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Opinia Komisji Bioetycznej

UCHWALA Nr 18/2018
Komisji Bioetycznej
przy Wydziale Lekarskim Uniwersytetu Warminsko-Mazurskiego w Olsztynie
z dnia 10 maja 2018r.
w sprawie akceptacji programu badawczego

Na podstawie art. 29 ust. 2a ustawy z dnia 5 grudnia 1996r. o zawodzie lekarza (tekst jedn.
Dz. U. z 2002r., Nr 21, poz. 204 z p6ézn. zm.) oraz § 6 ust. 5 Rozporzadzenia Ministra
Zdrowia i Opieki Spolecznej z dnia 11 maja 1999r. w sprawie szczegolowych zasad
powolywania i finansowania oraz tryb dziatania komisji bioetycznej (Dz. U. z 1999r., Nr 47,
poz. 480), Rozporzadzenia Ministra Zdrowia z dnia 11 marca 2005r. w sprawie
szczegdlowych wymagan Dobrej Praktyki Klinicznej (Dz. U. Nr 57, poz. 500),
Rozporzadzenia Ministra Zdrowia z dnia 2 maja 2012r. w sprawie wzoréw dokumentéw
przedkladanych w zwigzku z badaniem klinicznym produktu leczniczego oraz w sprawic
wysokosci 1 sposobu uiszczania oplat za rozpoczgeie badania klinicznego oraz Zarzadzenia
Rektora Uniwersytetu Warminsko-Mazurskiego w Olsztynie nr 59/2010 z dnia 10 wrzesnia
2010r. w sprawie powolania Komisji Bioetycznej.

Komisja Bioetyczna

w skladzie okreslonym w zatgezniku Nr 1 do uchwaty, na posiedzeniu w dniu 10 maja 2018r.:
* rozpatrzyta wniosek zlozony w dniu 26.04.2018r. przez panig lek. Sonie Konsek

dotyczacy akceptacji programu badawezego:

Powiklania kardiologiczne u chorych na nowotwor neuroendokrynny (neuroendocrine

neoplasm) jelita cienkiego (midgut). Badanie retrospektywne

» zapoznala si¢ z opinig opracowang przez pana dr n. med. Wieslawa Pestg

* po wystuchaniu dodatkowych informacji udzielonych przez pania lek. Sonie Konsek

W wyniku przeprowadzonej dyskusji, rozpatrzeniu dokumentdéw (zalgeznik Nr 2 do uchwaty)

i glosowania (6 gtosow za)

uchwala
co nastepuje:



§1

Wyraza sie akceptacje programu badawczego pt.:. Powikiania kardiologiczne
u chorych na nowotwdr neuroendokrynny (neuroendocrine neoplasm) jelita cienkiego

(midgut). Badanie retrospektywne.

§2

Komisja zobowiazuje badacza do realizacji zalecen zawartych w Uchwale tutejszej
Komisji podjetej w dniu 10.05.2018r.

§3
Komisja zobowiazuje badacza do:
1. Zgloszenia zmian i odchylen w protokole badania oraz wplywajacych na przebieg
badania;
2. Raportowania ci¢zkich, nieoczekiwanych, niepozadanych dziatan produktu badanego;
3. Sporzadzania rocznych i kofncowych raportow z przebiegu eksperymentu oraz
przyczynach przedwczesnego zakonczenia badania.

§4

1. Od ninicjszej uchwaly przystuguje prawo wnicsicnia odwolania do Odwolawczej
Komisji Bioetycznej w terminie 14 dni od jej dorgczenia — za posrednictwem Komisji
Bioetycznej przy Wydziale Lekarskim Uniwersytetu Warminsko-Mazurskiego
w Olsztynie.

2. Odwolanie, o ktérym mowa w ust. 1 przystuguje:
1) Podmiotowi zamierzajgcemu przeprowadzi¢ cksperyment medyczny,
2) Kierownikowi zakladu opieki zdrowotnej, w ktérym cksperyment medyczny ma

by¢ przeprowadzony.

§5

Uchwata wchodzi w zycie z dniem podjecia.

UNIWERSYTET WARMINSKO-MAZURSKI
w QOlsz

PRZEWQDNICZACA
KOMISJA BIOETYCZNA ROMISI peeyCONER]
10-082 Olsztyn, al. V wska 30 / o

bl ae e PSR
tel. 69 524 53 04, tel /fax 88 524 53 07 prof.dr hab. n. med. Elzbieta Bandurska-Stankiewicz

Oswiadczenie :

Niezalezna Komisja Biotyczna przy Wydziale Lekarskim Uniwersytetu Warminsko-Mazurskiego
w Olsztynie oswiadcza, ze jej organizacja i dzialanie jest zgodne z Zasadami Prawidlowego
Prowadzenia Badan Klinicznych GCP (Good Clinical Practice) i obowiazujgcymi przepisami.



Ankieta pracy zawodowej i naukowej

Edukacja

2009 - 2015 Uniwersytet Warminsko-Mazurski w Olsztynie
Wydziat Nauk Medycznych
Kierunek lekarski

2015.07-08 2-miesigczne praktyki naukowe w Oddziale Chirurgii Ogoélnej w Policlinico
Universitario di Monserrato - Universita degli Studi di Cagliari w Cagliari
(Sardynia, Wtochy) w ramach programu Erasmus +

2014.07/08 miesieczny staz naukowy o profilu ksztatcenia praktycznego w zakresie
Ginekologii i Poloznictwa oraz Pediatrii w HUPAA/UFAL: Hospital
Universitario Prof. Alberto Antunes w Maceio (Brazylia)

2013.09 praktyki w Ministerstwie Zdrowia w Departamencie Nauki i Szkolnictwa
Wyzszego, Departamencie Organizacji Ochrony Zdrowia, Departamencie
Ubezpieczenia Zdrowotnego i Departamencie Zdrowia Publicznego

2013.07 miesigczny staz naukowy o profilu ksztalcenia praktycznego w zakresie
Kardiochirurgii w Hospital Universitario de La Princesa w Madrycie
(Hiszpania)

Praca

2016.12.01 - obecnie Miejski Szpital Zespolony w Olsztynie

2015 - obecnie

2021 - obecnie

Klinika Kardiologii i Chorob Wewngtrznych

W trakcie specjalizacji w dziedzinie Chorob Wewnetrznych
Uniwersytet Warminsko-Mazurski w Olsztynie

Asystent - pracownik dydaktyczny (2021 — obecnie) - Collegium
Medicum, Wydzial Lekarski, Katedra Kardiologii i Chorob
Wewnetrznych

Asystent - pracownik badawczy (2016-2020)

Asystent - pracownik badawczo-dydaktyczny (2015-2016)
Uniwersytecki Szpital Kliniczny w Olsztynie

Zaktad Medycyny Nuklearnej

2015.10.01 - 2016.10.31 Miejski Szpital Zespolony w Olsztynie

- staz podyplomowy lekarza
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Streszczenie

Nowotwory neuroendokrynne zotagdkowo-jelitowo-trzustkowe sg zbiorem rdznorakich
nowotworow pochodzacych z komorek rozproszonego systemu neuroendokrynnego, wsrod
ktorych najczesciej wystgpujg nowotwory neuroendokrynne jelita cienkiego. Rakowiakowa
choroba serca jest gtowng przyczyng zgonow u chorych z rozpoznanym zespotem rakowiaka.

Przedstawiony cykl prac podejmuje problematyke zwigzang z powiklaniami
kardiologicznymi u chorych na nowotwor neuroendokrynny jelita cienkiego. Celem gtownym
byta identyfikacja mozliwych czynnikow prognostycznych rozwoju zespotu rakowiaka
i rakowiakowej choroby serca oraz wptywajacych na catkowity czas przezycia chorych.

Do Dbadania retrospektywnego wiaczono 351 chorych z  rozpoznaniem
histopatologicznym guza neuroendokrynnego jelita cienkiego, wsrdd ktorych u 275 pacjentow
potwierdzono wysokozroznicowane nowotwory neuroendokrynne NET G1 1 NET G2, u 108
chorych rozpoznano zespét rakowiaka, a u 28 chorobe rakowiakowg serca.

Analize calkowitego przezycia chorych oceniano na podstawie estymatora limitu
iloczynowego (estymator funkcji przezycia) Kaplan-Meier’a, a warto$ci rokowniczej migdzy
innymi wybranych badan laboratoryjnych, wybranych elementow badan diagnostycznych
potencjalnie majacych wptyw na catkowite przezycie chorych analizowano za pomoca modelu
proporcjonalnego hazardu Coxa.

W przeprowadzonej analizie jednoczynnikowej stwierdzono, ze brak resekcji guza
pierwotnego byt istotnie zwigzany z gorszym calkowitym przezyciem u wszystkich pacjentow
z nowotworem neuroendokrynnym jelita cienkiego NET G1 i NET G2 (n=275), u pacjentow
bez zespolu rakowiaka i choroby rakowiakowej serca (n=167), u pacjentow z zespotem
rakowiaka (n=108) i rowniez u pacjentdéw z choroba rakowiakows serca (n=28).

Wymiane zastawki trdjdzielnej przeprowadzono u szes$ciu analizowanych pacjentow
z chorobg rakowiakowa serca i U 66% z nich objawy niewydolnosci serca ulegly poprawie.

Analiza st¢zenia chromograniny A wsrdd chorych z zespotem rakowiaka wykazata
istotny zwigzek miedzy poczatkowym i maksymalnym odnotowanym podczas obserwacji
stezeniem CgA 1 catkowitym czasem przezycia. Catkowity czas przezycia pacjentow
z zespotem rakowiaka i z poczatkowym oraz maksymalnym stezeniem CgA ponizej mediany
przedstawionej jako krotno§¢ gornej granicy normy byl istotnie statystycznie zwigzany
Z dluzszym catkowitym czasem przezycia.

Uzyskane w badaniu retrospektywnym wyniki sugeruja, ze podwyzszone stezenie
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chromograniny A jest zwigzane z aktywnym procesem chorobowym u pacjentow
z nowotworem neuroendokrynnym jelita cienkiego oraz wiaze si¢ z gorszym catkowitym
czasem przezycia u chorych z zespolem rakowiaka.

Ponadto odnotowywany dtuzszy catkowity czas przezycia u chorych po przebytej resekcji
guza pierwotnego, moze sugerowac, ze je$li jest to mozliwe nalezy rozwazy¢ leczenie
zabiegowe.

Operacja kardiochirurgiczna w chorobie rakowiakowej serca wigze si¢ z wysokim

ryzykiem, ale moze by¢ korzystna ze wzgledu na redukcje objawow klinicznych choroby.

Stowa kluczowe: rakowiakowa choroba serca, zespdt rakowiaka, nowotwory

neuroendokrynne jelita cienkiego
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Summary

Gastroenteropancreatic neuroendocrine neoplasms (GEP-NENSs) are a collection of
various neoplasms originating from cells of the diffuse neuroendocrine system, among which
the most common are neuroendocrine neoplasms of the small intestine. Carcinoid heart disease
is the main cause of death in patients diagnosed with carcinoid syndrome.

The presented series of papers deals with the issues related to cardiac complications in
patients with neuroendocrine neoplasms of the small intestine. The main objective was to
identify possible prognostic factors for the development of carcinoid syndrome and carcinoid
heart disease, as well as factors influencing the overall survival of patients.

The retrospective study included 351 patients with histopathologically diagnosed
neuroendocrine neoplasm of the small intestine, among whom 275 patients were diagnosed
with well-differentiated neuroendocrine neoplasms NET G1 and NET G2, 108 patients were
diagnosed with carcinoid syndrome, and 28 patients with carcinoid heart disease.

The analysis of the overall survival of patients was assessed on the basis of the Kaplan-
Meier estimator as the product limit estimator (estimator of the survival function), and the
prognostic value of selected laboratory tests, selected elements of diagnostic tests potentially
affecting the overall survival of patients were analyzed using the Cox proportional hazards
model.

Univariate analysis revealed that no primary tumor resection was significantly associated
with worse overall survival in all patients with NET G1 and NET G2 small intestine
neuroendocrine tumors (n=275), in patients without carcinoid syndrome and carcinoid heart
disease (n=167 ), in patients with carcinoid syndrome (n=108) and also in patients with
carcinoid heart disease (n=28).

Tricuspid valve replacement was performed in six analyzed patients with carcinoid heart
disease, and in 66% of them, symptoms of heart failure improved.

The analysis of chromogranin A concentration in patients with carcinoid syndrome
showed a significant relationship between the initial and maximal CgA concentration noted
during observation and overall survival. Overall survival for patients with carcinoid syndrome
with baseline and maximum CgA levels below the median showed as the upper limit of normal
was statistically significantly associated with longer overall survival.

The results obtained in a retrospective study suggest that elevated levels of chromogranin

A are associated with an active disease process in patients with neuroendocrine neoplasm of
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the small intestine and are associated with poorer overall survival in patients with carcinoid
syndrome.

In addition, the longer overall survival observed in patients after resection of the primary
tumor may suggest that, surgical treatment should be considered if possible.

Cardiac surgery in carcinoid heart disease is associated with high risk, but may be

beneficial due to the reduction of clinical symptoms of the disease.

Keywords: carcinoid heart diseasecarcinoid syndromeneuroendocrine neoplasms of the

small intestine
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Wstep

Wprowadzenie

Nowotwory neuroendokrynne (NENs — neuroendocrine neoplasms) stanowig
stosunkowo rzadka, heterogenng grupe rozmaitych nowotworow, ktoérych punktem wyjscia sg
wyspecjalizowane komorki neuroendokrynne zlokalizowane w calym ciele. Nowotwory
zotadkowo-jelitowo-trzustkowe (GEP-NENs - gastroentero-pancreatic neuroendocrine
neoplasms) stanowiag okoto 70% wszystkich NENs, a okoto 2% wszystkich nowotworow
uktadu pokarmowego. Pochodza z rozproszonego systemu neuroendokrynnego (DES, diffuse
endocrine system) obecnego w uktadzie pokarmowym i trzustce. Dodatkowa grupe stanowia
nowotwory neuroendokrynne wywodzace si¢ z uktadu oddechowego, a mianowicie rakowiaki
oskrzeli i ptuc (broncho-pulmonary carcinoids - BPCs), ktorych czgsto$¢ wystepowania wynosi
okoto 25%. Poza wymienionymi powyzej grupami wystepujg jeszcze nowotwory
neuroendokrynne, ktore pochodzg z komorek zwojow nerwowych oraz rdzenia nadnercza
objete wspolng grupa zmian o typie przyzwojakoéw oraz guza chromochtonnego [1-5].

Do chwili obecnej w terminologii GEP-NENs wystepuje termin ,,rakowiak”, ktory jest
aktualnie zarezerwowany dla nowotworow pochodzacych z jelita cienkiego zwtaszcza
z odcinka midgut prajelita [4].

GEP-NENs moga by¢ hormonalnie czynne, badZ nie wydziela¢c hormondéw i/lub amin
biogennych. Nowotwory neuroendokrynne nieczynne hormonalnie stosunkowo rzadko
wywotuja objawy Kkliniczne choroby, a co za tym idzie, czgsto stwarzajg trudnosci
diagnostyczne.

Najczestszym zespotem objawow klinicznych zwigzanych z czynno$cig hormonalng
NEN jelita cienkiego jest zespot rakowiaka. Posta¢ klasyczna jest zalezna glownie
od nadmiernego wydzielania serotoniny i/lub innych zwigzkéw o aktywnosci biologicznej,
ktore sa metabolizowane przez watrobg i ptuca. Serotonina, ktora jest wydzielana do krazenia
wrotnego jest metabolizowana w watrobie 1 nie wywoluje objawdw klinicznych. Objawy
wystepuja w przypadku, gdy serotonina i inne aminy biogenne sg wydzielane bezposrednio
do kragzenia systemowego przez guz pierwotny lub przerzuty. To ttumaczy wystepowanie
u wigkszos$ci pacjentow objawow zespolu rakowiaka w momencie stwierdzania przerzutéw

W watrobie, gdyz nadmierne wydzielanie przerasta mozliwosci metabolizmu [2,6,7].
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Klasyfikacje nowotworow neuroendokrynnych ukladu pokarmowego

Od 2000 roku GEP-NENSs zgodnie z zaleceniami Europejskiego Towarzystwa Guzow
Neuroendokrynnych (ENETS, European Neuroendocrine Tumor Society) sa rozpoznawane
na podstawie oceny typu komorki 1 lokalizacji narzadowej, typu histologicznego
z uwzglednieniem ich stopnia zréznicowania i stopnia histologicznej dojrzatosci (G, grading)
oraz stopnia zaawansowania patomorfologicznego (pTNM) i stopnia zaawansowania
klinicznego (S, staging). Jako najistotniejszg ceche histopatologiczng wedtug ENETS przyjeto
stopien histologicznej dojrzatosci nowotworu (G) oceniany na podstawie indeksu
proliferacyjnego Ki-67 i liczby figur podziatu. Zgodnie z Evidance Based Medicine stanowi on
istotng warto$§¢ prognostyczng i predykcyjng w leczeniu chorych na NEN przewodu
pokarmowego. Stopien histologicznej dojrzato$ci nowotworu jest niezaleznym parametrem
dzielacym NEN na trzy grupy w zaleznosci od spodziewanego przebiegu klinicznego choroby
o: niskiej (G1), $redniej (G2) 1 wysokiej (G3) ztosliwosci. Kryteria oceny cechy G poczatkowo
byly zdefiniowane przez ENETS w 2006 roku (4,8) zostaly nastepnie przyjete przez Swiatowa
Organizacj¢ Zdrowia (WHO, World Health Organization), co umozliwito w 2010 roku wdrozy¢
zintegrowany system oceny stopnia histologicznej dojrzatosci NEN wedlug wytycznych
ENETS/WHO [9]. Wedtug ENETS/WHO 2010 cecha G byta oceniana na podstawie dwoch
kryteriow, pierwszym byla aktywno$¢ mitotyczna/liczba figur podzialu, drugim byt indeks
proliferacyjny Ki-67 wyrazony w procentach, okreslony metodg immunohistochemiczng
za pomocg przeciwciata MIB1. W przypadku wystepowania rdznic przy zastosowaniu obu
kryteriow, jako preferencyjny uzywa si¢ Ki-67 [4,10]. Zgodnie z powyzsza klasyfikacja
wyodrgbniono dwie gtéwne kategorie GEP-NENSs, ktore wykazywaty rdéznice w przebiegu
klinicznym, jak réwniez w leczeniu. Do pierwszej grupy zaliczono wysokozroznicowane
nowotwory neuroendokrynne NET G1 i NET G2 (well differentiated neuroendocrine tumors,
Gli G2) z Ki-67 < 20%, do drugiej niskozroznicowane nowotwory neuroendokrynne G3
(poorly differentaited neuroendocrine neoplasms G3) czyli raki neuroendokrynne
(neuroendocrine carcinoma, NEC) z Ki-67 powyzej 20 % [4,8,10].

Klasyfikacj¢ opisang powyzej zaktualizowano w 2017, a nastgpnie w 2019 roku
I obowiazuje ona obecnie. Podzial NENs wedtug 8 wydania zalecen American Joint Committee
on Cancer/Union for International Cancer Control (AJCC/UICC) oraz klasyfikacji WHO
z 2019 roku przedstawia tabela ponizej (Tabela 1) [4,9,11,12].
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NOWOTWORY NEUROENDOKRYNNE, NEN

Indeks proliferacyjn Indeks proliferacyjn
) P i Indeks proliferacyjny Ki-67 > 20% P _ I
Ki-67 < 20% - Zmienny
NET G1 NET G2 | NET G3 NEC MINEN
. _ . Wysoko- lub
Wysokozroéznicowane Niskozréznicowane _ _
niskozréznicowane
_ — raki wielkokomorkowe
) Ki-67 _
Ki-67 Ki-67 (LCNEC) ]
od 3% _ mieszane nowotwory
<3% >20% — raki drobnokomoérkowe
do 20%

(SCNEC)
Tabela 1. Podzial NEN wedlug klasyfikacji AJCC/UICC i WHO z 2019 roku [4,11,12].

Zespol rakowiaka i rakowiakowa choroba serca

Zespot rakowiaka jest najczesciej wystepujacym zespolem zwigzanym z czynno$cig
hormonalng guzéw neuroendokrynnych. Zostal opisany w 1954 roku, 52 lata pdzniej niz
insulinoma 1 1 rok wcze$niej niz zespdt Zollingera-Ellisona, jako zespdt ujawniajacy sie
w przebiegu nadmiernego wydzielania serotoniny przez NEN jelita cienkiego [13].

Objawy kliniczne zespotlu rakowiaka wystepuja ze strony réznych narzadéw 1 uktadow.
W obrebie skory moze pojawia¢ si¢ napadowe zaczerwienienie, ktore nalezy do jednych
z gtownych manifestacji choroby, teleangiektazje, a takze pelagra, wynikajaca z niedoboru
witaminy PP. Pelagra jest wynikiem nadmiernego zuzycia tryptofanu do produkcji serotoniny
przez nowotwoér. Dodatkowo czesto stwierdza si¢ objawy ze strony przewodu pokarmowego
takie jak biegunka wydzielnicza, niecharakterystyczne lub o charakterze kolki bole brzucha,
uktadu oddechowego - najczesciej napadowy skurcz oskrzeli oraz uktadu ruchu - béle kostno-
stawowe, miopatie. Na szczegdlng uwage zastuguja objawy ze strony uktadu sercowo-
naczyniowego, do ktorych zalicza si¢ najczg¢sciej manifestacje choroby spowodowane przez
zaje¢cie zastawki trojdzielnej i/lub pnia ptucnego, zdecydowanie rzadziej zastawki mitralnej
i aorty [2,6].

W wielu przypadkach przyczyna zgonéw u pacjentow z zespolem rakowiaka jest
rakowiakowa choroba serca (CHD, carcinoid heart disease), ktora wedlug badan
epidemiologicznych najczeSciej jest stwierdzana u chorych z NEN jelita cienkiego.

W wigkszosci przypadkdéw cechuje sie¢ wystepowaniem ptytkowych zgrubien tkanki wtokniste;j
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na zastawkach prawego serca, ktore najczesciej przyczyniaja si¢ do powstania niedomykalnosci
zastawki trojdzielnej (najczestsza wada) i/lub stenozy/niedomykalnosci zastawki ptucnej
[4,6,14,15].

U niewielu chorych (ponizej 10%) Stwierdza si¢ zajg¢cie lewego serca. Jest to zwigzane
z inaktywacja serotoniny w uktadzie naczyniowym phuc, co uniemozliwia dotarcie hormonow
do lewej strony serca. Choroba rakowiakowa lewego serca dotyczy gtownie chorych
z rozpoznanym NEN phuca, ale takze moze wystapi¢ w przypadku wspolistnienia przetrwatego
otworu owalnego (wada ta jest czestsza u chorych z zespotem rakowiaka i rakowiakowa
chorobg serca), w przypadku rakowiaka jajnika lub w przypadku znacznie zaawansowanych
postaci nowotworu, kiedy ilo§¢ wydzielanej serotoniny przekracza mozliwos$ci dezaktywacyjne
krazenia plucnego [16-18].

Rakowiakowa choroba serca moze dotyczy¢ 20-40% chorych z zespotem rakowiaka
i poczatkowo nie dawaé charakterystycznych dla prawokomorowej niewydolno$ci serca
objawow [15-19]. Wartosci cis$nienia t¢tniczego krwi mogg wykazywac bardzo duze wahania
w ciggu doby, co jest zwigzane ze zmienng ilo$cig wydzielanych do krazenia systemowego
substancji biogennych. W zwiazku z powyzszym obraz kliniczny rakowiakowej choroby serca
W jej poczatkowym okresie jest traktowany jako niecharakterystyczny, a co za tym idzie jej
bezobjawowa badz skapoobjawowa posta¢ wpltywa na opdznienie diagnozy i na wdrozenie
stosownego leczenia w odpowiednim czasie. U wielu chorych rozpoznanie jest stawiane
dopiero wtedy, gdy choroba jest juz zaawansowana [4,6,14,15]. Aktualnie w diagnostyce CHD
wykorzystuje si¢ badanie echokardiograficzne oraz uznaje si¢ za istotne oznaczanie peptydow
natriuretycznych, szczegOlnie peptydu natriuretycznego typu B, kwasu

5-hydroksyindolooctowego w moczu i chromograniny A [15,20-22].

Epidemiologia

Wedlug ostatnich badan wystgpowanie GEP-NENs ma tendencj¢ wzrostowa,
prawdopodobnie z racji posiadania wigkszej wiedzy na temat biologii komorki
neuroendokrynnej oraz szybkiego rozwoju technik obrazowania pozwalajacych uzyskac
wysokiej jakosci i rozdzielczoSci obrazy, ktore umozliwiaja detekcje pierwotnej zmiany.
Niemniej jednak, ponad 50% GEP-NENs stanowig nowotwory znajdowane incydentalnie
podczas zabiegu operacyjnego szczegblnie w jelicie cienkim i w wyrostku robaczkowym oraz

w przypadku wystepowania przerzutow odlegltych, gtownie do watroby. Zapadalnos¢
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na GEP-NENs zwigkszyta si¢ w ostatnich latach prawie dwukrotnie, a ognisko pierwotne
nowotworu najczesciej odnotowywano w jelicie cienkim (37,4%) [3,4]. W niektorych
badaniach zaobserwowano niewielkg przewage wystepowania NEN jelita cienkiego wsrod
mezcezyzn (5,35/100 000/ /rok) w porownaniu z kobietami (4,76/100 000/rok) [4].

W literaturze wystepuja rdznice w danych dotyczacych czestosci wystepowania zespotu
rakowiaka u pacjentow chorych na nowotwodr neuroendokrynny. Wedlug analizy
przeprowadzonej przez Soga J. et al. do ktorej wiaczono 8876 pacjentow, zespot rakowiaka
stwierdzono u 8% pacjentow [23]. Na podstawie amerykanskiej bazy danych Surveillance,
Epidemiology and End Results (SEER), ktéra zawiera dane z lat 2000-2011, zesp6t rakowiaka
stwierdzono u 19% z 9512 pacjentow powyzej 65 roku zycia [24]. Warto zaznaczy¢,
ze W porownaniu z rokiem 2000, w 2011 roku odnotowano wzrost czesto$ci wystepowania
zespotu rakowiaka o 72% (11% w 2000 roku, 19% w 2011) [25,26].

Na przestrzeni lat wielokrotnie udokumentowano, ze na czgsto$¢ wystepowania zespotu
rakowiaka ma znaczacy wplyw lokalizacja ogniska pierwotnego nowotworu
neuroendokrynnego. Dzigki analizie starszych badan odnotowano, ze zespot rakowiaka byt
rzadko stwierdzany u pacjentow chorych na nowotwor neuroendokrynny dwunastnicy, odbytu,
osrodkowego uktadu nerwowego, zotadka (typ 1), okreznicy, wyrostka robaczkowego (<1%),
natomiast wigcej niz osiem razy czesciej wystepowal w przypadku innych lokalizacji migdzy
innymi, gdy nowotwor znajdowat si¢ w jelicie cienkim, uktadzie oddechowym, zotadku (typ 3),
uchytku Meckel’a [23,26,27].

Czgstos¢ wystepowania choroby rakowiakowej serca szacowana u pacjentow z zespolem
rakowiaka waha si¢ od 3 do 66 procent [15,20,28-30], ale w ostatnich badaniach wykazuje
tendencj¢ do zmniejszania si¢ [20]. Moze to wynikac¢ ze zwigkszonego obecnie powszechnie
stosowania w leczeniu guzow neuroendokrynnych analogéw somatostatyny i ich wptywu na
poziom krazacej serotoniny, a takze z udoskonalenia technik diagnostycznych i chirurgicznych
[31-33].

Pellikka i in. (16) stwierdzili, ze wigkszos¢ przypadkéw CHD wiaze si¢ z SI-NEN (72%),
a nastgpnie z nowotworami ptuc, jelita grubego, trzustki i wyrostka robaczkowego [16].
Wedlug ostatnich badan Mayo Clinic choroba rakowiakowa serca wystepuje rzadko u oséb
z NEN oskrzelowo-ptucnym (1%) [34].
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Cele Badania

Cel glowny:

Celem podjetego badania retrospektywnego byta identyfikacja czynnikow

prognostycznych rozwoju zespotu rakowiaka i rakowiakowej choroby serca (CHD) oraz

analiza powiktan kardiologicznych u chorych na nowotwor neuroendokrynny jelita cienkiego.

Cele drugorzedowe:

1.

Charakterystyka 1 ocena czestoSci wystgpowania objawdw zespotu rakowiaka
i rakowiakowej choroby serca u chorych na nowotwor neuroendokrynny jelita cienkiego.
Analiza przezycia catkowitego chorych z nowotworem neuroendokrynnym jelita
cienkiego NET G1 i NET G2, w szczegolnosci z chorobg rakowiakow3g serca.

Analiza stezenia chromograniny A (CgA, chromogranin A) u chorych z rozpoznanym
zespotem rakowiaka i rakowiakowa chorobg serca.

Analiza danych medycznych pacjentdow z choroba rakowiakowg serca, uwzgledniajaca
charakterystyke guza, leczenie radykalne/paliatywne/zabiegowe, wyniki badan
dodatkowych (miedzy innymi badan echokardiograficznych, stezenia kwasu

5-hydroksyindolooctowego w moczu, chromograniny A).
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Materialy i metody

Opis populacji

Badaniem  objeto  pacjentow z  rozpoznaniem  histopatologicznym  guza
neuroendokrynnego jelita cienkiego w stopniu klinicznego zaawansowania -1V, ktorzy byli
diagnozowani i leczeni od 1 stycznia 2004 do 31 grudnia 2019 w osrodkach onkologicznych
zlokalizowanych w Polsce. Pacjenci leczeni byli radykalnie, paliatywnie lub objawowo.
Pacjenci, ktorzy zostali wiaczeni do analizy speniali kryteria:

. Osoby powyzej 18. roku zycia, niezaleznie od pfci.

o Chorzy z potwierdzonym patologicznie NEN jelita cienkiego na podstawie badania

histopatologicznego.

o Chorzy z NET G1 i NET G2 jelita cienkiego bez wczesniejszego leczenia lub
po rozpoznaniu i leczeniu radykalnym.

o Chorzy z zaawansowanym, nieresekcyjnym NET G1 i NET G2 jelita cienkiego
przed, w trakcie oraz po zakonczonym leczeniu niezaleznie od zastosowanego
leczenia.

J Chorzy z zaawansowanym niesekrecyjnym lub sekrecyjnym (hormonalnie czynny)
NET G1 i NET G2 jelita cienkiego z zachowang lub bez zachowanej ekspresji
receptorow  somatostatynowych (SST), bedacy oceniani w badaniach
strukturalnych celem identyfikacji pierwotnego ogniska przed zastosowaniem
odpowiedniego leczenia, jak rowniez w celu oceny rzeczywistego stopnia
klinicznego zaawansowania (staging) oraz w trakcie klinicznej obserwacji chorego.

o Chorzy z potwierdzonym NET G1 i NET G2 jelita cienkiego bedacy oceniani
w badaniach strukturalnych i leczeni z powodu NEN, niezaleznie od stanu

klinicznego oraz stanu sprawnosci fizycznej (PS) na podstawie WHO/ECOG.
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Metodologia

Analizie retrospektywnej poddano 351 chorych z potwierdzonym w badaniu
patomorfologicznym NEN jelita cienkiego. Do badania wlaczono 275 chorych
z NET G1 i NET G2 jelita cienkiego, ktorzy byli diagnozowani, leczeni, a nast¢pnie
monitorowani pod wzgledem przebiegu choroby. U wszystkich chorych, ktorzy zostali
wlaczeni do analizy, diagnoza patomorfologiczna zawierata stopien patologicznego
zaawansowania pTNM wedlug kryteriéw ENETS i/lub TNM AJCC/UICC (z okre$leniem roku
edycji), typ nowotworu wedlug klasyfikacji WHO (z okresleniem roku edycji), stopien
histologicznej dojrzatosci (G) wedtug wytycznych ENETS/WHO 1/lub AJCC/UICC Cancer
Staging (z okresleniem edycji). Ceche¢ G opracowano na podstawie oceny indeksu
proliferacyjnego Ki-67.

Analizie poddano 108 chorych z NET jelita cienkiego ze stwierdzonym na podstawie
obrazu klinicznego oraz badan dodatkowych zespotem rakowiaka oraz 28 pacjentdéw, u ktérych
zdiagnozowano rakowiakowg chorobe serca.

U tych chorych dokonano analizy poczatkowych objawow klinicznych choroby (w tym
zespotu rakowiaka i1 rakowiakowej choroby serca) oraz wynikow badan dodatkowych
obejmujacych badania laboratoryjne, obrazowe 1 radioizotopowe. Analizie poddano badania
laboratoryjne takie jak st¢zenie chromograniny A (CgA, chromogranin A), oznaczanie
dobowego wydalania metabolitu serotoniny — kwasu 5-hydroksyindolooctowego (5-HIAA,
5-hydroxyindoleacetic acid) w moczu (przy zachowaniu odpowiedniej diety), stezenie
N-koncowego propeptydu natriuretycznego typu B (NT-proBNP, N-terminal-pro-B-type
natriuretic peptide). Dodatkowo poddano analizie wyniki badan obrazowych tomografia
komputerowa (TK), rezonans magnetyczny (RM) oraz diagnostyka radioiztopowa -
scyntygrafia receptoréw somatostatynowych (SRS, somatostatin receptor scintygraphy).
Ponadto przeanalizowano wyniki badan echokardiograficznych.

Poza tym poddano ocenie czas (dni/miesigce/lata) od momentu wykrycia
NET G1 i NET G2 jelita cienkiego i rozwini¢cia pelnoobjawowego zespotu rakowiaka

i rakowiakowej choroby serca.
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Metody statystyczne

Pacjenci wiaczeni do badania retrospektywnego byli analizowani pod katem

wystepowania zespotu rakowiaka oraz rakowiakowej choroby serca, czasu od momentu

wykrycia NET jelita cienkiego i rozwini¢cia pelnoobjawowego zespotu rakowiaka i/lub

rakowiakowej choroby serca.

W Dbadaniu normalnos$ci rozktadu zmiennych ciaglych zostal wykorzystany test
Kolmogorov-Smirnov.

Zmienne ciagte w przypadku gdy rozktad nie byl normalny przedstawiono jako warto$ci
srednie, mediana (zakres wartos$ci) oraz SD.

Analiza catkowitego przezycia chorych (OS — overall survival) przeprowadzono
na podstawie estymatora limitu iloczynowego (estymator funkcji przezycia) Kaplan-
Meier’a z analizg migdzy grupowg za pomoca testu Cox-Mantel’a.

Ocena warto$ci rokowniczej miedzy innymi wybranych badan laboratoryjnych,
wybranych elementow badan diagnostycznych potencjalnie majacych wpltyw na
calkowite przezycie (OS) chorych analizowano za pomoca modelu proporcjonalnego
hazardu Coxa.

We wszystkich przypadkach P<0,05 przyjeto jako istotne statystycznie.

Poréwnanie migdzy grupami chorych z zespotem rakowiaka bez rozpoznanej
rakowiakowej choroby serca 1 z zespotem rakowiaka oraz rozpoznang rakowiakowg
chorobg serca przedstawiono z wykorzystaniem testu Cox-Mantel’a (P<0,05, przyjeto

jako statystycznie istotne).
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Wyniki

Mediana calkowitego czasu przezycia (OS) w grupie pacjentdw z zespolem rakowiaka
(n=108) wyniosta 72,9 miesigca dla wszystkich pacjentow (przedziat utnosci (CI) £95%
61,5-89,3), 73,0 miesigce dla pacjentow z zespotem rakowiaka (bez choroby
rakowiakowej serca) (n = 80) (CI £95 % 61,2-96,7) i 59,4 miesi¢cy dla pacjentow
zZ chorobg rakowiakowg serca (n = 28) (CI £95% 49,0-93,3).

Guzy pT3 i pT4 byly najczesciej obserwowane u chorych z NET G2 jelita cienkiego.
Przerzuty odlegte (M) i stopien zaawansowania klinicznego IV stwierdzono u 96%
chorych na CHD.

Najczestsze choroby wspdtistniejace, ktore obserwowano u pacjentow z CHD
to nadcis$nienie tetnicze (68%), cukrzyca (14%), hiperlipidemia (14%), przewlekla
choroba nerek (14%), niedoczynno$¢ tarczycy (14%), migotanie przedsionkéw (11%)
I przewlekta obturacyjna choroba ptuc (7%).

Chorzy z rakowiakowa chorobg serca mieli stwierdzong na podstawie badania
echokardiograficznego niedomykalno$¢ zastawki trojdzielnej, umiarkowang (36%) lub
cigzka (64%) 1 charakterystyczne dla CHD anomalie platkow zastawki.
54% analizowanych pacjentow z CHD mialo niedomykalnos$¢ zastawki plucnej, ktora
byta tagodna (32%), umiarkowana (7%) lub ciezka (14%).

Typowe i dominujace objawy prawostronnej niewydolnosci serca, takie jak dusznos$¢,
zmeczenie 1 obrzgki obwodowe, wystepowaly u pacjentdow z postgpujaca chorobg
rakowiakowa serca.

U 21% analizowanych pacjentow z CHD wykonano wymian¢ zastawki trojdzielne;j,
U jednego wspotistniejagcg wymiang zastawki ptucnej, a u jednego wymiane zastawki
mitralnej. Objawy niewydolnos$ci serca ulegly poprawie u 66% pacjentow poddanych
zabiegom kardiochirurgicznym.

Mediana maksymalnego stezenia kwasu 5-hydroksyindoloctowego w moczu (uS-HIAA)
u pacjentow z CHD (n=26), podana jako krotno$¢ gornej granicy normy (GGN) wynosita
31,5, a mediana maksymalnego stezenia NT-proBNP (n=23) wynosita 622,7 pg/ml
(norma: <125 pg/ml).

Mediana OS u chorych z CHD (n=28) istotnie roznita si¢ w zaleznosci od resekcji guza
pierwotnego, 80,6 miesigca (CI —/+95% 60,98-143,06 ) u chorych po przebytej resekcji
guza pierwotnego i 41,6 miesiagca (CI —/+95% 33,17-67,48) u 0sob bez resekcji.

26



Mediana maksymalnego stgzenia uS-HIAA u pacjentow z CHD poddanych resekcji guza
pierwotnego wynosita 8,05 GGN 1 41,67 GGN u pacjentow bez resekcji guza
pierwotnego.

Analiza jednoczynnikowa wykazata, ze brak resekcji guza pierwotnego byt istotnie
zwigzany z gorszym calkowitym przezyciem u  wszystkich  pacjentow
z NET G1 i NET G2 jelita cienkiego (n=275), u pacjentow bez CS i CHD (n=167),
u pacjentow z CS (n=108) 1 rowniez u pacjentow z CHD (n=28). Inne potencjalne
czynniki prognostyczne, takie jak stopien histologicznej dojrzatosci nowotworu (G), pte¢,
wiek, wielko$¢ guza pierwotnego, Ki-67, stan po operacji karchiochirurgicznej,
stabilizacja choroby po zastosowaniu analogdéw somatostatyny, zastosowanie peptydowej
receptorowej terapii radionuklidowej, wspdtistnienie niedomykalnosci zastawki
trojdzielnej z niedomykalno$cig ptucng oraz obecno$¢ przerzutow do kosci nie byty
istotnie zwigzane z OS u pacjentéw z CHD.

Mediana OS dla wszystkich analizowanych chorych z SI-NET G1/G2 bez CS i CHD
(n=167) wyniosta 169 miesi¢cy 1 réznita si¢ istotnie w zaleznosci od resekcji guza
pierwotnego: 170,2 miesiecy versus 70,2 miesiecy u 0sob bez resekcji. Mediana OS dla
wszystkich pacjentow z CS (n=108) réwniez roznila si¢ istotnie w zalezno$ci od resekcji
guza pierwotnego: 79,2 miesigcy versus 53,9 miesigcy u pacjentow bez resekcji. Mediana
OS dla wszystkich pacjentow z CS 1 bez CHD (n=80) wynosita 73 miesigce 1 nie roznita
si¢ istotnie (p>0,05) w zaleznos$ci od resekcji guza pierwotnego 75,7 miesigCy Versus
70,2 miesiecy U pacjentow bez resekcji.

Najczestsza przyczyng zgonu w calym okresie obserwacji u pacjentdéw z chorobg
rakowiakowa serca byla postepujaca niewydolno$¢ serca (n=7), progresja ogniska
pierwotnego (n=11) 1 stopniowa dysfunkcja gltéwnych narzadéw (gldwnie nerek
I watroby) (n =5).

Weczesng $miertelnos¢ (w ciaggu 30 dni od przyjecia) po operacji kardiochirurgicznej
stwierdzono u dwoch chorych, jeden pacjent zmart z powodu niewydolnosci serca
podczas operacji kardiochirurgicznej, a jeden zmart z powodu progresji niewydolnos$ci
serca w okresie okotooperacyjnym.

Mediana poczatkowego st¢zenia chromograniny A (CgA) dla wszystkich pacjentow
z CS (n = 84), podana jako krotno$¢ gornej granicy normy (GGN) wynosita 7,5 (C1+95%
6,4-9,5), a mediana maksymalnego stezenia CgA podczas obserwacji wyniosta

21,7 GGN (CI £95% 15,6-29,8).
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Analiza wykazala istotny zwigzek migdzy poczatkowym stezeniem CgA u pacjentow
Z potwierdzonym CS i catkowitym czasem przezycia. OS pacjentdow z poczatkowym
stezeniem CgA ponizej mediany GGN wynosito 82,6 miesigca, natomiast u pacjentow
ze stezeniem CgA powyzej mediany GGN wyniosto 51,6 miesigca (p < 0,05).
Maksymalne stezenie CgA oznaczane podczas obserwacji (p < 0,05) byto silnie zwigzane
z calkowitym czasem przezycia. Pacjenci hospitalizowani z OS z maksymalnym
stezeniem CgA ponizej mediany wynosily okoto 81,8 miesigca, a 63,8 miesigca
U pacjentow powyzej mediany st¢zenia CgA.

Analiza jednoczynnikowa wykazata poczatkowe (w momencie rozpoznania)
i maksymalne (podczas obserwacji) stezenia CgA istotnie zwigzane z catkowitym czasem
przezycia u pacjentow z zespolem rakowiaka, z wspotczynnikiem ryzyka (HR)
nastepujacym: dla stezenia poczatkowego CgA 2,12 (95% CI 1,28-3,51) i dla st¢zenia
maksymalnego CgA 1,66 (95% CI 1,00 -2,76) (p < 0,05).

Analiza wieloczynnikowa Coxa obejmowata nastepujace elementy: CS vs. CHD, kobiety
vs. m¢zezyzni, NETG1 vs. NETG2, wiek <60 vs. >60 lat, wielko$¢ guza pierwotnego
<3 cm vs. >3 cm, poczatkowe i maksymalne st¢zenie CgA ponizej mediany vs. powyzej
mediany) potwierdzone poczatkowe stezenie CgA jako istotny niezalezny czynnik

prognostyczny dla OS u pacjentow z CS, z HR 1,89 (95% CI 1,02— 3,53) (p < 0,05).
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Dyskusja

Rakowiakowa choroba serca jest powaznym powiktaniem zespotu rakowiaka u chorych
z SI-NET [19] i jest zwigzana z wigksza Smiertelno$cia oraz ogdlnym pogorszeniem rokowania
W poréwnaniu z pacjentami bez CHD [14,16]. W zwigzku z powyzszym w naszym badaniu
przeanalizowano potencjalne czynniki prognostyczne, ktére mogg mie¢ wplyw na czas
calkowitego przezycia (OS) u pacjentoéw z CHD.

Korzystny wplyw resekcji guza pierwotnego w chorobie przerzutowej u chorych
z SI-NET niezaleznie od wystgpowania choroby rakowiakowej serca jest dobrze
udokumentowany [35] i moze by¢ zwigzany ze zmniejszong syntezg substancji wazoaktywnych
[36] oraz zmniejszeniem potencjalnych $miertelnych konsekwencji, w tym niedroznosci jelit
z powodu nadmiernego rozrostu guza [35]. Powszechnie wiadomo, ze osoby z SI-NET
I zespotem rakowiaka majg gorsze rokowanie ze wzgledu na ryzyko rozwoju CHD.

Nasze badanie moze wskazywaé, ze resekcja guza pierwotnego jest jednym z kilku
czynnikoéw poprawiajacych OS w grupie chorych z CHD. Analiza jednoczynnikowa wykazata,
ze brak resekcji guza pierwotnego byl istotnie zwigzany z krotszym OS u pacjentéw z CHD.
W badaniu przeprowadzonym przez Uema i in., [37] w ktorym przeanalizowano 139 o0sob
Z objawami zespolu rakowiaka, zaawansowanag choroba i/lub wysokim st¢zeniem kwasu
5-hydroksyindolooctowego w moczu odnotowano, Ze usunigcie guza pierwotnego wigzato si¢
ze zmniejszong S$miertelnoscia. W opublikowanym badaniu przez Polcz i in. [38]
przeprowadzono analiz¢ 4076 chorych z przerzutowymi SI-NET, zaréwno u pacjentow z CHD,
jak i bez. U 61,8% chorych wykonano resekcje guza pierwotnego i odnotowano, ze mediana
czasu przezycia wsrdd tych pacjentow byla istotnie statystycznie wigksza od chorych
niepoddanych resekcji. Dodatkowo zaobserwowano tendencje, ze 0soby leczone w instytucji
akademickiej lub badawczej rzadziej mieli wykonywany zabieg operacyjny usuni¢cia guza
pierwotnego. Jednym z wyjasnien moze by¢ rosnagce zastosowanie analogdw somatostatyny
(SSA) w terapii pierwszego rzutu zaawansowanej (przerzutowej) choroby, ktore zapewniajg
skuteczne ztagodzenie objawow i spowolnienie progresji nowotworu. Jednakze, pomimo
potwierdzonych korzysci dotyczacych czasu przezycia wolnego od progresji, dotychczas nie
udowodniono, iz zastosowanie SSA zwicksza OS [38].

W naszej retrospektywnej analizie $redni czas miedzy wstepng diagnoza SI-NET
a rozpoznaniem CHD wynosil okoto 65 miesiecy u pacjentdéw poddanych resekcji guza

pierwotnego i okoto 28 miesiecy u 0sob bez resekcji guza pierwotnego. Te wyniki moga
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sugerowac, ze sama resekcja guza pierwotnego moze by¢ korzystna w zakresie przezycia
pacjentéw z przerzutowymi SI-NET G1/G2 i CHD oraz ze mozna ja rozwazy¢, wtedy kiedy
jest mozliwos¢ jej wykonania, aby ztagodzi¢ objawy i unikng¢ przysztych powiktan. Jednak
ze wzgledu na matg liczbe analizowanych pacjentéw i retrospektywny projekt badania, nie
mozna stworzy¢ W chwili obecnej jednoznacznych rekomendacji postepowania. Warto
podkresli¢, ze nawet w grupie z poczatkowo gorszym rokowaniem, czyli chorych z CHD,
catkowity czas przezycia byl znaczaco dhuzszy u pacjentow poddanych resekcji guza
pierwotnego.

Niestety, w przeciwienstwie do doniesien wskazujacych, ze operacja kardiochirurgiczna
moze zwigkszy¢ OS u 0séb z objawowa ciezka wadg zastawki prawego serca [36], W naszym
badaniu nie wykazano statystycznie istotnej réznicy w OS u pacjentéw poddanych badz nie
operacji kardiochirurgicznej. Moze to wynika¢ z matej liczby pacjentow (21%) w naszej
analizowanej grupie, ktore przeszly operacj¢ kardiochirurgiczng. Podobnie analiza, ktora
zostata przeprowadzona przez Edwards i in. wykazala rowniez, ze operacja kardiochirurgiczna
zastawek nie poprawita sredniej dtugosci zycia liczonej od czasu wstgpnego rozpoznania NET
[39].

W zwiagzku ze zwigkszong czgstoscia wystgpowania GEP-NEN istnieje potrzeba
identyfikacji przydatnych biomarkeréw do przewidywania rokowania pacjenta, odpowiedzi
na leczenie oraz nawrotu badz progresji choroby [21,40,41]. Uzyskane w naszym badaniu
retrospektywnym wyniki sg zgodne ze wczesniejszymi doniesieniami, w ktérych stwierdzano
podwyzszone stezenie CgA u wszystkich pacjentéw z GEP-NEN [21,40,41], jak rowniez
znacznie podwyzszone u pacjentdw z rozpoznanym zespotem rakowiaka [4,40-42].

W naszej analizie u pacjentow z zespotem rakowiaka odnotowywane niskie poczatkowe
1 maksymalne stezenie CgA (< mediany podanej jako krotno$¢ goérnej granicy normy) byto
zwigzane z dluzszym czasem catkowitego przezycia (OS). W badaniu Tran i in. [21] rowniez
przedstawili wyniki, ze krotszy OS byt korelatywny z podwyzszonym stezeniem CgA przed
operacja zwigzang z SI-NEN. Uzyskane wyniki mogg sugerowac, ze sekwencyjna ocena
stezenia CgA jest przydatne zarowno w przewidywaniu, jak i monitorowaniu progresji do

CS oraz od CS do CHD [15,21].
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Whnioski

1. W naszym badaniu retrospektywnym zaobserwowali§my, ze brak resekcji guza
pierwotnego byt istotnie zwigzany z gorszym calkowitym czasem przezycia (OS)
U pacjentéw z rakowiakowg chorobg serca.

2.  Podwyzszone stezenie chromograniny A (CgA) jest zwigzane z aktywnym procesem
chorobowym u pacjentow z nowotworem neuroendokrynnym jelita cienkiego (SI-NEN)
NET G1 i NET G2 w przebiegu zespotu rakowiaka i choroby rakowiakowej serca.

3. Podwyzszone stezenie CgA wiaze si¢ z gorszym catkowitym czasem przezycia (OS)
u chorych pacjentow z SI-NEN, a wstgpne i sekwencyjne pomiary CgA w surowicy
s uzytecznym narzedziem prognostycznym w przewidywaniu progresji zespotu
rakowiaka do choroby rakowiakowej serca.

4.  Operacja zastawkowa w chorobie rakowiakowej serca wigze si¢ z wysokim ryzykiem, ale
moze by¢ wartosciowa dla pacjentow z objawowa, ciezka wada zastawki prawego serca
z co najmniej 12-miesigcznym przewidywanym czasem przezycia ze wzgledu
na redukcje objawow klinicznych choroby.

5. W krotkim okresie pooperacyjnym obserwuje si¢ aktualnie zmniejszenie $miertelnosci
po wymianie zastawki serca u pacjentow z CHD, a catkowity czas przezycia jest
W wigkszos$ci ograniczony przez progresj¢ nowotworu I nie rézni si¢ w poréwnaniu
do grupy chorych niepoddanych leczeniu kardiochirurgicznemu.

6. Wstepna selekcja pacjentow, doktadne planowanie przedoperacyjne oraz protokoly
postepowania okolooperacyjnego, a takze nadzor multidyscyplinarnego zespotu
sg niezbednymi elementami post¢powania okotooperacyjnego.

7.  Rakowiakowa choroba serca pozostaje ogromnym wyzwaniem, pomimo rozwoju

w dziedzinie medycyny i chirurgii.
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Introduction: Progression of carcinoid syndrome (CS) to carcinoid heart disease (CHD) is difficult to pre-
dict. This retrospective analysis evaluates the use of chromogranin A (CgA), a biomarker widely used in
the diagnosis of neuroendocrine tumours (NET), in monitoring €S and disease progression.
Patients anid methods: 108 patients with confirmed CS, selected from a group of 351 patients with neuroen-
docrine neoplasms of the small intestine (SI-NENs), including NETG 1 well 40% and NETG2 60% moderately
differentiated NET. CgA concentration was measured during initial diagnesis and clinical follow up in 84
patients, 27 of themn subsequently developed CHD. The patient's overall survival {0S) was evaluated using
the Kaplan-Meier method.
Results: Patients with CHD, were found to have significantly shorter OS than patients with CS but without
CHD (67.22 vs. 73.03 months). Univariate and multivariate analyses revealed that initial high concentra-
tion of CgA andjor increased concentration of CgA is significantly associated with decreased median 05
in patients with CS {p <0.05).
Conclusion: CgA has potential as a clinically useful biomarker in reporting disease status and predicting
outcome in patients with CS and with CHD.

© 2021 Elsevier Espaiia, S.L.U. All rights reserved.

Valor de la cromogranina A como biomarcador de enfermedad cardiaca en el
sindrome carcinoide asociado a tumores neuroendocrinos del intestino
delgado

RESUMEN

Introduccién: La progresion hacia la afectacién cardiaca en el sindrome carcinoide (SC) es dificil de pre-
decir. En el presente anilisis retrospectivo se evalué el uso de la cromogranina A (CgA), un biomarcador
ampliamente utilizado en el diagnéstico de los tumores neurcendocrinos (TNE), en el seguimiento del SC
y en la progresidn de la enfermedad.

Pacientes y métodos: Se incluyeron 108 pacientes con SC confirmado, seleccionados de un grupo de 351
pacientes con tumores neuroendocrinos del intestino delgado (TNE-ID). El 40% de pacientes tenian un
TNE G1 bien diferenciado y un 60% un TNE G2 moderadamente diferenciado. Los niveles de CgA se
determinaron en el momento del diagndstico y durante el seguimiento en 84 pacientes, 27 de los cuales
desarrollaron afectacién cardiaca. La supervivencia global de los pacientes se evaludé mediante el método
de Kaplan-Meier.

E-imail address: soniakonsck@interiapl (S). Konsek-Komorowska).

2387-0206/© 2021 Elsevier Espaiia, S.L.U. All rights reserved.
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Resultactos: Los pacientes con afectacion cardiaca tuvieron una supervivencia global significativamente
mads corta que aquellos sin ella (67,22 frente a 73,03 meses). El analisis univariado y multivariado mostré
que los niveles inicialmente altos de CgA yfo los niveles elevados de CgA durante la evolucidn se asocian
de forma significativa con una menor supervivencia global en los pacientes con SC (p <0,05).

Conclusion: La CgA constituye un biomarcador clinicamente Util para evaluar la progresion de la enfer-
medad y la afectacion cardiaca en pacientes con SC.

© 2021 Elsevier Espania, 5.L.U. Todos los derechos reservados.

Introduction

Neuroendocrine neoplasms of the small intestine (SI-NEN) are
the most commonly identified types of gastro-entro-pancreatic
NEN (GEP), and often leading to overproduction of specific hor-
mones or biogenic amines. Actively secreting SI-NEN are the most
likely to result in clinical symptoms of disease, and primarily
manifest as the most common paraneoplastic syndrome, carcinoid
syndrome (CS)! and causing symptams such as flushing, diarrhea,
abdominal pain, bronchospasm, in addition to other less common
clinical symptoms. Although liver metastases are the primary cause
of CS, about 5% of patients develop CS from primary ovarian or
midgut carcinoids with retroperitoneal metastases. The frequent
cause of death in patients with CS is carcinoid heart disease (CHD).
Symptoms of CHD differ depending upon the cardiac components
affected; with right-sided heart failure being most common.”

Elevated blood chromogranin A (CgA) concentration, is a widely
used biomarker for diagnosing NEN,”© however other malignan-
cies, or unrelated conditions such as severe liver failure, chronic
atrophic gastritis, proton pump inhibitor { PPI) therapy, renal insuf-
ficiency or systemic hypertension can cause elevated CgA.°

CgAisaneffective biomarkerinthediagnosis of NEN, being inex-
pensive and simple to measure using a blood sample to perform an
immunological assay. Other biomarkers used for diagnosing NEN
include 5-hydroxyindoleacetic acid (5-HIAA) and neuron-specific
enolase (NSE), however 5-HIAA levels can be affected by diet, and
NSE, as a cytosolic protein, is found in low levels in the blood and
the levels of which also relate to the death rate of neuroendocrine
cells.” Whilst biomarkers are currently used to diagnose NEN, there
are currently no widely established biomarkers in use for determi-
nation of disease severity, or prognasis in patients with NEN, and
specifically those whe have developed CS and CHD.

The aim of this study was to retrospectively evaluate the value
of CgA as a prognostic biomarker of OS in patients with SI-NEN
presenting CS using initial and follow-up measurements of CgA.

Patients and methods

The protacol for this retrospective study was authorized by the
institution’s ethics committee, with signed informed consent from
all patients. The subjects group was selected from data sets of
351 patients with confirmed in pathology SI-NEN. The study group
includes a total of 108 patients (58 females and 50 males} with
confirmed SI-NENs and diagnosis of CS.

Patients were diagnosed and treated between 2004 and 2019. In
all cases, a pathologist specialising in NEN, verified and reported the
histology results, detailing the histological grade and the stage of
the neuroendocrine neoplasm {TNM) according to AJCC/UICC 2017
classification.® If tumor size was not specified in the histopathology
report, tumor size evaluation was based on structural imaging using
CT or MRI after i.v. contrast enhancement.

This study group comprised 40% of patients with well dif-
ferentiated (G1) and 60% with moderately differentiated (G2)
SI-NEN.® Carcinoid heart disease (CHD) was detected in 28 of the
108 patients. Serum concentration of CgA was determined in 57
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patients with CS, and in 27 patients who subsequently developed
CHD, at the point of diagnosis andfor during clinical follow-up.
None of the patients had severe liver failure, chronic atrophic gas-
tritis, PPI therapy, renal insufficiency or systemic hypertension.
CgA concentrations were determined using the Kryptor system,
B.R.A.H.MS GmbH kits, Thermo Fisher (Henningsdorf, Germany).
This immunometric assay used a time resolved amplified cryptate
emission and an anti-CgA mouse monoclonal antibody.*

Overall survival (0OS) was determined using the Kaplan-Meier
method in all patients and calculated from the time of initial diag-
nosis of CS, to either the date of death or last follow-up visit.
The difference in QS between groups was calculated using the
Cox-Mantel test. Univariate and multivariate analysis were used
to identify variables associated with 0S. All statistical calculations
were carried out using the Dell Inc. (2016), Dell Statistica (data
analysis software system), version 13, software.dell.com, with the
level of statistical significance set at p <0.05. Patients and tumor
characteristics are presented in Table 1.

Results

The median overall survival (OS) was 72.9 months for all patients
{n=108)(confidence interval (C1) +95% 61.5-89.3), 73.0 months for
patients with CS (without CHD) (n=80) (CI £95% 61.2-96.7) and
59.4 months for patients with CHD (n=28) (Cl £95% 49.0-93.3).

The median initial concentration of CgA for all subjects with CS
(n=84),reported as a proportion of the upper limit of normal (ULN)
was 7.5 (C1 +£95% 6.4-9.5) and the median maximum concentration
of CgA during follow up was 21.7 ULN (CI £95% 15.6-29.8).

The analysis revealed a significant association between initial
concentration of CgA in patients with confirmed CS and overall sur-
vival (Fig. 1). The OS of patients with an initial CgA concentration
below the median ULN was 82.6 months, whereas patients with
CgA levels above the median ULN OS was 51.6 months {p<0.05)
(Table 2).

Maximum concentration of CgA determined at follow-up
(p<0.05) was strongly associated with overall survival, OS in
patients with a maximum concentration ef CgA below the median,
was approximately 81.8 months, and 63.8 months in patients above
the median CgA concentration (Table 2).

Univariate analysis revealed the initial (at diagnosis) and
maximum (during follow up) concentrations of CgA were signifi-
cantly associated with overall survival in patients with carcinoid
syndrome, with a Hazard Ratio (HR) as follows: for initial
concentration of CgA 2.12 (95% CI 1.28-3.51) and for a max-
imum concentration of CgA 1.66 (95% ClI 1.00-2.76) (p<0.05)
(Fig. 1).

Cox multivariate analysis included following elements: CS vs.
CHD, female vs. male, NETG1 vs. NETG2, age =60 vs. >60 years
old, primary tumor size =3 cm vs. >3 cm, initial and maximum con-
centration of CgA below median value vs. over median) confirmed
initial concentration of CgA as a significant independent prognostic
factor for 0S in patients with CS, withaHR 0f 1.89(95% C11.02-3.53)
(p<0.05) (Fig. 1).
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Table 1
Patients with carcinoid syndrome (without CHD) and with carcinoid heart disease — tumour characteristics in SI-NENs.
C5. n=80 CHD,n=28
NETG1 31 12
NETG2 49 16
Female to male ratic 1.05 1.55
Mean age (range) in initial diagnasis 62,25 (34-84) 57.11 (36-76)
Size of the tumour (pathology) mean (SD), mm 3329+ 16.01 29.21+17.16
Ki-67 (mean, standard deviation) 4.60+4.03 3.25+203
pT (initial), n="108 =80 n=28
pT1 (%) 1(12.5) 0(0)
PT2(%) 6(7.5) 3(11)
pT3 (%) 28(35) 12 (43)
PT4 (%) 31(39) 4(14)
pTx or no data (%) 14 (17.5) 9(32)
N base on surgery, n =108 n=30 n=28
NO (%) 3(18) 0(0)
N1 (%) 76 (80} 28 (100}
Nx or no data (%) 1(2) 000)
M base on surgery/follow-up/imaging, n =108 n=80 n=28
MO (%) 6(7.5) 1(4)
M1 (%) 74 (92.5) 27 (96)
Clinical stage {initial), n=108 n=80 n=28
1-Mlla - local (%) 101} 0(0)
1MMb - regional (%) 5(6) 1(4)
IV - dystal (%) 4(93) 27 (96)
Table 2
Median overall survival in patients with carcinoid syndrome and carcinoid heart disease.
Carcinoid syndrome, n=108
Variable Subjects Overall survival {months) +95% CI p value
SI-NEN
CHD 28 59.38 49.04-93.26 0.341
cs 80 73.03 61.18-96.73
Histopatholagical grade
NETG2 63 72.81 52.50-85.57 0.245
NETG1 43 72.83 64.57-113.73
Sex
Male 50 6136 49.88-81,90 0.104
Female 58 7837 64.77-110.96
Age
=60 50 65.37 53.72-90.72 0328
>60 58 78.78 60.17-102.87
Tumour size
>3cm 39 83.17 61.29-104.48 0.851
=3¢m 57 7287 62.82-103.97
Initial CgA level (median - 7.5 ULN):
>median 42 51.64 41.86-74.57 0.003
<median 42 32.58 83.92-137.16
Maximum CgA level (median - 21.7 ULN):
>median 42 63.78 48.98-84.12 0,047
<median 42 81.79 72.66-120.88
Discussion patients with €S."”-7 Patient serum CgA levels in our study were

Due to the increased incidence of GEP-NENSs, there is a need
to identify useful biomarkers for predicting patient prognosis,
response to treatment (predicters), and recurrence or progression
of disease.’ 0 Serum CgA levels were determined (as an Upper Limit
of Normal) in a colort of patients with SI-NENs with confirmed CS,
at the paint of diagnosis and during follow up to determine the use
of CgA as a prognostic biomarker. Qur results agree with data pre-
viously reported, with high levels of CgA (relative to ULN) found in

87

clearly and markedly increased above ULN in almost all patients
(96%) at the initial diagnosis of SI-NEN. These findings were consis-
tent with previous findings which revealed that CgA concentrations
were elevated in patients with GEP-NEN which indicated valuable
tumor marker in whole group of patients with GEP-NEN.>®

In our analysis, patients with CS and initial and maximum lev-
els of CgA below the median mentioned above, had increased OS
(for initial level: 82.6 months vs. 51.6 months and for maximum
level: 81.8 months vs. 63.8 months). Tran et al. also reported that
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Univariate analysis

SI-NEN (CHD* vs. CS)

Histopathological grade (NETG2* vs. NETG1)
Sex (male* vs. female)

Tumour size (>3 cm* vs. <3 cm)

Age (<60* vs. >60)

Initial CgA level*™ (>median* vs. <median)

Maximum CgA level*** (>median* vs. <median)

SI-NEN (CHD* vs. CS)

Histopathological grade (NETG2* vs. NETG1)
Sex (male* vs. female)

Tumour size (>3 cm* vs. <3 cm)

Age (<60 vs. >60)

Initial CgA level** (>median* vs. <median)

Maximum CgA level™* (>median* vs. <median)

HR (95% Cl) p value
1.270(0.776-2.079) —_— 0.342
1.315 (0.828-2.089) — 0.246
1.452 (0.924-2.281) — 0.106
1.048 (0.642-1.710) —_— 0.851
1.250 (0.798-1.958) —_—l 0.329
2.115 (1.276-3.507) —_—l 0.004
1.662 (1.001-2.759) —— 0.05

| ! | 1l

0,1 1 10
HR
Multivariate analysis

HR (95% CI) p value

1.420 (0.790-2.551) —_—— 0.241

1.036 (0.579-1.854) —_—— 0.904

1.834 (1.029-3.269) —_—— 0.040

0.862 (0.481-1.546) —_—— 0.618

1.374 (0.759-2.487) —_—— 0.293

1.893 (1.015-3.533) — — 0.045

1.609 (0.851-3.039) ——l 0.143

| I | ! p ¢ by |
01 1 10
HR

* Reference; ** Median initial CgA level - 7.5 ULN; *** Median maximum CgA level - 21.7

ULN

Fig. 1. Univariate and multivariate analyses with hazard ratios (HR) in patients with carcinoid syndrome and carcinoid heart disease. * Reference; ** Median initial CgA level

- 7.5 ULN; " Median maximum CgA level - 21.7 ULN.

increased CgA level before SI-NEN related surgery, was related with
lower OS (median 87.8 months vs not reached; p=0.01)." These
findings suggest that sequential evaluation of concentration of CgA
is useful in both predicting and monitoring progression to CS, and
from CS to CHD.>*

Our univariate and multivariate analyses also confirmed that
high initial concentration of CgA is a bhiomarker for poor prognosis
in patients with CS (p < 0.05) and therefore is effective in the clinical
assessment of patients with SI-NEN.” Other papers report CgA did
not only reflect tumor burden, but appears to be associated with
tumor progression or response to treatment.”

In conclusion, our analysis reinforces previous findings that ele-
vated CgA concentration is associated with active SI-NEN. Elevated
CgA concentration is associated with poor OS in patients with SI-
NENs and initial and sequential serum CgA measurements is a
useful prognostic tool for predicting the progression from CS to
CHD.
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ABSTRACT

Carcinoid heart disease (CHD) is a severe complication of carcinoid syndrome (CS) found primarily
in patients with small intestine neuroendocrine neoplasms (SI-NENs). Patients who develop CHD
have significantly worse morbidity and mortality outcomes, highlighting the importance of clinical
practice recommendations for CHD screening, diagnosis, and treatment that are both consistent
and practical. CHDis characterized by white plague-like deposits on the endocardial surface of heart
structures, generally affecting the right heart valves, causing tricuspid and pulmenary regurgitation
and, less commanly, valve stenosis. Cardiac imaging is essential for both the diagnosis and man-
agement of CHD. Previously, imaging for CHD was mostly achieved by echocardiography, but more
recently, imaging has become multimodal. N-terminal pro-B-type natriuretic peptide (NT-proBNP)
and 5-hydroxyindoleacetic acid in the urine (u5-HIAA) are currently the most effective markers used
in screening CS patients and evaluating CHD severity. Managing patients with CHD is challenging
since both systemic malignant disease and cardiac involvement must be treated concurrently. Early
diagnesis and surgical intervention when required are critical to patient prognosis, especially in
those without primary tumor resection. Valve replacement surgery is the most effective treatment
for patients with advanced carcinoid heart disease for alleviating cardiac symptoms and contributing
to survival outcomes. To deliver effective patient treatment, multidisciplinary team collaboration
is needed. This review summarizes current research findings on CHD pathogenesis, clinical and
epidemiological features, useful biomarkers and imaging modalities, and treatment strategies.

Key words: carcinoid heart disease, carcinoid syndrome, neuroendocrine neoplasms of the small

intestine

INTRODUCTION
Neuroendocrine neoplasms (NENs) are
a group of tumors that most commonly
arise from the gastrointestinal tract and
bronchopulmonary system. The incidence is
estimated to be 6.9 cases per 100 000 people
[1]. Gastro-entero-pancreatic neuroendocrine
neoplasms/tumors (GEP NENs/NETs) derive
from diffuse endocrine system (DES) cells lo-
cated in the gastrointestinal tract and pancre-
as [2]. Neuroendocrine neoplasms of the small
intestine (SI-NENs) originate in the midgut and
are the third most common subtype of NENs
in the gastroenteropancreatic system [3, 4],
GEP NETs are becoming more common across

the world, particularly in North America, Asia,
and Europe, with North America seeing the
largest rise [5].

GEP NENs may be hormaonally productive
or not release enough hormones and/or bio-
genicamines. Non-functional neuroendocrine
neoplasms are difficult to diagnose since they
do not cause clinical symptoms of the disease.

Carcinoid syndrome (CS) is the most fre-
guent paraneoplastic syndrome with a report-
ed prevalence of approximately 19% in the
NET patient population [1]. Itis characterized
by signs and symptoms linked to the hormo-
nal activity of small intestine NENs. Increased
synthesis and secretion to the systemic cir-
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culation of 5-hydroxytryptamine (5-HT, serotonin) and/or
other biologically active substances such as histamine,
kallikrein, prostaglandins, and tachykinin lead to the de-
velopment of the main clinical manifestations of carcinoid
syndrome [4, 6]. Circulating hormones can be inactivated
by the liver and lungs. However, in patients with liver me-
tastases, production escapes the metabolism [7].

Carcinoid heart disease {CHD) is the most severe con-
sequence of carcinoid syndrome, characterized by fibrotic
valve degeneration, particularly in the right heart cham-
bers. Isolated tricuspid valve regurgitation is found in up
to 90% of patients; it causes progressive right heart failure
and leads to a worsening of the patient’s oncological prog-
nosis [8-10]. CHD is observed in around 40% of patients
with carcinoid syndrome [8].

The development of CHD is related to increased mor-
bidity and mortality [11]. Patients with cardiac involvement
have a markedly poorer long-term prognosis, with a 3-year
survival rate of 31%, which is half that of patients who do
not have cardiac involvement [9, 12-14]. Valvular carcinoid
heart disease has a short life expectancy without treatment,
with median overall survival (OS) of only 11 months in pa-
tients with advanced heart failure [15, 16].

Allthese facts indicate that, in the present era, focusing
on accurate patient diagnosis, treatment, and manage-
ment under the supervision of a multidisciplinary team,
are essential to lengthen OS of patients with CHD. In this
review article, we present a detailed description of the
pathogenesis, clinical and epidemiological aspects, useful
biomarkers and imaging modalities, as well as CHD man-
agement methods.

EPIDEMIOLOGY
CHD prevalence estimated in patients with carcinoid
syndrome varies from 3% to 66% [8, 17-20], but in recent
studies, has tended to be lower [17]. This might be due to
anincrease in somatostatin analogs usage and theirimpact
on circulating serotonin levels, as well as improvements in
diagnostic and surgical techniques [21-23].

Pellikka et al. [24] reported that the majority of CHD
cases are associated with SI-NENs (72%), followed by lung,
large bowel, pancreatic, and appendiceal neoplasms [24].
According to recent Mayo Clinic research, CHD is rare in
individuals with bronchopulmonary NENs (1%) [25].

PATHOPHYSIOLOGY

CHD is characterized by formation of endocardial plaques
on the surfaces of valve leaflets, chordae, papillary mus-
cles, heart chambers, and in rare cases, the intima of the
pulmonary arteries, and aorta[1, 26]. The plaque is formed
as a result of dysregulated inflammatory and remodeling
processes, which result in an inappropriate extracellular
matrix formation, fibrosis, angiogenesis, and calcification,
finally leading to structural valve deformation [1, 271.

The pathophysiology of fibrosis in NENs is still un-
known, and few advances have been made in recent years

toward a better understanding of the underlying processes
of fibrogenesis. The effects of serotonin, growth factors, and
other peptides released by neuroendaocrine tumor cells are
hypothesized to cause NEN-associated fibrosis although
these substances do not act alone, and pathway crosstalk
is critical in the pathophysiology of the fibrotic process
[28]. Several growth facters, including transforming growth
factor beta (TGF-p), platelet-derived growth factor (PDGF),
basic fibroblast growth factor (FGF2), and connective tissue
growth factor (CTGF or CCN2), stimulate fibroblasts both
directly and indirectly [7].

Serotonin activity appears to be critical in the develop-
ment of valvular carcinoid heart disease [15, 28], Several
animal studies have shown that 5-HT can promote cardiac
fibrosis and valvulopathy, indicating that it may play anim-
portant role in the development of CHD [29-34]. In cardiac
valve tissues, various subtypes of serotonergic 5-HT1 and
5-HT2 receptors are present, with subtype 5-HT2B recep-
tors being the most commen and playing a crucial role in
valve pathology [35, 36]. Activation of the 5-HT2B receptor
causes the release of inflammatory cytokines, increases
the expression of TGF-B, and has mitogenic effects on fi-
broblasts and smooth muscle cells [1]. TGF is a serotonin
downstream mediator and a big contributor to fibrosis [37].

There is also some evidence that serotoninergic path-
ways can cause oxidative stress, which can induce fibrosis
in heart valves [38].

DIAGNOSIS

Clinical presentation

Cardiac symptoms are commonly subtle until CHD pro-
gresses [39]. This frequently leads to a delay in the diag-
nosis of CHD [11]. Early in the disease course, symptoms
such as fatigue and exertional dyspnea may appear [40].
Valve disease does not always progress in a predictable
manner, and valves can quickly deteriorate over several
meonths [1]. According to a report by Bhattacharyya et al.
[41], only around 57 percent of patients with moderate
to severe tricuspid regurgitation will have no or mild
symptoms [41].

Typical and common symptoms of right-sided heart fail-
ure, such as fatigue, peripheral edema, exertional dyspnea,
and cardiac cachexia can occur as a result of progressive
CHD. Left-sided cardiac failure occurs in approximately 10%
of patients because vasoactive hormones are inactivated
in the pulmonary vasculature and do not have a chance to
reach the left-sided cardiac components [11, 24]. Patients
with right-to-left shunts (patent foramen ovale and atrial
septal defects), a poorly controlled disease with high levels
of circulating hormones, or bronchopulmanary carcinoid
disease are more likely to develop left-sided heart disease
due to higher levels of vasoactive hormones reaching the
left side of the heart [42].

A physical examination may reveal symptoms of right
heart failure, such as increased jugular venous pressure,
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a palpable right ventricular impulse, peripheral edema,
hepatomegaly, and ascites. For cardiac auscultation, mur-
murs of tricuspid and pulmonary valve regurgitation are
common although a systolic murmur of pulmonary steno-
sis or a diastolic murmur of tricuspid stenosis are seldom
observed 23, 41].

CHD s also linked to coronary artery vasospasm, which
is rare but may occur in patients with non-occlusive coro-
nary artery disease [43, 44]. Serotonin can stimulate either
vasodilatory or constrictive responses depending on en-
dothelial conditions. 5-HT can promote vasoconstriction
in dysfunctional endothelium, for example, in individuals
with atherosclerotic disease, due to the superiority of va-
soconstriction-inducing 5-hydroxytryptamine2 {5-HT2)
receptors and lack of 5-HT1 receptors that mediate vaso-
dilation [44-46]. Patients experiencing symptoms of acute
coronary syndrome and with a history of carcinoid disease
should be evaluated for possible coronary vasospasm [9].

Unfortunately, in CS patients, screening or routine
assessment for CHD is commonly missed, resulting in late
diagnosis when the disease is already advanced [47]. The
proposed screening algorithm for carcinoid heart disease
in all patients with NEN (especially SI-NEN) is presented
in Figure 1.

Electrocardiogram

In 50% of patients, the electrocardiogram (ECG) is nor-
mal or may indicate nonspecific abnormalities including
low-voltage QRS complexes and right bundle branch block
[11]. Arrhythmias have been described occasionally in the
setting of CHD [9]. In the literature, a single patient without
ischemic heart disease, presented with carcinoid-induced
ventricular tachycardia [48], which was controlled with
the use of metoprolol, and two other identified cases
were associated with CHD atrial arrhythmias [49, 50].
Serotonin has been linked to paroxysmal ventricular tach-
ycardias and atrial arrhythmias in canine investigations
[51]. The possible mechanism is assumed to be enhanced
sympathetic activity caused by a vasoactive substance,
resulting in cardiac excitation and tachyarrhythmias [48].
Serotonin-induced coronary vasospasm might result in
ST-segment elevation [43].

Biomarkers

Many studies have investigated the usefulness of biochem-
ical markers in monitoring cardiac function, CS activity, and
oncologic disease state in CHD patients [17, 52-59].

Natriuretic peptides

N-terminal pro-B-type natriuretic peptide (NT-proBNP} is
currently the most effective marker used in echocardi-
ographic screening of CS patients and evaluating CHD
severity [8]. NT-proBNP is a neurohormone produced by
cardiomyocytes in response to in¢reased ventricular wall
stress [54]. NT-proBNP at cutoff values of 235-260 pg/ml

992 www journals.viamedica.

revealed sensitivity and specificity of 87%-92% and 80%-—
89%, respectively, for CHD detection. Levels of NT-proBNP
are associated with the severity of CS symptoms, the New
York Heart Association functional class, and overall mor-
tality [55, 56].

Although plasma levels of atrial natriuretic peptide
(ANP) are significantly elevated in individuals with CHD
and indicative of cardiac dysfunction and heart failure,
this biomarker is not employed in clinical practice [28, 57].

5-hydroxyindoleacetic acid in the urine

Platelet serotonin and, specifically, levels of the urinary
catabolite 5-hydroxyindoleacetic acid {u5-HIAA) have
been shown to have a high diagnostic and prognostic
value in patients with CS. However, the clinical picture of
CS may not correlate with u5-HIAA levels, possibly related
to the tumor’s inconsistent hormone release or the syn-
thesis of other biologically active substances [60]. Studies
demonstrate that the majority of patients with CHD have
greater levels of us-HIAA than those without [17, 571.
In individuals with worsening CS symptoms, defined as
a >50% increase in the frequency of bowel movements or
flushing, there was a positive correlation between higher
u5-HIAA levels and echocardiographic findings of CHD
advancement. In patients with CS, u5-HIAA levels of more
than 300 mmol/24 hours indicate a 2- to 3-fold increase
in the risk of developing or progressing carcinoid heart
disease [52].

Chromogranin-A

Chromogranin A (CgA) is a glycoprotein that NET cells
secrete [42]. CgA is a useful biomarker in the diagnosis
of NEN since it is affordable and easy to measure using
ablood sample for an immunological assay [61]. Modlin et
al.[62] reported that CgA did not only reflect tumor burden
but appears to be asscciated with tumor progression or
response to treatment [62].

Inareport by Tran etal. [63] increased CgA level before
SI-NEN-related surgery was associated with lower overall
survival {median 87.8 months vs. not reached; P = 0.01)
[63]. These data suggest that sequential CgA concentration
measurement is effective in both predicting and monitor-
ing progression to CS, as well as progression from CS to
CHD[61, 63].

Unfortunately, CgA has only 30% specificity for detect-
ing severe carcinoid heart disease [42] and has therefore
a limited value in CHD diagnosis and monitoring [531.

Activin A

Activin A is a TGF family member found to be an independ-
ent predictor of CHD although no statistically significant
difference in activin Alevels is found between patients with
early and advanced disease. CHD was detected with 87%
sensitivity and 57% specificity when activin A levels were
less than 0.34 ng/ml [58].

pl/kardielogia_palska
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Figure 1. Proposed screening algorithm for carcinoid heart disease in all patients with NEN (especially SI-NEN) [1-3]

Abbreviations: CHD, carcinoid heart disease; €S, carcinoid syndrome; ECG, electrocardiogram; IFN-g, interferon-alpha; NT-proBNP, N-terminal
pro-B-type natriuretic peptide; PRRT, peptide receptor radionuclide therapy; SI-NEN, small intestine neuroendocrine neoplasms; us-HIAA,

5-hydroxyindoleacetic acid in the urine

Chest radiography (X-ray)
Chest radiography is typically inefficient in CHD patients,
as 50% of cases appear normal, and abnormalities are
commonly non-specific [11]. However, the cardiothoracic
ratio could be increased [64].

Transthoracic echocardiography

Echocardiography should be conducted in all patients with
carcinoid syndrome and high suspicion of CHD, according
to an expert statement released by the American College
of Cardiology on the diagnosis and management of CHD.

www journals.viamedica.pl/kardiologia_polska 993
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Figure 2. Transthoracic echocardiography (TTE): a 51-year-old
patient with carcinoid heart disease and severe tricuspid regurgita-
tion. Subcostal view: huge enlargement of the right atrium and liver
metastases

Transthoracic echocardiography (TTE) should be per-
formed in patients with known CHD every 3-6 months or if
thereis a changein clinical status [8]. In contrast, the Euro-
pean Neuroendocrine Tumor Society (ENETS) recommends
TTE screening for patients with CS — once or twice a year for
patients with or without cardiac involvement, respectively
[9, 65]. Patients with CS should also be screened with TTE
if their 5-hydroxyindoleacetic acid levels are markedly
increased according to the ENETS recommendations. The
severity of CHD can be determined by the constellation of
abnormalities observed on TTE [66]. There have been sev-
eral scoring systems based on echocardiographic findings,
including the first (and possibly the most well-known) scor-
ing system based on tricuspid valve morphology, tricuspid
regurgitation severity, pulmonary stenosis severity, and
pulmonary regurgitation severity [20].

Two-dimensional TTE is the most common imaging
modality used in CHD evaluation because it can examine
both, morphological and functional, components of the
heart (Figure 2}).Valvular involvement can range from mild
thickening of a single valve leaflet with no major functional
impairment to severe thickening, retraction, and immo-
bility of several valves in advanced conditions. Tricuspid
regurgitation is the most common right-sided valve ab-
normality, followed by pulmonary regurgitation and/or
pulmonary stenosis. On 2D TTE, initial fibrous deposition
of the tricuspid and/or pulmonary valve leaflets typically
shows up as a thickening [67], Fibrous deposition may also
damage the chordae and papillae, causing further abnor-
mal function of the valve. The leaflets become retracted and
locked in a semi-open position as the condition progresses,
resulting in stenosis and regurgitation [66]. When tricus-
pid regurgitation is present in CHD patients, the Doppler
profile usually shows a typical “dagger-shaped” spectrum
{early peak pressure rise with a subsequent rapid decline).

To determine the existence of a patent foramen ovale
(PFQ), a TTE with a “microbubble” contrast can be con-
ducted [66].

CHD may have an impact on ventricular strain due
to valvular anomalies. In one study, right ventricular (RY)
strain was found to be lower in CHD patients than in con-
trols (a mean of 20.6 versus 26.9). Patients with carcinoid
syndrome showed identical RV strain regardless of whether
they had evident valvular involvement, suggesting that
abnormal RV strain might be a sensitive and early predic-
tor of CHD before apparent valvular abnormalities occur.
In addition to RV strain, patients with CHD have slightly
decreased global left ventricular (LV) strain as compared
to healthy individuals [68].

When compared to 2D TTE, three-dimensional TTE (3D
TTE) has several notable advantages. In the case of the tri-
cuspid and pulmonary valves, 3D TTE allows for simultane-
ous visualization of all valve leaflets. 3D TTE also provides
acomprehensive image of subvalvular structures including
chordae and papillary muscles, which might be affected by
carcinoid “plaque” In advanced stages of CHD, 3DTTE caniin
addition detect abnormalities of neighboring structures, for
example, poststenotic dilatation of the pulmonary artery.
In comparison to 2D TTE, 3D TTE enables the detection
of myocardial metastasis with a better ability to differen-
tiate their borders from surrounding structures, allowing
for a more precise estimation of the real dimensions and
mass effects. 3D TTE may have value in operation planning
in patients who are prepared for surgical valve repair [69].

Transesophageal echocardiography (TEE) offers better
imaging of the pulmonary valve than TTE and may reveal
minor tricuspid valve anomalies when TTE is ambiguous.

2D TTE is a useful tool for screening asymptomatic CS
patients and monitoring established disease development
with excellent sensitivity and specificity [70].

Cardiac magnetic resonance

Cardiac magnetic resonance (CMR} is becoming a useful
technique for detecting CHD, particularly when echocar-
diographic findings are ambiguous [71], and is beneficial
when echocardiegraphy cannot offer good images of the
pulmonary valve [69]. Late gadolinium enhancement of
the tricuspid and/or pulmonary valves may show evidence
of CHD when valvular anomalies are not visible on TEE. This
is not specific and can occur in a variety of cardiovascular
conditions [66]. When compared to echocardiography,
CMR gives a better estimation of RV size and function with
reduced interobserver variability [72].

CMR can be used for more accurate assessment of RV
volumes, LV volumes, and cardiac index following a tricus-
pid valve replacement, in addition to predicting regurgitant
volumes after surgical intervention [73]. CMR has various
disadvantages, including a higher cost as compared to
echocardiography, and the probable requirement for
contrast [66].
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Figure 3. Cardiac computed tomography: multiplanar reconstruc-
tions at diastole, views centered on the pulmonary valve, severe
thickening of the leaflets of the pulmonary valve with incomplete
coaptation during diastole (the arrow)

Figure 4. Cardiac computed tomography: multiplanar reconstruc-
tion, four-chamber view at diastole; enlargement of the right-sided
chambers and thickening of the tricuspid valve and subvalvular
apparatus (the arrow)

Cardiac computed tomography scanning

Cardiac computed tomegraphy (CT) can also be used to
assess the degree of valve damage, particularly in cases
of severe calcification, as well as to quantify RV diameters,
evaluate coronary arteries [66], and assess pulmonary
post-surgical prosthetic valve thrombosis (Figures 3 and 4).

www. journals.viamedica.

Positron emission tomography

Functional imaging with radiolabeled somatostatin ana-
logs (typically Gallium-68-DOTATOC/DOTATATE positron
emission tomography [PETI/CT} may help to detect car-
cinoid cardiac metastases (myocardial and/or pericardial)
[66]. For the detection of metastatic neurcendocrine neo-
plasms, thisapproach has been shown to be >97% sensitive
and 92% specific [74].

TREATMENT

The treatment of patients with CHD is multifaceted be-
cause of the need to treat both systemic cancer disease
and cardiac pathology at the same time [75]. The aim of
CHD management is symptom alleviation and increased
survival rather than definitive treatment and cure, requiring
a multidisciplinary approach involving both medical and
surgical therapies for optimal care [76]. This multidisci-
plinary approach should be used to design a treatment
strategy based on symptoms, histological grade, overall
performance status, as well as nutritional status, NEN stage
{stable disease, progressive, or metastatic disease), the
function of major organs (mainly kidney and liver), and
the impact of CHD on the proceedings of the underlying
NEN [75, 76].

Pharmacotherapy for heart failure

To date, the standard of treatment for asymptomatic pa-
tients is to wait for symptoms to appear. On the contrary,
loop or thiazide diuretics and aldosterone antagonists are
recommended for treatment in individuals who develop
signs of right-sided heart failure, particularly peripheral
ederna. However, because these drugs might cause intra-
vascular volume depletion and decreased cardiac output,
they should be used with caution. Other drugs, such as
digoxin or angiotensin-converting enzyme inhibitors, have
been used, but their benefit in CHD patients has yet to be
established [77]. Improvement in heart failure symptoms
with medication should not be seen as reassurance that
management is adequate and sufficient, but rather as a win-
dow to optimize and assess the patient for consideration
of valve surgery if required [39].

Cardiac surgery

In patients with well-controlled systemic disease, cardiac
valve replacement remains the most effective treatmentin
severe stages of CHD [77]. Patients with symptomatic right
heart failure or ventricular dysfunction, as well as at least
12 months of predicted survival due to their oncologic dis-
ease status, are usually candidates for a cardiac procedure
[78]. Valve surgery has been shown to enhance long-term
prognosis in CHD patients by reducing right heart failure,
increasing functional capacity, allowing for more aggres-
sive oncological treatment, and decreasing right heart
failure. A multidisciplinary assessment of total operability
inrelation to oncological status and cardiac function should
be used to decide whether to replace a valve [79]. Advances

pl/kardiologia_polska 905

49



KARDIOLOGIA POLSKA

in surgical techniques, better patient selection, anticancer
and hormonal control treatments have resulted in tolerable
early mortality rates and survival benefits [78].

The Mayo Clinic’s 30-year study by Nguyen et al. [80]
involving 240 CHD-operated patients, represents the larg-
est study investigating the relationship between several
clinical and echocardiographic factors and early mortality
and late survival. Between 1985 and 1994, the early mortal-
ity rate was 29% but fell to 7% from 1995 to 2004, and 5%
from 2005 onwards. Overall survival rates were 69%, 48%,
and 34% after one, three, and five years, respectively [80].
According to the mortality rates reported, valve surgery for
carcinoid heart disease is a high risk procedure, but may be
beneficial to some patients due to symptomatic relief [81].

Preoperative preparation should mainly focus on op-
timizing patient status and symptoms with appropriate
medical therapy. The severity of tricuspid valve disease,
right ventricular dysfunction, right atrial dilatation, pulmo-
nary hypertension, and high central venous pressures are
significant risk factors [78]. Preoperative nutritional opti-
mization and somatostatin analog treatment for carcinoid
hormonal activity are critical parts of surgical planning [79].
Intravascular volume depletion and electrolyte disturbanc-
es are typical in CHD patients and must be treated. Patients
with CS are atrisk of developing a possibly life-threatening
carcinoid crisis, which can be triggered by surgery or any
invasive intervention, so therapies aimed at lowering high
u5-HIAA levels, such as dose escalation with somatostatin
analogs and add-on therapy with telotristat ethyl, should
be used. Carcinoid crisis is characterized by hemodynamic
instability, with predominant hypotension, tachycardia, ar-
rhythmias, bronchoconstriction, and flushing caused by the
release of biologically active substances. The administration
of octreotide infusion at a dosage of 50 pg/h administered
12 hours before the procedure and continued throughout
the operation and until the patient is hemodynamically
stable and off inotropes is the primary preventative therapy
aimed at reducing the occurrence of carcineid crisis. The
dosage can be increased to 100-200 pg/h if necessary [82].
Depending on the patient's recovery, the octreotide infu-
sion should be progressively reduced postoperatively [78].

The type of valve selected for use (biological or mechan-
ical valve prosthesis) is a complex matter that should be
based on a particular patient’s risk of bleeding, tumor-re-
lated life expectancy, and possible future therapeutic in-
terventions [81, 83]. According to research by Albage et al.
[79], surgery of the left-sided valves is not linked to poorer
outcomes and ought to be conducted concomitantly with
right-sided valve surgery if needed [79].

Bioprosthetic valves are mostly favored when CHD pa-
tients have an enhanced bleeding risk due to significant
liver disease and hepatic dysfunction, but still, thrombus
formation on the tricuspid bioprosthesis is the most preva-
lent cause of valve dysfunction in right-sided valve replace-
ments [98]. Postoperative right ventricular failure, an overall
reduced flow condition on the right side of the heart, and
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a hypercoagulable state with high serotonin levels acting
as a stimulus for platelet activation all seem to be risk fac-
tors for valve thrombosis [78]. Patients with bioprosthetic
valvesin sinus rhythm should begin and continue warfarin
anticoagulation for 6 months, but patients with mechanical
valve prosthesis or with atrial fibrillation and bioprosthetic
valves should continue anticoagulation permanently [82].

TTE should be conducted as soon as possible after sur-
gery [84]. In uncomplicated conditions during follow-up,
TTE should be performed every 3 to 12 months, depending
on comorbidities [8].

It should be highlighted that, despite medical and sur-
gical developments, valve surgery in subjects with CHD is
always challenging and associated with significant risk. In
high-risk patients with severe CHD for whom cpen-heart
surgery is hazardous, transcutaneous catheter-based in-
terventions represent a minimally invasive option [84, 85].

In addition, the recent introduction of percutaneous
valve-in-valve technology in subjects with a failing bio-
prosthetic valve has broadened treatment selections for
less invasive procedures, and a transcatheter heart valve
placed in the inferior vena cava may decrease carcinoid
hormone levels and relieve symptoms in patients with
severe carcinoid syndrome symptoms [86, 87].

Primary tumor resection

Primary tumor resection with metastatic disease (resect-
able and unresectable) has been shown to improve sur-
vival in all patients with SI-NENs {with and without CHD)
[14]. This may relate to decreased synthesis of vasoactive
substances [12], as well as a reduction in potentially fatal
complications such as intestinal obstruction caused by
tumor growth and blockage [14]. Uema et al. [88] found
that removing the primary tumor reduced mortality in
139 patients with advanced disease, carcinoid symptoms,
and/or elevated u5-HIAA [88].

Polcz et al. [89] recently published significant findings
from a retrospective cohort analysis of 4076 patients with
metastatic SI-NETs, with 2025 (61%) receiving primary tu-
mor resection (PTR). Patients who were more likely to have
PTR were younger, had been diagnosed sooner, and had
lower-grade small intestine primary tumors. Patients who
had PTR had longer median overall survival than those
who did not (71 months vs. 29 months, P=0.001). Accord-
ing to the findings of Polcz et al. [89], patients treated in
an academic or research facility were, likewise, less likely
to have PTR, and primary resection has become less com-
mon over time. One possible explanation is the increasing
use of somatostatin analogs as first-line treatment for
metastatic disease, which gives both excellent symptom
alleviation and inhibition of tumor progression. Although
these findings were also associated with improved survival,
it should be noted that they apply to the entire group of
SI-NET patients — both with and without CHD — and that,
despite proven benefits in progression-free survival, no 0S5
benefit with somatostatin analogs has been demonstrated
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to date [89], which indicates that primary tumors should
be removed when possible.

Management of carcinoid syndrome

Considering the significance of 5-HT in the sequence of
events that leads to the development of CHD, controlling
serotonin synthesis from the tumor is critical. This can be
accomplished by either medical or surgical intervention
methods. Long-acting somatostatin analogs, peptide
receptor radionuclide therapy (PRRT), and the new
drug telotristat ethyl are among the available medical
treatments. Transcatheter arterial embolization (TAE) or
chemoembolization (TACE), as well as surgical debulking
of hepatic metastases, are interventional alternatives [8].

Long-acting somatostatin analogs

Long-acting somatostatin analogs (55As), synthetic
octo-amino acid peptides, which primarily act on the
somatostatin receptor subtype 2, are recommended for
first-line antiproliferative therapy in advanced NETs due
to their proven effectiveness in controlling symptoms
of carcinoid syndrome [28, 75-77, 90]. The somatostatin
analogs octreotide and lanreotide improved symptoms
in 65%-72% of patients and had a biochemical response
in 45%-46%. In 72%-84% of patients, increasing the dose
or frequency or switching classes resulted in a decrease in
flushes and/or diarrhea [90].

Long-acting somatostatin analogs extended time-
to-tumor progression (TTP) in patients with metastatic
well-differentiated, predominantly G1, midgut neuroen-
docrine tumors compared to placebo {(NET; octreotide
LAR: PROMID study) [91]. Progression-free survival (PFS)
was as well enhanced in individuals with advanced, non-
functioning enteropancreatic NETs of grade 1 or 2 with
confirmed progression of the disease (lanreotide autogel:
CLARINET study) [92].

Although the optimal levels of u5-HIAA used to re-
duce the development of CHD are yet to be determined,
long-acting SSAs are unquestionably important in CHD
patient management [78].

In CS patients, infusion of short-acting octreotides
should begin in the perioperative setting to avoid the on-
set of carcinoid crisis. Furthermore, in patients with recur-
rent CS symptoms, short-acting octreotide (half-life 1.5 to
2 hours) may be administered as a rescue drug in addition
to the long-acting formulations [78].

Telotristat ethyl

Telotristat, an oral inhibitor of peripheral 5-HT synthesis,
was recently approved by the Food and Drug Administra-
tion for the treatment of symptomatic CS-related diarrhea
that has not responded to SSAs therapy. Telotristat ethyl is
converted toits active metabolite, telotristat, which inhibits
tryptophan hydroxylase (TPH), the rate-limiting enzyme
in serotonin production. Two double-blind, randomized
phase 3 clinical trials (TELESTAR and TELECAST) found that
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telotristat ethyl reduced bowel movement in 40%-44%
of patients treated, compared to 0-20% of patients who
received a placebo [78, 93], After three months, there was
asubstantial decrease inurinary 5-HIAA, The findings of this
study supported the safety and effectiveness of telotristat
when combined with somatostatin analog treatment in
individuals with CS. The impact on the development of
carcinoid heart disease and mesenteric fibrosis residues
is unidentified because this endpoint has not been ade-
quately powered in clinical studies [94].

Everolimus

Everolimus is a small molecule oral inhibitor of the ser-
ine/threonine protein kinase mammalian target of rapa-
mycin (MTOR), which promotes cancer cell growth and
survival in a variety of malignancies, including NETs [78].
Pavel et al. [95] reported that everclimus plus octreotide
LAR increased progression-free survival in patients with ad-
vanced neuroendocrine tumors associated with carcinoid
syndrome when compared to placebo plus octreotide LAR
[95]. Due to everolimus-related adverse effects including
infections, edema, and diarrhea, patients with CHD should
be treated with caution [8, 78].

Interferon-alpha

For refractory CS and negative somatostatin receptor NETSs,
interferon-alpha (IFN-a) is a supplementary treatment to
SSAs. However, usage of this drug is limited due to its ad-
verse effects (e.g,, flu-like symptoms, chronic fatigue, liver
and bone marrow toxicity) [78]. The reported response
rates of IFN monotherapy in CS patients ranged from 0%
to 90% for clinical control and 50%-80% for biochemical
control [90].

Peptide receptor radionuclide therapy

Peptide receptor radionuclide therapy (PRRT} is primarily
used to inhibit growth in progressive NETs with high so-
matostatin receptor expression [96]. It has been shown to
improve quality of life and symptoms such as diarrhea in
patients with midgut NETs [97]. Due to the requirement
for simultaneous amino acid and fluid infusions in patients
with CHD and heart failure, caution is advised [8, 78].

Transcatheter arterial embolization,
chemoembolization, selective internal
radiotherapy, radiofrequency ablation
Transcatheter arterial embolization (TAE), local administra-
tion of high doses of chemotherapy (TACE), and selective
internal radiotherapy (SIRT) employing Yttrium-90 micro-
spheres are examples of vascularly accessed interventional
methods that provide diverse treatment modalities [78].
TAE and TACE are implemented to minimize tumor
burden and have been shown to be effective in the treat-
ment of NET, particularly in individuals with liver involve-
ment. Circulating hormone levels drop as tumor burden
decreases, resulting in symptom control in 50%-100% of
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patients with NET and liver metastasis [98]. Patients with
severe CHD and/or a significant hepatic tumor burden may
have serious treatment complications such as hemorrhage
or even liver failure, and as such, loco-regional therapies
must be used with extreme caution. TAE and TACE are rel-
atively contraindicated in patients with total portal vein
occlusion, poor performance status, or underlying hepatic
impairment [77]. TAE, TACE, and SIRT radiological response
rates were estimated to be 25%-92%, 22%-100%, and
22%-63%, respectively [78].

Radiofrequency ablation and microwave ablation,
done either percutaneously or in association with surgi-
cal resection, have also been shown to improve symptom
management [78].

Surgical debulking of hepatic metastases

Surgical debulking (cytoreductive surgery) of liver tumor
burden has been shown to be a significant advancement
in the management of NETs in recent years [77]. Bernheim
et al. [99] reported that patients with CHD who undergo
hepatic resection had delayed progression of the disease
and a better prognosis [99]. This method may be risky in
individuals with severe CHD since it is associated with
significant morbidity and mortality. There is also a greater
risk of preaperative hemorrhage due to elevated right atrial
pressure and a pulsatile liver. In selected individuals, liver
surgery may be an option following heart valve replace-
ment and cardiac function restoration to lower circulating
serotonin, relieve carcinoid symptoms, and avoid recur-
rence of CHD [8, 771.

Kinney et al. [100] presented peri-operative findings
of 169 patients who had partial hepatic resection due
to metastatic NETs at Mayo Clinic Rochester. The most
prevalent adverse events were persistent tachycardia
{8.9%), followed by hypotension (5.3%), flushing, cardiac
conduction abnormalities, and acidosis with pH 7.2, with
an occurrence of less than 1%. There were no incidents of
carcinoid crises [100].

CONCLUSIONS

All patients with SI-NENs, particularly those without pri-
mary tumor resection and high concentration of u5-HIAA
require a cyclic assessment of clinical status and TTE per-
formance every 3-6 months to detect the onset of CHD.
The therapeutic methods include pharmacotherapy for
symptomatic management, as well as medications and in-
terventional approaches, for successful control of serotonin
excess, most notably somatostatin analogs.

Despite medical and surgical improvements, car-
cinoid heart disease remains a significant challenge.
Valve surgery for carcinoid heart disease is a high-risk
intervention, given the mortality rates, although it may
be beneficial for patients with symptomatic severe right
heart valve disease who have a 12-month survival prog-
nosis owing to symptomatic improvement. It should be
emphasized that early risk linked to valve surgery has

decreased in the present era. A multidisciplinary team
should be involved in patient selection for valve surgery,
adeguate preoperative planning, and perioperative treat-
ment procedures,
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Abstract: Neurcendocrine neoplasms of the small intestine (SI-NENs) are one of the most commonly
recognized gastroenteropancreatic neuroendocrine neoplasms (GEP-NENs). Carcinoid heart disease
(CHD) is the primary cause of death in patients with the carcinoid syndrome (CS). The aim of
this retrospective study was to evaluate possible factors impacting upon overall survival (OS) in
subjects with both neurcendocrine tumors (NETs) G1/G2 of the small intestine (SI-NET) and CHD.
Enrolled in our study of 275 patients with confirmed G1/G2 SI-NET, were 28 (10%) individuals with
CHD. Overall survival was assessed using the Kaplan—Meier method. The Cox-Mantel test was
used to determine how OS varied between groups. A Cox proportional hazards model was used
to conduct univariate analyses of predictive factors for OS and estimate hazard ratios (HRs). Of
the 28 individuals with confirmed carcinoid heart discasc, 12 (43%) were found to have NET G1
and 16 (57%) were found to have NET G2. Univariate analysis revealed that subjects with CHD
and without resection of the primary tumor had a lower OS. Qur retrospective study observed that
patients who presented with CHD and without resection of primary tumor had worse prognosis of
survival. These results suggest that primary tumors may need to be removed when feasible, but
further research is needed. However, no solid recommendations can be issued on the basis of our

single retrospective study.

Keywords: carcinoid heart disease; carcinoid syndrome; neuroendocrine neoplasms of the small
intestine; overall survival; primary tumor resection

1. Introduction

Neuroendocrine neoplasms (NENSs) are a relatively rare and heterogeneous class of
tumors, originating from specialized neuroendocrine cells found throughout the body.
Gastroenteropancreatic neuroendocrine neoplasms (GEP-NENs) account for 70% of all
NENS, 2% of all gastrointestinal tract tumors [1-5].

Gastroenteropancreatic neuroendocrine tumors’ (GEP-NETs) incidence rates are pro-
gressively increasing globally [5]. The small intestine accounts for 37.4% of primary tumor
cases [3]. In some studies, a slightly higher incidence of neuroendocrine neoplasms of the
small intestine (SI-NENs} was observed in males (5.35/100,000/year) compared to females
(4.76,/100,000/ year) |3,6].

From 2000, all GEP-NENs were recognized in accordance with the recommendations
of the European Neuroendocrine Tumor Society (ENETS) based on the assessment of cell
and organ site, histological type based on differentiation and histological maturity grading
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(G), pathomorphological advancement (pTNM), and clinical advancement staging [3,7-9].
Pathological classification of NENs is currently based on the recommendations of the World
Health Organization (WHO) 2019 and of the American Joint Committee on Cancer/Union
for International Cancer Control (AJCC/UICC) 2017, derived from the ENETS/WHO 2010
classification [3,10-12].

According to ENETS guidelines, all individuals with neuroendocrine neoplasms of
the small intestine ought to be regarded as possible candidates for curative primary tumor
resection (PTR) and resection of regional lymph node metastases [2].

Carcinoid syndrome (CS) is the most common paraneoplastic syndrome, comprising
of the signs and clinical symptoms associated with hormonal activity of the SI-NENs. The
typical form of CS involves exorbitant secretion of serotonin and/or other compounds with
biological activity such as histamine, prostaglandins, kallikrein, and tachykinin [2,13,14].

Carcinoid heart disease (CHD) is the most serious complication of CS, which is marked
by the deterioration of fibrotic valves, particularly in the right heart chambers. Isolated
tricuspid valve (TV) regurgitation is present in up to 90% of individuals and primarily
leads to a worsening of right ventricular function [15-18]. CHD is found in approximately
20-40% of cases of carcinoid syndrome [15,16].

The development of valvular CHD appears heavily dependent upon serotonin activity,
and medical treatments focus on targeting the serotonin biochemical pathway [19].

The mainstay of imaging for carcinoid heart disecase is transthoracic two-dimensional
echocardiography (2D TTE). TV regurgitation in subjects with carcinoid heart disease is typ-
ically described by thickened TV leaflets, decreased mobility, and occasionally, immobility
of the TV leaflets [20].

Individuals with cardiac involvement have a significantly worse leng-term prognosis,
with on average a 31 percent 3-year survival rate, which is half that of subjects without
cardiac involvement [17,21-23]. Without therapy, the prognosis for valvular CHD is poor,
with a median overall survival (OS) of only 11 months in individuals with progressive
heart failure (HF) [19,24]. Therefore, identification of prognostic factors in the evolution of
CHD is of fundamental clinical importance. Hence the aim of our study was to evaluate
potential prognostic factors and the OS in subjects with well-differentiated G1 and G2
SI-NET exclusively in patients with diagnosed CHD.

2. Materials and Methods

The protocol for this retrospective study was accepted by the institution’s ethics com-
mittee (no. 18/2018), and informed consent was signed by all subjects. Patients diagnosed
and treated between 2004 and 2019 with confirmed SI-NETs (i.e., the ileum and jejunum)
were enrolled. Diagnosis of SI-NET was achieved with a multimodality approach including
clinical and biochemical investigation comprising of chromogranin A or/and urinary 5-
hydroxyindoleacetic acid {u5-HIAA), radiological and nuclear imaging techniques, or final
surgery/ histopathology reports where definitive surgery was undertaken. Histopathology
reports included analysis of the primary tumor or metastases in the case of surgery with in-
tention to treat (ITT). In the event of non-resectable lesions, tumor sampling was performed.
In all patients a pathologist specialized in NET reported and verified the histology results.
The histopathelogy reports included histological grade and the stage of the neuroendocrine
neoplasm (pTNM) according to the WHO 2019 and AJCC/UICC 2017 classification [10].
u5-HIAA was measured at the first visit and then at follow-up or on suspicion of NET
reclirrence ot progression.

The inclusion criteria for patients with CS and confirmed SI-NET were defined as
typical clinical signs and symptoms of CS such as diarrhea, flushing of the skin, asthma-like
symptoms (wheezing or/and shortness of breath), as well as elevated levels of biochemical
markers such as chromogranin A and/or u5-HIAA.

Subjects with CS were screened for CHD on a regular basis using transthoracic echocar-
diography (TTE), if us-HIAA and/or N-terminal pro-B-type natriuretic peptide (NT-
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proBNP) levels were markedly increased and/or presentation of signs and symptoms of
heart disease occurred.

Patients with CHD were included either on the basis of signs and symptoms of heart
disease or where typical cardiac involvement was identified using 2D TEE interpreted by a
physician who was aware of anomalies caused by CHD. All individuals with thickened
and retracted TV leaflets failing to coapt and diagnosed by Doppler echocardiography
regurgitation moderate or severe were included.

Tn this retrospective study we primarily focused on patients with diagnosed CHD and
analyzed potential prognostic factors and OS in this group of subjects.

In patients without information about the size of the tumors in histopathology reports,
tumor size evaluation was based on structural imaging CT/MRIL We used the upper limit
of normal to compare results of the concentration of u5-HIAA from different laboratories.
05 was studied in all subjects with SI-NETs. The Kaplan—Meier method was used to assess
06S. OS was calculated from the time of the initial diagnosis of SI-NET to either the date of
death or the last follow-up visit. The Cox-Mantel test was used to evaluate the differences
in OS between the groups. Univariate analyses were utilized to determine variables linked
with overall survival and were performed utilizing a Cox proportional hazards model
which estimated hazard ratios (HRs} and 95% confidence intervals (Cls). The primary and
secondary efficacy endpoints of the retrospective study are summarized in Table 1.

Table 1. Summary of the primary and secondary efficacy endpoints for the patients with CHD.
Abbreviations: CgA, chromogranin A; NT-proBNF, N-terminal pro-B-type natriuretic peptide; OS,
overall survival; PR, pulmenary valve regurgitation; PRRT, peptide-receptor radionuclide therapy;
TR, tricuspid valve regurgitation; u3-HTAA, 5-hydroxyindoleacetic acid in urine.

Endpoint

Definiion/Measurement Statistical Analysis

Primary efficacy

Median OS

Secondary efficacy

The time from the initial diagnosis of SI-NET to either the

date of death or the last follow-up visit. Kaplan-Meicr method

Prognostic factors of OS

Histopathological grade (NET G2 vs. NET G1)
Sex (male vs. female)
Ki-67 (5% vs. <3%)
Tumor size (>3 cm vs. <3 cm)
Age (<60 vs. >60)

Primary tumor resection (no vs. yes) Each factor was assessed for
Somatostatin analogues (SSA) use (exclusively) (no vs. yes) importance using univariate Cox
PRRT {no vs. yes) proportional hazards model:
Cardiac surgery (no vs. ves) factors were potentially associated
Coexistence of TR with PR (no vs. yes) with OS if the p-value was <0.05.

Maximum CgA level (>median vs. <median)
Maximum u5-HIAA level (>median vs. <median)
Maximum NT-proBNP level (>median vs. <median)
Presence of flushing (no vs. yes)

Bone metastases (Mo vs. yes)

All statistical calculations were performed utilizing Dell Inc. (2016), Dell Statistica
(data analysis software system), version 13 (software.dell.com, accessed on 12 August 2022),
with the level of statistical significance set at p < 0.05.

Histological and clinical data comprising evaluation of tumor type based on WHO
2019 and AJCC /UICC 2017 classification, including Ki-67 and the initial clinical stage of
disease were accessible for analysis.
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3. Results

A total of 275 patients with confirmed SI-NETs (i.e., the ileum and jejunum) were en-
rolled, including 142 females and 133 males (ratio 1.07:1). Patients and tumor characteristics
are presented in Table 2.

Table 2. Patients and tumor characteristics in neuroendocrine neoplasms of the small intestine.

Carcinoid Patients without

Carcinoid Heart Disease (CHD) Syndsome (CS) CHD and CS

Primary Tumor

All Resection (PTR) Without PTR
=28 (100%) 1 =15 (100%) 1 =13 (100%) n =80 (100%) n =167 (100%)
Female to male ratio 1.55 275 0.86 105 1.01
Mean age (range) in initial diagnosis 57.11 (36-76) 60.40 (46-76) 53.31 (36-72) 62.25 (34-84) 59.80 (20-87)
Size of the primall“_v tumor (pathology) 22 2 25 29 2
median, mm
Neuroendocrine tumor (NET) G1 (%) 12 (43) 8(53) 4(31) 31(39) 116 (69)
Neuroendoerine tumor (NET) G2 (%) 16 (57) 7 (47) 9 (64) 49 (61) 51 (31)
Ki-67 (median) 3 2 3 3 2
PTﬂgﬂiﬁa]) =28 =15 n=13 =280 n=167
- pTL) 0(0) 0 (0) 0(0) 1(12.5) 16 (10)
- pT2(%) 3(11) 3(20) 0 ) 6(7.5) 38(23)
- pT3() 12 (43) 9 (60) 3(23) 28 (35) 66 (40)
- pTd(%) 4{14) 2(13) 2(15) 31(39) 32(19)
- pTx or no data (%) 9(32) 1(7) 8(62) 14 (17.5) 159
N base on surgery/ follow-up/ imaging n=28 n=15 n=13 n= 80 n=167
- NO (%) 0 0 00 3(18) 29 (17)
- N (%) 28 (100) 15 (100) 15 (100} 76 (80) 134 (80)
- Nodata (%) 0 0(0) 0(0) 1(2) 1(2)
M base on surgery /follow-up/ imaging n=28 n=15 n=13 n==580 n=167
S MO (%) 1(4) 1(7) 0(0) 6(7.5) 95 (57)
COMI(%) 27 (96) 14 (93) 13 (100} 74 (92.5) 64 (38)
- Nodata (%) )] 0{0y 0(0) 0(m 8(5)
Clinical stage (initial) n=28 n=15 n=13 it =80 n=167
1-Illa-local (%) 0(0) 00 0(0) 1() 30 (18)
Llb-regional (%} 1(4) 1(7) 0(0) 5(6) 72(43)
Iv-distal (%) 27 (96) 14 (93) 13 (100} 74 (93) 64 (38)
No data (%) 0 0(0) [((0)] 0(0) 1(1)
Primary tumor resection (PTR) (%) 15 (54) 15 €100} a0 51 (64) 146 (87)
Somatostatin analogues use (exclusively),
stable disease (%) 26 (93) 14 (93) 12(92) 68 (85) 78 (47)
S . Ny i
Peptide-receptor F.aFle‘)T.'lufllde therapy 14 (5) 10 67) 4(30) 161 13 (8)
(PRRT) (%)
Cardiac surgery (%) 6(21) 3(20) 3(23) 0 (0)y 0(0)
5-hydroxyindoleacetic acid level in urine (%) 26(93) 13 {87) 13 (100) 73 (91) 150 (90)
N-terminal pro-B-type natriuretic peptide
(NT-proBNF) (%) 23 (82) 13{87) 10(77) 64 (80) 67 (40)
Transthoracic echocardiography (%) 28 (100) 15 (100} 13 (100) 76 (95) 30(18)
Presence of flushing (7h) 17 (61) 6 (40) 11 (83) 36 (45) No data
Bone metastases (%) 8(29) 3(20) 5(38) No data No data

There were 167 subjects without diagnosed CS and CHD and 108 patients with CS, Of
these 108 patients, 28 with progression to CHD were evaluated (Figure 1).
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, . ‘ | Patients without
Patlents!vnh FRET diagnosed CS and CHD
n=275
n=167 |
Y §
Patients without
Patlents with | diagnosed CHD
diagnosed CS n=80
n=108 ‘ -
Y

Patients with
diagnosed CHD
n=28

Figure 1. Patients enrolled in this retrospective study. Abbreviations: CHD, carcinoid heart disease;
C5, carcinoid syndrome; SI-NET, neuroendocrine tumor of the small intestine.

Twelve subjects with NET G1 (43%) and 16 with NET G2 (57%) in the course of CHD
were analyzed. Table 2 provides a summary of the clinical and pathological data that were
taken into account in this study. This analysis revealed that pT3 and pT4 tumors were most
frequently seen in subjects with NET G2. Distant metastasis (M) and clinical stage IV were
noted in 96% of patients with CHD.

Arterial hypertension (68%), diabetes (14%), hyperlipidemia (14%), chronic kidney
disease (14%), hypothyroidism (14%), atrial fibrillation (11%), and chronic obstructive

pulmonary disease (7%) were the most common comorbidities found in patients with CHD.

There were six patients (32%) with confirmed synchronous CHD. The mean time
between the initial diagnosis of SI-NET and the confirmation of CHD was 47.8 months in all
patients, 64.8 months in patients that underwent primary tumor resectior, and 28.4 months
in subjects without primary tumor resection.

Over half of patients with CHD (54%) included in this study underwent primary small
bowel tumor resection which was performed within three months from the initial diagnosis
of SI-NET. Those subjects were considered for curative PTR and resection of regional lymph
node metastasis at the initial diagnosis of SI-NET. In all patients with distant metastases,
the decision of whether to conduct PTR was determined by analysis of comorbidities by
a multidisciplinary team and also by a reasonably achieved curative approach including
the curative resection of the distant metastases (generally liver metastases). None of the
subjects needed palliative PTR due to symptoms related to small intestine obstruction,
tumor bleeding, or (impeding) occlusion to avoid clinical deterioration or death.

Since 26 (93%) of the patients received somatostatin analogues (S5A), 18% of them did
not have classic CS symptoms. However, diarrhea and flushing were still the most frequent
symptoms present in subjects with CHD. Two patients refused treatment with somatostatin
analogues despite clinical indications.

All patients had tricuspid valve regurgitation, either moderate (36%) or severe {64%)
and characteristic in CHD valve leaflets anomalies seen in TTE (Table 3). A total of 54% of
patients had pulmonary valve regurgitation, either mild (32%), moderate (7%), or severe
(14%). Typical and prevalent symptoms of right-sided HF, such as shortness of breath,
fatigue, and peripheral oedema, were present in patients with progressive CHD. 21%
of subjects had tricuspid valve replacements, one had a concomitant pulmonary valve
replacement, and one had a mitral valve replacement. The decision of whether to replace
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the valve was based on a multidisciplinary evaluation of general operability in regard
to oncological status and cardiac function. Symptoms of heart failure improved in 66%
patients that underwent cardiac surgery.

Table 3. Patients with CHD-echocardiographic parameters.

Carcinoid Heart Neurcendocrine Neuroendocrine
Disease, Tumor (NET) G1, Tumor (NET) G2,
# = 28 (100%) n =12 (43%) 1 =16 (57%)
Left ventricle (LV) internal
dimension (diastolic 4.2 4.7 4.2
dimension)-median, mm
1 el 1 J
.Right v Ll’lt[lC.lC (RV) 39 30 42
diameter-median, mm
Right ventricular systolic pressure -
(RVSP)-median, mmHg 40 56 35
Left ventricular ejection fraction -
(LVEF)-median, % 62 60 65
Agrtic diameter—median, (mm) 3.4 3.1 3.5
Mitral valve regurgitation (%) 19 (68) 7 (58) 12 (75)
Mild (%) 16 (57} 5 (42) 11 (69)
Moderate (%) 2(7) 1(8) 1(8)
Severe (%) 14 1(8) -
Tricuspid valve regurgitation (%) 28 (100} 12 (100) 16 (100)
Mild (%) - - -
Moderate (%) 10 (36) 5(42) 3(31)
Severe (%) 18 (64) 7 (58) 11 (69)
Aortic valve regurgitation (V) 9(32) 3(25) 6 (38)
Mild (%) 9(32) 3(23) 6(38)
Moderate (%) - - -
Severe (%) - - -
Pulmonary valve regurgitation (%) 15(54) 7 (58) 8 (30)
Mild (%) 9(32) 6(50) 3(19)
Moderate (%) 2(7) - 2(13)
Severe (%) 1(1 1(8) 3(19)

The median maximum concentration of u5-HIAA for patients with CHD (1 = 26) was
31.5 times the upper limit of normal (ULN), and the median maximum concentration of
NT-proBNP (1 = 23) was 622.7 pg/mL (normal range: <125 pg/mL).

The median OS for all individuals with CHD (n = 28) was 53.8 months (CI —/+95%
47.7-91.2), and significantly different depending on resection of the primary tumor: 80.6 months
(CT — /+95% 60.98-143.06) vs. 41.6 months (CT —/+95% 33.17-67.48) in those without resection
(Table 4).

The median levels of maximum u5-HIAA for patients with CHD that underwent
primary tumor resection were 8.05 ULN and 41.67 ULN in subjects without primary
tumor resection.

Univariate analysis revealed that no PTR was significantly associated with poorer OS
in all subjects with SI-NET G1/G2 (n = 275), in patients without CS and CHD (n = 167),
in patients with CS (# = 108), and in patients with CHD (n = 28), with a Hazard Ratio
(HR) presented in Figures 2 and 3. On the contrary, other potential prognostic factors such
as histopathological grade (G), gender, age, primary tumor size, Ki-67, cardiac surgery,
stable disease due to somatostatin analogues use, peptide-receptor radionuclide therapy,
coexistence of tricuspid regurgitation with pulmonary regurgitation and presence of bone
metastasis were not significantly related to the OS in patients with CHD (Figure 3).
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Table 4. Median OS in patients with CHD.

Overall N
Variable Subjects Survival gslf:tS;Z??g;;CE p Value
(Months)
Histopathological grade:
- Neuroendocrine tumaer G1 12 75.62 56.25-112.26 0.19
- Neuroendocrine tumor G2 16 51.51 36.07-92.94
Sex:
- Female 17 74.76 48.84-116.68 04
- Male 11 49.26 39.16-81.23
Age:
- <60 16 5371 36.63-96.67 0.28
- =60 12 71.33 35.38-107.07
Ki-67:
- 1-5%, 19 70.96 53.39-116.44 0.17
- =5% 9 49.94 31.85-76.75
Tumor size:
- <3 cm 17 51.70 45.64-111.39 0.62
- s3em 7 82.99 72.43-99.52
Primary tumor resection:
- No 13 41.63 33.17-67.48 0.02
C O Yes 15 80.59 60.98-143.06
Somatostatin analogues use (exclusively),
stable disease (S1): 5 _ _ 0.81
- No 26 56.89 47.83-93.54
- Yes
Peptide-receptor radionuclide therapy:
- No 14 79.16 48.37-98.05 (.46
- Yes 14 52.77 40.02-106.53
Cardiac surgery:
- No 22 73.01 49.20-102.62 0.14
© Yes 6 40.22 35.52-66.0
Coexistence of tricuspid regurgitation
with pulmonary regurgitation (moderate
or severe): 22 58.79 50.81-106.29 0.6
- No 6 52.77 29.48-95.32
- Yes
Maximum 5-hydroxyindoleacetic acid |
level in urine *; 13 57.72 49.78-141.20 018
- <Median 13 51.55 37.73-73.31
- >Median
Maximum N-terminal pro-B-type .
natriuretic peptide ([\]T—prBNP) level *: 1 50.63 40.24-85.08 0.35
- <Median 12 74.67 49.01-13227
- >Median
Presence of flushing;:
- No 11 53.07 42.48-109.91 0.93
- Yes 17 70.91 43.30-103.70
Bone metastases:
- No 20 64.62 49.13-81.07 (L62
o Yes 8 44.91 38.69-183.87

* Median-31.50 times the upper limit of normal; ** median-622.7 pg /mL; normal range: <125 pg/mL.
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HR (95% CI) p value
All patients with SI-NET (n=275) — 2.790 (1.915-4.066) 0.00
Patients without CS and CHD (n=167) —_—— 2.547 (1.266-5.123) 0.01
Patients with CS (n=108) —m 1.911 (1.193-3.062) 0.01
Patients with CS and without CHD (n=80) —— 1654 (0.936-2.922) 0.08
Patients with CHD (n=28) —_—— 2711 (1.130-6.503) 0.03
Patients with CHD and without cardiac surgery (n=22) - 3.251 (1.222-8.645) 0.02
| ] Ll ! |
0.1 1 10

Figure 2. Univariate analysis of primary tumor resection (no vs. yes) with hazard ratios (HR) in all
patients with SI-NET. Abbreviations: CHD, carcinoid heart disease; C5, carcinoid syndrome; SI-NET,
neurpendocrine tumor of the small intestine.

HR (95% CI) Pvalue
Histopathological grade (NET G2* vs. NET G1) e e 1.784 (0.742—4.293) 0.2
Sex (male* vs. female) —_— 1.441 (0.611-3.397) 04
Ki-67 (25%" vs. <5%) _— 1.840 (0.759-4.460) 0.18
Tumor size (>3 cm™ vs. =3 cm) —— 0.769 (0.269-2.197) 0.62
Age (560" vs. >60) — 1.600 (0.677-3.782) 0.28
Primary tumor resection (no* vs. yes) s 2,711 (1.130-6.503) 0.03
Somatostatin analogues use (exclusively) (no* vs. yes) & 1.201 (0.274-5.273) 0.81
PRRT (no™ vs. yes) e 0.730 (0.313-1.703) 047
Cardiac surgery (no* vs. yes) [ ] 0.419 (0.126-1.389) 0.15
Coexistence of TR with PR (no” vs. yes) —_— 0.775 (0.302-1.990) 06
Maximum CgA level™ (>median” vs. <median) N 0.122 (0.493-0.201) 1.21
Maximum uS-HIAA level™* (>median™ vs. <median) —_— 1.813 (0.757—4.340) 0.18
Maximum NT-proBNP level*** (>median* vs. <median) —§——— 0633 (0.242-1.654) 035
Presence of flushing (no” vs. yes) —_— 0.710 (0.300-1.682) 0.93
Bone metastases (no* vs. yes) - 1.290 (0.471-3.538) 0.62
| [ | ! L1yl
01 1 10
HR

Figure 3. Univariate analysis with hazard ratios (HR) in patients with carcinoid heart disease.
* Reference; ** Median maximum chromogranin A (CgA) level-17.1 ULN; ** Median maximum
5-hydroxyindoleacetic acid level in urine (u5-HIAA)-31.5 ULN; **** Median maximum N-terminal
pro-B-type natriuretic peptide (NT-proBNP) level-622.7 pg/mL. Abbreviations: CgA, chromo-
granin A; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PR, pulmonary valve regurgi-
tation; PRRT, peptide-receptor radionuclide therapy; TR, tricuspid valve regurgitation; u5s-HIAA,
5-hydroxyindoleacetic acid in urine.

The most common cause of death throughout the follow-up period was progressive
heart failure (# = 7) as well as tumor burden (»# = 11) and gradual dystunction of major
organs (primarily the kidney and liver) (i = 5). Early mortality (within 30 days of admis-
sion) following cardiac surgery was noted in two patients: one patient died from cardiac
failure during open heart surgery, and one died from heart failure progression during the
perioperative period.
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The median OS for all analyzed patients with SI-NET G1 /G2 without CS and CHD
(n = 167) was 169 months, and differed significantly depending on resection of the primary
tumor: 170.2 months vs. 70.2 months in those without resection. The median OS for all
patients with CS (n = 108) also differed significantly depending on resection of the primary
tumor: 79.2 months vs. 53.9 months in those without resection. On the contrary, the
median OS for all patients with CS and without CHD (n = 80) was 73 months, and did not
differ significantly (p > 0.05) depending on resection of the primary tumor: 75.7 months vs.
70.2 months in those without resection.

4, Discussion

CHD is a serious complication of C5 in individuals with SI-NETs [16] and is linked
to increased morbidity and mortality, as well as associated with a general worsening of
prognosis, when compared to patients who do not have CHD [25-27]. For this reason,
clinical practice recommendations that are consistent and practical for CHD screcning,
diagnosis, and therapy are needed [28]. In this context, focusing on prognostic factors that
influence overall survival (OS) in CHD appear to be beneficial.

Approximately 29% of all patients included in our retrospective analysis have carcinoid
syndrome (without diagnosed carcinoid heart disease). CS progressed to CHD in approxi-
mately 26% of patients, and was diagnosed in around 10% of all subjects with SI-NETs.

The survival benefit of PTR in metastatic disease (resectable and unresectable) in all
individuals with SI-NETs either with or without carcinoid heart disease has been well-
documented [23] and can be linked to diminished synthesis of vasoactive substances [21]
and a decrease of potential lethal consequences including intestinal obstruction due to
tumor development and subsequent blockage [23].

It is widely recognized that subjects with SI-NETs and CS have a worse prognosis
because of the risk of CHD development. To the best of our knowledge, our study is the
first which may indicate that primary tumor resection is one of several factors improving
OS in the selected group of patients with CHD. Univariate analysis indicated that no
resection of primary tumor was significantly related to worse OS in patients with CHD,
with a Hazard Ratio (HR) 2.71 (95% CI 1.13-6.50) and as well as in all subjects with G1/G2
SI-NETs (n = 275), in subjects without carcinoid syndrome and carcinoid heart disease
(n = 167), and in individuals with carcinoid syndrome {1 = 108). This research has practical
significance in the context of an increasing trend to replace surgery with non-surgical
therapies. On the contrary, other potential prognostic factors such as histopathological
grade, gender, age, primary tumor size, Ki-67, cardiac surgery, stable disease due to peptide-
receptor radionuclide therapy (PRRT), SSA use, coexistence of tricuspid regurgitation with
pulmonary regurgitation and presence of bone metastasis were not significantly associated
to OS. These results can be partially explained by the low number of individuals involved
in our analysis, which increases the risk of type two errors. Consequently, based on our
research, we cannot draw any firm conclusions on potential prognostic factors.

Uema et al. studied 139 subjects with carcineid symptoms, advanced illness, and/or
high urinary 5-hydroxyindoleacetic acid and discovered that removal of the primary tumor
decreased mortality [28].

Significant results were recently published by Polcz et al. in a retrospective cohort
analysis of 4076 subjects with metastatic neuroendocrine tumors of the small intestine,
with 2025 (61.8%) undergoing PTR. Subjects who had PTR more often were younger, had
been identified earlier, and had lower-grade SI-NET. The median OS was greater in PTR
individuals compared to non-PTR subjects (71 vs. 29 months), p < 0.001 [29]. The results
in our group of patients with CHD are therefore supported by this data. According to
findings by Polcz et al,, individuals treated at an academic or research institution were also
less likely to have PTR, and PTR has decreased in prevalence with time. One explanation
may be the growing usage of SSA in first-line therapy for advanced (metastatic) illness,
which provide effective symptom relief and prevention of tumor progression. Though the
outcomes suggest that these variables were also linked to the amended survival, it needs

64



J. Clin. Med. 2023, 12, 790

10 of 13

to be stated that these results relate to the whole group of subjects with neuroendocrine
tumors of the small intestine—both with and without carcinoid heart disease—and despite
confirmed benefits of progression-free survival, no overall survival benefit with SSA has
been proved thus far [29,30]. Also implied is the tendency to choose other treatments
instead of surgery, especially in elderly patients with many co-morbidities [29].

In our analysis, the mean time between the initial diagnosis of SI-NET and the di-
agnosis of CHD was 64.8 months in patients that underwent primary tumor resection,
and 28.4 months in subjects without primary tumor resection. These results may show
that primary tumor resection alone appears to provide an independent survival benefit in
subjects with metastatic G1/G2 SI-NETs and CHD, and that it may be considered when
feasible, to alleviate current symptoms and avoid future complications. However, due to
the low number of patients and retrospective design of the study, no solid guidelines on
resection of primary tumor in patients with CHD could be drawn from our analysis.

As was mentioned above in our CHD group, overall survival (OS) was significantly
different depending on resection of the primary tumor: 80.6 months vs. 41.6 months in
those without resection. These findings also demonstrate that, in the era of modern treatment
approaches, overall survival increased, even in the group with initially worse prognoses. A
median OS of 3.4 years has been revealed in subjects with carcinoid heart disease with a
comparatively wide range in several publications (11 months without any treatment—=6.5 years).
It is also worth noting that prognosis is based on CHD severity [25,31]. When we consider
that the scenario of valvular CHD without therapy is poor, with a median survival of only
11 months, we can sce that the median OS has nearly quadrupled [19].

However, in our study on account of its retrospective design and immortal time bias
due to different treatments over time, OS may not be the best outcome since it is mostly
influenced by the burden of the tumor, particularly metastases, than other patient-centered
outcomes, for example, symptoms or the necessity for additional surgical, radiologic, or
endoscopic procedures.

A few analyses have consistently found a relationship between urinary
b-hydroxyindoleacetic acid levels, carcinoid heart disease diagnosis, and a negative in-
fluence on individual prognosis, indicating that urinary 5-hydroxyindoleacetic acid is a
carcinoid heart disease predictor [26]. In our retrospective study, high concentration of
u5-HIAA not significantly increased the risk of death. However, serotonin appears to be a
fundamental factor in CHD development, as it promotes tissue fibrosis [32,33]. Further-
more, contrary to previous studies which support the use of measurements of u5-HIAA
as a screening tool for CHD, our analysis showed that elevated u5-HIAA levels did not
significantly correlate with survival in subjects with CHD, likely due to the low number of
individuals included in the analysis [28,32,34,35].

Unfortunately, in contrast to reports indicating that valve surgery may increase sur-
vival in subjects with symptomatic severe right heart valve disease [36], our study showed
no statistically significant difference in OS stratified by cardiac surgery in patients that
undergo surgery or not. This can be as a result of low numbers of patients (21%) in our
analyzed group that underwent cardiac surgery, despite around 64% presenting with severe
TV dysfunction as identified by transthoracic echocardiography. Comparable research
performed by Edwards et al. revealed that valve surgery did not enhance overall life
expectancy from the time of the initial NET diagnosis [37].

There are several limitations of this study; the study was limited by its retrospective
design. Although data on 275 patients was collected, this is likely not representative of
the worldwide SI-NETs population, because of the lack of diversity in the patient cohort
(White Caucasian}. The low number of patients with CHD (n = 28) could confound the
achieved results. We found that the paucity of detailed treatment factors in some patients,
such as quality of surgery and systemic treatment, could confound the outcomes. Thereis a
potential immortal time bias due to different treatments over time. The lack of knowledge
of exact time of metastatic spread after primary tumor resection might have introduced bias.
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5. Conclusions

Our retrospective study observed that no PTR was significantly associated with worse
OS in patients with CHD. Unfortunately, no solid guidelines on PTR in patients with
carcinoid heart disease could be drawn from our analysis. Our results may suggest that
all subjects with SI-NETs, especially patients without PTR, require regular cyclic analysis
of clinical status and TTE performance, but further studies, especially prospective clinical
trials are needed to verify and confirm those initial achieved outcomes. However, due to
the rarity of SI-NENS, it may be difficult to accomplish in the near future.
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Konsek-Komorowska SJ, Peczkowska M, Kolasinska-Cwikla AD, Cichocki A, Konka M,
Roszkowska-Purska K, Cwikla JB. Analysis of Patients with NET G1/G2 Neuroendocrine
Tumors of the Small Intestine in the Course of Carcinoid Heart Disease-A Retrospective
Study. J Clin Med. 2023 Jan 19;12(3):790 wchodzacej w sklad rozprawy doktorskiej Soni

Konsek-Komorowskiej polegal na wspétudziale w przygotowaniu materiatu do badan — 2%.
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Warszawa, 24.04.2024
Dr n. med. Marek Konka
Klinika Wad Wrodzonych Serca
Narodowy Instytut Kardiologii Stefana kardynata Wyszynskiego
Panstwowy Instytut Badawczy

ul. Alpejska 42, 04-628 Warszawa
Oswiadczenie
Os$wiadczam, ze moj udziat w publikacji:

Konsek-Komorowska SJ, Peczkowska M, Kolasinska-Cwikla AD, Cichocki A, Konka M,
Roszkowska-Purska K, Cwikla JB. Analysis of Patients with NET (1/G2 Neuroendocrine
Tumors of the Small Intestine in the Course of Carcinoid Heart Disease-A Retrospective Study.
J Clin Med. 2023 Jan 19;12(3):790 wchodzacej w sktad rozprawy doktorskiej Soni Konsek-

Komorowskiej polegat na wspétudziale w przygotowaniu materiatu do badan — 2%.
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Warszawa, 24.04.2024
Dr n. med. Katarzyna Roszkowska-Purska
Zaklad Patomorfologii Nowotworow
Narodowy Instytut Onkologii im. Marii Sklodowskiej-Curie
Panstwowy Instytut Badawczy

ul. Roentgena 5, 02-781 Warszawa
Oswiadczenie
Os$wiadezam, ze mdj udzial w publikacji:

Konsek-Komorowska SJ, Peczkowska M, Kolasinska-Cwikla AD, Cichocki A, Konka M,
Roszkowska-Purska K, Cwikla JB. Analysis of Patients with NET G1/G2 Neuroendocrine
Tumors of the Small Intestine in the Course of Carcinoid Heart Disease-A Retrospective
Study. J Clin Med. 2023 Jan 19:12(3):790 wchodzacej w sklad rozprawy doktorskiej Soni

Konsek-Komorowskiej polegal na wspdtudziale w przygotowaniu materiatu do badan — 2%.
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Olsztyn, 24.04.2024
Prof. dr hab. n. med. Jarostaw B. Cwikla
Katedra Kardiologii i Chorob Wewnetrznych
Wydzial Lekarski — Collegium Medicum
Uniwersytet Warminisko-Mazurski w Olsztynie

Aleja Warszawska 30, 10-082 Olsztyn
Oswiadczenie
Oswiadczam, ze moj udziat w publikacji:

Konsck-Komorowska SI, Peczkowska M, Kolasinska-Cwikla AD, Cichocki A, Konka M,
Roszkowska-Purska K, Cwikia JB. Analysis of Patients with NET G1/G2 Neuroendocrine
Tumors of the Small Intestine in the Course of Carcinoid ITeart Disease-A Retrospective Study.
J Clin Med. 2023 Jan 19;12(3):790 wehodzacej w sklad rozprawy doktorskiej Soni Konsek-
Komorowskiej polegal na wspétudziale w opracowaniu koncepcji badan, przygotowaniu
materiatu do badan, przeprowadzeniu analiz oraz wprowadzeniu poprawek merytorycznych —

5%.

orof. dr hab. n. med Jarostaw B. Cwik
2 NPWZ:8057033
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