 in
the case of first-line treatment with pembrolizumab). In the
CheckMate 648 study, TPS was determined using the PD-L1
IHC 28-8 pharmDx assay, while in KEYNOTE-590, the PD-L1
IHC 22C3 assay was used for CPS. In several tumour types,
the analytical concordance between the two assays has
shown to be high, although conflicting data also exist.”***
Currently, data on their interchangeability specifically in
oesophageal SCC are awaited. Use of a validated test that is
subject to a quality assurance programme is recommended.

In the RATIONALE 302 study, PD-L1 expression was
assessed using the VENTANA PD-L1 (SP 263) assay with
tumour area positivity (TAP) score. TAP is defined as the
total percentage of the tumour area covered by tumour
cells with any membrane staining above the background
and tumour-associated immune cells with any staining
above the background. Only patients with a TAP score >10
were defined as PD-L1 positive.”

Molecular pathology assessment in oesophageal and 0OG)
AC should follow the recommendations provided in the
ESMO Clinical Practice Guideline (CPG) for gastric cancer.”®

https//deiorg/10.1016/).annonc.2022.07.003 993
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Recommendations

e Patients with new dysphagia, gastrointestinal bleeding,
recurrent aspiration or emesis and weight loss and/or
loss of appetite should undergo an upper intestinal endos-
copy [lll, A]. Diaghosis should be made by histopatholog-
ical assessment of multiple (>6) endoscopic biopsies to
guarantee an adequate representation of the tumour
and sufficient tissue for molecular analysis [l, B].
Histological diagnosis should be reported according to
the WHO criteria [IV, A].

IHC staining is recommended in poorly differentiated and
undifferentiated cancers when differentiation between
SCC and AC using morphological characteristics is not
possible [V, B].

For oesophageal SCC, PD-L1 expression by IHC according
to the TPS or CPS is a validated predictive biomarker for
ICI therapy [I-1, Al

STAGING AND RISK ASSESSMENT

Decisions about initial treatment for oesophageal cancer
are based on clinical staging, which should be carried out
with the highest degree of accuracy possible. Staging should
include a complete clinical examination, endoscopy and
computed tomography (CT) or positron emissiontomography
(PET) with [*®F]2-fluoro-2-deoxy-o-glu cose (FDG). Endoscopic
ultrasound (EUS} can be used for tumour (T} and node (N}
staging, but has low accuracy for T1 tumours; in these cases,
endoscopic resection offers more precise staging in addition
to therapeutic benefit.?”/?

EUS is particularly useful to determine the therapeutic
strategy in two ways: (i} for assessment of T4b status with
invasion towards the airways, pericardium or aorta, and (ii}
for identification and biopsy of suspected lymph node
metastases outside the regular radiation field or beyond the
planned resection limits. In advanced T stages, tumour
stricture may preclude the use of EUS. In the assessment of
tumour growth towards central airways, bronchoscopy with
endobronchial ultrasonography is a useful complement to
EUS, especially when tumour stricture precludes EUS use.

FDG—PET (typically carried out as PET—CT} is helpful to
identify otherwise undetected distant metastases. FDG—
PET should therefore be carried out in patients who are
candidates for oesophagectomy, as the finding of otherwise
unknown distant metastases can help to avoid futile sur-
gery; however, the availability of PET—CT differs between
countries and centres.”???

Oesophageal SCCs are often accompanied by head and
neck second primary tumours (HNSPTs}. The proghosis of
patients with an additional HNSPT is worse than patients
with only ocesophageal SCC. The pooled prevalence of
HNSPT in patients with oesophageal SCC is 6.7%. Therefore,
early detection of HNSPTs may improve the overall outcome
of patients with oesophageal SCC. Patients with oeso-
phageal SCC should undergo a qualified clinical examination
of the head and neck region to exclude HNSPTs.

994 https://doi.org/10.1016/j.annonc 2022 07.003
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In locally advanced (T3/T4} ACs of the OGJ infiltrating the
anatomical cardia, laparoscopy should be carried out to rule
out peritoneal metastases, which are found in ~15% of
patients.>" The finding of otherwise unknown peritoneal
metastases may prevent patients from undergoing futile
surgery.

Oesophageal cancer should be staged according to the
American Joint Committee on Cancer AJCC/UICC TNM
(tumour—node—metastasis) 8th edition staging system (see
Supplementary Tables S2 and S3, available at https://doi.
org/10.1016/j.annonc.2022.07.003).%  Anatomic  staging
should be complemented by medical risk assessment,
especially in patients who are scheduled for multimodal
therapy andfor surgery. Medical risk assessment should
comprise a differential blood count as well as liver, pul-
monary, cardiac and renal function tests.

Nutritional status and history of weight loss should be
assessed according to the European Society for Clinical
Nutrition and Metabolism (ESPEN) guidelines.’® More than
half of patients lose >5% of their body weight before
admission for oesophagectomy, and 40% lose >10%. Inde-
pendent from body mass index, weight loss confers an
increased operative risk, worsens a patient’s quality of life
(Ool} and is associated with poor survival in advanced
disease. Therefore, nutritional support according to the
ESPEN guidelines® is an integral part of medical care for
patients with oesophageal cancer, in both curative and
palliative settings.

Reduced physical activity is associated with worse out-
comes following perioperative treatment. In addition, lower
physical fithess is a negative predictor of long-term survival
in oesophagogastric cancer.>®*® A supervised exercise pro-
gramme has been shown to improve cardiorespiratory
fitness and aspects of QoL in patients who have undergone
an oesophagectomy and can therefore be recommended e
Other studies are investigating whether the addition of a
perioperative exercise regimen to neoadjuvant chemo-
therapy (ChT) improves outcomes. Geriatric screening and
assessment may help to identify patients who need addi-
tional support and/or are at increased risk of ChT-associated
side-effects.*

Recommendations

e |nitial staging and risk assessment should include phys-
ical examination, endoscopy and contrast-enhanced CT
or FDG—PET—CT scan of the thorax, abdomen + pelvis.
EUS can be used for T and N staging [lll, A].

FDG—PET should be carried out in candidates for oeso-
phagectomy [lll, B].

In locally advanced {T3/T4} ACs of the OGJ which cross
the diaphragm to infiltrate the anatomical cardia, lapa-
roscopy should be carried out [IV, B].

The TNM stage should be recorded according to the lat-
est edition of the AJCC/UICC guidelines and staging
manual [IV, A].
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e Nutritional status and history of weight loss should be location and the patient’s predicted treatment tolerance,
assessed [lll, A] and nutritional support provided [Il, A] which considers performance status and comorbidities, and
according to ESPEN guidelines. may be supplemented by functional testing. Correction of

malnutrition is often warranted before curative-intent therapy

can be started. Occasionally, enteral feeding is necessary,

either via feeding jejunostomy or via nasogastric tube. Endo-
MANAGEMENT OF LOCAL AND LOCOREGIONAL DISEASES scopic stenting should be avoided in patients undergoing
Multidisciplinary assessment and planning of treatment are treatment with curative intent as this may worsen prognosis.*
mandatory. Treatment is determined together with the patient A proposed algorithm for the treatment of localised oeso-
based on histological subtype, clinical TNM stage, tumour phageal and OGJ cancer is shown in Figure 1.

¢TNM staging (endoscopy, EUS, MS-CT, FDG-PET)
(symp! id ftional status, patient

i

Functional

Early diseass
{cT4 eNO MO)

Lacally advanced diseass
{cT2-T4 or cN1-3 MD)

N/

Neoadjuvant CRT Dafinitive CRT Nooadjuvant FLOT
[1.41 [1l, B] [1, A; MCBS A]*

' ' W v
Restaging Follow-up Restaging Restaging
(exclusion of M1) {every 3 months) {exclusion of M1} (exclusion of M1)

Resaction®?
i, A]

Salvage resection’

Adjuvant nivolumabe
I1, A; MCBS AJ*

Adjuvant FLOT
1. A; MCBS Al*

Adjuvant nivolumabe
[I, A; MCBS AJ*

Figure 1. Treatment algorithm for local/locoregional resectable oesophageal and OG! cancer.

Purple: general categories or stratification; red: surgery; blue: systemic anticancer therapy; turquoise: combination of treatments or other systemic treatments; white:
other aspects of management,

AC, adenocarcinoma; ChT, chemotherapy; CRT, chemoradiotherapy; cTNM, clinical tumour—node—metastasis; EMA, European Medicines Agency; EUS, endoscopic
ultrasound; FDA, Food and Drug Administration; FDG—PET, [MF]Z—ﬂuoro—z—deoxv—nfg\ucosefpos'\tron emission tomography; FLOT, 5-fluorouracil—leucovorin—oxali-
platin—docetaxel; GoR, grade of recommendation; Lok, level of evidence; MCBS, Magnitude of Clinical Benefit Score; MS-CT, multislice-computed tomography; QGJ,
oesophagogastric junction; QS, overall survival; RT, radiotherapy; SCC, squamous-cell carcinoma

®Criteria for endoscopic instead of surgical resection are specified in the text

SFar patients unable or unwilling to undergo surgery, combined €RT is superior to RT alone

“Evidence suggests that neoadjuvant CRT followed by surgery and definitive CRT is equally effective with regard to 0S, Oesophageal surgery should be carried out in
experienced {high-volume) centres only. For patients not willing to undergo oesophageal surgery or who are medically unfit for major surgery, definitive CRT should be
preferred. Even many experienced centres prefer definitive CRT for oesophageal tumours with a very proximal/cervical location

Sufficient evidence supports the use of perioperative ChT as well as neoadjuvant CRT. Both standards can be recommended with an equal LoE/GoR [I, A, Several
ongoing studies in Europe are comparing both modalities. Inclusion of patients in one of these studies is encouraged. Some centres prefer neoadjuvant CRT for tumours
of the oesophagus and OGJ type | or |l according to Siewert's classification, while they use perioperative ChTfor OGJ type Ill or Il, but this is only a pragmatic solution not
currently supported by scientific evidence.

SESMO-MCBS v1.1%% was used to calkulate scores for therapies/indications approved by the EMA or FDA, The scores have been calculated by the ESMO-MCBS Working
Group and validated by the ESMO Guidelines Committee (https://www.esmo.org/guidelines/esmo-mchs/esmo-mchs-evaluation-forms)

"This is optional in the case of incomplete response to CRT or local relapse and should only be carried out in selected patients and experienced centres [V, C]
EWith residual vital tumour in the resection specimen.
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Early disease {cT1 NO MO)

Endoscopic en bloc resection, using either endoscopic
mucosal resection (EMR} or endoscopic submucosal dissec-
tion (ESD), is the treatment of choice for lesions with intra-
epithelial high-grade dysplasia and most T1 tumours.**
Examination of the specimen provides accurate staging and,
unless the deep resection margin is involved or there are
significant risk factors for lymph node metastases, endo-
scopic resection can be considered definitive treatment.***
The strongest risk factors for lymph node metastasis are
depth of invasion, lymphovascular invasion, low differentia-
tion grade, ulceration and large tumour size.***’

For oesophageal AC, which often occurs in the context of
oesophageal intestinal metaplasia, endoscopic resection can
usually be considered curative in all T1a cancers and, in the
absence of other risk factors for lymph node metastasis, also
in the most superficial submucosally involved T1lb cancers
(sm1, invasion depth <500 m, no ulceration).”® For AC there
is no evidence favouring either EMR or ESD, but EMR should
normally be preferred in small lesions, while ESD should be
considered in lesions >15 mm, poorly lifting tumours and
tumours at risk of submucosal invasion.*®

The risk of lymph node metastasis is generally higher with
oesophageal SCC than with AC and even deep intramucosal
Tla cancers (m3} need additional treatment if other risk
factors are also present.”” Studies from Asia show that ESD
results in a higher proportion of complete resection and a
lower risk of local recurrence compared with EMR.*®

For both histological subtypes, patients with involved deep
endoscopic resection margins ar significant risk factors for
lymph node metastases should be offered further resective
surgery with appropriate lymphadenectomy; however, che-
moradiotherapy (CRT) could be considered as a treatment
option for stage IA SCC with organ preservation.*’

Locally advanced resectable disease (cT2-T4 or cN1-3 MO)

Surgery. Surgery is still the backbone of curative-intent
treatment for both histological subtypes of locally
advanced resectable oesophageal cancer (cT2-T4a or cN1-3},
although definitive CRT with surveillance and salvage oeso-
phagectomy when needed for local tumour control is also a
recommended option, even in upfront resectable cases of
oesophageal SCC (see the ‘Definitive CRT’ subsection for
further information}. Radical transthoracic oesophagectomy
with en bloc two-field lymphadenectomy is the procedure of
choice in fit patients. For distal tumours, abdominal and right
chest access is used, and reconstruction is carried out with a
gastric tube conduit with oesophagogastric anastomasis in
the upper mediastinum (lvor Lewis procedure}. For mid and
upper oesophageal tumours, abdominal, right chest and
cervical access is used with a similar reconstruction to the
cervical oesophagus (McKeown procedure). In frail patients
with distal tumours, transhiatal oesophagectomy without
transthoracic access can be carried out with lower morbidity,
at the cost of less extensive lymphadenectomy.”®

Minimally invasive oesophagectomy (MIO} techniques,
including robotics, have hecome increasingly implemented
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into clinical practice in recent years. Three randomised
controlled trials (RCTs} comparing MIO with open oeso-
phagectomy reported lower post-operative morbidity,
quicker functional recovery and better QoL up to 1 year
after surgery with MI10.>'* Regarding oncological end-
points such as free resection margins, lymph node yield and
survival, the outcomes seem at least noninferior to open
oesophagectomy.”****  Recently, a population-based
cohort study from Sweden and Finland reported better
long-term overall survival (0S} after MIO compared with
open oesophagectomv.55 In experienced centres, MIO is
recommended as the surgical approach of choice.

Pre- and perioperative treatment. Pre- and perioperative
treatment using ChT or CRT has been shown to increase
rates of resection with no tumour at the margin (RO} and
survival rates in oesophageal cancer, and should be
considered in all patients with locally advanced resectable
disease.” ™ The caveat to this recommendation is for ¢T2
NO tumours, for which there is controversy regarding the
need for preoperative treatment, as randomised trials have
included low patient numbers from this population®®*7°
and retrospective studies have reported conflicting re-
sults.®*%* A randomised phase Il trial in stage I-l oeso-
phageal cancer showed that preoperative CRT did not
improve RO resection rate or survival but increased post-
operative mortality®®; however, the patient cohort was
heterogeneous and included ¢T1-T3 tumours; as such, the
effect on the cT2 NO subset is unknown. There is currently
insufficient evidence to make firm recommendations
regarding the use of preoperative treatment in €12 NO tu-
mours. Each case should be discussed by the multidisci-
plinary team with careful consideration of the potential
risks and benefits.

The treatment paradigms for ocesophageal SCC versus
oesophageal AC have taken divergent paths due to the
results of randomised phase Il trials in the two histological
subtypes, and the differing response of SCC and AC to CRT.

SCC. Based on the results of the Chemoradiotherapy for
Oesophageal Cancer Followed by Surgery Study (CROSS),”
preoperative CRT can be recommended as a standard of
care for SCC of the oesophagus. Weekly carboplatin—
paclitaxel combined with radiation to a dose of 41.4 Gy in
23 fractions followed by cesophagectomy showed improved
survival compared with surgery alone for both SCC and AC.
Treatment-related toxicity was acceptable and there was no
increase in surgical morbidity or mortality. In particular, the
S-year OS rate of »60% for SCC in the trimodality arm was
substantially higher than those previously reported in
studies of surgery alone or definitive CRT.

Given the high response rates of oesophageal SCCto CRT,”®
an alternative curative-intent treatment is definitive CRT with
the option of salvage oesophagectomy in selected cases.®®®®
This treatment was pioneered by the phase Il Radiation
Therapy Oncology Group (RTOG) 85-01 study in the early
1990s using the combination of cisplatin and 5-fluorouracil
(5-FU} with radiotherapy (RT).66 A recent randomised phase
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Il trial of definitive CRT incorporating modern techniques of
RT planning and delivery has reported encouraging results
with a 3-year OS rate of 47.8% and median OS of 35.9 months
in patients with oesophageal SCC.5 The use of definitive CRT
is further supported by two prospective, randomised trials
that showed equivalent OS following definitive CRT without
surgery compared with preoperative CRT followed by sur-
gery, although the non-operative strategy was associated
with higher local recurrence rates.””’" It is important to note
that the aforementioned studies of definitive CRT did not
systematically incorporate salvage ocesophagectomy in pa-
tients with incomplete clinical response, thereby failing to
achieve the level of survival reported in CROSS. The use of
salvage oesophagectomy in patients with persistent disease
has been shown to be safe and associated with survival rates
similar to those observed with precperative CRT and planned

Therefore, preoperative CRT followed by surgery or
definitive CRT with close surveillance and salvage surgery
for local tumour persistence or progression can be consid-
ered the recommended definitive treatments for locally
advanced SCC of the oesophagus; however, there are
currently no data comparing these two treatment strate-
gies. Definitive CRT is recommended for cervically localised
tumours where surgery would entail a laryngectomy.

AC. Based on the results of CROSS,*® preoperative CRT can
be recommended as one standard of care for locally
advanced AC of the oesophagus and OG)J.

Several large prospective RCTs have established pre- and
perioperative ChT as another standard of care for locally
advanced AC of the oesophagus and 0G).°*5%%? The benefit
of perioperative ChT was initially demonstrated in the phase
Il MAGIC trial using a regimen of three preoperative and
three post-operative cycles of epirubicin—cisplatin—5-FU
(ECF), which resulted in tumour downstaging, improved
RO resection rate and improved survival compared with
surgery alone.”” The phase I/l FLOT4-AIO trial compared
perioperative ECF with four preoperative and four post-
operative cycles of 5-FU—leucovorin—oxaliplatin—doce-
taxel (FLOT), and showed an OS benefit for FLOT.%% FLOT is
therefore the preferred perioperative regimen for patients
able to tolerate the treatment.

Direct comparisons of ChT versus CRT were previously
limited; however, in 2021, results from the phase Ill Neo-
AEGIS trial were presented in abstract form.”” Neo-AEGIS
compared two standard regimens in the perioperative
setting, with enrolled patients receiving either preoperative
CRT (CROSS regimen) or perioperative ChT (MAGIC trial ECF
regimen or FLOT). Preliminary results showed higher rates of
tumour regression and pathological complete response in
the CRT arm. No OS difference was observed between the
two treatments; however, the majority of patients in the ChT
arm were treated with the older ECF regimen rather than
FLOT, and higher efficacy is expected with the perioperative
FLOT regimen. Data from the phase Il ESOPEC trial, which is
comparing the CROSS CRT regimen with FLOT, are awaited.”
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Even after complete clinical tumour response to preopera-
tive CRTor ChT, patients with resectable oesophageal AC should
proceed to surgery, as data for a watch-and-wait strategy
following complete clinical remission are currently limited.

Adjuvant nivolumab following trimodality therapy. The
phase lll CheckMate 577 trial evaluated the addition of 1 year
of adjuvant treatment with the anti-PD-1 antibody nivolumab
after surgery in patients with SCC or AC of the oesophagus,
including OGJ cancer, who had received neoadjuvant CRT and
had evidence of residual pathological disease in the resection
specimen (>ypT1land/for zyle).18 The study demonstrated
a significant improvement in disease-free survival for
patients treated with adjuvant nivolumab (22.4 months)
compared with placebo [11.0 months; hazard ratio (HR} for
disease recurrence or death 0.69; 96.4% confidence interval
(CI} 0.56-0.86; P < 0.001]. Therefore adjuvant nivolumab is
now recommended in this indication. PD-L1 testing is not
required for this indication.

Definitive CRT. As described above, definitive CRT (with close
surveillance and salvage surgery} is a recommended option for
resectable oesophageal SCC. In addition, definitive CRT should
be considered for patients with oesophageal SCC or AC who
are unable or unwilling to undergo surgery.*®“° The traditional
standard regimen for definitive CRT is four cycles of cisplatin—
5-FU (or capecitabine} combined with RT to a dose of 50.4 Gy
in 28 fractions (or 50 Gy in 25 fractions).®® Alternatively, six
cycles of folinic acid—5-FU—oxaliplatin {(FOLFOX} can be
considered.” In recent years, weekly carboplatin—paclitaxel,
as used in the CROSS regimen, has been combined with RT
as definitive treatment. Although this regimen has not been
directly compared with cisplatin—5-FU in a randomised phase
Il trial, it is commonly utilised due to its favourable toxicity
profile. Retrospective comparative studies have reported
equivalent efficacy between different regimens.75 As a mini-
mum requirement, RT should be delivered using 3D conformal
RT, but intensity modulated RT or volumetric arc therapy are
preferred to better minimise the radiation dose to critical
normal tissues. Currently there is little evidence to support the
use of RT doses »>50.4 Gy in the definitive treatment of
oesophageal cancer. Randomised phase Ill trials evaluating RT
dose escalation have not demonstrated improved local control
or survival with RT doses >>50.4 Gy.”%’” This is of importance if
salvage oesophagectomy is considered as a therapeutic
strategy, because doses >>55 Gy have been associated with
increased post-operative mortality and morbidity.5”

Recommendations

e Multidisciplinary assessment and planning before any
treatment is mandatory [IV, A].

e In experienced centres, MIO is the surgical approach of
choice [II, Al.

e Endoscopic en bloc resection, using either EMR or ESD, is
preferred for lesions with intraepithelial high-grade
dysplasia and most T1 tumours [lll, A].
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Advanced
oesophageal SCC

PD-L1 CPS =10 PD-L1TPS =1% PD-L1 negative/low

Pembrolizumab-ChT® Nivolumab—ChT Platinum-fluoropyrimidine
“, A} MCBS 4]-: [l, A; MCBS 4]° [", A]

Nivolumab-ipilimumab
[l, B; MCBS 4]

Nivolumab
[I, A; MCBS 3]

Taxane or irinotecan [ll, B

Figure 2. Treatment algorithm for advanced oesophageal SCC.”

Purple: general categories or stratification; blue: systemic anticancer therapy. AC, adenocarcinoma; ChT, chemotherapy; CPG, Clinical Practice Guideline; CPS, combined
positive score; EMA, European Medicines Agency; FDA, Food and Drug Administration; MCBS, Magnitude of Clinical Benefit Score; OGJ, oesophagogastric junction; PO-
L1, programmed death-ligand 1; SCC, squamous-cell carcinoma; TPS, tumour proportion score.

*For treatment of oesophageal AC and OG) cancer, see the ESMO CPG for gastric cancer?®

“EMA approval is for tumaurs with PO-L1 CPS >10, FDA approval is irrespective of PD-L1 expression

CESMO-MCBS v1.1% was used to calculate scores for therapies/indications approved by the EMA or FDA. The scores have been calculated by the ESMO-MCBS Working
Group and validated by the ESMQ Guidelines Committee (https://www.esmo.org/guidelines/esmo-mehs/esmo-mebs-evaluation-forms)

e For both histological subtypes, patients with involved deep e Locally advanced oesophageal SCC should be treated
endoscopic resection margins or significant risk factors for with CRT followed by surgery [I, A] or definitive CRT
lymph node metastases should be offered further resec- with close surveillance and salvage surgery for local
tive surgery with appropriate lymphadenectomy [llI, Al. tumour persistence or progression [ll, B]. Definitive

e Pre- and perioperative ChT or CRT should be considered in CRT is recommended for cervically localised tumours
all patients with locally advanced resectable disease [l, A]. where surgery would entail a laryngectomy [lll, B].
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e Preoperative CRT or pre- and perioperative ChT can be
recommended as standards of care for locally advanced
AC of the oesophagus and OG) [I, A].

e Patients with resectable, locally advanced oesophageal
AC or OG) cancer should be treated with neoadjuvant
CRT based on the CROSS regimen or perioperative
ChT (FLOT} followed by surgery [I, A; ESMO-MCBS
vl.1 score: A].

e Even after complete clinical tumour response to preoper-
ative CRT or ChT, patients with resectable oesophageal or
0GJ cancer should proceed to surgery as data for a
watch-and-wait strategy are limited [IV, C].

e Patients with SCC or AC of the oesophagus including OG)
cancer who have undergone neoadjuvant CRT and show
evidence of residual pathological disease in the resection
specimen (>>ypT1 and/or >ypN1) should be treated with
adjuvant nivolumab [I, A; ESMO-MCBS v1.1 score: A].

e Treatment with definitive CRT is recommended for pa-
tients with SCC or AC of the cesophagus that is unresect-
able and locally advanced or those who are unable or
unwilling to undergo surgery [I, Al.

MANAGEMENT OF ADVANCED AND METASTATIC DISEASE

Patients with oesophageal cancer that is metastatic or
unresectable and cannot be treated with curative-intent CRT
have a poor prognosis; survival in clinical trials has historically
been <1 yearm; however, the use of ICls with ChT has
recently improved survival for this patient group.'®”

Treatment of advanced AC of the oesophagus and OG)
should be in line with the ESMO CPG for gastric cancer.”® A
proposed algorithm for the treatment of advanced oeso-
phageal SCC is shown in Figure 2.

First-line ChT for oesophageal SCC

Standard first-line ChT for oesophageal SCC is a platinum—
fluoropyrimidine doublet. Most randomised trials have
been conducted in oesophageal AC and data are extrapo-
lated to SCC; however, multiple phase Il studies support
platinum—fluoropyrimidine treatment in an SCC popula-
tion.®2®? Data from trials in locoregionally advanced oeso-
phageal SCC suggest equivalence for cisplatin- and
oxaliplatin-based regimens.”* The phase Il GO2 trial
recruited patients with advanced gastroesophageal cancer,
including oesophageal SCC, who were unsuitable for full-
dose ChT due to advanced age or frailty, and demon-
strated equivalent outcomes and reduced toxicity with
dose-reduced oxaliplatin—capecitabine.®

First-line ChT plus ICIs or [Cis without ChT for oesophageal
scC

Oesophageal SCC appears to be modestly more sensitive to
ICls than oesophageal AC based on the efficacy of anti-PD-1
antibody monotherapy.'’®* Nevertheless, benefit from ICI
therapy is enhanced in both ocesophageal SCC and AC tu-
mours with elevated levels of PD-L1 expression using the
cRsiAe
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The phase Il KEYNOTE-590 trial evaluated addition of the
anti-PD-1 antibody pembrolizumab to cisplatin—5-FU in
patients with untreated, advanced oesophageal or OGJ
(Siewert type 1) cancer.'® Patients with both SCC and AC
histology were eligible, but the majority (73%) had SCC. The
greatest OS gain was observed in patients with SCC and
elevated PD-L1 expression (CPS >10; HR 0.57, 95% Cl 0.43-
0.75; P < 0.0001}, but modest improvements were also
demanstrated in (i} all patients with a CPS >10 (HR 0.62,
95% C1 0.49-0.78; P < 0.0001); (ii) all patients with SCC (HR
0.72, 95% €l 0.60-0.88; P = 0.0006} and (iii} all randomised
patients (HR 0.73, 95% €l 0.62-0.86; P <Z 0.0001). A post hoc
analysis suggested no benefit in patients with a PD-L1 CPS
«<10. The phase Il Checkiviate 648 study randomised
patients with treatment-naive advanced oesophageal SCC
to (i} cisplatin—5-FU; (ii} nivolumab—cisplatin—5-FU or (iii}
nivolumab plus the anti-cytotoxic T-lymphocyte-associated
protein 4 (anti-CTLA-4) antibody ipilimumab.”” Patients
treated with nivolumab—ChT had improved OS compared
with patients treated with ChT alone; this benefit was most
pronounced in patients with tumour cells expressing PD-L1
>1% using TPS (HR 0.54, 99.5% Cl 0.37-0.80; P < 0.001}.
Nivolumab—ipilimumab improved OS compared with ChT
alone in CheckMate 648; however, a lower radiological
response rate was hoted for nivolumab—ipilimumab
compared with ChT alone or nivolumab—ChT, and there is
a risk of early progression and death for patients treated
without ChT, resulting in a lower grade of recommendation
compared with nivolumab—ChT. Finally, in the phase Ill
ESCORT-1st trial, Chinese patients with untreated advanced
oesophageal SCC were randomised to receive carboplatin—
paclitaxel with or without the anti-PD-1 antibody camreli-
zumab.”® ESCORT-1st demonstrated an improvement in
progression-free survival and OS for patients with oeso-
phageal SCC treated with camrelizumab—ChT.

Second and subsequent lines of treatment for oesophageal
scc

For patients with oesophageal SCC, second-line nivolumab
maonotherapyis an option based on the results of the phase Il
ATTRACTION-3 trial.*” In this study, predominantly Asian
patients with SCC previously treated with platinum—
fluoropyrimidine were randomised to receive either nivolu-
mab or taxane-based ChT. Response rates were comparable
between the two arms; however, nivolumab was associated
with improved OS compared with ChT (HR 0.77, 95% Cl 0.62-
0.86; P = 0.019). Treatment outcomes were not affected by
PD-L1 expression assessed on tumour cells; assessment of
PD-L1 using CPS has not been reported. Similar results were
observed with tislelizumab in the global phase Il RATIONALE
302 study.”> Where approved, pembrolizumab may be an
option for patients with previously treated SCC with PD-L1
CPS >10 based on the results of the phase Il KEYNOTE-181
trial, which compared pembrolizumab monotherapy with
ChT in previously treated oesophageal AC and SCC (patients
who received first-line treatment with an ICI were not
included).’ An OS benefit was only observed in patients with
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SCC and a CPS >10. Following second-line treatment,
patients with oesophageal SCC might be considered for ChT
with a taxane or irinotecan.®*7

Supportive care and nutrition

Supportive care for patients with advanced oesophageal
cancer should follow the recommendations provided in the
ESMO CPG for gastric cancer,” including early palliative
care referral and nutritional support.

Recommendations

First-line treatment for advanced oesophageal SCC

e First-line ChT with a platinum and flucropyrimidine is
recommended as a standard treatment for advanced
untreated oesophageal SCC [Il, A]. Dose-reduced
oxaliplatin—capecitabine is an alternative option for
patients who are unsuitable for full-dose ChT [I, A].
Pembrolizumab—ChT is recommended for advanced, un-
treated oesophageal SCC. The greatest benefit is seen in
patients with a PD-L1 CPS >10 [, A; ESMO-MCBS v1.1
score: 4; European Medicines Agency (EMA)} approval is
for tumours with PD-L1 CPS >10, Food and Drug Adminis-
tration (FDA} approval is irrespective of PD-L1 expression].
Nivolumab—ChT is recommended in patients with
tumours expressing PD-L1 with a TPS >1% [I, A; ESMO-
MCBS v1.1 score: 4]. Nivolumab—ipilimumab can be
given, but a lower radiological response rate and
increased risk of early progression and death in patients
treated without ChT needs to be considered [, B; ESMO-
MCBS vi1.1 score: 4].

Second and subsequent lines of treatment for advanced

oesophageal SCC

e Nivolumab is recommended for oesophageal SCC previ-
ously treated with platinum—fluoropyrimidine ChT [I, A;
ESMO-MCBS v1.1 score: 3].

e \Where approved, pembrolizumab may be an option for
patients with previously treated SCC who have not
received first-line treatment with ICls and have a PD-L1
CPS >10 [I, A; ESMO-MCBS v1.1 score: 3; FDA approved,
not EMA approved].

e ChT with a taxane or irinotecan can be considered in fit
patients who have been previously treated with
platinum—fluoropyrimidine  and/or  nivolumab  or
pembrolizumab [lI, B].

Supportive care and nutrition

e Care for patients with advanced oesophageal cancer
should include early palliative care referral and nutri-
tional support [l, Al.

FOLLOW-UP, LONG-TERM IMPLICATIONS AND
SURVIVORSHIP

Surveillance strategies after successful therapy for oeso-
phageal and OGJ cancers remain controversial. Although
the majority (~90%} of relapses occur within the first
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2 vyears after completion of local therapy, potentially
treatable relapses have been reported >5 years after local
therapy.®®® Metachronous malignancies should also be
considered in long-term survivors.

Except for those patients who may be potential candi-
dates for an endoscopic reintervention or early ‘salvage
surgery” after (failing) endoscopic resection or definitive
CRT, there is no evidence that regular follow-up after initial
therapy has an impact on survival.

Therefore follow-up visits should concentrate on symp-
toms, nutrition and psychosocial support. A multidisci-
plinary team is often required during the follow-up phase,
coordinated by the physician who is seeing the patient on a
regular basis. Patients can develop a variety of needs and
problems associated with loss of the oesophagus, other
treatment sequelae or psychosocial needs. The expertise of
a dietician, radiologist, gastroenterologist, psychologist and
social worker is often needed during follow-up.

In case of complete response to definitive CRT, a 3-month
follow-up based on endoscopy, biopsies and CT scan may be
recommended to detect early recurrence, for which salvage
surgery may be carried out.”

Recommendations

e The majority (~90%) of relapses occur within the first
2 vyears after completion of local therapy. Follow-up
visits should concentrate on symptoms, nutrition and
psychosocial support [V, A].

e In case of complete response to definitive CRT, a
3-month follow-up based on endoscopy, biopsies and
CT scan may be recommended to detect early recurrence
[IV, B].

METHODOLOGY

This CPG was developed in accordance with the ESMO stan-
dard operating procedures for CPG development (hittp://www.
esmo.org/Guidelines/ESMO-Guidelines-Methodology). The
relevant literature has been selected by the expert authors. An
ESCAT table with ESCAT scores is included in Supplementary
Table S1, available at https://doi.org/10.1016/j.anhonc.2022.
07.003. ESCAT scores have been defined by the authors and
validated by the ESMO Translational Research and Precision
Medicine Working Group.90 An ESMO-MCBS table with ESMO-
MCBS scores is included in Supplementary Table S4, available
at  https://doi.org/10.1016/j.annonc.2022.07.003. ESMO-
MCBS v1.1°! was used to calculate scores for therapies/in-
dications approved by the EMA or FDA (https://www.esmo.
org/Guidelines/ESMO-MCBS). The scores have been calcu-
lated by the ESMO-MCBS Working Group and validated by the
ESMO Guidelines Committee. The FDA/EMA or other regula-
tory body approval status of new therapies/indications is re-
ported at the time of writing this CPG. Levels of evidence and
grades of recommendation have been applied using the sys-
temshown in Supplementary Table S5, available at https://doi.
0rg/10.1016/j.annonc.2022.07.003.°%* Statements without
grading were considered justified standard clinical practice by
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the authors. Future updates to this CPG will be published on
esmo.org as a Living Guideline version or an eUpdate, to be
made available at: https://www.esmo.org/guidelines/gastro
intestinal-cancersfoesophageal-cancer.
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1. Introduction

T.E. Kroese et al | European Journal of Cancer 164 (2022) 1§29

Abstract  Background: Consensus about the definition and treatment of oligometastatic oe-
sophagogastric cancer is lacking.

Objective: To assess the definition and treatment of oligometastatic oesophagogastric cancer
across multidisciplinary tumour boards (MDTs) in Europe.

Material and methods: European expert centers (n = 49) were requested to discuss 15 real-life
cases in their MDT with at least a medical, surgical, and radiation oncelogist present. The
cases varied in terms of location and number of metastases, histology, timing of detection
(i.e. synchronous versus metachronous), primary tumour treatment status, and response to
systemic therapy. The primary outcome was the agreement in the definition of oligometastatic
disease at diagnosis and after systemic therapy. The secondary outcome was the agreement in
treatment strategies. Treatment strategies for oligometastatic disease were categorised into up-
front local treatment (i.e. metastasectomy or stereotactic radiotherapy), systemic therapy fol-
lowed by restaging to consider local treatment or systemic therapy alone. The agreement
across MDTs was scored to be either absent/poor (<50%), fair (50%—75%), or consensus
(=75%).

Results: A total of 47 MDTs across 16 countries fully discussed the cases (96%). Oligometa-
static disease was considered in patients with 1—2 metastases in either the liver, lung, retroper-
itoneal lymph nodes, adrenal gland, soft tissue or bone (consensus). At follow-up,
oligometastatic disease was considered after a median of 18 weeks of systemic therapy when
no progression or progression in size only of the oligometastatic lesion(s) was seen
(consensus). If at restaging after a median of 18 weeks of systemic therapy the number of le-
sions progressed, this was not considered as oligometastatic disease (fair agreement). There
was 10 consensus on treatment strategies for oligometastatic disease.

Conclusion: A broad consensus on definitions of oligometastatic oesophagogastric cancer was
found among MDTs of oesophagogastric cancer expert centres in Europe. However, high
practice variability in treatment strategies exists.

© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/),

A comprehensive definition of oligometastatic disease
is necessary to initiate studies on the benefit of treatment

Oligometastatic disease is defined as an intermediate state
between loco-regional and systemic disease and reflects a
potentially distinct and favourable tumour biology [1].
Consequently, local treatment for oligometastatic disease
(e.g. metastasectomy or stereotactic body radiation ther-
apy (SBRT)) could improve overall survival (OS) [1]. A
recent randomised controlled trial (RCT) has shown
improved OS after SBRT for oligometastatic prostate-,
lung- or colorectal cancer as compared with systemic
therapy alone or observation [2]. In addition, another
recent RCT has shown improved OS after SBRT and
palliative standard-of-care treatment for oligometastatic
non-small cell lung cancer (NSCLC) as compared with
palliative standard-of-care treatment alone [3]. In patients
with oesophagogastric cancer, RCTs for oligometastatic
disease are ongoing [4], [] [10] while non-randomised
trials have suggested improved OS after local treatment for
oligometastasis as compared with systemic therapy
alone [11,12]. However, interpretation and comparison of
individual studies are hampered by different clinical defi-
nitions of oligometastatic disease, heterogeneity in case
mix, selection bias, and various treatment strategies
probably due to a lack of international consensus and
guidelines.

strategies in this group of patients. For this purpose, the
OligoMetastatic Esophagogastric Cancer (OMEC)
consortium was established. OMEC is a consortium of
50 oesophagogastric cancer expert centers in Europe
and is endorsed by the European Organisation for
Research and Treatment of Cancer (EORTC), Euro-
pean Society for Radiotherapy and Oncology (ESTRO),
European Society of Medical Oncology (ESMO), Eu-
ropean Society of Surgical Oncology (ESSO), European
Society for Diseases of the Esophagus (ESDE), the
European chapter of the International Gastric Cancer
Association (IGCA) and the Dutch Upper GI Cancer
Group (DUCG). The OMEC project aims to develop a
European consensus definition for oligometastatic
oesophagogastric cancer in organs, as well as extra-
regional lymph nodes. Peritoneal disease was not
included in the OMEC project, as this is a distinct entity
that has already received much attention with hyper-
thermic intraperitoneal chemotherapy (HIPEC) as the
main treatment [13—15]. The OMEC-project consists of
5 studies and includes a systematic review and meta-
analysis on oligometastatic oesophagogastric cancer
(OMEC-1), the distribution of real-life clinical cases
(OMEC-2), Delphi consensus rounds (OMEC-3), the
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publication of a multidisciplinary European consensus
statement on oligometastatic oesophagogastric cancer
(OMEC-4) and, finally, a prospective study for oligo-
metastatic oesophagogastric cancer (OMEC-5).

The current study (OMEC-2) was conducted to assess
the definitions and treatment strategies for oligometa-
static disease used in daily practice across multidisci-
plinary tumour boards (MDTs) in Europe. Decision-
making on definition and treatment is based on various
variables, such as the organ involved, extra-regional
lymph node metastases [11,16], the number of metasta-
ses [17], synchronous versus metachronous metasta-
ses [18], treatment status of the primary tumour [19],
HER2Neu status [20,21], and response to systemic
therapy at restaging [5,11]. The assessment of (dis)
agreement in definition and management can be used to
define oligometastatic oesophagogastric cancer and to
identify the currently used treatment options [22].
Therefore, oesophagogastric cancer expert centres were
requested to discuss 15 real-life clinical cases in their
MDT to assess the agreement in definition and treat-
ment strategies for oligometastatic oesophagogastric
cancer across MDTs in Europe.

2. Material and methods

This study was approved by the institutional review
board of the UMC Utrecht, and the need for informed
consent was waived for this study. This study has been
carried out in accordance with The Code of Ethics of the
World Medical Association (Declaration of Helsinki)
for experiments involving humans and is in line with the
Recommendations for the Conduct, Reporting, Editing
and Publication of Scholarly Work in Medical Journals.
The methodology of this study was comparable with a
simulated multidisciplinary expert opinion study on
oligometastatic non-small cell lung cancer by the
EORTC Lung Cancer Group [23].

2.1. Identification of cases

A search was performed of real-life patients with distant
metastases from oesophagogastric cancer with adeno-
carcinoma or squamous cell carcinoma histology.
Distant metastasis was limited to either a distant organ
or 1-2 extra-regional lymph node stations (according to
TNM 8th edition) [24]. All patients were in good clinical
condition with few to no comorbidities and were dis-
cussed at the MDT of the UMC Utrecht or Amsterdam
UMC, both in The Netherlands, between 2015 and
2020. The cases varied in terms of 1. Location of met-
astatic lesions (e.g. liver or lung); 2. Number of meta-
static lesions (one or two); 3. Timing of detection
(synchronous, interval [i.e. detected at restaging after

neoadjuvant treatment before surgery], or metachro-
nous); 4. Primary tumour treatment status (surgery with
or without neoadjuvant chemoradiotherapy, definitive
chemoradiotherapy or no primary tumour treatment); 5.
Histology (adenocarcinoma or squamous cell carci-
noma), HER2 Neu status (positive, negative or mixed
[ie. the difference in the HER2 Neu status between the
metastasis and the primary tumour]) and microsatellite
stability; and 6. Response to systemic therapy at
restaging. The response to systemic therapy at restaging
was categorised into no progression (i.e. complete or
partial response, or stable disease), progression in size
only of the metastatic lesion(s) (i.e. >20% growth in
size), or progression in the number of lesions. The
response to systemic therapy at restaging was classified
according to response evaluation criteria in solid tu-
mours (RECIST 1.1) [25]. Table 1 shows the charac-
teristics of the presented cases.

2.2. MDT case discussion

The 15 real-life clinical cases were provided to 49 Eu-
ropean oesophagogastric cancer experts on 23rd March
2020 using an online tool (Castor EDC). These experts
were either identified by EORTC, ESTRO, ESMO,
ESSO, ESDE, IGCA or DUCG or identified by a sys-
temic review of first or last authors of published RCTs
related to oesophagogastric cancer between 2015 and
2020.

2.3. Discussion of clinical cases

The experts were required to host a local MDT with at
least a surgical oncologist, medical oncologist, and ra-
diation oncologist present to discuss the 15 real-life
clinical cases before 1st August 2020. The case infor-
mation consisted of 1. The patient history (including
primary tumour stage and treatment), 2. The current
problem (including location and size of distant metas-
tasis), 3. Pathology of the primary tumour and metas-
tasis (including histology, HER2Neu status, and
microsatellite stability), and 4. Imaging of the primary
tumour and metastasis (*F-fluorodeoxyglucose posi-
tron emission tomography [“’F—FDG PET], computed
tomography [CT], or magnetic resonance imaging
[MRI]). The experts were not aware of the actual diag-
nosis or treatment of the real-life clinical cases.

Fig. 1 shows an example of a real-life clinical case
provided to the expert. The first question for this case
was: ‘Does the MDT consider this patient to have oli-
gometastatic disease? If the answer was ‘no’, the ques-
tions for this specific case stopped. If the answer was
‘yes’, subsequent questions were asked regarding the
treatment for the oligometastasis. The case continued
only if the answer was ‘systemic therapy followed by
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Table 1

Characteristics of the real-life clinical cases included in the survey.

T.E. Kroese et al. | European Journal of Cancer 164 (2022) 1§29

Case 1. Location of 2. Number 3. Timing of 4. Primary tumour 5. Histology and 6. Response to
oligometastasis of lesions  detection treatment HER2neu systemic therapy
T Liver (unilobar) 1 Metachronous (12 ¢T3N1 distal AC HER2: — MSS Progression in size
months) oesophagus treated only
with dCRT
2. Liver (unilobar) 2 Metachronous (4 ¢T2N1 distal ypT2NO AC HER2: + MSS  Progression in size
months) oesophagus treated only
with
nCRT + surgery
3. Liver (bilobar) 2 Synchronous ¢T3N2 distal AC HER2: — MSS Progression in
oesophagus number of lesions
4. Retroperitoneal 1 Interval ¢T3N3 distal scc Stable disease
lymph node (right) oesophagus treated
with nCRT
3. Retroperitoneal i Synchronous ¢T3N1 cardia AC HER2: — MSS Complete response
lymph node (left)
6. Neck lymph node 1 Interval ¢T3N1 mid scC Progression in
(level IV) oesophagus treated number of lesions
with nCRT
% Neck lymph node 2 Synchronous <T3N2 distal sSCC Complete response
(level II1 + IV) oesophagus
8. Lung unilateral (left 1 Metachronous (24 ¢T4b(aorta)N2 mid ypTON1 SCC Progression in
upper lobe) months) oesophagus treated number of lesions
with
nCRT + surgery
9. Lung bilateral (right 2 Synchronous ¢T2N0 proximal SCC Stable disease
and middle lobe) oesophagus
10. Adrenal gland 1 Metachronous {12 T3N3 distal ypT3NO AC HER2: — MSS  Partial response

months)

oesophagus treated
with
nCRT + surgery

11. Adrenal gland 1 Synchronous ¢T3N2ZM]1 cardia

12 Soft tissue (skin) 1 Metachronous (4 pT1smZNO treated
months) with surgery

13 Soft tissue (muscle) | Metachronous (24 oT2N0 distal

14.  Bone (arm)

15.  Bone (claviula)

months)

Metachronous (1
month)

Synchronous

oesophagus treated
with

nCRT + surgery
cT3N3 distal
oesophagus treated
with

nCRT + surgery
¢T3NI distal
oesophagus

HER2: — MSS
pT2NO AC HERZ: — MSS

ypT3N1 HER2:-; MSS

ypT3NO SCC

AC HER2: mixed MSS

Partial response
Stable disease

Progression in
number of lesions

Progression in
number of lesions

Complete response

dCRT = definitive chemoradiotherapy; nCRT = neoadjuvant chemoradiotherapy; AC = adenocarcinoma; SCC = squamous cell carcinoma;

MSS = microsatellite stable.

restaging to consider local treatment’ (Fig. 2). At
restaging, the case information consisted of: 1. The
current problem at restaging (including the response of
the primary tumour and metastasis to systemic therapy)
and 2. Restaging imaging of the primary tumour and
metastasis ('5F FDG PET/CT, MRI, or CT). Next, the
following question was asked: “Does the MDT consider
this patient to have oligometastatic disease at restaging?
If the answer was ‘no’, questions for this specific case
stopped. If the answer was ‘yes’, subsequent questions
were asked regarding the treatment for the oligometa-
stasis. If all the questions were completed, the next case
was presented (built-in data verification tool).

2.4. Outcome measure

The primary outcome of this study was the agreement
across MDTs in Europe on the definition of oligome-
tastatic oesophagogastric cancer at diagnosis and after
systemic therapy (‘not oligometastatic disease’ versus
‘oligometastatic disease’). The secondary outcome of
this study was the agreement across MDTs in Europe on
treatment strategies for oligometastatic oesophagogas-
tric cancer. Treatment strategies for oligometastatic
disease were categorised into upfront local treatment
(e.g. metastasectomy, SBRT, or other local
oligometastasis-directed treatment), systemic therapy
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]
]

Case 3: Synchronous hepatic metastases

First presentation case 3
Synchronous hepatic metastases

Current problem (now):

¢ Primary tumor: cT3N2M1 adenocarcinoma of the distal esophagus (at 32-35 cm from the

incisors)
¢ Liver: 2 metastases:

o Segment IV, diameter 45 mm with FDG-uptake.
o Segment VI/VII, diameter 34 mm with FDG-uptake.

¢ Rest of the body: no evidence of metastases.

Pathology:

« Primary tumor: adenocarcinoma, Her2/neu —, microsatellite stable (MSS).
« Liver metastasis segment VI/VIl: adenocarcinoma, Her2/neu —, origin upper gastrointestinal.

Conclusion:

e cT3N2M1 adenocarcinoma of the distal esophagus.
« Synchronous liver metastases (2) in segment IV and VI/VII.

Alfa: 60 %

Fig. 1. Baseline information of real-life clinical case #3 included in this survey.

followed by restaging to consider local treatment for
oligometastatic discase, or systemic therapy alone
(without considering local treatment for oligometastasis
later).

2.5. Statistical analysis

Regarding the primary and sccondary outcome, the
agreement across MDTs was either scored as absent/poor
(<50% agreement), fair (50%—75% agreement) or
consensus (>75% agreement), comparable with recent
studies on the definition of oligometastatic discase for
other tumours [26—28]. According to a recent systemic
review, the most common definition for consensus was per

cent agreement, with 75% being the median threshold to
define consensus among 25 studies [29].

3. Results
3.1. Participant characteristics

A total of 47 MDTs across 16 countrics in Europe fully
discussed the cases (response rate: 96%). The hospital type
was university medical center in 79%, comprehensive
cancer center in 15%, and community medical center in
6%. Centers were generally high-volume (i.c. 91% of cen-
ters performed >30 ocsophagectomies or gastrectomics
per year). Besides a medical oncologist, surgical
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Follow-up case 3
Current problem (at follow-up):

s Primary tumor: residual disease (confirmed by endoscopy with bite-on-bite biopsy).

« Liver:

o Metastasis segment VI/VII: reduction in size, diameter 15 mm (previously 45 mm) and

no more FDG-uptake.

o Metastasis segment IV: no longer visible on imaging (previously diameter 34 mm).
= New right supraclavicular lymph node metastasis
* Rest of the body: no evidence of metastases.

Pathology (right supraclavicular lymph node)

« Adenocarcinoma, Her2/neu —, origin upper gastrointestinal.

Conclusion:

* Primary tumor: residual disease at follow-up (distal esophageal adenocarcinoma).
e Liver:
o Metastasis segment VI/VII, reduction in size.
o Metastasis segment IV, no longer visible on imaging at follow-up.
» New right supraclavicular lymph node metastasis.

Fig. 2. Follow-up information of real-life clinical case #3 included in this survey

oncologist, and radiation oncologist, the following speci-
alities were present at the MDT meetings: a radiologist in
60%, a gastroenterologist in 49%., a pathologist in 40%,
and a nuclear medicine physician in 28%. Table 2 shows
the characteristics of the participating MDTs.

3.2, Definition of oligometastatic disease

Oligometastatic disease was considered when one or two
metastases in either liver, lung, retroperitoneal lymph
nodes, adrenal gland, soft tissue, or bone were present
(conscnsus). In addition, oligometastatic discasc was
considered at restaging after median 18 weeks of sys-
temic therapy when no progression or progression in
size only of the oligometastatic lesion(s) was seen
(conscnsus). If at restaging after systemic therapy the
number of lesions increased, this was not considered as
oligometastatic discase (fair agreement).

The definition of oligometastatic disecase was not
limited to one lesion, as one lesion or two lesions were
considered oligometastatic (consensus). Moreover, the
definition of oligometastatic discase was not limited to a
specific primary tumour treatment status, as a resected or
detinitively irradiated primary tumour with a subsequent
complete response was considered oligometastatic

Table 2
Characteristics of the participating multidisciplinary tumour boards.

Characteristic n = 47 (*4)

Yearly volume of gastrectomies

1-10 1 (2.1}
11-20 243
21-30 9(19.1)
31-50 21 (44.7)
=50 14 (29.8)
Yearly volume of oesophagectomies

1-10 5(10.6)
11-20 4 (8.5)
21-30 4 (8.5)
31-50 11 (23.4)
=50 23 (48.9)

Type of center

University medical center 37 (78.7)
Comprehensive cancer center 7(14.9)
Community medical center 3(6.4)
Work experience > 10 years
Surgical oncologist 45 (95.7)
Medical oncologist 37 (78.7)
Radiation oncologist 35 (74.5)
Additional specialities present at MDT meetings
Radiologist 28 (59.6)
Gastroenterologist 23 (48.9)
Pathologist 19 (40.4)
Nuclear medicine physician 13 (27.7)
Clinical geneticist 2(4.3)
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Table 3
Agreement in definitions of oligometastatic oesophago gastric cancer
Factor Number of Agreement Conclusion
cases
1. Location of oligometastasis
Liver 3 83 - 100% Consensus
Lung 2 81 - 100% Consensus
Retroperitoneal lymph nodes 2 79 - 94% Consensus
Adrenal gland 2 94 - 100% Consensus
Soft tissue 2 98 - 100% Consensus
Bone 2 83 - 89% Consensus
Neck lymph nodes 2 B2 - 72% air agreen
2. Number of lesions
One 10 79 - 100% Consensus
Two 3 81-100% Consensus
3. Primary tumor treatment
nCRT and surgery 5 83 - 100% Consensus
Surgery alone 1 98% Consensus
Definitive chemoradiotherapy 1 100% Consensus
4. Histology and HER2 status
Her2 positive adenocarcinoma 1 100% Consensus
Her2 negative adenocarcinoma 7 83-100% Consensus
Her2 mixed adenocarcinoma™ 1 89% Consensus
Squamous cell carcinoma 4 79-100% Consensus
5. Timing of detection
Synchronous 5 83-94% Consensus
Interval** 1 78% Consensus
Metachronous 7 83-100% Consensus
6. Restaging after systemic therapy
No progression*** 7 75-100% Consensus
Progression in size only*™** 2 97-100% Consensus
Progression in number of lesions 2 Fe eeme
nCRT = neoadjuvant chemoradiotherapy * = difference in HER2neu status of the primary
tumor and the metastasis; ** = detected after nCRT before surgery; *** = <20% growth in
size and no new lesions; **** = 220% growth in size and no new lesions; green =
consensus; orange = fair agreement

(consensus). Also, the definition of oligometastatic disease
was not limited to a specific histology or HER2Neu status,
as either HER2Neu positive, HER2Neu mixed or
HER2Neu negative tumour, or with squamous cell carci-
noma histology were considered oligometastatic
(consensus). Finally, the definition of oligometastatic dis-
ease was not limited to a particular timing of detection, as
synchronous, interval, or metachronous metastasis were
considered oligometastatic (consensus). Table 3 shows the
agreement across MDTs on the definition of oligometa-
static oesophagogastric cancer.

3.3. Restaging of oligometastatic disease

IBE.FDG PET/CT imaging was used for restaging after
systemic therapy in patients with either lung, retro-
peritoneal lymph node, adrenal gland, soft tissue, or
bone oligometastasis (consensus). For patients with
liver oligometastasis, either MRI or '*F-FDG PET/CT
imaging was used for restaging after systemic therapy
(fair agreement). Table 4 shows the agreement in
restaging modalities for oligometastatic oesophago-
gastric cancer.
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Table 4
Agreement in restaging modalities for oligometastatic oesophagogastric cancet
Factor Numberof  ™F-FDG PET/CT CT MRI Agreement
cases
Organ
Liver 3 57-80% 35-58% &l
Lung & 92% 31-36% 0-8% Congensus
Retroperitoneal lymph nodes 2 B3-87% 53% 0-33% Consensus
Adrenal gland 2 100% 40-42% 0% Consensus
Soft tissue 2 85-07% 31-52% 5-6% Consensus
Bone 2 85-00% 33-46% 43% Consensus
BF-FDG PET = "F. yal positron graphy; CT = tomography; MRI = magnetic
respnance imaging; green = consensus; orange = fair agreement

3.4. Treatment strategies for oligometastatic disease

No consensus on treatment strategies for oligometa-
static oesophagogastric cancer was identified across
presented cases. However, if the number of lesions
increased at restaging after a median of 18 weeks of
systemic therapy, consensus was reached that systemic
therapy should be continued (rather than local treat-
ment for oligometastasis). Upfront local treatment for
oligometastatic disease was recommended with a fair
agreement for soft tissue oligometastasis, a resected or
definitively irradiated primary tumour or with interval
or metachronous HER2Neu negative oligometastasis.
Systemic therapy followed by restaging to consider local
treatment for oligometastatic disease was recommended
with fair agreement for HER2Neu positive or HER2-
Neu mixed tumours. Local treatment for oligometa-
static disease after a median of 18 weeks of systemic
therapy was recommended with a fair agreement when
no progression (i.e. partial or complete response or
stable disease) or progression in size only of the oligo-
metastatic lesion(s) was seen at restaging. Table 5 shows
the agreement in treatment strategies for oligometastatic
oesophagogastric cancer across MDTs.

4. Discussion

This is the first study investigating the agreement in the
definition and treatment of oligometastatic oesophago-
gastric cancer in European expert centers. Consensus
(ie. >75% agreement) across MDTs was reached that
the term oligometastatic disease was appropriate across
presented cases with oesophagogastric cancer with one
or two metastases in either liver, lung, retroperitoneal
lymph nodes, adrenal gland, soft tissue, or bone. In
addition, the term oligometastatic disease remained
appropriate at restaging after a median of 18 weeks of
systemic therapy when no progression or progression in
size only of the oligometastatic lesion(s) was seen.
However, in contrast to the consensus on the definition
of oligometastatic disease, we found no consensus (i.e.
<T5% agreement) across MDTs regarding the treatment

strategies that should be followed in the case of oligo-
metastatic disease. In fact, a considerable variation in
treatment approaches for oligometastatic oesophago-
gastric cancer across European oesophagogastric cancer
expert centers was exposed. This lack of consensus on
treatment strategies can partly be explained by the lack
of evidence-based guidelines to guide treatment
decision-making and the lack of completed RCTs for
oligometastatic oesophagogastric cancer.

If oligometastatic disease was no longer considered at
restaging after systemic therapy (i.e. the number of le-
sions increased), a consensus was reached that presented
cases should not receive local treatment for oligometa-
static disease but rather subsequent systemic therapy.
The administration of systemic therapy followed by
restaging allows for the identification of patients with
(suspected) oligometastatic disease at baseline but with
an actual biologically aggressive tumour who might not
benefit from local treatment for oligometastatic disease
[12]. This treatment protocol is currently being investi-
gated in 2 ongoing phase IIT RCTs by the Arbeitsge-
meinschaft fur Internistische Onkologie {AIO) [5] and
the Eastern Cooperative Oncology Group (ECOG) [6].
In both trials, including patients with synchronous oli-
gometastatic gastric or oesophagogastric cancer, local
treatment for the primary tumour and metastases will
be performed at restaging after systemic therapy in
patients with a partial or complete response. However,
this study identified a fair agreement (ie. 50-75%
agreement) across MDTs that local treatment for oli-
gometastatic disease was also appropriate at restaging
after median 18 weeks of systemic therapy when pro-
gression in size only of the oligometastatic lesion(s) was
seen.

Despite the potential advantage of the administration
of systemic therapy first to identify patients who benefit
the most from local treatment for oligometastatic dis-
ease, which is incorporated in several ongoing RCTs for
oligometastatic oesophagogastric cancer and German
S3 guidelines [5,6,10,15,30], upfront local treatment for
oligometastatic disease was recommended with a fair
agreement across MDTs for presented cases with soft
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Table 5
Agreement in treatment strategies for oligometastatic disease
Factor Number Upfront local Sy y Conclusl
of cases treatment therapy to tharapy
consider local
1. Location of oligometastasls
Liver 2 0-45% 40-74% 4-26% No agreement
Lung 2 31-80% 847% 0-18% No agreement
Retropsritoneal lymph nodes 2 2-51% 27-86% 11-14% No agreement
Adrenal gland 2 2-57% 36-T7% 520% Na agreement
Soft tissue 2 5-¢ 28-43% 0-2% =gir agreeme
Bone 2 33-87% 13-50% 0-14% No agreement
2. Numbor of leslons
One 10 2-89% 6-86% 0-20% No agreement
Two 3 8-32% 45-74% 3-26% No agreement
3. Primary tumor treatment
nCRT and surgery 5 8-89% 6-68% 0-21% No agreement
Surgery alone 1 : 28% 9% air 2
Definitive CRT 1 40% 6%
4, Histology and HER2 status
Adenccarcinoma (overall) -] 0-63% 28-70% 0-22% No agreement
Her2: positive adenocarcinoma 1 8% 22% Fair agreame
Her2: negative adenocarcinoma 7 0-63% 28-86% 0-26% No agreement
Her2: mixed adenocarcinoma 1 3% 50% 16% Fair agreement
Squamous cell carcinoma 4 20-89% 6-45% 0-18% No agreement
5. Timing of detection
Synchronous 8 0-33% 45-86% 11-26% No agreement
Interval 1 27% 17% r €
Metachronous 7 8-80% 6-70% 0-21% No agreement
Mstachronous HER2- 6 5486 T-70% 0-21% Bame
6. after py
No progression 7 NA 0-14% I
Progressicn in size only* 2 5 4 NA 541% Fair ag
Progression in number of lesions 3 0-21% NA T8-100% Consensus
NA = not applicable; nCRT = neoadjuvant erapy; CRT = * = i.e. 220% growth in size but
no new lesions; green = consensus; orange = fair agreement

tissue oligometastasis, a resected or a definitively irra-
diated primary tumour, metachronous or interval
HER2neu negative oligometastasis. The use of upfront
local treatment for oligometastatic disease in these pre-
sented cases might be explained by the timing of detec-
tion of the oligometastasis (metachronous) and thus
after previous systemic therapy for the primary tumour.

A consensus statement for the definition and treat-
ment strategies of oligometastatic oesophagogastric
cancer could reduce practice variability, increase the
quality of care and offer all patients the optimal treat-
ment approach for oligometastatic discase [31]. The
findings of this study (OMEC-2), together with a sys-
tematic review on the definition of oligometastatic
oesophagogastric cancer (OMEC-1), will be used for a
multidisciplinary consensus statement on the definition
and treatment of oligometastatic oesophagogastric
cancer (OMEC-4). This consensus statement will result
in a prospective study for oligometastatic oesophago-
gastric cancer (OMEC-5).

Strengths of this study include the excellent response
rate of 96%, the use of real-life clinical cases, and the
distribution of these real-life clinical cases to MDTs of

oesophagogastric cancer expert centers in FEurope,
resulting in real-life multidisciplinary (dis)agreement.
Therefore, this study provides a largely unbiased
reflection of clinical practice and excellent general-
isability. However, a limitation was that this study could
not address the causes of (dis)agreement, and these
causes will be investigated in subsequent steps of the
OMEC project.

In conclusion, 47 multidisciplinary tumour boards
of European oesophagogastric cancer expert centers
fully discussed 15 real-life clinical cases. A multidisci-
plinary consensus was identified on the definition of
oligometastatic oesophagogastric cancer at diagnosis
and after systemic therapy. However, no consensus
and even high practice variability in treatment
decision-making for oligometastatic disease was
established. This practice variability could potentially
impact on quality of care. The findings of this study
and a systematic review on the definition of oligome-
tastatic oesophagogastric cancer will be used for a
consensus statement on the diagnosis and treatment of
oligometastatic oesophagogastric cancer in the OMEC
project.
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1. Introduction

Abstract Multimodal primary treatment of localised adenocarcinoma of the stomach, the
oesophagus and the oesophagogastric junction (AEG) was reviewed by a multidisciplinary
expert panel in a moderated consensus session. Here, we report the key points of the discussion
and the resulting recommendations. The exact definition of the tumour location and extent by
white light endoscopy in conjunction with computed tomography scans is the backbone for
any treatment decision. Their value is limited with respect to the infiltration depth, lymph node
involvement and peritoneal involvement. Additional endoscopic ultrasound was recom-
mended mainly for tumours of the lower oesophagogastric junction (i.e. AEG type IT and
IIT according to Siewert) and in early cancers before endoscopic resection. Laparoscopy to di-
agnose peritoneal involvement was thought to be necessary before the start of neoadjuvant
treatment in all gastric cancers and in AEG type II and III. In general, perioperative multi-
modal treatment was suggested for all locally advanced oesophageal tumours and for gastric
cancers with a clinical stage above TINO. There was consensus that the combination of fluo-
rouracil, folinic acid, oxaliplatin and docetaxel is now a new standard chemotherapy (CTx)
regimen for fit patients. In contrast, the optimal choice of perioperative CTx versus neoadju-
vant radiochemotherapy (neoRCTX), especially for AEG, was identified as an open question.
Expert treatment recommendations depend on the tumour location, biology, the risk of
incomplete (R1) resection, response to treatment, local or systemic recurrence risks, the pre-
dicted perioperative morbidity and patients’ comorbidities. In summary, any treatment deci-
sion requires an interdisciplinary discussion in a comprehensive multidisciplinary setting.

© 2019 Published by Elsevier Ltd.

More recently, comprehensive genomic characterisa-
tion has identified four molecular subtypes of gastric

The topic of the 4th St. Gallen EORTC Gastrointestinal
Cancer Conference 2018 was the primary approach to
patients with potentially curable adenocarcinoma of the
stomach, the gastro-oesophageal junction or the
oesophagus, three anatomically defined tumour loca-
tions with distinct, although overlapping, molecular
features and treatment strategies [1]. Differences in his-
topathology can be used to distinguish between intesti-
nal-type gastric cancer and diffuse type according to the
Lauren classification. The pathogenesis of intestinal-
type gastric cancer and oesophageal adenocarcinoma is
thought to follow a metaplasia—dysplasia—carcinoma
sequence with identifiable premalignant conditions,
namely, atrophy in the stomach and Barrett’s meta-
plasia in the distal oesophagus [2].

cancer: (i) tumours positive for Epstein—Barr virus, (ii)
microsatellite unstable tumours, (iii) genomically stable
tumours and (iv) tumours with chromosomal instability
{CIN) [3]. Oesophageal adenocarcinoma commonly ex-
hibits CIN, which makes its molecular background
mechanism comparable to CIN-type gastric cancer [4].

About 2% of gastric cancers are associated with fa-
milial cancer syndromes: (i) hereditary diffuse gastric
cancer, {ii) gastric adenocarcinoma and proximal pol-
yposis of the stomach and (iii) familial intestinal gastric
cancer [5,6] and also the Lynch syndrome. These may
need more extensive surgical approaches than those
recommended for sporadic cancers [7].

A multidisciplinary faculty of specialised surgeons,
medical and radiation oncologists, pathologists,
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radiologists and gastroenterologists reviewed the current
treatment recommendations in a panel session based on
a moderated consensus process. The main focus was on
controversial issues that could not be easily resolved
through the study of published evidence and guidelines.
As in the St. Gallen Breast Cancer Conferences, the
panel was asked to discuss the scientific evidence,
contribute their personal and centre experiences and
finally vote on recommendations developed from a
precirculated set of questions. As an introductory
question, the panel was asked if it is still appropriate to
differentiate between patients with gastric and gastro-
oesophageal cancer with respect to multimodal treat-
ment decisions. The vast majority (89% or 16/18
including one abstention) of the panel members voted
‘yes’ on this issue. Hence, we have summarised the key
discussion points of the panel members for gastric can-
cer and adenocarcinoma of the gastro-oesophageal
junction or the oesophagus (AEG according to Sie-
wert) [8] separately.

2. Methods

In preparation for the panel session held on March 17,
2018, existing guidelines were used to identify areas of
uncertainty to define the topics for debate [9—15]. Topics
and the resulting questions were circulated among panel
members 3 weeks before the meeting. Seventy-seven
questions were retained for the panel discussion. Dur-
ing the session, which was moderated by J.Z. and M.L,,
the panel members were asked to assess and comment on
optimal care based on existing data and to recommend
treatment strategies from the perspective of experts in the
field. Panel members were given the opportunity to
comment on the issues raised by the questions before and
after an electronic vote. Here, we summarise the discus-
sion and extent of agreement or disagreement of the
panel members on specific topics.

Even though care was taken to invite a representative
spectrum of panellists from relevant disciplines, the
general applicability of their conclusions may be limited
by an unequal distribution of disciplines and/or under-
representation of some regions of the world (all panel-
lists are coauthors). In general, the ensuing statements
are meant for reasonably fit patients without severe
comorbidities. In clinical practice, patients may not fit
within this category, and treatment decisions will need
to be adapted on an individual basis by multidisci-
plinary boards accordingly.

3. Gastric cancer
3.1. Staging

Routine staging of gastric cancer includes white light
endoscopy with biopsies taken for histopathological

diagnosis and cross-sectional radiologic imaging of the
thorax and abdomen.

The minimum number of biopsies needed for optimal
evaluation was recommended by the panel to be at least
six (72% of the panellists) or eight (17%), mainly because
gastric cancers display a highly variable growth pattern
with intratumoural heterogeneity and because diagnosis
may be missed [16,17]. At least five biopsies containing
tumour are required to reliably determine the human
epidermal growth factor receptor 2 (HER2) receptor
expression profile [18] and for the accurate diagnosis in
case of infiltrative growth compared with ulcerated or
polypoid growth patterns [19,20].

Even though computed tomography (CT) is routinely
used as the backbone imaging method, it was thought by
56% of the experts that CT scanning alone was not suf-
ficient as the sole imaging method for clinical T staging.
All panellists considered information from additional
endoscopic ultrasound (EUS) helpful and 82% regarded
EUS as part of the routine staging procedure. Questions
arose as to the impact of EUS on the therapeutic strategy.
Staging by EUS may be most useful to distinguish T2
from T3/4 tumours and hence may help to decide whether
staging laparoscopy is needed, whereas CT scans may be
most relevant to image the extent of T4 tumours. In
contrast, N staging was considered to be more accurate
with CT scans (63%) than EUS (50%), with some com-
ments on the notoriously unreliable evaluation of lymph
node involvement by any staging method.

Additional positron-emission tomography (PET)-CT
scan with the aim to exclude locally unresectable tu-
mours or distant metastases was recommended by half
of the panellists, a vote that was debated heavily. Ar-
guments in favour of PET-CT cited a 15% rate of
avoided surgery without benefit for the patient [21].
Others stated that high-quality CT scans or diffusion-
weighted magnetic resonance imaging might yield
similar results at lower costs. In summary, the cost-
effectiveness of PET-CT is debatable, especially in
diffuse-type cancers, which tend to be PET negative
when fluorodeoxyglucose is used as a radiotracer [22].
The question remains open for intestinal-type cancers.

The vast majority (83%) considered diagnostic lapa-
roscopy necessary before the start of preoperative ther-
apy, with somewhat less common recommendations for
peritoneal washings (59%). The consequences are dis-
cussed in the following section.

3.2. Indication for multimodal treatment of gastric cancer

When asked for the preferred sequence and type of
multimodal treatment—if this was indicated as detailed
below—most panellists were in favour of perioperative
chemotherapy (CTx) (83%) as opposed to preoperative
CTx followed by postoperative radiochemotherapy
(RCTx; 11%) or even planned primary surgery followed
by adjuvant postoperative RCTx alone (0%) [23].
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TNM Stage | cT2 cNO | | cT2 cN+ | | cT3 and/or cN+ \ [ cT4 cN any |
Neoadjuvant Tx no yes no yes no yes
29.4% 529% 0 % 93.8% 0% 100 %

Neoadjuvant Therapy

Surgery

N\

Response tonTx | CR PR | | NC PD
Postoperative Tx no same same no same no same
13 % 80 % 100 % 111% 61.2% 294% | 42%

diff.
5.6

diff.
16.8 %

RCTx
5.6%

RCTx
21%

Fig. 1. Panel votes on perioperative therapy in gastric cancer. RCTx, radiochemotherapy; CR. complete response; PR, partial response;

NC, no change: PD, progressive disease.

The choice of multimodal therapy did not depend on
Lauren’s classification (88% of pancllists agreed) nor on
the presence of signet ring cells (SRCs; 88%), the pro-
liferation index (100%), the HER-2 status (77%), the
molecular subtype (84%), the microsatellite status or
mismatch repair deficiency (100%) or the thymidylate
synthase genotype (100%) [24].

The clinical stage was considered to be the major
determinant of the choice of multimodal treatment.
Preoperative systemic therapy was strongly recom-
mended for patients with ¢T4 gastric cancer (100%), ¢T3
{any N) (94%0), ¢T2 N+ tumours (87%) and somewhat
less commonly for patients with ¢T2 NO tumours (53%
for, 29% against and 18% abstain). For paticnts with
c¢T2 NO tumours, some experts commented that good
patient performance status and diffuse-type histology
could be considered as a positive selection criterion in
favour of perioperative treatment [25]. (Fig. 1)

The consequence of positive peritoncal cytology was
far less clear. This would be considered as the basis of
the treatment decision by 56% of the panel. One sug-
gestion was to reperform lavage cytology after the pre-
operative treatment and to proceed to surgery only if the
lavage became negative. However, most participants
would recommend surgical exploration independently
from lavage results (no formal vote).

If limited peritoneal carcinomatosis is detected during
laparoscopic staging, perioperative CTx would still be
favoured by most (79%0), with repeat laparoscopy before
reseetion (80%). Ift—after CTx—carcinomatosis is still
present, the vote was evenly split: some experts opted for
a purely palliative approach without resection because

of the risk of progress, whereas others were in favour of
a combined primary tumour and peritoncal rescetion.

Restaging after preoperative treatment was deemed
necessary by 92% and should at least include a CT scan.
Some panel members perform additional standard
endoscopy (17%) and/or EUS (8%). In addition, there
may be a need for repeat laparoscopy in lavage-positive
paticnts.

3.3. Type and sequence of multimodal ireatment in gasiric
cancer

If preoperative CTx was clinically indicated, 86% of
the panel members would choose the infusional 5-
fluorouracil (5-FU}, leucovorin, oxaliplatin and doce-
taxel (FLOT) regimen, with some exceptions for elderly
patients because of the associated toxicily (suggestion:
reduced doses or 5-FU, leucovorin and oxaliplatin
[FOLFOX]) [26]. Of note, experience with this regimen
in elderly patients is limited: the median age in the trial
establishing the FLOT regimen was 62 years, with less
than 24% of the patients older than 70 years [25]. A
minority (7%) voted for ECF/ECX or EOF/EOX (epi-
rubicin, cisplatin or oxaliplatin and 5-FU or capecita-
bine, respectively) [27]. The preferred interval between
CTx and surgery—given complete recovery from side-
elfects—varies from 2 weeks (19%) to 4 and 6 weeks
(38% and 31%, respectively).

In tumours with no response at restaging, most ex-
perts would proceed to immediate surgery (79%) rather
than switch to an alternative CTx regimen (14%).
Similarly, 1l ¢linical follow-up or restaging revealed local
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Surgery

Stage [ pT2pNORO

pT3 pNO RO

pT4 pNO RO pT any cN+RO_|

Chemo no
28.6 % 12.5%

Adjuvant Tx no

57.1%

RCTx
7.1%

Chemo
 85.7%

Chemo
62.5 %

Chemo no
75 % 18.5 %

Fig. 2. Pancl vates on adjuvant therapy in gastric cancer (noenstandard appreach!). RCTx, radiechemotherapy.

progression, most would try to proceed to immediate
surgery (64%), with some comments on the vote sug-
gesting that this is a high-risk patient group that might
potentially benefit from a switch to an alternative CTx
regimen (9%) or 1o RCTx (9%).

After  surgery—and at least stable dis-
case—postoperative continuation of CTx was recom-
mended by the majority of the panel members. This
recommendation did not depend on the remission status
(complete remission: 80% pro CTx; partial remission:
100% pro; no change: 89% pro), considering it ‘stan-
dard’ to suggest CTx if the patient was able to tolerate
it. (Fig 1)

If paticnts had cxperienced discase progression dur-
ing preoperative treatment, some lorm of postoperative
therapy was still favoured by 59% of the panel members,
albeit with a change in the CTx protocol (29%) or a
switch to RCTx (36%).

In the casc of R1 resection, RCTx was favoured by
most (79%) it re-resection had carlier been judged as
unreasonable by an expert surgeon.

For the patients exceptionally treated by initial sur-
gery, panel members suggested adjuvant CTx in all
pN | tumours (86%), in pT4 NO tumours (63% with
some additional votes for RCTx), in pT3 NO tumours
(75%) and much less commonly for those staged pT2 NO
(57% against, 29% pro} Fig. 2. There was no agreement
whether histological or molecular features (split vote)
should influence the decision for adjuvant CTx. Tt was
commented that even though there is some evidence that
SRC cancers might benefit more trom primary surgery
(possibly followed by adjuvant therapy) than from
perioperative treatment, the available literature is con-
flicting and does not allow a clear recommendation
[25,28]. One of the reasons is the definition of diffuse-
type cancer and the threshold of SRCs used to define a
tumour as SRC tumour, which varies widely between
studies. This question has recently been addressed by a
European consensus of experts that distinguishes three
categories: (i) ‘pure’ SRC cancers (90% of tumour cells
or more having the signet ring morphology); (ii) poorly
cohesive (PC) carcinoma with SRC component (<90%

but >10% of SRCs) and (iii} PC carcinoma not other-
wise specified (10% of SRCs or less). Future studies are
requested to fully cvaluate the prognostic significance of
SRC categories [28].

4. Adenocarcinoma of the cesophagus and the gastro-
oesophageal junction

4.1. Staging

Routine staging of AEG includes white light endoscopy
and cross-sectional radiologic imaging of the thorax and
abdomen. In selected cases, chromoendoscopy can help
to define the longitudinal extent of the tumours with the
aim to classity them as AEG type 1 (in the distal
oesophagus), type II (cardia or gastro-oesophageal
junction) or type III (subcardial gastric cancer) accord-
ing to Siewert [8.14].

EUS in addition to thoracic CT was recommended
for all patients by most experts (75%), the others (19%)
opting for EUS only if ¢valuation of resectability by CT
1s inconclusive. There was a discussion. however. that
the impact of EUS on the decision process 1s usually
rather limited in AEG type I tumours.

Staging laparoscopy as part of the staging routine
was recommended for AEG type I tumours by 73% and
for AEG type III tumours by 80% of the panellists,
similar to gastrie cancers.

Of note, these statements are only valid for pene-
trating tumours (i.e. T1b or more as judged by EUS),
where multimodal treatment with surgical resection is
considered as the primary treatment option. They do not
address the approach to early mucosal cancers (i.e. Tla),
where initial endoscopic resection by endoscopic sub-
mucosal dissection or endoscopic mucosal resection is
preferred to define the infiltration depth and thus can be
used both as a staging and as a therapeutic intervention.

4.2. Type and sequence of multimodal treatment in AEG

Combined modality treatment of AEG has become the
standard of care in Western countries, although surgery
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remains the primary modality for cure [29]. Starting
with neoadjuvant treatment—either with CTx or
RCTx—is considered more effective than adjuvant
treatment alone [30]. The recent European Society of
Medical Oncology guidelines recommend both strategies
with an equal level of evidence/grade of recommenda-
tion [9]. Results from pivotal trials have shown an in-
crease of 5-year survival rates of up to 14% for
neoadjuvant chemotherapy (neoCTx) [27.31] or neo-
adjuvant radiochemotherapy (neoRCTx) [32]. In a
recent retrospective propensity score—matched analysis
of patients with stage II and IIT AEG, pathologically
complete remissions and RO resections were more
frequent in the neoRCTx group at the cost of increased
anastomotic postoperative morbidity (leak in 23.1% vs.
6.8%, p|0.001) and somewhat increased 90-day post-
operative mortality (5.9% vs. 2.3%; p = 0.09) [29].
However, formal comparison of neoRCTx or neoCTx
from randomised trials is still missing. Results from
ongoing trials addressing this question are not expected
before 2021 (Neo-AEGIS NCTO01726452, ESOPEC
NCT02509286).

4.3. Neoadjuvant treatment of AEG

A comparison of neoCTx with neoRCTx does not
generally favour either approach over the other. The
choice of treatment, thus, mainly depends on the con-
founding factor and expert opinion [30]. This is different
in patients with squamous cell carcinoma, where the role
of RCTx is well established [9].

The tumour location has a direct effect on treatment
decisions for many experts. In AEG type I tumours,
neoRCTx with carboplatin/paclitaxel/41.4Gy (the
CROSS trial regimen [33]) was preferred over neoCTx
by the majority (71%) of the panellists. In AEG type II
tumours, there was a split vote (43% for neoRCTX),
albeit with a relevant number of abstentions (29%). In
AEG type III tumours (which were not included in the
CROSS trial), a large majority (91% of those voting)
would opt for neoCTx.

In addition, the lymph node location and number of
positive lymph nodes had a major impact for most panel
members (82%). Neoadjuvant CTx was favoured for its
systemic effect on tumours with increased number or
size of involved lymph nodes because of the elevated risk
of systemic spread and because of the need for a rela-
tively large radiation volume with associated toxicities.
In contrast, neoRCTx was preferred for its downsizing
effect on bulky tumours because of their high risk for R1
resections.

In contrast to the optional wait and watch approach
in oesophageal squamous cell cancer, there is currently
no routine role for definitive RCTx in patients with
oesophageal adenocarcinoma even after complete clin-
ical remission after neoadjuvant RCTx (79%), with some

discussion on the occasional situation that patients are
unfit for surgery but fit for RCTx.

In patients treated by primary surgery without neo-
adjuvant treatment, most panellists see a role for adju-
vant RCTx (67%), even though the level of evidence was
judged rather limited. Potential selection criteria could
be the same as in gastric cancer, e.g., lymph node me-
tastases, positive margins or possibly also bulky tu-
mours (>T3).

In summary, multimodal treatment options include
both neoCTx and neoRCTx. A clear preference for
either treatment is not yet available from present studies.
Expert preferences vary considerably depending on the
tumour location, extent, histological subtype and
comorbidities. There is no simple ‘one-size-fits-all’
approach (1], and any treatment decision requires an
interdisciplinary discussion in a comprehensive multi-
disciplinary setting.
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5. Shrnuti habilitacni prace a aktivit tematicky se
vztahujicich k habilitaéni praci

Soustavnd tvorba a promptni aktualizace lécebnych postupli a guidelines je
predpokladem zlepSovani kvality péce u onkologického pacienta. Soucasti prace na
lé¢ebnych postupech je pochopitelné dobré porozumeéni diagnéze, které je dané
komplexnimi znalostmi v oblasti epidemiologie, genetiky, molekularni biologie, patologie,
klinické onkologie a chirurgie, coZ je umoZnéno v prostiredi multidisciplinarni spoluprace.
M4 habilita¢ni prace proto v ivodu prochazi jednotlivé kapitoly o nddoru jicnu a Zaludku,
a to od epidemiologie pres genetiku, podrobnéji se vénuje vybranym molekularnim
markerlim, aZz po zvlastni kapitolu vénujici se problematice hledani prediktort
antiangiogenni 1écby, ktera po dlouhou dobu znamenala jednu z mala alternativ cilené
terapie u gastrointestindlnich nadord. Heterogenita gastrointestindlnich nadort
v kontrastu s dostupnymi poznatky ziskanymi klinickymi studiemi faze 111, jejichZ design
je pomérné uniformni a ze své podstaty nemuZe zohlediiovat individualitu jedince, vede
ke snaze hledat moznosti personalizované a individualizované 1é¢by. Hledani prediktori
1é¢by je nedilné spojeno s klinickym vyzkumem, a tedy participaci na klinickych studiich,
které umoznuji ziskat prehled o vyvoji 1éku, ale zejména poskytuji cenné informace o jeho
ucinnosti a bezpecnosti/toxicité. V soucasné dobé je hnacim motorem klinické praxe spise
smluvni Kklinicky vyzkum neZ vlastni akademicky vyzkum. Hlavni diivod je ziejmy, a tim
je financné nakladny vyvoj 1éki. Jako klinicCti investigatoti smluvnich studii se aktivné
podilime na klinickych hodnocenich, a mame tedy rychlejs$i pristup k pouZiti 1éku
v klinické praxi. Byti soucasti klinického vyvoje 1ékii je inspirativni a nabizi v oboru, jako
je onkologie, nadéji pro pacienta, ale také nadéji pro 1ékare, ktery je leckdy po dlouhou
dobu v blizkém kontaktu s pacientem. Proto ve chvilich, kdy se ocitdme na pomyslné
hranici nejlepsi podptirné 1é¢by, stojime pred nelehkou psychologickou situaci. A zejména
v tento moment je pro nasSe pacienty, ale také pro nas, spoluprace na smluvnich klinickych
programech nadéji. Protikladem je obtiZnost vlastniho akademického klinického
hodnoceni, kdy vedle napadu na klinickou studii, ¢asové investice do jejiho naplanovani,
raciondlni i emociondlni investice do jejiho prosazeni, pristupuje nejobtiZznéjsi ¢ast, a to
ziskani finanéni podpory pro vlastni akademicky vyzkum. Clenstvi v pracovni skupiné pro
gastrointestinalni naddory v European Organisation for Reaserch and Treatment of Cancer,
mi umoznilo inspirativni spolupraci s Dr. Marii Alsinou Maquedou z Vall de Hebron
University, ktera je mym co-chair pro Task Force for Individualized Therapy. Studie
PAMICC (kapitola 4.1.2.), na nizZ jsem se spolecné s Dr. Alsinou a prof. Vallem autorsky
podilela, vznikla ve spolupraci s Task force pro hepatobiliarni nadory. BohuZel
nebot na strané farmaceutického priimyslu jsou nejen Spickovi odbornici, infrastruktura
a podplirny aparat firmy, ale zejména finance a rychlost, s jakou jsou schopni studii ¢i
projekt realizovat. Toto samoziejmé probiha dle vlastniho planu, a tak podpora
investigatorem iniciovanych studii v poslednich letech klesa. Nedilny podil na této situaci
financovani i na globalni Grovni, a tedy by mélo byt o néco snazsi vybudovat podporu
akademickych klinickych studii na urovni narodni, podobné jak tomu je v Némecku,
Rakousku, Anglii, Italii ¢i Francii.
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Platforma CZECRIN nabizi podporu v realizaci klinickych studii, a i diky ni se
podarilo faze II GastroPET, jejiz parcidlni vysledky jsou uvedeny v kapitole 4.4.
V soucasnosti ve spolupraci CZECRINonco, kterou jsme zalozili a jejiz soucasti je rada
akademickych onkologickych univerzitnich center v CR, pracujeme na tvorbé platformy
Genomic alterations platform for NExt clinical Studies (GENESIS), jejimZ cilem je
harmonizovat vystupy z jednotlivych molekuldrnich tumour boardi, zprostredkovat
pacientovi 1é¢bu preciznimi 1éky dle konkrétni targetabilni alterace a iniciovat design
novych akademickych klinickych studii s inovativni 1é¢bou. K urcitym pokrokiim tedy
dochazi a vérim, ze GENESIS bude jednim z klicovych kroki, které reflektuji naléhavou
potirebu zajistit financovani klinického vyzkumu, a tim zlepsit kvalitu péce o pacienty.

S novymi poznatky o biologii nadori se také individualizuje a personalizuje 1écba
pacienti. Ve 21. stoleti existuje vramci jedné diagnoézy jiz fada podskupin léCenych
preciznéji diky identifikovanym molekularnim ciliim a personalizovanéji diky vétsi snaze
o individualizaci 1é¢by na zakladé charakteristik partikularniho pacienta. Uskalim
dynamického poznani v oboru onkologie je vSak nasledny proces ziskani thrady nového
léku, ktery je i v zemich Evropské unie velmi heterogenni. Participace na tvorbé
evropskych 1écebnych standardi mi umoZznila nahlédnout do rlznych zdravotnich
systému s odliSnou dostupnosti 1é¢by. Jako autori guidelines si musime byt védomi, Ze na
rozdil od narodnich doporucenych postupl, musi ty evropské odrazet toleranci
k jednotlivym zdravotnim systémim pti zachovani medicinsky nejaktualnéjstho obsahu.
Jako spoluautor guidelines pro lécbu karcinomu jicnu jsem méla a mam moZnost
spolupracovat s ostatnimi evropskymi kolegy ve spoleném multidisciplinarnim tymu
[12]. Nyni, tedy po 6 letech, vychazi nova i tiSténa verze guidelines (od roku 2016 byly
guidelines adaptovany dle novych poznatki pouze elektronicky [13]. Od r. 2016 se v této
diagnéze odehralo velmi mnoho, nejvyznamné;jsi je moznost 1é¢by checkpoint inhibitory
Molekularni charakteristika, ktera byla provedena skupinou The Cancer Genom Atlas
(kapitola 3.2), charakterizovala jednotlivé molekuldrni alterace u karcinomu jicnu
a Zaludku. Na tento prvni krok navazaly objevy jednotlivych molekul, které jsou nadéji
pro pacienty s timto vaznym onemocnénim. Vedle shora uvedené imunoterapie, ktera se
stava soucasti 1éCebného standardu, se jedna o perspektivni léky v klinickém testovani
jako je Claudin 18.2, FGRF inhibitory, HER 2 inhibici, CART, protilatkové konjugaty etc.
Vedle evropskych guidelines se jiz roky vénuji koordinaci autorského kolektivu pro 1écbu
nadori jicnu a zaludku a hlavy a krku Modré knihy COS63, dale se vénuji pedagogické
Cinnosti vramci vyuky na Lékarské fakulté Masarykovy univerzity a koordinuji
CZECRINonco sit pro akademické klinické studie.

Vérim, Ze klinicky vyzkum je jednim ze zakladnich prostiredki, kterym jako akademici
miiZeme prispét ke zlepSovani kvality péce o onkologického pacienta.

63 Modra kniha COS. Zhoubné novotvary hlavy a krku. Dostupné z: https://www.linkos.cz/lekar-a-multidisciplinarni-
tym/personalizovana-onkologie /modra-kniha-cos/aktualni-vydani-modre-knihy/28-1-zhoubne-novotvary-hlavy-a-
krku-c00-14-c30-32
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8. Seznam zkratek

AC
ACRG
AEG
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anti-CTLA-4
anti-VEGFR

BC
BRCA 1,2
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CI

CPS
CRP
CIN
DDR DNA
dMMR
DFS
EBV
ECOG
EMT
EGFR
EORTC
ERBB3
ESMO
FAP
FISH
FGFR2
FGP
GAPPS

GI
mGPS
HRD
[HC
IPP
GC
GE]
GFS:
GS
GISg
HER2
HDGC
2-HG

adenokarcinom jicnu

The Asian Cancer Research Group

lokalné pokrocily naddor jicnu

Americka asociace pro klinickou onkologii
anti-cytotoxickeé T-lymfocyty asociovany protein 4
protilatka proti receptoru pro vaskularni endotelidlni riistovy
faktor

body composition, hodnoceni tukové tkané

breast cancer genes 1,2

nadory biliarniho traktu

karcinom embryonalni antigen

supresorovy gen pro expresi E-cadherinu

interval spolehlivosti

kombinované pozitivni skére

C-reaktivni protein

chromozomalné nestabilni nadory

demage response

deficientni mismatch repair systém

dob a bez priznakl onemocnéni

Epstein-Barrové virova infekce

Eastern Cooperative Oncology Group
epitelidlni-mesenchymalni transice

receptor epidermalniho riistového faktoru
European Organization for Reaserch and Treatment of Cancer
lidsky receptor epidermalniho riistového faktoru 3
European Society for Medical Oncology

Familiarni adenomatosni polyposa

fluorescencni in situ hybridizace

receptor fibroblastového riistového faktoru 2
fundické glandularni polypy

gastric adenocarcinoma a proximal polyposis of the stomach
(syndrom adenokarcinomu Zaludku a mnohocetné polypozy
Zaludku)

gastrointestinalni

modifikované Glasgowského prognostické skére
deficit homologni rekombinace

imunohistochemie

inhibitory protonové pumpy

karcinom Zaludku

gastroezofagedlni junkce

gastrofibroskopie

genomicky stabilni

enomicky instabilni skére

lidsky receptor epidermalniho riistového faktoru 2
hereditarni diftzni karcinom Zaludku
2-hydroxyglutarat
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PD-L1
PET
PIK3CA
PFS

PS

SARS-CoV-2
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SUV
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T-DM1
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Treg
TRG
TP 53
TPS
TTP
VEGFR
WHO

Helicobacter pylori

pomér rizik
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in situ hybridizace

gen KRAS mutovany

gen nemutovany, divoky typ

metastaticky kolorektalni karcinom

tyrosine-protein kinase MET

mikroribonukleova kyselina

median celkového preziti

Masaryktiv onkologicky tstav

mikrosatelitné vysoce nestabilni
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multidisciplinarni tym

natural Killers, ptirozeni zabijeci, subpopulace T lymfocytl
25-hydroxyvitamin D

mira objektivni odpovédi

Poly (ADP-ribose) polymerase receptor

receptor proti programovému bodu bunéc¢né smrti PD-1
pozitronova emisni tomografie

phosphatidylinositol 3kinasa

doba bez piiznakli onemocnéni

performance status

Severe acute respiratory syndrome-related coronavirus
Samsung Medical Center

spinocelularni karcinom jicnu

standardizovana hodnota utilizace

The Cancer Genom Atlas

konjugat trastuzumabu s mikrotubularnim inhibitorem
emtansinem

totalni gastrektomie

T regulacni lymfocyty

stupeii naddorové regrese

tumor protein 53

tumor proporc¢ni skore

doba do progrese

receptor pro vaskularni endotelidlni riistovy faktor
Svétova zdravotnicka organizace
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