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1. ABREVIATURES | ACRONIMS

AF: Antecedents Familiars

CAR: Clinica d’alt risc de cancer digestiu

CCR: Cancer colorectal

CG: Cancer gastric

CGDH: Cancer gastric difus hereditari

CGFI: Cancer gastric familiar intestinal

CP: Cancer de pancrees

CPF: Cancer pancreatic familiar

EDA: Endoscopia digestiva alta, gastroscopia
FAMMM: Familial Atypical Multiple Mole Melanoma
FPG: Familiar de primer grau

FSG: Familiar de segon grau

GA: Gastritis atrofica

GAPPS: Adenocarcinoma gastric i poliposi proximal de I'estdmac
HR: Hazard Ratio

Hp: Helicobacter pylori

IC: Interval de confianca

IHQ: Immunohistoquimica

MI: Metaplasia intestinal

OR: Odds Ratio

RM: Ressonancia magnetica

RR: Risc relatiu

TC: Tomografia computada

TPMI: Tumor papil-lar mucinds intraductal

USE: Ultrasonografia endoscopica, eco-endoscopia

VPG: Variant patogenica germinal
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3. RESUM DE LA TESI

Titol: Estratégies de prevencid en poblacions d’alt risc de cancer gastric i cancer de

pancrees.

Introduccié: El cancer gastric (CG) i el cancer de pancrees (CP) representen
respectivament la quarta i setena causa de mortalitat per cancer a nivell mundial. El
cribratge poblacional d’aquestes dues neoplasies no esta indicat al nostre medi per
considerar-se en ambdds casos estrategies molt poc cost-efectives, pero la vigilancia
estreta en poblacions d’alt risc podria tenir un impacte positiu en certs grups. Sabem
que els individus portadors d’una variant patogénica germinal (VPG) a CDKNZ2A
presenten un risc incrementat de CP al llarg de la vida, mentre que els individus que
compleixen els criteris del cancer gastric familiar intestinal (CGFl), un augment notable
del risc de CG. No obstant aix0, I'evidencia cientifica que recolzi I'Us de técniques de

vigilancia en aquestes dues entitats és escassa.

Hipotesi: La implementacid de programes de vigilancia mitjangcant ressonancia
magneética (RM) i/o ultrasonografia endoscopica (USE) amb periodicitat anual pot ser
util per canviar la historia natural del CP en individus portadors d’una VPG a CDKN2A.
De manera similar, en individus que compleixin els criteris del CGFI, I'endoscopia

digestiva alta (EDA) pot ser util per detectar lesions precursores i CG en estadis inicials.

Objectius: Avaluar I'efectivitat de les tecniques de vigilancia de les que disposem a dia
d’avui en dues condicions concretes d’alt risc de cancer. En primer lloc, avaluar la utilitat
de la RMi/o la USE en la prevencio del CP en individus portadors d’una VPG a CDKN2A.
D’altra banda, estudiar la utilitat de 'EDA per prevenir el CG en els individus amb criteris
de CGFl. Paral-lelament, analitzar factors de risc que puguin ser clau per al

desenvolupament d’aquestes dues neoplasies.

Meétodes: El primer estudi esta format per una cohort de 78 individus sans portadors
d’una VPG a CDKN2A, sotmesos a vigilancia de CP amb RM i/o USE anual, i inclosos de

forma prospectiva a I’'Hospital Clinic de Barcelona entre 2013 i 2021.
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El segon estudiinclou una cohort retrospectiva de 41 individus sans amb criteris de CGFI
sotmesos a almenys una EDA entre 1991 i 2020. Aquest segon treball és multicentric,

amb participacié de 9 centres espanyols.

Principals resultats: En el primer estudi vam trobar 17 lesions pancreatiques durant la
vigilancia amb USE o RM, tot i que la majoria de naturalesa quistica o tumors
neuroendocrins de baix grau, i probablement sense relacié amb la variant de CDKN2A.
Durant el seguiment també es va identificar un CP en estadi T2NOMO, que va poder optar
a tractament quirdrgic. No es van identificar factors de risc de progressié al CP,

probablement degut a la baixa incidencia observada de lesions malignes o premalignes.

En el segon estudi vam observar que gairebé el 50% (20/41) dels individus amb criteris
de CGFI presentaven lesions precursores o CG en etapes inicials durant la vigilancia
endoscopica. Concretament, es van identificar dos CG en estadi TINOMO. En ambdds
casos s’havien documentat lesions precursores en les EDAs prévies, i es van poder
operar amb bon resultat i sense signes de recidiva anys després de la cirurgia.
Paral-lelament, vam identificar que la infeccié per Helicobacter pylori (Hp) s’associava
de forma estadisticament significativa (OR de 6.4 (1.36 —30.6)) amb el desenvolupament

d’aquestes lesions en els individus amb criteris de CGFI.

Conclusions: La vigilancia anual amb USE o RM pot ser util per detectar CP amb criteris
de ressecabilitat en individus portadors d’una VPG a CDKNZ2A, tot i que s’han de
desenvolupar tecniques més efectives per a la prevencié d’aquesta neoplasia en aquest

grup de risc.

D’altra banda, la vigilancia amb EDA és util per detectar lesions precursores i CG precog
en individus que compleixen els criteris del CGFl, encara que els intervals i el temps de
seguiment estan per definir. La infeccid per Hp s’associa al desenvolupament d’aquestes

lesions gastriques en aquesta poblacio.
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4. INTRODUCCIO

Les estrategies de prevencid en les neoplasies gastrointestinals tradicionalment a
occident s’han centrat en la deteccid precog del cancer colorectal (CCR). La vigilancia
endoscopica en la sindrome de Lynch, que és la causa més freqiient de CCR hereditari,
o el cribratge poblacional amb el test de sang oculta en femta, n’exemplifiquen a la
perfeccié els potencials beneficis(1, 2). La colonoscopia permet en ambdds casos
identificar lesions precursores (adenomes) i alterar la historia natural d’aquesta

malaltia(3).

Respecte altres tumors del tracte digestiu, com el cancer gastric (CG) i el cancer de
pancrees (CP), I'evidéncia que recolza I'Gs d’aquestes estratégies és clarament menor.
En la nostra regio, el cribratge poblacional no esta indicat en cap d’aquestes dues
neoplasies, perod si que hi ha certs grups de risc (individus amb alteracions germinals
conegudes o amb important agregacié familiar) que podrien veure’s beneficiats de
certes estrategies de vigilancia. En aquesta introduccié parlarem de les generalitats,
condicions d’alt risc i recomanacions de prevencié en el CG i CP. En I'Gltim apartat,
sintetitzarem un estudi publicat pel mateix grup de treball que ajudara a contextualitzar

els dos articles que formen aquesta tesi doctoral.

En general, parlarem de “cancer hereditari” quan s’identifica una variant patogenica
germinal (VPG) causant de la malaltia, i de “cancer familiar” quan hi ha agregacié
important d’'una neoplasia en una familia sense identificar cap alteracié germinal. El
terme “cribratge” sol referir-se a les estrategies utilitzades per la poblacié general,

mentre que “vigilancia” aplica a poblacions d’alt risc més ben establertes.
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4.1 Cancer de pancrees

4.1.1 Generalitats

El CP és actualment la setena causa global de mort per cancer(4). Presenta una
incidéncia creixent i es preveu que es converteixi en la segona causa de mort per cancer
a nivell mundial el 2030(5). Es una malaltia de progressié rapida, normalment incurable
en el moment del diagnostic, amb una supervivéncia mitjana del 7% als cinc anys(6), i la

seva incidéncia varia segons I'area geografica (Figura 1).
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Figura 1. Ratios d’incidencia de CP estandarditzats per sexe i regid. Font: Global cancer

statistics 2020 (GLOBOCAN)(4)
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El seu desenvolupament ha estat tradicionalment relacionat amb factors ambientals,
com el tabaquisme, la obesitat o el consum d'alcohol, i amb factors genetics(7, 8).
Mentre que la gran majoria dels CP sén esporadics, aproximadament un 10% dels casos
presenten una base familiar o hereditaria(9). Existeixen diverses VPGs que estan
relacionades amb un risc incrementat de presentar aquest tumor i que conformen
diverses sindromes hereditaries, representant al voltant del 3% de tots els CP. D'altra
banda, aproximadament en un 7% dels casos hi ha una important agregacio familiar
d’aquesta neoplasia sense que s’identifiqui una mutacié germinal causant, situacid

coneguda com a cancer de pancrees familiar (CPF)(9).

4.1.2 Condicions hereditaries o familiars d’alt risc de cancer de pancrees

Existeixen tres situacions cliniques que incrementen de forma significativa el risc de

CP(9) (Taula 1):

- Sindromes que augmenten fonamentalment el risc de CP. Aquest escenari inclou
dues entitats: la pancreatitis hereditaria i la fibrosi quistica. En ambdues es

coneix una VPG associada a la sindrome.

- Sindromes hereditaries que augmenten el risc de CP i altres neoplasies, com
I’ataxia telangiectasia, la sindrome de Lynch o el melanoma multiple familiar
(Familial Atypical Multiple Mole Melanoma Syndrome, FAMMM). Aquest ultim
sera d’especial interes en aquesta tesi doctoral, doncs el primer article que
presentem avalua l'efectivitat de la vigilancia del CP en aquesta condicié

(FAMMM), que definirem en 'apartat 4.1.3.

- CPF: es defineix com a agregacid de CP sense identificar-se una mutacio germinal
causal. El diagnostic requereix la presencia de dos o més familiars de primer grau

(FPG) amb CP en una familia.
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PRSS1,
Pancreatitis
SPINK1 18-53%
hereditaria(10) Pancreatitis cronica Si
Fibrosi quistica(11) Infeccions respiratories CFTR <5% ?
PAF(12) Poliposi colorectal APC 1.7% No
BRCAL,
Cancer de mama i ovari BRCA2, Només si AF de
SCMOH(13, 14) 1-4%
PALB2 CpP
Si/només si AF
Nevus multiples, 17%
FAMMM(15) CDKN2A ?
melanoma
Sarcoma, carcinoma
adrenocortical, mama,
Li-Fraumeni(16) TP53 <5% No
SNC
MLH1,
MSH2,
Sindrome de Cancer colorectal, Només si AF de
MSHG6 i 3.7%
Lynch(17) endometri CpP
PMS2
Ataxia Telangiectasia Ataxia cerebel-lar i <5% en Només si AF de
ATM
(18) telangiectasies heterozigosi CP
Hamartomes,
Peutz-Jeghers(19) hiperpigmentacié cutania STK11 36% Si
Agregacié familiar de
CPF(20) - Variable Si
cancer de pancrees

Taula 1. Principals entitats que augmenten el risc de cancer de pancrees i indicacions de
vigilancia. CP: cancer de pancrees, PAF: poliposi adenomatosa familiar, SCMOH: sindrome de
cancer de mama i ovari hereditari, AF: antecedents familiars, FAMMM: Familial Atypical Multiple
Mole Melanoma Syndrome, SNC: sistema nervids central, CPF: cancer pancreatic familiar. Taula

original.
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4.1.3 Sindrome de melanoma familiar (FAMMM). Portadors en heterozigosi d’una
variant patogenica germinal a CDKN2A

Sindrome relacionada amb una VPG al locus 16p al gen CDKN2A (9p21), un gen supressor
tumoral implicat en la inhibicid del cicle cel-lular. Té un fenotip variable, que sol debutar
en la infancia i presentar-se en forma de multiples nevus melanocitics i predisposicio al
melanoma i al CP. Els portadors en heterozigosi presenten un risc acumulat del voltant
del 80% de presentar melanoma al llarg de la vida, i del 17% de desenvolupar CP(15).
Presenta un patré d’herencia autosomic dominant amb penetrancia incompleta, i

sempre s’hauria d’oferir assessorament genetic als familiars dels individus afectes.

Els criteris diagnostics de la FAMMM sén la presencia de melanoma en dos o més
familiars de primer grau i presentar >50 nevus, alguns amb caracteristiques atipiques.
Resulta clau iniciar el cribratge del melanoma a edats precoces (< 10 anys) amb
exploracio fisica i dermatoscopia semestral per alterar la historia natural d’aquesta
malaltia(21). No obstant, la vigilancia del CP en aquesta entitat no esta tan ben definida

com la del melanoma, com es defineix en el seglient apartat.

4.1.4 Cribratge i estrategies de vigilancia del cancer de pancrees al nostre medi

En general, es recomana realitzar vigilancia de CP quan el risc acumulat al llarg de la vida
és superior al 5%(9). Donat que les estratégies no estan del tot ben establertes, els
pacients d’alt risc s’haurien de derivar a centres terciaris amb programes i protocols

especialitzats per decidir la conveniencia del cribratge i I'edat d’inici.

Al 2019 Canto i col(22) van publicar un dels primers estudis que demostrava que la
vigilancia del CP en poblacions ben seleccionades podia ser util en detectar de forma
precoc la malaltia, i inclus augmentar-ne la supervivéncia (Figura 2). Es van reclutar un
total de 354 individus amb un seguiment mitja de 16 anys. La majoria dels CP detectats
durant el seguiment d’aquesta cohort van ser ressecables, i el 85% va sobreviure

almenys 3 anys després de la cirurgia.
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IPMN-HGD/PanIN 3

100
90 -
__ 80
X
<_(, 70 - Others
2 60
o
=2 50 - PDAC Detected During
1))
3 Surveillance
s | -
é 40
Lg 30 PDAC Detected Outside
[®) Surveillance
20 -
10
0 - Logrank P 9e-04
| I I I 1 I | I 1
0 2 4 6 8 10 12 14 16
YEARS FROM DIAGNOSIS
No. at risk
PDAC (Outside Surveillance) 4 2 1 0 0 0 0 0 0
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IPMN-HGD/PanIN 3 10 10 9 7 6 3 2 1 0
Others 28 22 20 10 8 6 4 2 1

Figura 2. Corbes de Kaplan-Meier (supervivencia global) en individus d’alt risc
diagnosticats d’un CP dintre i fora del programa de vigilancia. El grup "Others" inclou
lesions neoplasiques diferents al CP (per exemple, tumors neuroendocrins o tumor
papil-lar mucinds intraductal). IPMN-HGD/PanIN 3: lesions precursores d’alt grau,
PDAC: cancer de pancrees.

Font: Canto Ml i col. Risk of Neoplastic Progression in Individuals at High Risk for

Pancreatic Cancer Undergoing Long-term Surveillance. Gastroenterology(22).

Respecte el tipus de prova, tant la ressonancia magnetica (RM) com la ultrasonografia
endoscopica (USE) sén técniques valides per la vigilancia del CP(23). Mentre que la
primera ofereix una millor caracteritzacié de les lesions quistiques, la segona és més
efectiva detectant lesions solides petites i permet obtenir mostres per a estudi

histologic(24) (Figura 3).
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Figura 3. Ultrasonografia endoscopica d’un pacient amb CP detectat durant el programa de
vigilancia, imatge del nostre centre. A I'esquerra s’objectiva la lesié de 24.1 x 14.1mm, iala

dreta la biopsia — puncié amb agulla fina de la lesid. Figura original.

En un estudi multicéntric liderat per Harinck i col(24), es van incloure de forma
prospectiva un total de 139 individus sans d’alt risc de CP als quals se’ls feia alhora una
primera USE i una primera RM de vigilancia. Es van identificar un total de 9 quists
pancreatics (mida mitjana de 17mm) i dues lesions solides (que van resultar ser un CP
precoc i una neoplasia intraepitelial pancreatica). De les dues proves utilitzades, la RM
no va detectar cap de les dues lesions solides, pero si les nou lesions quistiques, mentre
gue la USE va detectar les dues lesions solides i sis dels nou quists pancreatics. Per tant,
la USE i la RM sén dues proves complementaries que a dia d’avui poden utilitzar-se
indistintament per a la vigilancia d’aquests pacients, tot i que el fet que la USE sigui més
sensible per les lesions solides petites fa que a vegades ens inclinem més per aquesta
ultima. D’altra banda, la tomografia computada (TC) no és una técnica d’eleccid per la
irradiacid que comportaria. A banda de les proves d’'imatge, també es recomana la
determinacié de I’'Hemoglobina glicosilada de forma anual, ja que un debut d’una
Diabetis Mellitus en un pacient de risc sempre ens obliga a plantejar el diagnostic de CP.
Per ultim, els experts també plantegen la determinacié del CA-19.9 seric anual, tot i que
el rendiment en el cribratge és discutible i no ha estat estudiat en detall(23). En funcid
de la condicié familiar o hereditaria davant la qual ens trobem es decidira I'edat d’inici

de la vigilancia(23).

A continuacid es resumeixen les recomanacions de cribratge i vigilancia en funcié dels

individus i/o grups de risc:
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- Poblacié general: no esta recomanat el cribratge a nivell poblacional per la seva
relativa baixa incidéncia i per tractar-se d’una estratégia molt poc cost-
efectiva(23). A més a més, amb I'Us de les proves diagnostiques que disposem a
dia d’avui incorreriem en un elevat nombre de falsos positius i conseqiieéncies

negatives per a la gran majoria dels individus(25).

- Individus amb antecedents familiars (AF) de CP (sense criteris de CPF): pel
mateix motiu que en |'apartat anterior, tampoc es recomana la vigilancia en

pacients amb AF de CP(23), a no ser que compleixin els criteris del CPF (punt 5).

- Lesions quistiques: en funcié de les caracteristiques de la lesié es segueix una
estratégia o una altra. Els pseudoquists o els cistoadenomes serosos sén
considerades lesions benignes sense potencial de malignitzar. En canvi, les
lesions mucinoses (cistoadenoma mucinds o tumor papil-lar mucinés intraductal
(TPMI)) sén lesions premalignes que en algun moment poden ser candidates a
cirurgia. En funcié de la mida i les troballes radiologiques s’escull I'estrategia de
vigilancia i tractament(26). La técnica d’imatge d’eleccio és la RM, i quan no hi
ha indicacid quirdrgica es recomana seguiment semestral el primer any i
posteriorment anual(27). Les recomanacions actualitzades per I’ European Study
Group on Cystic Tumours of the Pancreas(27) respecte les indicacions de cirurgia

dels TPMI es resumeixen en la Taula 2.

Citologia positiva per malignitat o displasia d’alt Creixement >5mm/any
grau
Massa solida Augment dels nivells de CA19.9 (37U/mL)
Ictericia relacionada amb la lesid Dilatacid del conducte principal entre 5—-9.9
mm
Nodul mural hipercaptant >5mm Quist > 40mm
Dilatacid del conducte principal >10mm Diabetis mellitus de nou diagnostic
Pancreatitis aguda relacionada amb la lesié
Nodul mural hipercaptant <5mm

Taula 2. Indicacions de cirurgia en els TPMI(27). Taula original.
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Vigilancia en les formes d’alt risc (hereditaries i familiars) de CP:

- CP hereditari: en la Taula 1 es resumeixen totes les sindromes i VPGs que
augmenten el risc de CP (9). Hi ha variants d’alt risc, com STK11 (Peutz-Jeghers)
0 PRSS1 (pancreatitis hereditaria), on pel sol fet de presentar I'alteracié genética
ja es recomana la vigilancia(23). Hi ha variants de risc intermig, com BRCAI,
BRCA2, PALB2, ATM o MLH1/MSH2(23), on es recomana només si l'individu
afecte presenta almenys un FPG amb CP. Per ultim, coneixem la variant de
CDKN2A, que inicialment es considerava de risc intermig, pel que es recomanava
la vigilancia Unicament en cas d’historia familiar de CP(28). Tanmateix, estudis
més recents semblen indicar que el risc de CP quan existeix una alteracio
patogénica a CDKN2A és superior al que es pensava previament. Vasen i col.(29)
van publicar al 2016 un estudi prospectiu on s’incloien 178 individus portadors
en heterozigosi d’'una d’aquestes variants, amb un seguiment mitja de 53 mesos,
i van detectar 13 (7.3%) CP, la majoria ressecables. Més recentment (2022),
Klatte i col.(30), van publicar un estudi prospectiu amb periode d’inclusié de 20
anys on van incloure 347 individus portadors en heterozigosi d’una variant a
CDKNZ2A. Els resultats d’aquest ultim grup mostra una alta incidéncia (n=36) de
CP amb un seguiment mitja de 5.6 anys, la majoria (n=31) ressecables en el
moment del diagnostic. Aquests dos estudis s’han dut a terme a paisos on la
incidencia de CP és superior a Espanya, i cal avaluar i validar el rendiment
d’aquesta vigilancia en altres poblacions. L’International Cancer of the Pancreas
Screening (CAPS) Consortium en la seva ultima actualitzacié ha modificat les
recomanacions respecte aquest grup de pacients(23). A dia d’avui es recomana
vigilancia pel sol fet de ser portador d’una VPG a CDKN2A, independentment de

la historia familiar de CP, tot i que amb una evidéencia baixa.

El primer article d’aquesta tesi doctoral busca avaluar el rendiment de la

vigilancia amb RM o USE anual en individus portadors d’aquesta variant

germinal, independentment dels AF.
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CPF: en aquesta entitat, on el diagnostic requereix la presencia de dos o més FPG
amb CP en una familia, també es recomana realitzar vigilancia amb RM o USE
anual(31), ja que el risc de desenvolupar CP si un individu presenta dos FPG
afectes és del voltant del 8%(32). No obstant aix0, Overbeek i col(33) van publicar
a Gut al 2021 un estudi on avaluaven el risc de CP en diverses condicions d’alt
risc, i el grup de pacients amb CPF tenia un risc substancialment inferior que els
portadors de qualsevol de les VPGs conegudes associades a aquesta neoplasia

(Figura 4).
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Figura 4. Incidéncia acumulada de CP en individus d’alt risc. Com es pot observar, el

portadors de variants germinals (“Mutation carriers”) presenten una major incidencia
de CP que el grup del CGF (“FPC”).
Font: Overbeek KA i col. Long-term yield of pancreatic cancer surveillance in high-risk

individuals. Gut(33).
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L'edat d’inici de la vigilancia depén de la condicié genética o familiar de cada individu.
En general, en el CPF es recomana iniciar-la als 50 anys o 10 anys abans que el familiar
afecte més jove. En la FAMMM, el Peutz-Jeghers o la pancreatitis hereditaria es
recomana comencar als 40 anys (o 10 anys abans que el familiar afecte més jove). Per
ultim, en la resta de sindromes mencionades en la taula 1 dels que requereixen
vigilancia, es recomana iniciar-la als 45/50 anys, o 10 anys abans que el familiar afecte

més jove(23).
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4.2 Cancer gastric

4.2.1 Generalitats

El CG és la cinquena neoplasia més frequent i la quarta causa principal de mort per
cancer a nivell mundial(4). La seva incidéncia difereix en funcié del sexe, essent major
en homes que en dones, i en funcié de I'area geografica. Es reconeixen paisos d'alta
incidéncia, com a la majoria de paisos asiatics, Xile o Peru, paisos d'incidéncia intermedia
com Portugal, i paisos de baixa incidencia (menys de 10 casos per cada 100.0000
habitants), com és el cas d'Espanya. Tot i que la incidéncia de CG estandarditzada per
edat ha disminuit en les darreres decades a paisos com Corea o Japd, el nombre total de
casos nous esta augmentant, i aixo principalment és degut a I'envelliment poblacional(4,

34). A la Figura 5 es poden veure els index d’incidencia del CG ajustats per sexe a nivell

mundial.
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Central America
Western Europe 3.8
South Central Asia 3.7
South-Eastern Asia 4.0
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Northern Europe 8.1
Northern America 3.1
Northern Africa B.5
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Southern Africa 4.7 24
Middle Africa 4.6 3.8
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Figura 5. index d’incidéncia de CG estandarditzats per sexe i regié. Font: Global cancer

statistics 2020 (GLOBOCAN)(4)
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Segons el tipus d'histologia, el CG es divideix en intestinal o difus(35), i les
caracteristiques epidemiologiques i moleculars de cada subtipus son ben diferenciades.
En el primer, les cél-lules canceroses s’agrupen formant estructures glandulars, sol
associar-se a lesions precursores com la gastritis atrofica (GA) o la metaplasia intestinal
(M1), i la seva localitzacié més freqlient és a I'antre. D’altra banda, el CG difis comprén
una varietat histologica normalment poc diferenciada amb cel-lules en anell de segell,
de pitjor pronostic i sovint lligada a alteracions germinals hereditaries(36). El factor de
risc més ben establert pel seu desenvolupament, independentment de la variant
histologica, és la infeccid per Helicobacter pylori (Hp)(37-39), un bacil Gram negatiu
resistent al pH acid que indueix una inflamacid cronica a la mucosa gastrica. Tot i aixo,
hi ha arees geografiques amb alta prevalencga d'infeccid per Hp i una baixa incidéencia de
CG, com algunes regions del sud d'Asia, i aixd probablement reflecteix la multitud de
factors implicats en el seu desenvolupament (factors genétics de I'hoste, diferents
soques d’Hp, factors ambientals, etc.)(40). A nivell histologic, la carcinogénesi del CG de
tipus intestinal s’entén fonamentalment per la cascada de Correa(34) (Figures 6 7): la
infeccié per Hp produeix una inflamacié cronica que dona lloc a canvis en la mucosa
gastrica (GA, Ml i displasia) que finalment originen la neoplasia. Aquestes lesions poden
ser identificades a ulls d’experts amb tecniques endoscopiques d’alta resolucio,
permetent en certa manera prevenir i modificar la historia natural de la sequéncia
establerta (Figura 8). La carcinogenesi del CG difus és molt menys clara, i s’entendria per
la via de la metaplasia que expressa el polipeptid espasmolitic, tot i que I'evidencia al

respecte és més escassa(41).
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Figura 6. Cascada de Correa(34). Hp: Helicobacter pylori, CG: cancer gastric, SPEM: spasmolytic
polypeptide-expressing metaplasia. Figura original.

Normal mucosa —> chronic atrophic —> metaplasia —> Dysplasia —> gastric cancer
gastritis

Figura 7. Seqiiéncia histologica en la carcinogénesi gastrica intestinal. (a) Gastritis superficial,
(b) Gastritis atrofica, (c) Metaplasia intestinal, (d) Displasia de baix grau, (e) Displasia d’alt grau,
(f) Adenocarcinoma gastric.

Font: Zhang JF i col(42). Ectopic expression of guanylyl cyclase C and endogenous ligand
guanylin correlates significantly with Helicobacter pylori infection in gastric carcinogenesis.
Med Oncol.
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Figura 8. Traduccié endoscopica/histologica de les lesions precursores de CG. (a) Normal, (b)
Gastritis superficial, (c) Gastritis cronica atrofica, (d) Metaplasia intestinal.

Font: Park YH i col(43), Review of atrophic gastritis and intestinal metaplasia as a premalignant
lesion of gastric cancer. J Cancer Prev

La historia familiar de CG també és un factor de risc clau pel seu desenvolupament.
Encara que la majoria dels CGs son esporadics, s'estima que el 10% presenta algun tipus
agregacio6 familiar(44). Del nombre total de CGs, un 3% presentara alguna VPG associada
a aquesta neoplasia (CG hereditari), mentre que aproximadament el 7% restant
presentara AF d'aquesta neoplasia. Excloent el CG hereditari, el risc de CG en aquells
individus amb AF és entre dues i tres vegades més gran que en aquells sense
antecedents, i augmenta de manera proporcional amb el nombre de familiars
afectes(45). Tot i aix0, la base patogénica molecular per a aquest tipus d'agregacio
familiar encara no esta ben establerta. Tot i que la incidéncia de CG és variable en funcid
del pais, la importancia dels AF com a factor de risc independent és constant a totes les
arees geografiques. El factor de risc “AF” ha estat avaluat en multiples estudis de casos
i controls(46), com es pot objectivar a la Taula 3. Tots els estudis realitzats (vuit d'ells
europeus, entre els quals se n'inclou un d'espanyol) van reportar indexs d'Odds Ratio
(OR) > 1,5. En general, el risc de CG augmenta de manera proporcional al nombre de
familiars afectats i al grau de parentesc, per la qual cosa cal una avaluacié detallada dels
AF d'aquests individus. Tot i aix0, predir el risc de CG en funcid d'aquest factor continua

sent molt dificil en I’actualitat.
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Control Cas

Estudi Pais Historia familiar 0Odds Ratio (95%
No. (%) No. No. (%) No. IC)
Lissowska et al. (1999) Polonia Primer Grau 19 (4.0) 472 59 (13.5) 437 3.5(2.0-6.2)
La Vecchia et al. (1992) Italia Primer Grau 87 (4.9) 1776 79 (12.6) 628 2.6 (1.8-3.6)
Palli et al. (2000) Italia Primer Grau 74 (13.2) 561 40(31.7) 126 1.8 (1.6-2.0)
Foschi et al. (2008) Italia Primer Grau 31(5.7) 547 30 (13.0) 230 2.5(1.5-4.2)
Brenner et al. (2000) Alemanya Primer Grau 12 (5.0) 239 10 (14.7) 68 2.9 (1.3-6.5)
Garcia-Gonzalez et al. Espanya Un familiar de primer 17(7.) 286 51(17.6) 290 3.0 (1.8-5.0)
(2007) grau o dos de segon
Gajalakshmi et al. india Es desconeix 2(0.5) 388 12 (3.) 388 5.7 (1.3-26)
(1996)
Bakir et al. (2000) Turquia Germans 19 (1.5) 1,240 168 (13.5) 1,240 10.1 (6.1-16.8)
Bakir et al. (2003) Turquia Pares 25(2.0) 1,240 148 (11.9) 1,240 6.6 (4.2-10.4)
Safaee et al. (2011) Iran Primer Grau 18 (2.4) 746 53(7.1) 746 3.3 (1.7-6.4)
Dhillon et al. (2001) Estats Units  Primer Grau 35 (5.0) 695 70(11.1) 629 2.2 (1.5-33)
Nagase et al. (1996) Japé Primer Grau 10 (7.4) 136 21 (15.4) 136 2.3 (1.1-5.0)
Huang et al. (1999) Japé Primer Grau 3,608 (12.6) 28,619 207 (233) 887 1.6 (1.28-1.9)
Ikeguchi et al. (2001) Japé Primer/segon/tercer- Grau 254 (12.4) 2,052 216(23.3) 926 2.2 (1.8-2.6)
Minami et al. (2003) Japé Primer Grau 369 (15.1) 2,444 140 (22.8) 614 1.5(1.3-1.8)
Eto et al. (2006) Japé Primer Grau 1475(11.0) 13,467 543 (38.8) 1,400 4.4 (3.9-5.0)
Chen et al. (2004) Taiwan Primer Grau 54(9.3) 579 47 (26.7) 176 2.5 (1.3-4.8)
Hong et al. (2006) Corea Primer Grau 21(8.8) 238 94 (87.0) 108 9.9 (6.5-15)
Shin et al. (2010) Corea Primer Grau 33(9.0) 368 90 (21.0) 428 2.9 (1.8-4.5)
Gong et al. (2014) Corea Primer Grau 31(9.5) 327 61(18.7) 327 2.3 (1-3-4.0)

Taula 3. Risc de CG en individus amb antecedents familiars. Recopilacié de 20 estudis de

casos i controls. Font: Choi YJ i col. Gastric cancer and family history. Korean J Intern Med.(46)

4.2.2 Condicions hereditaries o familiars d’alt risc de cancer gastric

Existeixen tres situacions cliniques en les que podem trobar predisposicié

familiar/hereditaria al CG(47) (Taula 4):

- Entitats que augmenten fonamentalment el risc de CG i que solen associar-se a
una VPG. Aquest escenari inclou dues condicions: el cancer gastric difus
hereditari (CGDH) i I'adenocarcinoma gastric associat a poliposi proximal de
I’estémac (GAPPS), dues sindromes hereditaries que poden presentar un patré

d’heréncia autosomica dominant.
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Sindromes hereditaries amb major risc de CG i altres tumors, com la sindrome
de Lynch, sindrome de Li-Fraumeni, sindrome de poliposi juvenil, sindrome de

Peutz-Jeghers i la sindrome de cancer de mama i ovari hereditari.

Cancer gastric familiar intestinal (CGFI): es tracta d’'una malaltia poligénica on no
s’ha identificat una mutacié germinal causal. El segon article d’aquesta tesi
doctoral avalua el rendiment de les estrategies de vigilancia del CGFI, condicié

que definirem en I'apartat 4.2.3.
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Cancer gastric
difus, cancer
CGDH(48) CDH1 56-76% Si
lobulillar de mama
Poliposi gastrica a
GAPPS(49) APC Desconegut Si
cos i fundus
PAF(50) Poliposi colorectal APC 2-4% ?*
BRCA1,
Cancer de mama i
BRCA2,
SCMOH(47) ovari 2-5% ?*
PALB2
SMAD4,
Poliposi Polips juvenils al
BMPRI1A,
juvenil(51) tracte digestiu 21% Si
ENG
Sarcoma,
carcinoma
Li-
adrenocortical, TP53 3-4% No
Fraumeni(52)
mama, SNC
MLH1,
MSH?2,
Cancer colorectal,
Lynch(2) MSH6 i 11-19% ¥
endometri
PMS2
Hamartomes,
Peutz-
hiperpigmentacio
Jeghers(53) STK11 29% Si
cutania
Agregacié familiar
CGFI(54)
de CG intestinal - Desconegut ?*

Taula 4. Situacions que augmenten el risc de CG i indicacions de vigilancia. *Existeix una
important variabilitat respecte a les recomanacions de vigilancia endoscopica en funcio de les
diferents societats cientifiques, per falta d’evidencia al respecte. CG: cancer gastric, CGDH:
cancer gastric difus hereditari, GAPPS: adenocarcinoma gastric associat a poliposi proximal de
I’estémac, PAF: poliposi adenomatosa familiar, SCMOH: sindrome de cancer de mama i ovari

hereditari, SNC: sistema nervios central, CGFl: cancer gastric familiar intestinal. Taula original.
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4.2.3 Cancer gastric familiar intestinal

El CGFI inclou aquells casos amb agregacid familiar de CG de tipus intestinal sense
identificar una causa genetica o poliposi gastrica associada, amb criteris diagnostics
especifics que varien en funcié de I’area geografica (segons la incidéncia). En zones d'alta
incidencia, el diagnostic de CGFl requereix que es compleixin els tres criteris

seglents(47):

- Tres (o més de tres) familiars amb CG intestinal, amb almenys un d'ells FPG dels
altres dos,
- Aparicio de CG en almenys dues generacions, i

- Almenys un pacient amb CG abans dels 50 anys

Als paisos de baixa incidencia, com Espanya, el diagnostic requereix qualsevol dels

seglents(47):

- Tres (o més de tres) FPG o familiars de segon grau (FSG) amb CG intestinal,
independentment de I'edat, o
- Dos (0o més de dos) FPG o FSG amb CG intestinal, almenys un afectat abans dels

50 anys.

A dia d’avui, no es coneix cap VPG causant d'aquesta entitat(55, 56), pero sembla que
podria tractar-se d'una malaltia poligénica, en la qual certs polimorfismes - com la
interleucina 1B o el Toll-like receptor 4 -, podrien ser decisius en la susceptibilitat de la
infeccié per Hp i el tipus d'inflamacié provocada pel bacteri(57, 58). Carvalho i
col-laboradors(54), han publicat recentment la major cohort de families amb criteris de
CGFI (en total 50), i es descriu una prevalenca de CG del 66% amb una edat mitjana

d’aparicié de 72 anys.

Com ja s’ha dit anteriorment, el CG de tipus intestinal sol anar precedit per canvis
inflamatoris: GA, Ml i displasia, i 'endoscopia digestiva alta (EDA) permet identificar
aquestes lesions precursores i en ocasions ressecar-les, estratificant els pacients amb
major risc, i en alguns casos evitant la progressid a cancer. Per aix0, és important que
I’'EDA sigui de qualitat, treballant amb una correcta insuflacié i utilitzant la bomba

d’aigua quan sigui necessari per explorar tota la mucosa gastrica. Es important realitzar
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una correcta fotodocumentacié de totes les zones anatomiques rellevants i, en funcié
de les troballes, inclus gravar part de I'exploracid quan es consideri indicat. Per
identificar arees suggestives de GA o MI s’ha de poder comptar amb sistemes
endoscopics d’alta definicio, i considerar I’'ds de la magnificacié o la cromoendoscopia
(virtual o convencional) sempre que sigui necessari. Totes les lesions visibles s’haurien
de descriure segons la classificacié de Paris, i s’"haurien de realitzar biopsies dirigides o

protocols tipus Sydney en funcid de les troballes(59).

En el seglient apartat parlarem de la vigilancia endoscopica i del cribratge del CG en

general i també en el CGFI.

4.2.4 Cribratge i estratégies de vigilancia del cancer gastric al nostre medi

- Poblacid general: a diferéncia d’altres paisos com Corea o Japd, al nostre medi
no esta indicat el cribratge poblacional per tractar-se d’un pais de baixa
incidencia i considerar-se una estrategia molt poc cost-efectiva. De la mateixa
manera, tampoc esta indicat buscar de forma universal la infeccid per Hp i

tractar-la(60).

El 75% dels nous casos de CG es produeixen en paisos asiatics. El Japé va iniciar
al 1960 un programa de cribratge anual mitjancant técniques radiologiques.
L'evidencia sobre I'eficacia d'aquest cribratge va resultar ambigua i amb dades
poc solides. Diversos estudis observacionals posteriors, en la seva majoria
realitzats entre 1980 i 2000, van mostrar una disminuciéo del 40-60% en la
mortalitat per CG amb el cribratge mitjangant tecniques radiologiques, tot i que
en estudis posteriors aquestes dades no s’han pogut confirmar(61).

Estudis clinics i epidemiologics han mostrat que el rendiment de I'EDA és millor
que el de les técniques radiologiques(61), pel que posteriorment, en altres paisos
asiatics s'han introduit programes de cribratge poblacional mitjancant la
realitzacié d’EDAs periodiques. No obstant aix0, novament les dades respecte la
reduccio de la mortalitat del CG amb els programes de cribratge endoscopic son
molt heterogénies. En un estudi xineés prospectiu sobre vigilancia endoscopica no
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es va poder demostrar una disminucié de la mortalitat per CG en poblacions d’alt
risc sotmeses al cribratge (relacié de mortalitat estandard 1,01; Interval de
confiancga (IC) 95%: 0,77-1,57)(62). Per contra, Hamashima i col.(63) van observar
al Japd una reduccié del 30% en la mortalitat per CG gracies al mateix cribratge.
Finalment, Juni col.(64) van analitzar I'efecte del programa de cribratge nacional
corea en un estudi de casos i controls, comparant I'EDA amb les proves
radiologiques. L'EDA bianual va reduir significativament la mortalitat per CG en
aproximadament un 50% OR: 0,53; IC 95%: 0,51-0,56), mentre que I'estudi
radiologic no hi va tenir cap efecte (OR: 0,98; IC 95%: 0,95-1,01).

En resum, I'evidéencia a favor del cribratge en poblacions d'alt risc és discrepant,
i en poblacions de baix risc, inexistent. Considerant estudis de cost-efectivitat,
alguns autors(65) suggereixen que el cribratge podria ser efectiu en grups de risc
amb una incidencia anual de CG per sobre de 10 casos per 100.000 individus per
any. D'acord amb aquestes dades i la prevalenca publicada a Espanya, el
cribratge mitjangcant EDA només podria considerar-se en regions molt concretes

de la peninsula(66, 67).

Pacients amb AF de CG pero sense criteris de cap dels sindromes mencionats
préviament: Es recomana buscar de forma activa infeccidé per Hp i erradicar-lo si
procedeix, ja que s’ha demostrat que aquesta estrategia disminueix el risc de

CG(68). D’altra banda, NO es recomana cribratge endoscopic(60)

No existeix evidencia cientifica ni consens general sobre la conveniencia d’EDAs
periodiques i/o de l'interval entre elles en aquesta poblacid. La recomanacié més
acceptada a dia d’avui és la deteccid i erradicacid d’Hp en els FPG de pacients
amb CG(69). En aquest sentit, un assaig clinic publicat recentment(68) demostra
gue, amb un seguiment de 9,2 anys, I'erradicacio d’Hp redueix el risc de CG tant
en I'analisi per intencio de tractar (grup erradicacié 1,2%, vs. no erradicacié 2,7%,
Hazard Ratio (HR): 0,45; IC 95%: 0,21-0,94) com per protocol (grup erradicacié
0,8%, vs. no erradicacidé 2,9%, HR: 0,2; IC 95%: 0,1-0,7).
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- Pacients amb lesions precursores de CG (GA, MI o displasia): Es recomana
buscar activament Hp i tractar si procedeix. Respecte al seguiment endoscopic,
a Espanya només estaria indicat en pacients amb displasia (qualsevol), o bé amb
metaplasia intestinal extensa (a cos i antre) i que a més a més presentin AF de

CG o metaplasia intestinal incompleta(60).

En una revisi6 exhaustiva realitzada per I'’American Gastroenterological
Association(70), a part de la displasia, es van identificar tres factors que
incrementaven fonamentalment el risc de desenvolupar CG en pacients amb Ml:
1) la preséncia d'un FPG amb CG, amb un increment del risc x 4,5 vegades, (OR:
4,53; IC 95%: 1,33-15,46), 2) el tipus histologic de MI: la MI incompleta es va
associar amb un increment del risc de CG durant un seguiment de 3 - 12,8 anys
(Risc relatiu (RR): 3,33; IC 95%: 1,96-5,64), i 3) I'extensié de la Ml: la Ml extensa
(a antre i cos) es va associar amb un increment del risc de CG, tot i que no va
provar-se que fos estadisticament significatiu (RR: 2,07; IC 95%: 0,97-4,42). Per
aquests motius es recomana realitzar vigilancia endoscopica en aquesta

poblacid.

- CG hereditari, individus amb VPGs identificades: en funcid del gen alterat es
decideix I'estrategia de vigilancia. Entre ells, cal destacar les variants a CDH1,
situacié en la qual inclds pot recomanar-se la gastrectomia profilactica(48, 71).
A la Taula 5 es resumeixen les estrategies de vigilancia recomanades per la

European Society of Digestive Oncology (ESDO), tot i que les recomanacions son

heterogenies i varien en funcié de les diferents societats cientifiques.

Gastrectomia (EDA si no 20 (o0 5 abans del
CGDH Si Anual
és possible) familiar afecte més jove)
40 (o 5 abans del
GAPPS Si EDA Anual
familiar afecte més jove)
PAF No - - -
SCMOH No - - -
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Poliposi Cada 2-
Si EDA 12-15
juvenil 3 anys
Li-Fraumeni No - - -
Cada 1-
Lynch Si EDA 30
2 anys
Peutz- Cada 2-
Si EDA 8
Jeghers 3 anys

Taula 5. Recomanacions de la European Society of Digestive Oncology (ESDO) pel cribratge

del CG en les formes hereditaries(3). EDA: endoscopia digestiva alta, CGDH: cancer gastric

difus hereditari, GAPPS: adenocarcinoma gastric associat a poliposi proximal de I'estdmac,

PAF: poliposi adenomatosa familiar, SCMOH: sindrome de cancer de mama i ovari

hereditari. Taula original.

CGFI: Hi ha molt poca evidéencia cientifica al respecte. Donat I’elevat risc de CG
que presenta aquesta entitat, sembla logic realitzar vigilancia endoscopica en
aquests individus. No obstant aix0, no hi ha dades que ho recolzin, ni sabem amb
quina periodicitat s’hauria de realitzar. Les recomanacions varien entre les
diferents societats, des de només eradicar Hp, fins a realitzar EDAs amb diferents
intervals (anualment, cada 3 0 5 anys)(3, 60, 69, 72-74). Per exemple, la European
Society for Digestive Oncology recomana EDA anual amb presa de biopsies
aleatories, amb inici als 40 anys o0 5 anys abans de I'aparicié del CG en el familiar
afectat més jove(3). D’altra banda, la Asociacion Espafiola de Gastroenterologia
recomana la realitzacié d’'EDA amb presa de biopsies (protocol Sydney) cada 3
anys(60). Altres societats com el Dutch Working Group on Hereditary Gastric
Cancer només recomana la vigilancia en un ambient de recerca, donada la falta
de dades que recolzin la realitzacid d’endoscopies periodiques en aquests

individus(69).
L’heterogeneitat de criteris i la falta d’evidéncia que doni suport a la vigilancia

endoscopica en el CGFl dona peu a la realitzacié del segon estudi d’aquesta tesi

doctoral.
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4.3 Context i estudis previs del grup de treball

El component hereditari o familiar i les estratégies de prevencié del CG i el CP no s’ha
avaluat amb tanta precisio com en el CCR. Tanmateix, segons les estadistiques oficials
“Global Cancer Statistics 2020: GLOBOCAN”, aquestes dues neoplasies tenen un gran
impacte en la mortalitat de la poblacié ja que representen respectivament la quartaila
setena causa de mort per cancer a nivell mundial(4) (Figura 9), i en el voltant del 10%

dels casos s’associa a una agregacio familiar important(9, 44).

Number of deaths in 2020, both sexes, all ages

Lung
1796 144 (18%)

Other cancers
3557 464 (35.7%)
Colorectum
935173 (9.4%)
Prostate Liver
375304 (3.8%) 830 180 (8.3%)
Pancreas s ' Stomach

466 003 (4.7%) 768 793 (7.7%)

Oesophagus Breast
544 076 (5.5%) 684 996 (6.9%)

Total: 9 958 133 deaths

Figura 9. Mortalitat global per cancer a nivell mundial. Font: Global cancer statistics 2020

(GLOBOCAN)(4)

En el nostre medi, el cribratge poblacional d’aquests tumors no té sentit a nivell de cost-
efectivitat, ja que la seva incidéncia és relativament baixa. No obstant, resulta clau
identificar les poblacions de risc que es podrien beneficiar d’estratégies de prevencié
més personalitzades. Com hem sintetitzat en els apartats anteriors, coneixem una gran
guantitat de VPGs i altres condicions de caracter poligénic que poden incrementar
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substancialment el risc de CP i CG(75), i que potencialment es podrien beneficiar d’'una

vigilancia estreta(71).

En les ultimes decades s’han format unitats destinades a avaluar individus amb elevat
risc de cancer digestiu per tal d’oferir-los assessorament genetic i per consensuar les
millors estratégies preventives(76). Aquestes cliniques d’alt risc de cancer digestiu (CAR)
permeten centralitzar families que presenten una alta complexitat pels clinics, podent
homogeneitzar criteris i prendre decisions més protocol-litzades. A I'Hospital Clinic de
Barcelona disposem d’una unitat multidisciplinar d’alt risc de cancer digestiu, on es
debaten decisions i s’efectuen protocols assistencials per tal d’assessorar individus amb
alt risc de CCR, CG i CP. La falta d’evidéncia cientifica en el camp de la vigilancia del CG i

el CP és el que motiva aquesta tesi doctoral.

Al 2020 el nostre grup de treball va publicar un primer estudi observacional i basat en la
practica clinica habitual, en el que demostravem que I'avaluacié de pacients a la CAR
permet identificar families que potencialment podrien beneficiar-se d’estrategies
preventives pel CG i CP(77). En aquest primer treball vam recopilar els individus que
entre 2014 i 2019 havien estat remesos a la nostra unitat a través de metges d’atencid
primaria, cirurgians, oncolegs i gastroenterolegs. Els criteris de derivacié eren qualsevol

dels tres seglients:

- Presentar antecedent personal de CG o CP < 60 anys

- Presentar antecedent personal de CG o CP a qualsevol edat i un antecedent
personal de qualsevol altre tumor

- Presentar historia familiar de CG o CP en >2 familiars de primer, segon o tercer

grau

En total, vam incloure 77 families, 45 per presentar historia personal o familiar de CG i

32 per presentar historia personal o familiar de CP (Figura 10).
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Clinical criteria for referral to the high risk clinic of gastrointestinal cancer

54
29 GC <60 years Personal historyof 22 PC<60
1 GC + any other tumor ’ cancer 2 PC + other tumor
<
S : 23 8 Family history of PC in 22
15 Family history of GC in 22 2 Family history of . :
relatives e relatives

4

77 unrelated individual included

4

* Oncological clinical history and tumor data: 77 (100%)
+ |HC-MMR: 38 (49.3%)
+ Germline genetic analysis based on clinical indication: 22 (28.6%)

Figura 10. Individus avaluats a la CAR per antecedents personals i/o familiars de risc per

presentar formes hereditaries o familiars de CG i CP.

Font: Llach J i col(77). Genetic Counseling for Hereditary Gastric and Pancreatic Cancer in High-

Risk Gastrointestinal Cancer Clinics: An Effective Strategy. Cancers

Després d’avaluar aquests individus a la CAR, completant una historia familiar detallada
i realitzant estudi immunohistoquimic (IHQ) del sistema de reparacié de I’ADN i/o
genetic si es considerava pertinent, gairebé el 40% d’aquestes families presentava
condicions d’alt risc (cancer familiar o hereditari) (Figura 11). En 22 families es va
realitzar estudi genetic de la linia germinal, en la majoria dels casos mitjangant panell
multigen, i es van identificar un total de 10 (45.5%) VPGs: 3 ATM, 2 BRCA2, 2 CDH1, 1
MSH2, 1 TP53 i 1 PALB2. El factor de risc que es va associar més a presentar qualsevol

d’aquestes variants va ser I’edat d’aparicié del CG o CP < 40 anys (OR 11.3, p = 0.007).
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Classification after genetic counseling

All cancers Gastric cancer

m Sporadic cancer

m Familial cancer

Hereditary syndrome

Figura 11. Classificacio final després d’avaluar les families a la CAR, realitzant-se una historia

clinica detallada i IHQ i/o estudi genétic si es considerava indicat.

Font: Llach J i col(77). Genetic Counseling for Hereditary Gastric and Pancreatic Cancer in High-

Risk Gastrointestinal Cancer Clinics: An Effective Strategy. Cancers

Aixi doncs, amb aquest primer estudi posavem de manifest que un alt percentatge dels
individus amb historia personal i/o familiar de CG i CP que son avaluats de forma
sistematica a la CAR es poden classificar com a formes familiars i hereditaries de cancer.
Ara cal anar un pas més enlla, i investigar si les estrategies de vigilancia de les que
disposem son utils i tenen rellevancia en la practica clinica per canviar la historia natural

d’aquestes dues neoplasies.

A dia d’avui sabem que la prevencid del CG i CP pot ser especialment util en sindromes
concretes que comporten un elevat risc d’acabar desenvolupant la malaltia. Un exemple
molt clar seria el CGDH, una sindrome on inclis es recomana la gastrectomia profilactica,
ja que el risc de desenvolupar CG és prou elevat per justificar els potencials riscos de la
cirurgia(48). Tanmateix, hi ha entitats menys ben estudiades on I'evidéncia cientifica que

recolza les estrategies de prevencié és molt més escassa.
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Els dos estudis que conformen aquesta tesi doctoral es centren en avaluar la utilitat i el
rendiment de les estrategies de vigilancia utilitzades en dues entitats concretes: per una
banda, avaluar I'efectivitat de la USE i/o RM per a la deteccié precog del CP en families
portadores d’una VPG al gen CDKN2A, i de I'altra, descriure el paper de la vigilancia
endoscopica en el CGFI (families amb important agregacié de CG de tipus intestinal

sense mutacié germinal coneguda).

*S’adjunta a continuacié en PDF I'article publicat al 2020 que es menciona durant la

introduccio(77)
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Abstract: The identification of high-risk groups of gastric (GC) and pancreatic adenocarcinoma (PC)
due to a hereditary basis could imply a benefit in the affected families by establishing personalized
preventive strategies. We aimed at assessing the diagnostic yield of GC/PC hereditary syndromes in
individuals evaluated based on specific clinical criteria. In total, 77 unrelated individuals (45 from GC
group/32 from PC group) were recruited: 51 (66.2%) cancer diagnosis < 60 years, 3 (4%) with personal
history of GC/PC and other cancer and 23 (29.8%) due to family history. Immunohistochemical analysis
of DNA mismatch repair proteins was performed in 38 (49.3%) available tumors, being pathological
in one (2%) GC. A genetic analysis was performed if clinical criteria of hereditary syndrome were
fulfilled, identifying a mutation in 10/22 (45.5%) families [7/16 (43.7%) with GC and 3/6 (50%) with PC]
and 19 (24.7%) fulfilled criteria of familial cancer. Diagnosis of cancer <40 years and personal history
of other cancers were independent risk factors of a hereditary syndrome [OR:11.3 (95%IC 1.9-67);
p =0.007 and OR:17.4 (95% IC 2.5-119.9); p = 0.004; respectively]. The selection of patients based on
clinical criteria leads to high diagnostic yield, detecting a causative germline mutation in almost half
of the cases; therefore, both meticulous genetic counseling and use of multi-gen panels is crucial.

Keywords: gastric cancer; pancreatic cancer; hereditary cancer; familial cancer; genetic counselling

1. Introduction

Genetic counseling in the setting of gastrointestinal malignancies has been focused on the
identification of hereditary colorectal cancer, and particularly in Lynch Syndrome, the most frequent
inherited form of colon cancer [1-3].

However, familial aggregation and hereditary component in cases of extra-colonic gastrointestinal
tumors, such as gastric adenocarcinoma (GC) and pancreatic ductal adenocarcinoma (PC), have been
less studied. These tumors represent a relevant health problem in developed countries due to their

Cancers 2020, 12, 2386; doi:10.3390/cancers12092386 www.mdpi.com/journal/cancers
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poor prognosis, mainly because most of them are diagnosed in advanced stages. Thus, according to
GLOBOCAN 2018 data, GC represents the fifth most common cancer and third leading cause of cancer
deaths worldwide. PC is the fifth leading cause of cancer death in Europe, and the seventh globally; in
fact, it is expected to become the second leading cause of cancer death worldwide by 2030 [4,5].

In about 10% of all GC or PC, there is a hereditary component, either because there is a germline
mutation (i.e., hereditary cancer), or, in the absence of a germline variant, familial aggregation of
these tumors is observed (i.e., familial cancer) [6-9]. Familial GC (FGC) is defined as >3 first- or
second-degree relatives (FDR and SDR, respectively) with GC or >2 FDR/SDR with GC (at least one
diagnosed <50 years of age). Familial PC (FPC) is defined as >2 FDR with PC or >3 relatives with PC,
regardless of the degree and age of the relative [9]. In clinical practice, in depth personal and family
oncological history in cases of GC or PC is unusual, which implies that many tumors that could have
a hereditary component or family aggregation are misclassified as sporadic, and, therefore, specific
preventive measures are not applied to family members [10].

Hereditary diffuse gastric cancer syndrome (HDGC) [11] is the most common inherited entity
related to GC, involving a germline mutation in CDHI and much less frequently in CTNNA1 [12],
with a cumulative risk of GC of up to 80%. Besides this syndrome, there are other genes
associated with an increased risk of GC: STK11 (Peutz-Jeghers syndrome), SMAD4/BMPR1A (juvenile
polyposis), MLHI/MSH2/MSH6/PMS2 (Lynch syndrome), APC/MUTYH (familial adenomatous
polyposis), BRCA2/BRCA1/PALB2/ATM (hereditary breast-ovarian cancer syndrome, HBOC) and
TP53 (Li-Fraumeni syndrome) [13-15].

Regarding PC, there is no main causative gene for PC predisposition, but several known
hereditary syndromes are related with an increased risk of this tumor [16]. The most frequent germline
genetic alterations associated with PC are present in BRCA2, PALB2, ATM (ataxia telangiectasia) and
CDKN2A/p16 (familial atypical multiple mole melanoma, FAMMM) and, less frequently, BRCA1, APC,
MLH1, MSH2, MSH6, PMS2, PRSS1 (hereditary pancreatitis) and STK11 [17].

Recent studies suggest that screening programs in high-risk groups for these malignancies
(normally defined as life-time cumulative risk over 5%) may increase survival in those specific
groups [18]. The identification of hereditary and familial forms of GC or PC could imply a benefit in
the affected families, as they can be included in prevention and surveillance programs adapted to their
intrinsic risk [6,19-23].

With the final goal of improving survival associated with GC or PC through its prevention and
early diagnosis, we aimed at evaluating the diagnostic yield in identifying high-risk forms of GC or PC
(Hereditary or familial GC or PC) in a HRC of gastrointestinal cancer.

2. Material and Methods

This study was conducted at the HRC of gastrointestinal cancer of the Hospital Clinic of Barcelona.
Patients were referred from primary care doctors, as well as oncologists, gastroenterologists and
surgeons of the hospital.

Clinical criteria for referral of suspected hereditary and familial GC and PC were defined as
follows: (a) an individual with a history of GC or PC before 60 years of age; (b) an individual with
personal history of GC or PC (at any age) and any other malignancy; and (c) healthy individuals with
a family history of cancer defined as >2 relatives with GC or >2 relatives with PC, regardless of the
degree and age of the relative (Figure 1).
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Clinical criteria for referral to the high risk clinic of gastrointestinal cancer

PANCREATIC CANCER

54
29 GC <60 years Personal history of 22 PC <60
1 GC + any other tumor cancer 2 PC + other tumor

23 8 Family history of PC in 22
15 Family history of GC in 22 Family history of — MY NISIOR; =
relatives cancer relatives

4

77 unrelated individual included

4

+ Oncologicalclinical history and tumor data: 77 (100%)
+ IHC-MMR: 38 (49.3%)
+ Germline genetic analysis based on clinical indication: 22 (28.6%)

Figure 1. Counseling process at the high-risk clinic of gastrointestinal cancer for diagnosis of GC or
PC familial or hereditary syndromes. In the high-risk clinic for gastrointestinal cancer, all patients
with GC or PC were evaluated at a young age ( < 60) or at any age if they also had another tumor;
healthy individuals who had a family history of one of these malignancies were also evaluated.
After counseling and molecular or genetic analyzes if it was indicated, all families were classified as a
form of hereditary, familial or sporadic cancer. GC, gastric cancer; PC, pancreatic cancer; [HC-MMR,
Immunohistochemical analysis of DNA repair proteins.

In all cases, personal and familial oncological history was collected, and the characteristics of the
tumors were analyzed. Immunohistochemical analysis of DNA mismatch repair proteins (IHC-MMR):
MLH1, MSH2, MSH6 and PMS2 was performed in the available tumors, as previously described [24].
In patients with clinical criteria and available DNA, a germline genetic analysis was performed. Most of
the patients received a multigene testing, by simultaneous sequencing through a commercial multigene
panel (Trusight Cancer v1, lllumina Inc., San Diego, CA, USA), involving the most frequent genes
related with GC and PC germline predisposition. In a few cases, a single gene analysis was carried
based on clinical suspicion and specific phenotype (i.e., guided by a pathological IHC-MMR observed
in the analyzed tumor).

Finally, “hereditary” GC or PC was classified when a germline pathogenic variant was detected
and “familial” GC or PC when the established and current clinical criteria were met and no germline
mutation was present.

Statistical analysis was performed using SPSS 22.0 (IBM Corp., Armonk, New York, NY, USA).
Quantitative variables are expressed as medians and interquartile ranges (IQRs) and categorical
variables are expressed as total number and frequencies (%). Quantitative variables were analyzed
using Student’s f test and qualitative variables were analyzed using the chi-squared test.

Univariate binary logistic regression was performed for selection of variables associated with the
diagnosis of a hereditary/familial cancer. For multivariable logistic regression analyses, only candidate
variables with statistically significant p values (defined as p < 0.05) on univariate analysis were used in
the final multivariate model. Odds ratios (ORs) with 95% confidence intervals (CIs) were included to
quantify the magnitude of the association.

The present study was approved by the Institutional Ethics Committee (For GC cohort:
register number HCB/2019/0408 and date of approval 02/05/2019; for PC cohort: register number
HCB/2020/0298 and date of approval 26/03/2020). Written informed consent was obtained in all cases.
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3. Results

3.1. Characteristics of the Studied Population

Between May 2014 and October 2019, 77 unrelated individuals that met the established criteria for
referral were evaluated: 45 (58.4%) due to personal and/or family history of GC and 32 (41.6%) due to
personal and/or family history of PC.

In relation to the clinical criteria, the majority of patients (51 [66.2%]) were referred for GC or PC
diagnosed before the age of 60; 3 (4%) patients for personal history of GC or PC and another neoplasm
(corresponding in these 3 specific cases to breast, colon and endometrium); and 23 (29.8%) were healthy
individuals referred due to GC or PC family history (Figure 1).

Considering the youngest age of diagnosis of GC or PC in each family, the median age was 49 years
old (IQR: 41.5-58), slightly younger in cases of GC than PC: 47 vs. 51.5 (p = 0.06). The distribution by
gender was similar, with 46 (59.7%) evaluated women [29 (64.4%) in GC and 17 (53.1%) in PC].

Nine of the 77 (11%) individuals evaluated had previous personal history of other type of cancer
(five breast cancers, two endometrial cancers, one colorectal cancer and one lymphoma). Within the
entire cohort, 53 (68.8%) reported family history of other malignancies, with a median of two (IQR: 1-3)
malignancies in first- and second-degree relatives. Of the 121 registered malignancies, breast (18),
colon (13) and prostate (6) were the most frequently affected organs. Detailed clinical characteristics of
the evaluated individuals are shown in Table 1.

Table 1. Characteristics of the individuals evaluated at the high-risk gastrointestinal cancer clinic.

Characteristic Gastric Pancreatic All
Cancer (45) Cancer (32) (77)
Age at cancer diagnosis 1. median (IQR) 47 (40-55) 51.5 (45.5-59) 49 (41.5-58)
Gender (women); number (%) 29 (64.4) 17 (53.1) 46 (59.7)
Race
Caucasian, number (%) 43 (95.6) 33 (100) 75 (97.4)
Asian, number (%) 2 (4.4) 0 2 (2-6)
Referral criteria, number (%)
-Age < 60 years old 29 (64.4) 22 (68.5) 51 (66.2)
-Multiplicity (PH GC/PC and any other tumor) 1(2.3) 2(6.5) 3(3.9)
-Family history 15 (33.3) 8(25) 23(29.9)
PH of any other neoplasm, number (%) 6(13) 3(8.8) 9(11.7)
Age; median (IQR) 49 (41.5-58) 53 (35-53) 53 (39.5-58)
Neoplasm type, number (%)
Breast 3 (50) 2 (66%) 5 (55.5)
Endometrium 2 (33.4) - 2(22.2)
Colon 1(16.6) - 1(11.1)
Lymphoma - 1 (34%) 1(11.1)
Family history of the same tumor >
(FDR or SDR), number (%) 20 (44.4) 10 (31.2) 30 (38.9)
Number of affected relatives; median (IQR) 2 (1.2-3) 2 (1-2.7) —
Family history of the same tumor in FDR, number (%) 18 (40) 8 (25) 26 (33.7)
Younger age at diagnosis; median (IQR) 55 (44.5-67.5)  62.5(52.5-69.7) —
Family history of other neoplasms (FDR or SDR) 29 (64.4) 24 (75) 53 (68.8%)
Number of affected relatives; median (IQR) 1.5 (1-3) 2(1-3) 2 (1-3)
Total registered tumors 65 56 121
Most frequent tumors, number (%)
Breast 14 (21.5) 4(7.1) 18 (14.8)
Colon 7 (10.7) 5(8.9) 13 (10.7)
Lung 2(3.1) 3(5.3) 5(4.1)
Prostate 3 (4.6) 3(5.3) 6 (4.9)
Endometrium 1(1.5) 3(5.3) 4 (3.3)
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Table 1. Cont.

Characteristic Gastric Pancreatic All
Cancer (45) Cancer (32) (77)
Pancreas 5(7.7) - 5(4.1)
Leukemia 1(1.5) 3(5.3) 4(3.3)
IHC-MMR tumor, number (%) 29 (64.4) 9(28.1) 38 (49.3)
Altered IHC-MMR, number (%) 1(3.4) 0 1(2.6)
Germline genetic study, number (%) 16 (35.6) 6 (18.8) 22 (28.6)
Gene-guided study (Sanger) 8 (50) 1(16.7) 9 (40.1)
Multi-gen panel 8 (50) 5(83.3) 13 (59.1)
Germline genetic mutations identified, number (%) 7 (43.7) 3(18.8) 10 (30.3)
Familial cancer criteria, number (%)
Criteria of FGC 17 (37.8) -
>3 FDR or SDR with GC 5(29.4) -
>2 FDR or SDR with GC, 1 < 50 7 (70.6) - 19 (24.7)
Criteria of FPC - 7(21.8)
>3 FDR/SDR/TDR with PC - 2(28.5)
>2 FDR with PC - 5(71.5)
Final classification after genetic counseling, number (%) 7 (26.7) 3(9.4) 10 (13)
(a) Hereditary-cancer associated syndrome
(b) Familial form of cancer 12 (15.5) 7 (21.9) 19 (24.6)
(c) Sporadic cancer 26 (57.8) 22 (68.7) 48 (62.4)

IQR, interquartile range; PH, personal history; GC, gastric cancer; PC, pancreatic cancer; FDR, first-degree relative;
SDR, second-degree relative; IHC-MMR, Immunohistochemical analysis of DNA repair proteins, FGC, familial
gastric cancer; FPC, familial pancreatic cancer. 1 Age of the youngest GC/PC case in the family. 2 Family history of
GC in case of PH of GC; and family history of PC in case of PH of PC.

3.2. Mismatch Repair Deficiency and Germline Genetic Analysis

Immunohistochemistry for MLH1, MSH2, MSH6 and PMS2 (IHC-MMR) was performed on
paraffin-embedded samples of 29 gastric and 9 pancreatic tumor tissues, being altered in one (2.6%) of
the 38 analyzed tumors. The sample with MMR deficiency involved a gastric tumor with intestinal-type
histology in a 75-year-old woman. The patient had previous history of endometrial cancer at 53 years
(Table 2, Patient 1). The gastric tumor showed loss of expression of MSH2 and MSH6 proteins and
the germline genetic analysis detected a pathogenic variant in MSH2 (c.602dupT p. Leu201Phe*31),
leading to the diagnosis of Lynch syndrome. The patient had a daughter with endometrial cancer at 50
year and there was no family history of gastric or any other tumor.

Germline genetic study was conducted in 22 (28.6%) patients with available DNA [16/45 (35.6%)
patients with GC and in 6/32 (18.8%) patients with PC]. A guided study focused on the suspected gene
was performed in 9 (41%) and a multi-gene panel in 13 (59%) cases. Regarding PC genetic counseling,
only one guided genetic study was performed (based on clinical criteria of hereditary breast and
ovarian cancer syndrome, HBOC; Table 2, Patient 8), and a multi-gene panel was used in the five other
cases. In families evaluated due to GC history, a directed study was carried out in half of the cases and
a multi-gene panel in the other half.
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Table 2. Characteristics of patients with hereditary cancer (germline genetic mutation identified).

Personal Histo Family Histo: Gene Affected Heredita
1 iteri ry y ry 3 i i Ty
P. G. Age Gender  Referral Criteria of Other Cancer of Cancer * THC-MMR  GeneticsTechnique (Patt ic Variant) o
. . ot MSH2 (c.602dupT
1 GC 75 Female GC+ other Endometrium No MSH2/MSH6  Single-gene testing p.Leu201Phe*31) LynchS
o . ATM (c.4507C>T
2 GC 55 Female Family history Breast No Undone Multigen panel (p.GIn1503Ter)) ATM
3 GC 35 Female Family history Endometrium Yes (pancreas and breast) Undone Multigen panel ATM 1(; fjle;j G>A. ATM
: CDHI1 (¢.220C>T
4 GC 41 Male GC <60 years No No Undone Multigen panel (p.Arg74%) HDGC
5 GC 38 Male GC < 60 years No No Undone Multigen panel CDH1 ¢.2164+5G>C) HDGC
6 GC 49 Female GC <60 years Breast Yes (breast) MMR+ Single-gene testing ~ BRCA2 (c.3166 C>T)) HBOC
. TP53 (c.365_3664elTG . .
7  GC 34 Male GC <60 years No Yes (breast and colon) MMR+ Multigen panel (pValI22AspfsTer26) Li-Fraumeni S
b (R . - BRCA? ¢.3264dupT
8 PC 45 Female Family history No Yes (Breast, stomach) Undone Directed (7. (GIn1089Serfs*10), HBOC
ATM
9 IPC 33 Male PC < 60 years No Yes (breast) Undone Multigen panel (c.6711_6715delGGAAA ATM
(p.Lys2237Asnfs*10)
. PALB2 (c.3483delT; p.
10 PC 33 Male PC < 60 years No Yes (breast) Undone Multigene panel (Phe1161Leufs*2) HBOC

*Only hereditary syndrome-associated tumors are mentioned. P., patient; G., group; IHC-MMR, Immunohistochemical analysis of DNA repair proteins; GC, gastric cancer; PC, pancreatic
cancer; MMR+, normal protein expression of DNA repair proteins; HC, hereditary cancer; HBOC, hereditary breast-ovarian cancer syndrome; S., Syndrome. ! If no personal history of GC
or PC, the age corresponds to the youngest relative.
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A causative germline variant was detected in 10 cases (representing 13% of the entire cohort,
and 45.5% of the patients with germline test done).

Within the GC group, seven cases (representing 15.5% of the GC cohort and 43.7% of the GC
patients with germline test done) were diagnosed with a hereditary syndrome: one Lynch syndrome
(MSH?2), two ATM hereditary cancer syndromes (ATM), two HDGC (CDH1), one HBOC (BRCA2) and
one Li-Fraumeni syndrome (TP53). Regarding the PC group, three patients (representing 9.3% of the
PC cohort and 50% of the PC patients with germline test done) were diagnosed with an inherited
syndrome: two HBOC (1 BRCA2 and 1 PALB2) and one ATM hereditary cancer syndrome (ATM).
The germline pathogenic variants detected and the characteristics of the families affected are specified
in Table 2. In addition, 19 (24.6%) families met the criteria for a familial cancer: 12 (26.6%) FGC and
7 (21.8%) FPC (Figure 2).

Classification after genetic counseling

All cancers Gastric cancer

m Sporadic cancer

B Familial cancer

Hereditary syndrome

Figure 2. Final diagnostic classification of the families evaluated at the HRC of gastrointestinal cancer.
This figure represents the percentage distribution of the families evaluated in three final diagnostic
categories: (1) “hereditary syndrome” (cancer attributable to a germline genetic mutation); (2) “familial
cancer” (due to compliance with current clinical criteria); and (3) “sporadic cancer” (attributable to
environmental factors that exclude the hereditary component).

3.3. Performance of Clinical Criteria for the Detection of High-Risk Forms

Analysis of association between baseline characteristics and clinical criteria for detecting high-risk
forms of GC and PC is represented in Table 3.
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Table 3. Analysis of risk factors for hereditary and familial gastric and pancreatic cancer. Univariate
and multivariate analysis of factors associated with the detection of: a high-risk form (a); or hereditary

syndrome (b).
(a) Factors Associated with High Risk Condition of Cancer (Hereditary or Familial Cancer)
. Sporadic High Risk p-Value OR (95% CI); p-Value
Characteristic Cancer (48) Form (29) (Univariate) (Multivariate)
Age, years; median (IQR) 53 (41.5-67) 49 (41.2-55.5) 0.084 0.98 (0.92-1.03); p = 0.46
Gender: women; number (%) 29 (60.4) 17 (58.6) 0.876 -
PH of other cancer 4(8.3) 5(17.2) 0.252 -
Referral criteria:
Age < 60 years old 42 (87.5) 9 (31) 0.000 0.16 (0.008-3.37); p = 0.24
Multiplicity 2(4.1) 1(3.4) 0.875 -
Family history 4(83) 19 (65.5) 0.000 21 (5.8-79); p = 0.000
(b) Factors Associated with Hereditary Cancer (Only Cases with Pathogenic Mutation Identified)
- Non-Hereditary Hereditary P-Value OR (95% CI); p-Value
Characteristic Cancer (67) Syndrome (10)  (univariate) (multivariate)
Age, years; median (IQR) 50 (43-59) 39.5 (33.7-50.5) 0.041
Younger case age < 40 10 (15) 5 (50) 0.009 11.3 (1.9-67); 0.007
Gender: women; number (%) 41 (61.2) 5 (50) 0.501
PH of other cancer 5(7.4) 4 (40) 0.003 17.4 (2.5-119.9); p = 0.004
Referral criteria:
Age < 60 years old 45 (67.2) 6 (60) 0.655
Multiplicity 2(2.9) 1(10) 0.285
Family history 20 (29.8) 3(30) 0.992

IQR, interquartile range; OR, odds ratio; CI, confidence interval; PH, personal history.

The criterion “age < 60” was the most frequent reason for referral (51 patients; 66.2%). In this
group, the median age at cancer diagnosis was 47 years (IQR 40-50). A genetic study was performed
in 12 (23.5%) cases. Following genetic counseling, 42 (82.7%) of the cases were classified as “sporadic
cancer”, 6 (11%) had a hereditary syndrome and 3 (5.8%) a familial form of cancer. Age < 60 was not
associated with a higher probability of detecting high-risk forms of PC or GC (Table 3).

The “multiplicity” criterion (having GC or PC and any other neoplasm) only motivated the referral
of three (3.9%) patients. In one case, previously mentioned (Table 2, Patient 1) it was with endometrial
and gastric cancer diagnosed of Lynch Syndrome. The other two cases corresponded to two women
diagnosed with PC at 68 and 67 years of age, respectively. The first one had breast cancer at age 53 and
the second one had breast cancer at age 60 and colon cancer at 63. In both cases, a germline genetic
study was performed using a multi-gene panel, including the analysis of DNA-MMR and BRCA-like
genes. No pathogenic mutation was found and both cases were classified as sporadic.

Lastly, 23 (29.9%) cases were referred based on family history: 19 (82.6%) were finally classified
within the familial cancer category and 4 (17.4%) as sporadic tumors. No association between meeting
this criterion and a higher probability of detecting a hereditary syndrome was observed, but it proved
to be an independent risk factor for detecting a high-risk form [OR: 21 (95% CI 5.8-79); p = 0.000].

Other baseline factors were analyzed, such as age, sex and personal and family history of any
other malignancies. In the univariate analysis, a significantly younger age of cancer diagnosis was
observed in families with hereditary syndrome compared to sporadic cases (median age 39.5 vs.
50 years; p = 0.04). Otherwise, in sporadic cancer cases, only 15% of tumors occurred at <40 years,
versus a 50% of hereditary cases (p = 0.009). Age <40 years proved to be an independent risk factor for
the diagnosis of a hereditary syndrome in the multivariate analysis [OR: 11.3 (95% confidence interval:
1.9-67); p = 0.007].

On the other hand, although the “multiplicity” criterion was only the reason for referral in three
cases in the entire series, nine individuals had a personal history of GC/PC and another malignancy
and four of them (44.4%) had a hereditary syndrome. Thus, the personal history GC/PC and any other
neoplasm in these patients also proved to be an independent risk factor for the detection of an inherited
syndrome [OR: 17.4 (95% confidence interval: 2.5-119.9); p = 0.004].
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4. Discussion

This study represents the first series of gastric or pancreatic cancer individuals systematically
evaluated with the aim of assessing the efficacy of suspicious clinical criteria in identifying high-risk
forms of these tumors in clinical practice. The results demonstrate the effectiveness of this strategy,
identifying a hereditary syndrome or a familial form of cancer in 37% of the families evaluated.

GC and PC are two of the most lethal tumors. In both cases, prevention measures focused on the
general population have shown low cost-effectiveness but they could have a role in high-risk forms of
cancer [6-9]. Those individuals in whom a genetic mutation is identified (hereditary cancer) and those
in which GC/PC family aggregation is observed despite the identification of an underlying genetic
mutation are currently recognized as “high-risk forms”. According to previous literature, this situation
is responsible for 10% of all GC and PC [25-29].

Our study attempted to assess effectiveness in identifying these high-risk forms through actively
searching for suspected cases based on pre-selected clinical criteria. These criteria took into account
the age of presentation of the tumor, the association with other tumors and the aggregation of several
cases of the same type of malignancy in a single family.

After including 77 unrelated individuals during five years, we observed that more than 30% of
the cases evaluated belonged to one of these high-risk forms. Given that both GC and PC are part of
the spectrum of tumors associated with Lynch syndrome, and the diagnostic accuracy of IHC-MMR
in paraffin-embedded samples is well established to rule it out [30], this molecular technique was
performed on all available tumors. An alteration in protein expression was only detected in one of the
38 gastric tumors analyzed and in none of the 19 PC analyzed, suggesting that the IHC-MMR has a
minor role in identifying inherited forms of GC and PC.

On the other hand, a germline genetic study was carried out in all patients that fulfilled criteria
of a hereditary syndrome based on personal and/or family history and according to current clinical
guidelines. With this approach, a responsible genetic mutation was detected in 45.5% of the cases
analyzed (43.7% of the families with GC and 50% of those analyzed with PC). A great variability was
observed in the genes responsible for the observed phenotypes, suggesting that these tumors can
appear in the setting of different hereditary forms of cancer, normally related to the development of
other types of malignancies.

We analyzed the diagnostic yield in identifying high-risk forms of GC or PC based on specific
clinical criteria, as well as diagnostic risk factors of hereditary cancer. The family aggregation criterion
proved to be useful for the detection of family forms of cancer and the age below 40 years and the
personal history of another neoplasm (associated with any of the referral criteria) were shown as
independent diagnostic risk factors of hereditary cancer.

These results highlight the importance of carrying out a complete anamnesis of the personal and
family history of tumors, as well as an adequate knowledge of hereditary forms of cancer for optimal
genetic counseling. Furthermore, the variability of the observed syndromes reinforces the need to use
multigene panels.

The main strength of the present study is that, to our knowledge, it is the first study in our
setting that evaluates the effectiveness of genetic counseling in detecting hereditary or familial forms
of gastric and pancreatic cancer. In addition, it has been developed in a high-risk clinic formed by
professionals having a wide experience in the management of inherited syndromes associated with
gastrointestinal cancer.

However, this study has some limitations: first, only 77 families were evaluated; thus, the size of
the sample is not large enough to give sufficient power to the observed results. Despite this limitation,
it is the largest published cohort, so the results obtained could be a good estimate of reality and stands
the basis for future studies involving a larger number of families. Another limitation is that the data
obtained were collected retrospectively, which implies potential inclusion biases. This limitation is
hardly avoidable since family history is retrospective by definition and supposes an inherent condition
of the study design. To mitigate its effect on the results, all the data obtained were carefully evaluated
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by experienced physicians. Finally, the patients and families were selected based on arbitrary criteria,
probably too broad regarding the age cut-off and family history, and we did not perform germline
genetic test on the entire cohort to extrapolate the results. However, these criteria were selected and
agreed by several members of a multidisciplinary team to achieve a high sensitivity to detect the
maximum number of candidate families to be included in prevention programs.

5. Conclusions

Our study shows that almost 40% of the families evaluated in the HRC of gastrointestinal cancer
based on personal or family history of GC and PC have a high risk of cancer. On the other hand,
although mismatch repair deficiency analysis seems to be unhelpful in this scenario, the genetic
study based on clinical criteria detects a responsible genetic mutation in almost half of the patients.
The results obtained in this series suggest that the age of cancer below 40 years or the personal history
of other tumors associated with fulfillment of any of the established referral criterion are associated
with a higher diagnostic probability of an inherited syndrome.

The spectrum of mutations detected in our series indicates that these two tumors occur within a
wide range of hereditary syndromes, which reinforces the role of genetic counseling and suggests the
need to apply multigene panels. We consider these results relevant given that recent studies show that
specific screening strategies in high-risk groups for these tumors may imply an increase in survival.
However, to extrapolate these conclusions, it is necessary to carry out prospective studies with larger
cohorts to validate the proposal strategy.
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5. HIPOTESI

El CP i el CG sén una causa molt important de mortalitat per cancer a nivell global, i un
percentatge rellevant dels casos s’associa a agregacié familiar i/o hereditaria. A dia
d’avui disposem de tecniques radiologiques i endoscopiques per mirar de prevenir
ambdues neoplasies i canviar-ne la historia natural, tot i que hi ha escenaris concrets on
no s’ha pogut demostrar la seva efectivitat. De forma general, creiem que els individus
que son portadors de VPGs a CDKN2A o que compleixen els criteris de CGFl poden

beneficiar-se d’aquestes tecniques de vigilancia.

Les hipotesis concretes d’aquesta tesi doctoral sén les seglients:

- Lavigilancia amb RM o USE en individus portadors d’'una VPG a CDKN2A podria
ser util per prevenir i diagnosticar de forma precog el CP.

- Certs factors de risc, com el tabaquisme o el consum d’OH, podrien associar-se a
un major risc de CP en individus portadors d’'una VPG a CDKN2A (sindrome de

Familial Atypical Multiple Mole Melanoma Syndrome, o FAMMM) .

- La vigilancia endoscopia (endoscopia digestiva alta) en els individus que
compleixen els criteris de CGFI pot ser util per prevenir i diagnosticar de forma
precocg el CG.

- Els individus amb CGFIl poden tenir una prevalenca més elevada que la poblacié
general de lesions precursores (GA, Ml i displasia), i I'endoscopia digestiva alta
podria ser util per estratificar-los en funcié del risc i per decidir el seguiment.

- Certs factors de risc com la infeccié per Hp o habits toxics com el tabaquisme o
I’alcoholisme, poden jugar un paper important el la carcinogénesi gastrica en

pacients amb CGFI.
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6. OBJECTIUS

L'objectiu general d’aquesta tesi doctoral és avaluar I'efectivitat de la vigilancia amb les
tecniques d’imatge de les que disposem a dia d’avui en dues entitats concretes: el cancer
de pancrees en individus portadors d’una variant patogenica germinal a CDKN2A i el

cancer gastric familiar intestinal.

Objectius especifics

- Analitzar I'efecte de la ultrasonografia endoscopica i la ressonancia magneética
per detectar cancer de pancrees en etapes inicials en individus portadors d’una
variant patogenica germinal a CDKN2A (Familial Atypical Multiple Mole
Melanoma Syndrome).

- Descriure les troballes eco-endoscopiques, radiologiques i histologiques d’una
cohort d’individus portadors d’una variant patogenica germinal a CDKN2A.

- Estudiar factors de risc implicats en el desenvolupament del cancer de pancrees

en individus portadors d’una variant patogenica germinal a CDKN2A.

- Analitzar I'efecte de I'endoscopia digestiva alta per detectar lesions precursores
gastriques i cancer gastric precoc en individus que compleixen els criteris del
cancer gastric familiar intestinal.

- Analitzar el paper de I'endoscopia digestiva alta per estratificar els individus amb
cancer gastric familiar intestinal en funcié del risc i per decidir-ne el seguiment.

- Descriure les troballes endoscopiques i histologiques d’una cohort amb cancer
gastric familiar intestinal.

- Estudiar els factors de risc implicats en el desenvolupament de lesions

precursores i cancer gastric en individus amb cancer gastric familiar intestinal.
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7. MATERIAL, METODES | RESULTATS

Article 1: Pancreatic Cancer Surveillance in Carriers of a Germline Pathogenic
Variant in CDKN2A
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Simple Summary: Pancreatic cancer surveillance in high-risk individuals is not well-defined, and rec-
ommendations in this regard have recently changed. Specifically, in carriers of a germline pathogenic
variant in CDKN2A, the risk of pancreatic ductal adenocarcinoma seems to be higher than previously
reported. We present a cohort with a large number of CDKN2A heterozygotes under surveillance,
in which an early pancreatic cancer was detected and a curative treatment was offered. Our data
support the latest surveillance recommendations in these individuals.

Abstract: Three percent of patients with pancreatic ductal adenocarcinoma (PDAC) present a germline
pathogenic variant (GPV) associated with an increased risk of this tumor, CDKN2A being one of
the genes associated with the highest risk. There is no clear consensus on the recommendations for
surveillance in CDKN2A GPV carriers, although the latest guidelines from the International Cancer
of the Pancreas Screening Consortium recommend annual endoscopic ultrasound (EUS) or magnetic
resonance imaging (MRI) regardless of family history. Our aim is to describe the findings of the PDAC
surveillance program in a cohort of healthy CDKN2A GPV heterozygotes. This is an observational
analysis of prospectively collected data from all CDKN2A carriers who underwent screening for
PDAC at the high-risk digestive cancer clinic of the “Hospital Clinic de Barcelona” between 2013
and 2021. A total of 78 subjects were included. EUS or MRI was performed annually with a median
follow-up of 66 months. Up to 17 pancreatic findings were described in 16 (20.5%) individuals under
surveillance, although most of them were benign. No significant precursor lesions were identified,
but an early PDAC was detected and treated. While better preventive strategies are developed,
we believe that annual surveillance with EUS and/or MRI in CDKN2A GPV heterozygotes may
be beneficial.

Keywords: pancreatic cancer; surveillance; hereditary; CDKN2A
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a rapidly progressive disease that causes
more than 466,000 deaths per year. It is the seventh leading cause of cancer death in both
sexes worldwide and, it is estimated that by 2030, it will be the second leading cause of
death from cancer in the USA [1,2].

Family history of PDAC has been associated with an increased risk of developing this
tumor. Approximately 5-10% of patients with PDAC have relatives with this neoplasm, which
indicates the existence of familial risk factors in the pathogenesis of this disease [3-5]. There
are two clinical situations in which a familial predisposition to PDAC has been described:
familial PDAC (FPDAC), in which a familial aggregation of PDAC is observed with no
identified hereditary cause [5] and hereditary PDAC, in which there is an association with a
germline pathogenic variant (GPV) that carries an increased risk of developing this tumor.
These hereditary cancer syndromes represent 3% of all PDACs but, except for hereditary
pancreatitis, these GPVs also predispose the patients to other tumors, and the pancreas is
not the main organ affected. The inherited syndromes associated with an increased risk of
PDAC and specific GPV are Peutz—Jeghers syndrome [6], familial atypical multiple mole
melanoma (FAMMM]) [7], hereditary breast-ovarian cancer syndrome [5,8], familial adeno-
matous polyposis syndrome [9], Lynch syndrome [10], Li-Fraumeni syndrome, and ataxia
telangiectasia [11,12].

Of these syndromes, FAMMM, which is characterized by a high risk of developing
multiple dysplastic nevi and melanoma with a cumulative risk of 60-80% at 80 years, is also
associated with a high risk of developing PDAC. Its cumulative lifetime risk is up to 20%
with a 13-22-fold increased risk compared to the general population [13]. CDKN2A is a
dominant inherited gene located on chromosome 9p21 [14] that encodes two proteins: pl6
and p14AREF, the first protein being a negative regulator of cell cycle progression [15]. In this
syndrome, the increased risk of PDAC has been associated especially with the pathogenic
variant of p16 [7].

Although treatments for PDAC are improving, the 5 year survival rate is still less than
5%, and the main reason is its diagnosis in advanced stages. Therefore, those individuals
with significantly increased risk (i.e., the 5-10% who meet criteria for familial or hereditary
PDAC) should be identified to benefit from surveillance programs. PDAC screening is
recommended when the risk of developing this neoplasm is significantly increased (>10-
fold risk or >5% cumulative risk), such as FAMMM. Several recent studies analyzed the
risk-benefit of PDAC surveillance in individuals at high risk, in which detection of PDAC
during these programs resulted in a higher curative resection rate and a longer median
survival time [16,17].

Until recently, it was considered that surveillance of CDKN2A GPV heterozygotes
should only be performed if there was a family history of PDAC (CAPS 14 guideline [18]).
However, according to the 2020 International Cancer of the Pancreas Screening Consortium
(CAPS), PDAC surveillance is recommended in CDKN2A carriers regardless of family
history of PDAC, starting at age 40 or 10 years before than the youngest relative affected [19].
These recommendations have changed in the last few years, since the most recent evidence
seems to indicate that this syndrome carries a higher risk than previously reported [20].
Vasen et al. [21], and more recently (2022) Klatte et al. [22], published prospective studies
in which PDAC surveillance seems effective in this group of individuals.

However, the yield of PDAC surveillance in CDKN2A GPV heterozygotes needs
further studies to assess its efficacy in detecting pre-cancerous lesions, and improving the
prognosis of PDAC through early detection. Our study aims at describing the performance
of PDAC surveillance in the diagnosis of preneoplastic lesions or early-stages PDAC in
CDKN2A GPV carriers.
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2. Materials and Methods
2.1. Study Population

This is an observational analysis of prospectively collected data in a tertiary hospital.
All CDKN2A germline pathogenic variant heterozygotes that were screened for PDAC
and under follow-up at the high-risk digestive cancer clinic of th “Hospital Clinic de
Barcelona” between June 2013 and July 2021 were included. Clinical criteria for genetic
testing (CDKN2A, CDK4 and BAP1) were: (a) patients diagnosed with at least two pri-
mary melanomas or with dual diagnosis of melanoma and PDAC, (b) families with at
least one member with melanoma and two or more first- or second-degree relatives di-
agnosed with PDAC, (c) malignant melanoma in >1 first-degree relative, (d) first-degree
relatives of CDKN2A GPV heterozygotes, and (e) presence of >50 nevi or multiple nevi
with atypical histology.

All index cases were tested for all three genes (CDKN2A, CDK4, and BAP1), which are
associated with a predisposition to melanoma, unless a CDKN2A pathogenic variant was
known to exist in a first-degree relative. In that case, only CDKN2A was studied.

2.2. Definition of Surveillance Program

The included individuals were screened with annual magnetic resonance imaging
(MRI) or endoscopic ultrasound (EUS) depending on availability or patient preferences,
starting at age 50 or 10 years before the youngest affected relative, according to the European
Society of Digestive Oncology (ESDO) expert discussion recommendations [23].

2.3. Data Recording

Personal and family history, environmental risk factors, and surveillance findings
were analyzed.

- Personal data such as age, gender, alcohol consumption (current consumption of
>14 units/week; former drinkers (>10 years) were not considered), smoking habits
(current or former, with at least 5 pack-years of smoking), and comorbidities were
included, as well as oncologic personal history. If PDAC: location, histology, treatment
performed (surgery, radiotherapy, chemotherapy), “TNM” stage, survival, recurrence,
cause of death;

- Molecular data: genetic study (description of pathogenic variant);

- Family history of cancer (digestive and extra-digestive neoplasms, type of cancer, age
and degree of relationship);

- PDAC surveillance: type of test (EUS or MRI), periodicity, findings (normal, preneo-
plastic lesions, cancer);

- Definition of pancreatic lesions:

(a) High-risk pancreatic lesions [24]:

a.1l. Any high-grade PanIN (III);

a.2. Any intraductal papillary mucinous neoplasia (IPMN) or mucinous cystic neo-
plasm with high-risk criteria, defined as: jaundice, presence of solid component, main
pancreatic duct dilatation >10 mm, cyst diameter >4 c¢m, enhancing mural nodule >5 mm,
thickened cyst wall, or abrupt change in pancreatic duct caliber with distal parenchymal
atrophy.

(b) PDAC

(c) Others (nonspecific lesions): IPMN o mucinous cystic neoplasm without high-risk
criteria, nonspecific cyst, main pancreatic duct dilatation >10 mm, neuroendocrine
tumor.
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Side-branch duct IPMN and nonspecific cysts smaller than 10 mm were not considered
as significant premalignant lesions.

2.4. Statistical Methods for Data Analysis

A descriptive analysis was performed where continuous quantitative variables were ex-
pressed with the median and interquartile range and quantitative variables with proportions.

The differences between qualitative variables were compared using Fisher’s test.
The quantitative variables were analyzed using a non-parametric test (Mann-Whitney
or Kruskal-Wallis for unpaired data and Wilcoxon for paired data). The association of
PDAC or preneoplastic lesions and the variables of interest under study were carried out by
means of a multivariate logistic regression analysis. A p-value less than 0.05 was considered
statistically significant. For statistical analysis we used the SPSS 23 version (SPSS Inc.,
Chicago, IL, USA, 2021).

3. Results
3.1. General Characteristics

A total of 84 individuals with a proven CDKN2A germline pathogenic variant attended
during the study period. After excluding 3 individuals due to age and 3 because they did
not want to undergo surveillance, 78 individuals were finally included in the pancreatic
surveillance program (see Figure 1).

3 individuals were
younger than the
recommended age of

84 individuals visited at HRC
with a CDKN2A germline

pathogenic variant screening starting

3 did not want to
participate in the
screening

78 individuals included in the
screening

Figure 1. Flow chart—patients included in the study. HRC, high-risk clinic.

Of the total cohort, 46 (59.0%) were women, with a median age at first test of 53 years,
interquartile range (IQR) 47-63. Regarding environmental risk factors, the most prevalent
was tobacco, with 31 (39.7%) individuals with a history of smoking (former or current
smoker). A total of 17 patients (21.8%) had a family history of PDAC and 56 (71.8%) a
personal history of melanoma (Table 1).
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Table 1. Cohort baseline characteristics (N = 78). IQR, interquartile range; PDAC, pancreatic ductal
adenocarcinoma.

Characteristics of the Individuals Included (N = 78)

Median age (years) at first test (median, IQR) 53 (47-63)
Female, n (%) 46 (59.0%)
Smoking habit (former or current smoker), n (%) 31 (39.7%)
Alcohol consumption, n (%) 5 (6.4%)
Diabetes mellitus type 2, n (%) 7 (9.0%)
Family history of PDAC, n (%) 17 (21.8%)
- First-degree relatives 5 (6.4%)

- Second and/or third-degree relatives 12 (15.4%)
Personal history of cancer

- Melanoma 56 (71.8%)
- Prostate 2(2.6%)

- Breast 2 (2.6%)

- Ovary 1 (1.3%)

- Brain 1(1.3%)

3.2. Pancreatic Cancer Surveillance Program: Characteristics and Findings

The median number of examinations per individual was three (IQR 1-4), with a total of
121 EUS and 116 MRI performed and a median follow-up of 66 months (IQR 42-81). Although
the recommendation was annual surveillance, a group of patients explicitly requested to be
tested biannually during the first years (at the beginning of the program in 2013).

In 50 (64.1%) individuals, the first test performed was MRI and in 28 (35.9%) it was
EUS. In 36 (46.2%) individuals, both MRI and EUS were performed, in 17 (21.8%) only MRI,
and in 25 (32.1%) only EUS.

A total of 17 pancreatic findings were detected in 16 (20.5%) individuals under surveil-
lance. As can be seen in Figure 2, we identified 1 PDAC and 16 other pancreatic lesions
considered low risk or uncertain meaning (nonspecific lesions). No significant premalignant
lesions were identified, and a 61 (78.2%) individuals had a normal surveillance test.

Pancreatic ductal adenocarcinoma, (1.3%) | 1
Main pancreatic duct dilation <5mm, (1.3%) | 1
Neuroendocrine Tumor, (3.8%) I 3

Nonspecific Cyst <10mm, (6.4%) . 5

Surveillance program findings

Non-worrisome branch-duct IPMN, (9.0%) . 7

0 10 20 30 40 50 60 70
Number of individuals

Figure 2. Surveillance findings. IPMN, intraductal papillary mucinous neoplasm.
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Regarding the individual with PDAC, he was 58 years old when the first test was performed
and was included for presenting a GPV in CDKN2A [exon 2, ¢.358delG (p.Glu120Serfs*26)]. He
had family and personal history of melanoma. He had been diagnosed with a melanoma in
situ 15 years ago, surgically treated and in which no systemic therapy was needed. He was a
former smoker, without personal history of alcohol consumption or family history of PDAC.
This patient was one of the seven individuals in our cohort who had a personal history of type
2 diabetes mellitus (T2DM) that was diagnosed in 2015, 4 years before the PDAC diagnosis. The
neoplasm was located in the pancreatic tail and diagnosed on the first surveillance test by EUS
and on an early stage (T2NOMO) (Figure 3). A distal pancreatectomy with splenectomy was
performed after neoadjuvant chemotherapy. Fifteen months later it recurred with a single liver
metastasis, and he is currently (33 months after the first surgery) alive undergoing chemotherapy
treatment.

HOSPITAL CLINIC DE BARCELONA
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Figure 3. (A) Endoscopic ultrasound picture of the detected pancreatic cancer (24.1 x 14.1 mm).
(B) Fine needle puncture in this operable tumor was performed and the cytology was positive for
malignancy (adenocarcinoma). The final size was 28 x 16 mm (in the surgically removed piece).

Regarding the other findings, all seven IPMN detected were small (<10 mm) and side-
branch IPMN without any high-risk criteria. Of the three neuroendocrine tumors (NET),
two were well-differentiated tumors, confirmed by EUS-guided fine needle aspiration with
low (<2%) Ki-67 index (G1). In the third case, there was not enough histological sample and
it was classified as a NET by the radiological characteristics. They presented a maximum
diameter of 5, 16, and 7 mm, respectively; all three were considered low-risk lesions. The
five nonspecific cysts were all <10 mm and no other diagnostic tests were performed.
Regarding the main pancreatic duct dilatation, it was a slight nonspecific dilation (5 mm)
detected by EUS, with a normal previous MRI. In these last scenarios, a wait-and-watch
strategy was adopted. All lesions remained stable and did not show any warning sign
during follow-up.

In our cohort, 10/17 (58.8%) lesions were detected by EUS, 1/17 (5.9%) by MRI, and in
6/17 (35.3%) by both tests. Of the 10 individuals with lesions diagnosed by EUS, 4 (40.0%)
had a normal MRI and in the other 6 (60.0%), MRI was not performed. These four lesions
were one main pancreatic duct dilatation, one intraductal papillary mucinous neoplasm,
one neuroendocrine tumor, and one nonspecific cyst. In the case where the lesion was
detected only by MRI, EUS had not been performed. The PDAC was detected on the first
surveillance by EUS (see Table 2).
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Table 2. Surveillance findings, n = 16 in 17 individuals. EUS, endoscopic ultrasound; MRI, magnetic
resonance imaging; IPMN, intraductal papillary mucinous neoplasm. EUS or MRI was performed
during follow-up, depending on availability, patient preference, and previous test findings.

Lesions Detected at the Surveillance Test Performed During Follow-Up Test that Detected the Lesion
Program (1 = 17) EUS MRI EUS MRI
Main pancreatic duct dilation (5 mm) Yes Yes Yes No
IPMN Yes Yes Yes Yes
IPMN Yes Yes Yes Yes
IPMN No Yes Not performed Yes
IPMN Yes No Yes Not performed
IPMN Yes No Yes Not performed
IPMN Yes Yes Yes Yes
IPMN Yes Yes Yes No
Neuroendocrine tumor Yes Yes Yes No
Neuroendocrine tumor Yes Yes Yes Yes
Neuroendocrine tumor Yes Yes Yes Yes
Pancreatic cancer Yes No Yes Not performed
Nonspecific cyst Yes Yes Yes No
Nonspecific cyst Yes No Yes Not performed
Nonspecific cyst Yes Yes Yes Yes
Nonspecific cyst Yes No Yes Not performed
Nonspecific cyst Yes No Yes Not performed

3.3. Risk Factors Associated with PDAC and Preneoplastic Lesions

The risk factors ‘smoking’, ‘alcohol consumption’, ‘Diabetes Mellitus’, or ‘family
history of PDAC’ were not independently associated with an abnormal surveillance exam
(p> 0.05) in the logistic regression analysis.

4. Discussion

PDAC screening has not been proven to prevent PDAC or reduce mortality, and the
target population for PDAC surveillance remains uncertain. The most recent evidence
suggests that individuals with germline pathogenic variants in CDKN2A have a significantly
higher risk than others, similar to that of Peutz—Jeghers syndrome. A systematic review of
16 studies published in 2015 analyzed the risk-benefit of PDAC surveillance in high-risk
individuals for this neoplasia. Detection of PDAC during surveillance resulted in a higher
curative resection rate (60% vs. 25%, p-value = 0.011) and a longer median survival time
(14.5 vs. 4 months, p < 0.001) compared to the control group [16]. Canto et al. observed
in a 16 years follow-up study of 354 individuals at high risk of PDAC that the majority
(90%) of cancers detected during surveillance were resectable with a 85% survival at
3 years [17]. This indirect evidence supports the performance of surveillance in patients
with family history or proven pathogenic germline variants and suggests an increased
survival in selected patients. MRI or preferably EUS (given its ability to take ultrasound-
guided fine-needle aspiration and to detect lesions smaller than 10 mm) can diagnose
precursor lesions and early cancer, giving these patients the possibility of undergoing
curative treatments [25].

In our cohort of CDKN2A carriers, an early PDAC was detected and a potential curative
treatment was offered to the patient, who after almost 3 years, is still alive. However, in up
to 20% of the individuals, a pancreatic alteration was detected during surveillance without
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a malignant significance. The ability to detect small lesions in the pancreas, including
any kind of NET, has grown dramatically in the last two decades [26], and this is, in
part, due to the more frequent use of MRI and EUS in clinical practice. Thus, our benign
surveillance findings seem to be similar to those expected in the general population older
than 50 years [27,28] However, although the diagnostic yield of our pancreatic surveillance
program is low, it seems to have an impact on survival. Our results are in consonance
with a recent study [20] where FAMMM and Peutz-Jeghers syndrome seemed to have
an increased risk of PDAC over other genetic syndromes. Overbeek et al. showed the
yield of long-term surveillance in one of the largest cohorts of high-risk individuals to date
(n =366). PDAC was diagnosed in 10 of the 165 GPV heterozygotes, with a cumulative
10 year incidence of 9.3%, whereas in high-risk individuals without a GPV, there was not
any case of PDAC (n = 201).

No environmental or family risk factors were independently associated with PDAC
or other findings. It is worth noting that four individuals presented a lesion detected by
EUS with a previous normal MRI. This study was not designed to identify differences
between these two tests, but we must take into account other studies that have proven EUS
as more sensitive in detecting small pancreatic lesions (parenchymal abnormalities, cysts,
and ductal adenocarcinomas) [25].

Vasen et al. [21] published in 2016 a prospective follow-up study from three European
expert centers including 178 CDKN2A GPV heterozygotes with a mean follow-up time of
53 months. They detected a PDAC in 13 (7.3%) of them, the resection rate was 75%, and the
5 year survival rate was 24%. More recently (2022), Klatte et al. [22] published a 20 year
prospective follow-up study including 347 CDKN2A individuals of a Dutch hospital, in
which a high incidence of PDAC (n = 36) was demonstrated with 5.6 years of follow-up, and
most of them (1 = 31) were resectable. Our study is based on a cohort from a low-incidence
region of PDAC and this could justify the fact that our incidence of PDAC is lower than in
these other series.

Overbeek et al. [29] described in a large cohort (more 2000) under surveillance in which
more than half of high-risk individuals developing high-grade dysplasia or PDAC had no
previous lesions detected, which suggests a low prevalence of these lesions can explain why
no precursor lesions were detected in our cohort. Moreover, PanIN lesions require a better
characterization for an adequate diagnosis, and for this reason, we consider that more
personalized surveillance programs are necessary. In this sense, the use of biomarkers,
such as dysregulated expression of miR-21, miR-155, miR-196, and miR-210 that have
been observed in PanIN and IPMN [30], could be used to identify target populations, and
prediction models for PDAC based on the interaction of modifiable and genetic risk factors
are being developed and will help to identify those patients at a higher risk [31].

Our study has some limitations. First, as it is a surveillance study, the follow-up time is
possibly insufficient to assess the expected lesions (median of examinations per individual
of three, IQR 1-4) requiring longer follow-up to ensure the benefits of surveillance. On the
other hand, the size of the cohort is possibly insufficient to evaluate lesions of such a low
incidence as PDAC. However, one of the main strengths of our study is that it is one of the
largest cohorts of CDKN2A GPV carriers and it is a homogenous cohort (only CDKN2A),
compared to previous reports where patients with several types of hereditary syndromes
and familial PDAC, with different risk of PDAC were assessed.

5. Conclusions

In our pancreatic cancer surveillance program, no significant high-risk precursor
lesions were found, but one early PDAC was diagnosed. These results suggest that while
better preventive strategies are developed, annual surveillance with EUS and /or MRI in
CDKN2A carriers may be beneficial.
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While clinical practice guidelines for hereditary diffuse gastric cancer are well
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Funding information

Instituto de Salud Carlos Ill, Grant/Award most European countries, there are no evidence-based recommendations on endo-
Number: PI21/00333 scopic assessment in FIGC families. We aim to describe the yield of GC surveillance
in these families, and to identify epidemiological risk factors for the development of
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went endoscopic surveillance were included between 1991 and 2020. Forty-one

healthy individuals of 31 families were recruited. The median number of upper
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gastrointestinal endoscopies per individual was 3 (interquartile range, IQR, 1-4). The

woiy papeofumoq ‘0 S 1Z0L601

median interval time between tests was 2 years (IQR 1.5-2.5), and the median follow-

up was 9 years (IQR 3-14.5). In 18 (43.9%) subjects, a precursor lesion of GC was
found during follow-up, and in 2 (4.9%), an early GC was identified, in which curative
treatment was offered. Helicobacter pylori (Hp) infection proved to be independently
associated with an increased risk of developing precursor lesions or GC, adjusted by
age, gender and follow-up, with an Odds Ratio of 6.443 (1.36-30.6, P value .019). We
present the first outcomes that support endoscopic surveillance with biopsies and
detection of Hp in FIGC families, although the periodicity has yet to be defined.

KEYWORDS
familial intestinal, gastric cancer, gastric cancer, surveillance

What's new?
Individuals who meet the criteria for Familial Intestinal Gastric Cancer (FIGC) are at high risk of

developing gastric cancer, which is usually diagnosed in advanced stages. Scientific evidence sup-
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porting endoscopic surveillance in these families is lacking. In this long-term follow-up study of a

FIGC cohort, upper gastrointestinal endoscopy effectively detected precursor lesions and early
gastric cancer, and the development of these lesions was associated with Helicobacter pylori infec-
tion. These findings support endoscopic surveillance with biopsies and Helicobacter pylori detection

1 | INTRODUCTION

Gastric cancer (GC) is the fifth most frequent neoplasia and the fourth
leading cause of cancer death worldwide.! Its incidence differs
depending on the geographical area, and in low-incidence regions
(<10 cases per 1 00 000 inhabitants) such as the United States, Spain
and most European countries, the number of new cases is increasing
due to population aging.! GC screening in these countries is contro-
versial, and endoscopic surveillance is reserved only for those individ-
uals with a significantly increased risk of GC, such as those with
incomplete extensive intestinal metaplasia (IM) or individuals with a
hereditary predisposition of GC.2 However, identifying individuals
who can truly benefit from surveillance is difficult, and current recom-
mendations lack scientific evidence.®*

Approximately 10% of GCs present some family aggregation,®
and the three primary familial GC conditions include hereditary diffuse
GC (HDGC), gastric adenocarcinoma and proximal polyposis of the
stomach (GAPPS) and familial intestinal GC (FIGC).® While the first
two entities have a better defined strategies of management, FIGC is
a less well-known entity and health professionals often do not know
how to approach these families. Finally, GC is also associated with
other cancer syndromes such as Lynch syndrome,’ Li-Fraumeni
syndrome,® juvenile polyposis syndrome,” Peutz-Jeghers syndrome®°®
and hereditary breast and ovarian cancer syndrome,** where a known
germline pathogenic variant is identified.

FIGC includes cases with familial aggregation of intestinal-type GC
without an identified genetic cause or gastric polyposis, with specific diag-
nostic criteria that varies depending on the geographical area (based on

68

in FIGC families in low-risk gastric cancer areas, although the periodicity has yet to be defined.

the incidence). In high-incidence areas, FIGC diagnosis requires the follow-
ing three criteria: (a) three or more relatives with intestinal GC with one of
them being a first-degree relative (FDR) of the other two, (b) occurrence
of GC in at least two generations and (c) at least one patient with GC
before the age of 50.** In low-incidence GC countries, diagnosis requires
any of the following: (a) 23 FDRs or second-degree relatives (SDR) with
intestinal GC, regardless of age, or (b) 22 FDR or SDR with intestinal GC,
at least one affected before the age of 50.1 It is estimated that FDR of
patients with FIGC are 2 to 3 times more likely to present this neoplasia
compared to the general population,'? although to date there are few
series reported with families affected with this entity.*®

A causal germline pathogenic variant of this pathology is
unknown,***° but it could be a genetically determined, likely poly-
genic, GC-predisposing disease, distinct from patients with sporadic
intestinal GC at the germline and somatic levels.! Carvalho et al,
recently published a large homogeneous cohort of 50 families meeting
FIGC criteria, with a 66% prevalence of GC and a median age of 72 at
diagnosis.'® It is believed that some gene polymorphisms (such as inter-
leukin 1B or Toll-like receptor 4) could be decisive in the susceptibility
of Helicobacter pylori (Hp) infection and the type of inflammation trig-
gered by this bacterium,*”*8
progression of intestinal-type GC, as proposed by Correa Cascade, in

which would precipitate the carcinogenesis

the sequential changes of the gastric mucosa: atrophic gastritis (AG), IM
and dysplasia.'’ These inflammatory changes can be detected by upper
gastrointestinal endoscopy (esophagogastroduodenoscopy, EGD) with
biopsies, and allow the physician to stratify patients by GC risk and
adjust the interval between tests, and in some cases (visible lesion with
dysplasia), perform endoscopic resection to prevent GC. Having a family

) SUONIPUOY puE SWA L, 31 39§ “[£20/01/S0] U0 Areiqy

 Ropia &

95U99I] SUOWIWIOY) dANERI) 2[quat|dde U £G PALIIAGS A SOOI V() O8N JO Sa[ni 10§ AIeAqYT QUIUQ) A9IA UO



LLACH ET AL.

INTERNATIONAL Suicc 3
JOURNAL of CANCER J—

history of GC carries an increased risk of Hp infection, AG, and IM, and
there is evidence to suggest that preneoplastic lesions in individuals
with FDR with GC are at increased risk of progression.?’ However,
there are no data to show how much these precursor lesions increase
the risk of GC in FIGC condition, nor whether the risk of lesion progres-
sion is increased compared to the general population.

Contrarily to other syndromes, such as in HDGC where the surveil-

d 21,22

lance is better establishe in FIGC there is no clear evidence for

the best approach. Surveillance is recommended in a research

environment,3

and recommendations vary between different European
societies, from just eradicating Hp, to performing endoscopies with dif-
ferent periodicities (annually, every 3 or 5 years).2*?*?” For example,
the European Society of Digestive Oncology expert panel recommends
annual EGD with a detailed exploration of the gastric mucosa with ran-
dom biopsies, starting at the latest at the age of 40 years or 5 years
before disease onset in the youngest affected relative.?* However,
there are no studies evaluating the effectiveness of the endoscopic
assessment in FIGC.

The objective of this study is to evaluate the efficacy of a pro-
gram based on endoscopic surveillance in families meeting criteria for
FIGC in a low-incidence GC area. We aim to describe the performance
of endoscopic surveillance in the diagnosis of preneoplastic lesions or
GC in early stages, and to identify epidemiological risk factors of GC
in these families.

2 | MATERIALS AND METHODS

2.1 | Study population and inclusion criteria
This is an observational retrospective study involving nine tertiary
Spanish hospitals. All healthy individuals who met FIGC criteria and
who underwent endoscopic surveillance were included between 1991
and 2020. The criteria used were the same as those used in routine clin-
ical practice in low-incidence GC regions: 23 FDR or SDR with intestinal
GC, regardless of age (criterion 1), or 22 FDR or SDR with intestinal GC,
at least one affected before the age of 50 (criterion 2), and without a
germline pathogenic variant in a cancer predisposing gene or a heredi-
tary syndrome suspected. The patients were visited in a high-risk gas-
trointestinal cancer clinic after being referred for their family history.
Endoscopic surveillance consisted of performing at least one EGD
in asymptomatic individuals with family history of GC that fulfilled FIGC
criteria. Since it is an observational study based on a real-world daily
practice, the periodicity, age of first EGD, type of biopsies and type of
EGD were performed according to each participating center protocols.

2.2 | Datarecording (all the information was
collected from routine clinical data)

o Inclusion criterion of FIGC.
e Personal data: age, gender, race, alcohol consumption (at least
14 units/week), smoking habits (current, former, never), proton
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pump inhibitor (PPI) consumption (at least at low dose within the
past 12 months), comorbidities and oncologic personal history
were recorded.

e Germline genetic study (Hereditary Cancer panel lllumina 1 and
Sanger CTNNA1 sequencing). Reported if performed or not.

e Family history of neoplasia (digestive and extra-digestive neo-
plasms, type of cancer, age and degree of relationship). Whenever
possible, medical reports were requested to avoid recall bias.

e Endoscopic data: type of EGD performed (standard or high defini-
tion, use of chromoendoscopy), interval, follow-up (years), findings
(normal, preneoplastic lesions, cancer, others) and their location.
Biopsies: if performed or not, and if performed which protocol
(Cambridge, Sydney or random to discard Hp).

e Depending on the presence of precursor lesions and GC, proce-
dures were categorized as follows:

a. Normal test: Individuals with a normal EGD or with nonspecific
lesions, including gastric polyps without dysplasia, peptic ulcer, hia-
tal hernia, esophagitis and non-specific mucosal or submucosal
lesions.

b. Abnormal test: premalignant lesions (focal or extensive AG, com-
plete or incomplete IM, low-grade dysplasia and high-grade dyspla-
sia) and gastric cancer. If GC was diagnosed during surveillance,
histology, treatment performed (surgery, radiotherapy, chemother-
apy), stage (TNM), recurrence, death and cause of death was
reported.

If there was an individual with a premalignant lesion or GC, and a
nonspecific lesion such as hiatal hernia or esophagitis, it was consid-
ered as an “abnormal test.” Lesions detected in the first test were
defined as prevalent cases, while lesions detected during follow-up as
incident cases.

2.3 | Statistical methods for data analysis

Statistical analysis was performed using the SPSS 23 version (SPSS
Inc., Chicago, IL, 2021). Quantitative variables were expressed as
medians and interquartile ranges (IQRs) or means and SD depending
on the distribution, and categorical variables were expressed as total
number and frequencies (%). Comparisons between categorical data
were analyzed with Fisher's exact or ANOVA statistics; for continuous
data Student t-test for parametric and Mann-Whitney U test for non-
parametric data were used.

Univariate binary logistic regression was performed for selection
of variables associated with the diagnosis of relevant precursor lesions
or GC. For multivariable logistic regression analyses, age, gender,
follow-up (years), and candidate variables with statistically significant
P values (defined as P < .05) on univariate analysis were used in the
final multivariate model. Odds ratios (ORs) with 95% confidence inter-
vals (Cls) were included to quantify the magnitude of the association.
When information was missing the denominator accounted for
patients with available data (complete case analysis).
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3 | RESULTS

TABLE 1  Characteristics of familial intestinal gastric cancer
individuals who underwent gastric cancer surveillance.

3.1 | General characteristics Total population

Characteristic (n=41)

Forty-one individuals of 31 FIGC families met FIGC criteria and partic-

Age at start of surveillance, median

51 (IQR 42-56)

ipated in GC surveillance. Twenty-nine (70.7%) met criterion 1 and years

12 (29.3%) criterion 2. Thirty (73.2%) were women, and the median Male, n (%) 11 (26.8%)

age of first EGD was 51 years, interquartile range (IQR) 39 to 57. The Race, n (%)

main characteristics are summarized in Table 1. Caucasian 40 (97.6%)
American Indian 1(2.4%)

Body Mass Index, median

26.435 (IQR 25.26-26.81)

3.2 | Endoscopic data Smoking, n (%)
Never 21 (51.2%)
A total of 162 endoscopies were performed. The median number of
Former 7 (17.1%)
EGD per individual was 3 (IQR 1-4). In 17 (41.5%) cases only one
. . Current 5(12.2%)
endoscopy was performed. Regarding those with more than one test,
o
the median interval time between EGD was 2 years (IQR 1.5-2.5), and Unknown 8(19.5%)
the median follow-up of individuals with more than one EGD was Alcohol consumption, n (%)
108 months (IQR 36-174). High definition EGD was performed in =14 units / week 4(9.8%)
20 (48.8%) individuals, and chromo-endoscopy (virtual or conven- No 27 (65.6%)
tional) in 8 (19.5%). In Past or Unknown 10 (24.4%)
The surveillance strategy performed was EGD + biopsies fol- Chronic use of PPIs, n (%) 12 (29.3%)
lowing Cambridge protocol in 3 (7.3%) individuals, EGD + biopsies Personal history of other malignances, 7 (17.1%)
following Sydney protocol in 9 (22%), EGD + random (without visi- n (%)
ble lesion) gastric biopsies to rule out Hp in 27 (65.6%) and EGD Breast 3(7.3%)
without taking biopsies for histology in 2 (4.9%), in this last sce- Colorectal 1(2.4%)
nario urease test was performed to rule out Hp. Therefore, in Melanoma 1(2.4%)
39/41 (95.1%) individuals some type of gastric biopsy for histology Esophagus 1(2.4%)
was performed. Waldenstrom macroglobulinemia 1(2.4%)
Family history of gastric cancer, n (%) 41 (100%)
At least one FDR, n (%) 31 (75.6%)

3.3 | Endoscopic findings

Twenty (48.8%) individuals were found to have a precursor lesion or

Median age of the youngest
affected FDR with GC, years

52 (IQR 40.5-65-5)

Family history of other malignances, n 27 (65.9%)

GC during the follow-up (abnormal test). As it can be seen in Figure 1, (%)
two early GC and 18 other precursor GC lesions were identified Colorectal 11 (26.8%)
(if more than one lesion coexists, the most advanced is reported). The Breast 7 (17.1%)
median age of onset was 55.5 years (IQR 46-65.5) for AG, 56.5 (IQR

Lymphoma 3(7.3%)
47-66) for IM and 65.5 (IQR 58.5-69.5) for dysplasia.

Ovarian 2 (4.9%)

Figure 2 describes the evolution of precursor lesions based on
follow-up time, and the most prevalent and incident nonspecific
lesions are summarized in Table 2.

Finally, Hp infection was detected in 21 (51.2%) patients either
with a urease test or in the gastric biopsy examination, of which
14 (70%) had an “abnormal surveillance test”. Data on Hp treatment
and eradication are lacking and could not be reported.

In 11 of the 20 (55%) individuals with a precursor lesion, it was
detected in the first EGD (prevalent cases), while in 9/20 (45%) during
follow-up (incident cases). Both GC were incident, identified
during follow-up (Figure 2). All individuals with more than 20 years of
observed follow up (n = 5, 12.2%) developed a precursor lesion while
under surveillance (Figure 3).

70

Genetic testing performed,
n (%)

10 (24.4%), in all

cases negative

Abbreviations: FDR, first-degree relative; GC, gastric cancer; IQR,

interquartile range; PPI, proton pump inhibitor.

34 |

Gastric cancer diagnosis

Two (4.9%) intestinal GC were detected during surveillance. One was
diagnosed in a 73-year-old woman with four FDRs affected by GC,
being the youngest FDR diagnosed at 52. She was diagnosed in the
fourth surveillance test after 3 years of follow-up, and genetic testing

was not performed because no hereditary syndrome was suspected.
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Normal test (n = 21,
51.2%)

FIGURE 1
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Focal atrophic gastritis
(n=4,9.8%)

Extensive atrophic
gastritis (n = 2, 4.9%)

Incomplete Intestinal
metaplasia (n =1, 2.4%)

Low-grade dysplasia
(n=2,4.8%)

Endoscopic surveillance findings during follow-up. If more than one lesion coexisted, the most advanced was reported. In both

cases with low-grade dysplasia, no endoscopic visible lesion was identified. [Color figure can be viewed at wileyonlinelibrary.com]

The tumor was located in the antrum and diagnosed at an early stage
(TANOMO). Immunohistochemistry for mismatch repair proteins
(IHC-MMR) was performed on paraffin-embedded sample and
showed normal expression. The neoplasm was preceded by focal
incomplete IM and antrum high-grade dysplasia (no visible lesion) in
the previous EGD performed 3 months before (see Figure 2, 12th
individual), and curative treatment with total gastrectomy was offered.
The patient is alive 16 years after surgery.

The second patient was an 82-year-old woman who had two
FDRs affected by GC (the youngest FDR was diagnosed at 42), and
was diagnosed in the 16th surveillance EGD, after 26 years of follow-
up. In this case, genetic testing ruled out germline pathogenic variants
associated to GC. The neoplasm was preceded by focal incomplete IM
and low-grade dysplasia (no visible lesion) in the previous test per-
formed 2 years before (see Figure 2, fifth individual). The tumor was
also located in the antrum and at an early stage (TINOMO), IHC-MMR
showed a normal expression of MMR proteins and a curative treat-
ment (total gastrectomy) was offered. The patient is alive 2 years after
surgery without signs of recurrence.

3.5 | Risk factors associated to preneoplastic
lesions and GC

In the univariate analysis, a statistically significant association was
observed between Hp infection and the dependent variable “abnormal
surveillance test” (P value of .019). No statistically significant associa-

.

tion was observed with the variables “Gender”, “Age”, “alcohol”,
“smoking”, “chronic use of PPIs”, “follow-up (years)”’, “at least one
FDR affected by GC”, “personal history of other neoplasia”, “Family
history of other neoplasm” or “Cambridge/Sydney biopsy protocols”.

Moreover, “Hp infection” remained to be an independent risk factor

71

for the diagnosis of precursor lesions and GC adjusted by age, gender
and follow-up with an OR of 6.443 (1.36-30.6, P = .019) (Table 3).

4 | DISCUSSION

In this long term follow-up study of a cohort of FIGC individuals, we
demonstrate that GC surveillance leads to detection of resectable,
early-stage GC and a large number of preneoplastic lesions. This
study encompasses the largest cohort of FIGC individuals under sur-
veillance to date, and we present the first outcomes that support its
effectiveness in a low-incidence area. This is the first study to evalu-
ate the efficacy of GC surveillance in this group of individuals and
our data supports the use of endoscopic assessment in this high-risk
condition.®

This study highlights the increased number of precursor gastric
lesions within FIGC individuals. Almost 50% of the individuals of our
cohort presented some precursor lesion during follow-up. Our results
showed a higher number of precursor lesions of GC compared to the
general population, since the prevalence of these lesions (including
any type of AG) in low-incidence areas is estimated to be around
9% to 23%.%® For example, den Hoed et al?? published the estimated
prevalence of preneoplastic gastric lesions in asymptomatic individ-
uals in a general population of low risk area of GC, a cohort of
383 individuals, most of them Caucasian and with a mean age
of 53 years. Although the age of that cohort was slightly higher than
ours, the prevalence of precursor lesions (including AG, IM or dyspla-
sia) was 9.3%, compared with our prevalence of 26.8% (11/41
patients with precursor gastric lesions within the first endoscopy).
Therefore, our data supports that FIGC condition promotes intestinal
gastric carcinogenesis and leads to a higher proportion of preneoplas-
tic lesions.
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Ind | Total | MIYB

Year of follow-up

EGD | EGD

o[ 2| 46 8 10 | 12 [ 14 | 16 [ 18 | 20 | 22 | 24 | 26
1 >10 2 CHNCENCENC] ¢) ¢) CHNC =) =) o o o
2 | >10 1 @ | @ | @ | @ @ @ @
3 | >10 2 olo|olo o) o) oo o) 0| @ | @
4 | >10 1.5 @ | @ | @ | @ =) =) @ | @
5 | >10 2 Ole|e@|e@] @ O [ [ 9| [ @[] @ | @]
6 7 25 @ | @ | @ | @ =) =) @ | @ =) @
7 7 2 olo]o]o S ® [CHNC (C) C)
8 6 1.5 o [¢) ol
9 5 1 O|lo oo e [=)
10 5 3 olo]o]o [¢) [¢) @ | @ @
11 4 2 @ | @ )
12 4 0.75 @ |9
13 3 2 o o ) [¢) [=) [=)

14 3 1 @ | @

15 3 1.5 ¢} o | @

16 2 3 o |
17 1 - C)
18 1 - ]
19 1 - C)
20 1 - C)

O = Normal test; ® = Atrophic Gastritis; @ = Intestinal Metaplasia; @ = Dysplasia; ® = Intestinal GC

FIGURE 2 Summary of the 20 patients with “abnormal” surveillance test, showing the progression of the lesions based on the follow-up
time. EGD, Upper Gastrointestinal Endoscopy; GC, Gastric Cancer; Ind, Individual; MIYB EGD, median interval (years) between EGD. [Color figure

can be viewed at wileyonlinelibrary.com]

Both GCs were diagnosed at an early stage, both presented
incomplete IM and dysplasia in previous EGD, and curative treatment
was offered in both cases. Taking into account that GC is usually diag-
nosed in advanced stages, this is very relevant data, since surveillance

72

in these individuals also could increase its survival. Individualizing the
follow-up based on the lesions found in the previous EGD is a strat-
egy to consider, since as reported in our cohort, both GC were pre-
ceded of IM and dysplasia. Although the objective of this study was
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not to evaluate which was the best surveillance strategy (since it is a
descriptive observational study with a heterogeneous follow-up), we
reported a high detection of precursor lesions in individuals who

TABLE 2 Nonspecific lesions of individuals under surveillance.

Nonspecific lesions Total n = 11, n (%)

Hiatal hernia 3* (7.3%)
Grade C/D esophagitis 2* (4.9%)
Hyperplastic polyp 2 (4.9%)
Fundic gland polyps 2 (4.9%)
Subepithelial lesion (leiomyoma) 1(2.4%)
Erosive duodenitis 1(2.4%)
Schatzki ring 1(2.4%)

Note: This table includes all non-specific lesions that were identified
during surveillance, both in the “normal test” group and in the “abnormal
test” group. *One individual presented with both esophagitis and hiatal
hernia.

Development of precursor lesions

Probability

95% Gl

Failure function

0 2 4 6 é 1‘0 1‘2 1‘4 @ 18 2
Follow-up (years)

w1 1@ & 3 1 il 1 il 1

Number at risk

FIGURE 3 Kaplan-Meier curve for the appearance of precursor
lesions according to the follow-up time. All the subjects with follow-
up of more than 20 years ended up developing some precursor lesion.

JOURNAL of CANCER

underwent periodic endoscopies with biopsies, particularly performing
Cambridge/Sydney protocols. Thus, a strategy to consider in clinical
practice would be to perform EGD with biopsies every 1 to 3 years,
although prospective studies are needed to better define these
intervals.

Regarding risk factors, as already seen in other papers, the main
risk factor associated with the development of GC and its precursor
lesions is Hp infection.2°2 In our study, Hp infection was the only
factor independently associated with the development of precursor
lesions or GC, so in FIGC families it seems especially relevant to rule it
out and eradicate if it is detected. It is also worth mentioning that the
prevalence of Hp infection in our country is around 53%,% very simi-
lar to that found in our cohort (51.2%). The association between Hp
and the precursor lesions of GC observed in our study (OR 6.4) is
slightly higher than that reported in the general population,?® so the
role of this bacterium in the carcinogenesis of FIGC could play an
even more relevant role than that reported in the sporadic GC.

Members of the same family have a similar environment in terms
of socioeconomic status, dietary habits, probability of Hp infection
and type of strain. Hp treatment could stop gastric carcinogenesis and
improve the prognosis of these families, although in our study we
have not been able to prove it.

Not even age, gender, toxic habits, family history or use of PPIs
showed an association with the development of precursor lesions or
GC, which could indicate that in FIGC condition, these factors could
have less weight than in sporadic GC. However, the possible cause of
a lack of observed relationship for some of these variables may be
related to underreporting of those exposures, or it may also be due to
too low statistical power (type Il error). There are no prior studies
evaluating the association between these risk factors (including Hp)
and GC precursor lesions in FIGC condition.

This study has several strengths. This is a multicenter study
involving nine tertiary hospitals with a long follow-up time. The FIGC
criteria in our region are very strict and it is difficult to gather a large
enough cohort to provide relevant data. All families with diffuse GC
or of any other histology were excluded, and all included patients met

TABLE 3  Analysis of risk factors for presenting an abnormal surveillance test.

Normal test Abnormal test
Characteristic (n=21) (n = 20)
Gender: women; number (%) 17 (80.9%) 13 (65%)
Age, years; median (IQR) 50 (36-54) 52 (45-62)
FH of other neoplasm (%) 16 (76.2%) 11 (55%)
Time until event or end of 2.14(3.2) 3.2(5.2)
follow-up, years; mean (SD)
Cambridge/Sydney 5(23.8%) 7 (35%)
protocol performed (%)
Chronic use of PPI (%) 3(14.3%) 9 (45%)
Hp infection (%) 7 (33.3%) 14 (70%)

OR (95% CI)*,
P value (Univariate)

0.44 (0.11-1.8),0.90 -
P>.05 =
3.6 (0.91-14.6), 0.062 -
P >.05 =

OR (95% Cl);
P value (Multivariate)

1.72 (0.44-6.72),0.43 -

3.7(0.76-17.7),0.098 =

4.7 (1.2-17),0.019 6.443 (1.36-30.6), 0.019 (adjusted by
age and gender and follow-up)

Note: Univariate and multivariate analysis of factors associated with the detection of precursor lesions. *For quantitative variables OR does not apply.
Abbreviations: Cl, confidence interval; IQR, interquartile range; FH, family history; Hp, Helicobacter pylori; OR, odds ratio; PPI, proton pump inhibitor.
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the FIGC clinical criteria, which are very restrictive for a low-incidence
area of GC. Even so, our data demonstrates that surveillance in this
group helps us diagnose a high percentage of precursor lesions and
early GC, and that there is an association between them and Hp
infection.

However, this study has some limitations. First, although this
study records one of the largest FIGC cohorts, only 41 individuals of
31 families were included. Nevertheless, considering that it was car-
ried out in a low-incidence area of GC, this cohort is relevant and
probably represents this entity (FIGC) in a less biased way than in
countries with a higher incidence. Second, not all individuals under-
went genetic testing, although it is not recommended in clinical prac-
tice unless a hereditary syndrome is suspected. Third, since it is a
retrospective study, we do not have data about the treatment per-
formed to eradicate Hp and its effectiveness during follow-up, and not
all patients have the same follow-up regarding interval, number and
types of EGD (conventional vs high definition, chromoendoscopy, type
of biopsies performed, etc.). However, this reflects normal clinical prac-
tice and the lack of consensus on the management of these families,
which reaffirms the relevance of the findings. Finally, the findings of
precancerous lesions and also Hp infection would probably have been
even higher, if standard biopsy protocols had been done in all centers.

In conclusion, in our FIGC cohort, endoscopic surveillance led to
the detection of early-stage GC and premalignant lesions, represent-
ing a diagnostic yield of 5% for GC and 44% for preneoplastic lesions
for a median follow-up of 9 years. Those lesions show a statistically
significant association with the presence of Hp infection. Our findings
represent the first study evaluating and supporting endoscopic sur-
veillance with biopsies and detection of Hp in FIGC families in areas
of low risk of GC, although its periodicity has yet to be defined.
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8. DISCUSSIO

Al nostre medi el cribratge poblacional del CG i del CP no estan indicats perque es
consideren estratégies molt poc cost-efectives(25, 60). No obstant aix0, resulta clau
identificar aquells grups d’alt risc que si que podrien beneficiar-se d’una vigilancia
estreta per prevenir i alterar la historia natural d’aquestes dues neoplasies. A dia d’avui
tenim evidéncia cientifica que recolza I'Gs i implementacié d’aquestes estratégies en
entitats molt concretes. L'exemple més il-lustratiu és el CGDH, una sindrome que sol
implicar una VPG a CDH1 i que comporta un risc molt elevat de CG. En aquest cas, a part
de la vigilancia endoscopica se sol recomanar la gastrectomia profilactica, doncs el risc
de CG és >50% al llarg de la vida(48). Tanmateix, existeixen condicions familiars i
hereditaries que comporten un augment menys evident del risc de cancer, on les
estrategies de vigilancia encara no han estat avaluades amb tanta precisio.
Concretament, la realitzacié dels dos estudis que conformen aquesta tesi doctoral busca
aprofundir en el coneixement de la sindrome FAMMM i del CGFI, avaluant la utilitat de
les estrategies de vigilancia de les que disposem en I'actualitat per aquestes dues

entitats.

Vigilancia del CP en portadors d’una VPG a CDKN2A (o sindrome FAMMM)

La FAMMM és una sindrome que es caracteritza per presentar una VPG al gen CDKN2A
que comporta un increment del risc principalment de melanoma (entorn al 80% al llarg
de la vida) i de CP (17%)(15). El seguiment semestral per part de dermatologia pel
diagnostic precog del melanoma resulta clau per canviar la historia natural d’aquesta
sindrome, i aquest seguiment esta ben definit i establert. No obstant aixo, hi ha menys
evidencia respecte I'aproximacié diagnostica del CP en aquests individus. Les ultimes
guies de practica clinica de lInternational Cancer of the Pancreas Screening (CAPS)
Consortium recomanen fer vigilancia de CP en qualsevol individu portador d’una VPG a
CDKN2A independentment dels AF de CP(23). Aquest és un punt que s’ha actualitzat

respecte I'Ultima versid(28), doncs sembla que el risc és major del que es pensava
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previament (anteriorment només es realitzava vigilancia als individus portadors amb
almenys un FPG afecte de CP). Estudis recents indiquen que I"'USE i la RM anuals poden
prevenir i augmentar la supervivencia del CP en aquesta poblacio, tot i que I'evidencia
al respecte encara és escassa i els estudis dels que disposem s’han realitzat en

poblacions diferents a la nostra.

En la nostra cohort FAMMM es va identificar alguna lesié pancreatica en 16/78 (20.5%)
individus, tot i que la majoria van ser de naturalesa quistica o bé tumors neuroendocrins
de baix grau. Es va detectar un pacient amb CP precog al qual se li va oferir un tractament
potencialment curatiu, i una série de lesions (quists inespecifics, tumors neuroendocrins
de baix grau o TPMI de baix risc) que probablement reflecteixin les troballes esperables
en la poblacié general. Respecte al pacient amb CP, era un home de 58 anys, exfumador
i diabeétic, sense AF de CP, que va debutar amb un T2NOMO i que va ser sotmes a cirurgia
al 2019. Uns mesos més tard va recidivar amb una metastasi hepatica i va reiniciar la
guimioterapia. Quan es va redactar el primer article d’aquesta tesi (uns 33 mesos
després de la cirurgia), el pacient encara era viu, pero malauradament uns mesos més

tard va ser exitus per progressié de la malaltia.

En la nostra cohort FAMMM, amb un seguiment de 5.5 anys es va identificar un unic
pacient amb CP, i cap amb lesions epitelials precursores o neoplasia pancreatica
intraepitelial. Donada la baixa freqiiéncia de la variable principal (1 CP de 78 individus)
no es van poder identificar factors de risc de progressio al CP, i tampoc es van objectivar
associacions entre qualsevol de les lesions descrites i altres factors mediambientals. Es
va descriure un gran nombre de lesions pancreatiques durant la vigilancia: una dilatacié
del conducte pancreatic principal, set TPMI, tres tumors neuroendocrins de baix grau i
cinc quists inespecifics. Probablement aquestes troballes es deuen al fet que les proves
de les que disposem (USE i RM) sén molt sensibles per aquest tipus de lesions, i és
possible que els nostres resultats reflecteixin la prevalenga esperada a la poblacié
general, sense que CDKNZ2A hi jugui un paper rellevant en el seu desenvolupament(78-

80). Tot i que I'objectiu d’aquest treball no era comparar les dues tecniques d’'imatge
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utilitzades, val la pena mencionar que amb la USE va detectar 4 lesions que previament
no havien estat detectades per la RM (una dilatacié del conducte pancreatic principal,

un TPMI, un tumor neuroendocri i un quist inespecific).

Altres estudis recents, com el de Vasen i col.(29), o Klatte i col.(30), presenten cohorts
amb major numero de pacients on sembla que el rendiment de la vigilancia és major.
Concretament, el treball de Klatte i col. va recopilar un total de 347 individus portadors
de CDKN2A, i van descriure, amb un seguiment de 5.6 anys, 36 CP en 31 individus, amb
una incidéncia acumulada del 20.7% als 70 anys. La majoria d’ells (30/36, 83%), eren
considerats ressecables en el moment del diagnostic, la supervivencia mitjana va ser de
26.8 mesos, i la supervivencia a 5 anys del 32.4%. Tot i que la cohort d’aquest estudi és
diferent a la nostra (regioé de Leiden, Paisos Baixos), Klatte i col., demostren I'elevada
incidéncia de CP en aquests individus, i com la vigilancia pot detectar el CP en etapes
més inicials. A I’'hora de comparar el seu estudi amb el nostre, observem que la nostra
incidéncia acumulada de CP és substancialment menor, i aquest fet pot ser degut a
multiples causes. Primerament, la incidéncia de CP a la nostra regid és inferior que a
Leiden, pel que els resultats es poden veure influenciats per aquest factor. D’altra banda,
Unicament disposem de 78 individus amb seguiment, pel que factors com I'atzar poden
afectar més en els nostres resultats, i considerem que aquesta és una de les limitacions
més grans del nostre estudi. També considerem que un altre factor limitant del nostre
treball és el temps de seguiment. Per valorar I'efectivitat d’un programa de vigilancia on
la variable principal és el diagnostic d’'un CP o lesions premalignes (variables de baixa

probabilitat i temps-dependent), el seguiment hauria de ser major.

Recentment Overbeek i col.(81) van publicar a Gastroenterology un estudi on es van
avaluar més de 2.500 individus d’alt risc sotmesos a programes de vigilancia amb RM o
USE. Aproximadament la meitat dels pacients als quals se’ls diagnosticava un CP tenia
una prova d’imatge préevia estrictament normal, sense identificar-se lesions precursores
en molts dels individus a estudi. En 'altra meitat del casos, el CP era precedit per un

estudi d’imatge en el qual s’havia detectat alguna lesid, generalment de naturalesa
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quistica. En qualsevol dels dos escenaris, la majoria dels CP eren detectats en estadis
més avangats que TINOMO, sense poder considerar-se un exit del programa. L’aparicid
de noves lesions i la formacié d’un CP pot ocdrrer en l'interval de temps entre proves, i
aquest fet posa de manifest que I'aproximacié diagnostica d’aquests individus i els
programes dels que disposem en I'actualitat tenen una eficacia qliestionable. En aquest
sentit, el nostre estudi també posa de manifest que la vigilancia en aquests individus no
és infallible. El nostre programa va ser capa¢ de detectar un Unic CP, inicialment
ressecable (T2NOMO), al qual se li va oferir tractament quirurgic i quimioterapic. Tot i
que la supervivencia final va ser superior a I'esperada pel CP, el pacient va acabar
recidivant i essent exitus per progressio de la malaltia. En aquest cas concret també cal
mencionar que el CP va ser diagnosticat en la primera USE de vigilancia, i que no sabem

qgue hauria passat si el pacient hagués entrat al programa uns anys abans.

Perspectives

Si volem modificar de forma notable la historia de la malaltia i tenir un efecte positiu
sobre els individus sotmesos a vigilancia, les estrategies de les que disposem s’han de
millorar. En aquest sentit, I'Us de biomarcadors pot tenir un paper clau en el futur
proper, i més concretament alguns micro-RNA com el miR-21, miR-155, miR-196 o miR-
210 poden tenir utilitat en el diagnostic precog del CP, identificant millor les poblacions
de risc. Una altra font interessant de biomarcadors per a la deteccid preco¢ o la
prevencio del CP és el suc pancreatic o del propi quist. En aquestes mostres es poden
detectar alteracions genetiques a GNAS, KRAS o TP53 entre d’altres, que poden ser
d’utilitat per predir el risc de progressié al CP. Els programes de prevencio de CP dels
que disposem avui en dia poden ser utils en poblacions ben establertes, pero cal buscar
noves estrategies per diagnosticar-lo en etapes encara més precoces i tenir un major

impacte en la supervivencia d’aquests individus.

79



Vigilancia endoscopica en el CGFI

El CGFI és una entitat ben definida que es caracteritza per una important agregacié
familiar de CG de tipus intestinal en absencia d’'una VPG identificada. La carcinogenesi
gastrica del CG intestinal esta ben caracteritzada, i sabem que factors com I'Hp i les
lesions precursores (GA, MI i displasia) hi juguen un paper clau pel seu
desenvolupament. Donat que sembla logic fer algun tipus de vigilancia en aquesta
poblacié per I'elevat risc que comporta de CG, alguns centres realitzen endoscopies
periodiques en individus que compleixen els criteris de CGFl. D’aquesta manera es
poden identificar (i en ocasions ressecar) les lesions premalignes mencionades, i
detectar i erradicar I’Hp si s’escau. No obstant aix0, no hi ha cap estudi que hagi avaluat
amb precisid |'efectivitat de la vigilancia endoscopica en aquesta poblacid, i les
recomanacions de les diferents societats cientifiques son molt heterogenies i no tenen

un posicionament clar respecte si s’hauria de realitzar o no, ni amb quina periodicitat.

En el segon article d’aquesta tesi doctoral posem de manifest que la vigilancia del CG en
individus amb criteris de CGFI té sentit, doncs permet detectar un elevat nombre de
lesions precursores o CG precog, i representa el primer estudi que demostra la utilitat

de 'EDA en aquesta entitat.

En la nostra cohort de CGFI, amb un seguiment mitja de 9 anys es van identificar un total
de 18 (44%) lesions precursores i 2 (5%) CG en estadis inicials, representant gairebé el
50% dels individus sotmesos a vigilancia. En regions de baixa incidéncia de CG (com és
el cas d’Espanya), la prevalenca de lesions precursores de CG s’estima d’entre el 9-
23%(82), percentatge substancialment menor que I'objectivat a la nostra poblacié
d’estudi. Aquest fet dona validesa a la hipotesi que aquesta entitat podria promoure la
carcinogenesi gastrica mitjangant la inflamacio cronica i el desenvolupament de lesions
premalignes. A més a més, la vigilancia endoscopica va detectar dos CGs en estadis
TINOMO, fent possible en ambdds casos un tractament quirdrgic curatiu, i actualment
els dos pacients estan vius sense signes de recidiva (16 anys i 2 anys després de la
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cirurgia, respectivament). Tenint en compte que el CG sol diagnosticar-se en etapes més
avancades, sembla una dada rellevant, doncs permet generar la hipotesi que el
seguiment endoscopic podria millorar la supervivéncia del CG en aquests individus. A
més a més, en ambdds casos el CG va anar precedit de lesions precursores.
Concretament els dos pacients mencionats presentaven metaplasia intestinal
incompleta i displasia en exploracions previes, fet que va permetre classificar-los en

funcio de la gravetat (probabilitat de progressié al CG) i individualitzar-ne el seguiment.

Les estrategies de vigilancia utilitzades en els diferents centres va ser molt heterogenia:
des de fer una uUnica EDA, si aquesta resultava normal, fins a realitzar endoscopies
bianuals independentment de les troballes. Tot i que I'objectiu de I'estudi no va ser
avaluar quina d’aquestes estrategies era la més efectiva (pel baix nombre de pacients i
per la gran diversitat dels protocols utilitzats), vam identificar una elevada proporcié de
lesions precursores en aquells individus als quals se’ls practicaven EDAs periodiques i
amb multiples biopsies (protocols de Sydney o Cambridge). Aixi doncs, una estratégia a
considerar en la practica clinica habitual seria la realitzacié d’'una EDA amb biopsies
multiples cada 1-3 anys, tot i que es necessiten estudis millor dissenyats per acabar de

definir aquests intervals.

Respecte als factors de risc de CG, com ja s’ha vist en molts altres estudis, la infeccié per
Hp representa el principal factor que s’associa a la carcinogénesi gastrica(37, 38). En la
nostra cohort, la infeccié per Hp va ser |'Unic que va resultar en una associacid
estadisticament significativa pel desenvolupament de lesions premalignes o CG, amb un
ORde 6.4 (1.36—30.6). Aixi doncs, en aquesta poblacié sembla clau identificar la infeccid
i erradicar-la quan sigui necessari. Val la pena especificar que la prevalenga d’Hp de la
nostra cohort va ser del 51%, molt similar a la prevalenga real reportada a la nostra
regio(83), i que I'associacid entre la infeccid i el desenvolupament de lesions precursores
va ser lleugerament més alta a la nostra cohort que la que esta descrita en la poblacio
general(82). Aquest fet podria indicar que el rol d’aquest bacteri en la carcinogenesi

gastrica del CGFI podria ser encara més rellevant que en el CG esporadic. Els membres
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d’una mateixa familia solen tenir un entorn, uns habits i un status socioeconomic similar,
factors claus per la infeccid per Hp, que sol tenir lloc durant la infancia(84). La correcta
erradicacid d’aquest bacteri podria aturar la inflamacié i frenar la cascada de la
carcinogenesi gastrica en aquests individus, tot i que en el nostre estudi no vam estar

capagos de provar-ho.

No es va trobar associacio estadisticament significativa entre el desenvolupament de
lesions precursores o CG i altres factors de risc com I'edat, génere, consum de toxics,
historia familiar o presa d’inhibidors de la bomba de protons. Aquest fet podria indicar
que en el CGFl aquests factors tenen menys importancia que en el CG esporadic, tot i
gue aquests resultats també podrien atribuir-se a un poder estadistic baix de I'estudi

(error beta o tipus Il).

Considerem que aquest segon treball presenta varies fortaleses. En primer lloc, és un
estudi multicentric que involucra 9 centres espanyols, amb un seguiment mitja de 9
anys. Al nostre medi (regié de baixa incidéncia), els criteris de CGFl sén molt estrictes i
costa molt reunir una cohort prou gran com per generar hipotesis i conclusions
rellevants. Totes les families amb antecedents de CG difus van ser excloses, de la manera
gue tots els individus que conformen la mostra compleixen els criteris del CGFIl. No
obstant aix0, hem estat capagos de demostrar que 'EDA permet diagnosticar lesions
precursores i CG en etapes inicials i que existeix una associacié important entre aquestes

lesions i I'Hp.

D’altra banda, aquest estudi presenta algunes altres limitacions. Encara que en |'apartat
anterior hem remarcat la dificultat de reunir individus que compleixin els criteris del
CGFl, només se’n van reclutar 41 (de 31 families), i es tracta d’una mostra relativament
baixa per poder-ne extreure conclusions solides. En segon lloc, no tots els individus
inclosos tenien realitzat un estudi genétic que fos negatiu, ja que en alguns centres
només es realitzava si complien criteris d’alguna sindrome hereditaria, com marquen les

guies cliniques. Hauria estat interessant poder confirmar que tots els individus inclosos
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presentaven un estudi germinal normal, tot i que en la practica clinica no sol realitzar-
se estudi genéetic Unicament per complir els criteris del CGFI. La tercera gran limitacio de
I'estudi és que es tracta d’un retrospectiu, amb el handicap que representa per a la
recollida de dades. No tenim informacio respecte les pautes de tractament i erradicacié
d’Hp, i les estrategies de vigilancia de cada centre van ser molt heterogenies. El temps
de seguiment de cada pacienti el tipus d’EDA realitzada (Us de técniques d’alta definicid,
cromoendoscopia, protocols de biopsies, etc.) va ser molt variable, tot i que en certa
manera, aquesta heterogeneitat reflecteix la falta d’evidéencia cientifica i la necessitat
d’homogeneitzacié de criteris que es requereix en aquesta poblacio. Per ultim, en més
de la meitat dels individus (29/41, 70.7%) no es van seguir els protocols de biopsies
gastriques més ben reconeguts a dia d’avui (Sydney o Cambridge), i en molts casos
unicament es va prendre mostra histologica per descartar infeccid per Hp. Considerem
gue la proporcio de lesions precursores detectada en la nostra cohort podria haver estat
inclis més alta si s’"haguessin seguit protocols de bidopsies estandarditzats en tots els

centres.

Perspectives

La seqiiéncia de carcinogenesi gastrica, més progressiva i millor establerta que en el cas
de CP, fa que les estrategies de cribratge o vigilancia siguin una més efectives. La
continua implementacid d’endoscopis cada vegada més sofisticats que permeten I'Us de
tecniques d’alta definicio, de cromoendoscopia virtual o d’intel-ligencia artificial,
resulten claus per a una correcta caracteritzacié de la mucosa gastrica. D’aquesta
manera, cada vegada tenim més eines per identificar endoscopicament (a nivell optic)
arees suggestives de GA, MI o displasia, i en ocasions, algunes d’aquestes lesions es
poden ressecar en el mateix acte endoscopic. En pacients d’alt risc és imprescindible la
realitzacié d’'una EDA que compleixi els estandards de qualitat i que permeti prendre
biopsies dirigides a les arees sospitoses de lesions precursores i/o de CG. Aixi doncs, el

desenvolupament de softwares endoscopics cada vegada més complexos i precisos
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probablement sera un factor clau per a la deteccio precog d’aquesta neoplasia en un

futur proper.

D’altra banda, I'exit de la prevencid en el CG també passa per la identificacié de nous
biomarcadors que permetin estratificar millor la poblacié de risc i personalitzar el
seguiment. Els marcadors tumorals dels que disposem en I'actualitat, com I'antigen
carcinoembrionari (CEA), presenten una molt limitada sensibilitat i especificitat pel
diagnostic de lesions precursores o CG incipient. En aquest sentit hi ha una gran varietat
de micro-RNA sérics, com el miR-376C, miR-21 o miR-101-3p, i altres molécules

detectables en suc gastric, femta o inclus saliva que resulten molt prometedores(85).
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9.

CONCLUSIONS

Les conclusions finals dels estudis que conformen aquesta tesi doctoral sén les seglients:

Hem pogut caracteritzar i definir les troballes pancreatiques objectivades per
eco-endoscopia i ressonancia magnetica d’'una cohort portadora d’una variant
patogenica germinal a CDKN2A.

En els individus portadors d’una variant patogenica germinal a CDKNZ2A, la
vigilancia amb eco-endoscopia i/o ressonancia magnética anual pot ser util per
detectar cancer de pancrees amb criteris de ressecabilitat.

A I'espera de noves estrategies de prevencié que siguin més efectives, s’hauria
de considerar incloure aquests individus als programes de vigilancia dels que

disposem en 'actualitat.

Hem pogut caracteritzar i definir les troballes endoscopiques d’una cohort amb
criteris de cancer gastric familiar intestinal.

L’endoscopia digestiva alta és util per detectar lesions precursores i cancer
gastric en estadis inicials en els individus que compleixen els criteris del cancer
gastric familiar intestinal. També permet estratificar els pacients en funcié del
risc i personalitzar-ne el seguiment.

S’ha de considerar incloure aquests individus als programes de vigilancia dels que
disposem, tot i que la periodicitat amb la que s’han de fer aquestes endoscopies
encara esta per determinar.

La infeccid per Helicobacter pylori és un factor clau per al desenvolupament de

lesions precursores i cancer gastric en el cancer gastric familiar intestinal.
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