ORIGINAL ARTICLE

GAPPS — Gastric Adenocarcinoma and Proximal
Polyposis of the Stomach Syndrome in 8 Families
Tested at Masaryk Memaorial Cancer Institute —
Prevention and Prophylactic Gastrectomies

GAPPS — syndrom adenokarcinomu zaludku a mnohocetné
polypdzy zaludku v 8 rodinach testovanych v Masarykove
onkologickém Ustavu — prevence vc. profylaktické gastrektomie

Foretova L.!, Navratilova M.", Svoboda M."?, Grell P2, Nemec L.2, Sirotek L.2, Obermannova R.2, Novotny I.%,
Sachlova M.%, Fabian P>, Kroupa R.%, Vasickova P.!, Hazova J.', Stahlova Hrabincova E.', Machackova E.!

' Department of Cancer Epidemiology and Genetics, Masaryk Memorial Cancer Institute, Brno
2Clinic of Comprehensive Cancer Care, Masaryk Memorial Cancer Institute, Brno
3Clinic of Surgical Oncology, Masaryk Memorial Cancer Institute, Brno

“Department of Gastroenterology and Digestive Endoscopy, Masaryk Memorial Cancer Institute, Brno

> Department of Oncology and Experimental Pathology, Masaryk Memorial Cancer Institute, Brno

éClinic of Internal Medicine and Gastroenterology, Faculty of Medicine, Masaryk University and University Hospital, Brno

Summary

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

Souhrn

Syndrom adenokarcinomu Zaludku a mnohocetné polypézy zaludku (GAPPS) je variantou syndromu familiarni adenomatézni polypdézy. Jedna
se 0 autozomalné dominantné dédi¢ny syndrom nadorové predispozice s ¢asné se vyvijejici masivni polypézou zaludku, lokalizovanou ve
fundu a téle zaludku, nikoliv v antru, s vysokym rizikem vzniku adenokarcinomu. V roce 2016 Li et al publikovali vysledky vyzkumu, kde zjistili, ze
bodové mutace v oblasti Ying Yang 1 vazebného mista 1B promotoru APC genu jsou zodpovédné za asociaci s GAPPS pfiznaky. Tato regula¢ni
oblast vétSinou neni zahrnuta v panelech pro masivni paralelni sekvenovéni a je nutné ji dovysetfit Sangerovym sekvenovanim. Prvni udaje
o rodiné s GAPPS v Ceské republice byly publikovany v roce 2016. V Masarykové onkologickém ustavu bylo zachyceno osm rodin s vyskytem
dédi¢ného syndromu GAPPS. U viech rodin byla zjisténa jedna patogenni mutace v promotoru 1B APC genu, NM_001127511: c.-191T>C. Tato
mutace nebyla nalezena u Zadného pacienta s mnohocetnou polyp6zou tlustého stieva bez zjisténé klasické mutace v genu APC. Celkem bylo
diagnostikovano 24 osob nosicu této mutace v promotoru 1B APC genu. Z téchto 24 osob mélo 20 nosi¢t masivni polyp6zu zaludku s vice nez
100 fundickymi glanduldrnimi polypy diagnostikovanou ve véku od 22 do 65 let, 5 jiz zemielo na adenokarcinom Zaludku (ve véku 29, 40, 59,
60 a 64 let), dalsi Zena ve véku 29 let se Iécila. Dvé nosicky mutace ve véku 31 a 65 let zatim nemaji vyvinutou polypézu zaludku, u jedné ve véku
58 let je incipientni polypo6za Zaludku. Nosi¢ mutace nema zadné klinické priznaky, gastroskopie nebyla vzhledem k véku indikovana. Preventivni
totalni gastrektomie s D2 lymfadenektomii byla provedena 6x v Masarykové onkologickém Ustavu, v 5 piipadech bez nélezu adenokarcinomu ve
véku 27, 34, 44,51, 66, u jedné nosicky mutace byl ve véku 29 let nalezen G2 adenokarcinom Zaludku v histologickém preparatu. Dalsi dvé profy-
laktické gastrektomie s D1 lymfadenektomii byly provedeny ve Fakultni nemocnici Brno u nosi¢l ve véku 42 a 50 let. Bodova mutace c.-191T>C
(rs879253783) v 1B promotoru APC genu je v Ceské republice ¢astou pFi¢inou polypézy zaludku a nese vysoké riziko adenokarcinomu zaludku
i v mladém véku. Pozitivné testovani pacienti jsou dispenzarizovani v rizikové onkologické ambulanci. Nezbytnou soucésti diskuze s pacientem

je informace o preventivni gastrektomii.
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Introduction

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

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

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

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

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

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

Methods

In all patients, Sanger sequencing was
used. Polymerase chain reaction am-
plification of the APC gene promoter 1
beta (5'UTR region; primers accord-
ing to Li et al., 2016 [4] and sequenc-
ing at the 3130 Genetic Analyser (Ap-
plied Biosystems, ThermoFisher
Scientific, USA) was performed. In all
patients who tested positive, substitu-
tion in the APC gene (NM_001127511.2):
c.-191T>C (rs879253783; genomic po-
sition: Chr5(GRCh38):9.112707527T>C;
in case of RefSeq NM_000038.5(APC):
c.-30417T>C) was detected. The muta-
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died at 69
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[

died at 81
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astric polyposis at 64 nottested  not tested
gastric cancer at 64 GS negat GS negat.
died at 64
1B APC mutation

gastric polyposis at 30
1B APC mutation

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

GS - gastroscopy

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

Results and families

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

7 e

gastric cancer at 60 not a carrier
died at 60

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

Family 1 (Fig. 1)

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

9 @

gastric polyposis at 51

gastric cancer

I

gastric cancer at 58

gastric cancer at 60 died at 32 gastric polyposis
died at 60 died at 59
1B APC mutation 1B APC mutation
O [] ] & [] ONENC
notacarrier  nota carrier 1B APC carrier | 1B APC carrier 1B APC carrier
gastric polyposis at 29 gastric polyposis at 34 no polyposis
gastrectomy at 29 gastrectomy at 34 at 31
gastric cancer 29
Fig. 2. Pedigree of family no. 2 (Masaryk Memorial Cancer Institute).
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Fig. 3. Pedigree of family no. 3 (Masaryk Memorial Cancer Institute).
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gastric cancer at 28, died 29

gastric polyposis at 28
1B APC mutation

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

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

Family 2 (Fig. 2)

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

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

Family 3 (Fig. 3)

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

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

Family 4 (Fig. 4)

An index case was diagnosed with gas-
tric tubular adenocarcinoma at the age
of 28, gastric polyposis was described,
he died 10 months later. Sequencing
of the 1B APC gene promoter detected
the c.-191T7>C mutation. The same mu-
tation was detected in his mother. She
did not have any clinical problems but
was found to have massive polyposis at
the age of 50. A prophylactic gastrec-
tomy with D2 lymphadenectomy was
performed at the age of 51, with no car-
cinoma found. She had one polyp on
colonoscopy. Her father has not been
tested yet. The index case’s brother does
not have the mutation.

Family 5 (Fig. 5)

The index case experienced diges-
tive problems, pain and fatigue at 40.
She was diagnosed with massive gas-
tric polyposis of the body and fundus
with liver metastasis of gastric adeno-
carcinoma. Sequencing of the APC gene
promoter 1B revealed the mutation
c.-191T>C. She died after 7 months of
treatment. Her daughter carries the
same mutation, the second daughter is
not a carrier. The index case’s mother is
acarrier of the 1BAPCgene: c.-191T>C, at
the age of 65 she has no symptoms and
no polyposis. The mother’s brother died
at 63 years of age of stomach cancer,
he was not tested; his son and daugh-
ter do not carry the APC gene mutation.
The mother’s sister has a mutation of
the 1B APC gene: c.-191T>C, she has in-
cipient gastric polyposis at the age of 58,
her son and daughter have had gastric
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1B APC mutation
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1B APC mutation gastric 1B APC mutation
no polyposis at 65 cancer at 63 incipient polyposis at 58
died at 63
not tested
0 71 70 ¢ &
not a carrier 1B APC mutation not not 1B APC mutation 1B APC mutation
gastric cancer at 40 a carrier a carrier gastric gastric
gastric polyposis at 40 polyposis from 30 polyposis from 22
@ died 40
1B ACP not a carrier
mutation
Fig. 5. Pedigree of family no. 5 (Masaryk Memorial Cancer Institute).
polyposis diagnosed at 30 and 22 years
of age, respectively, both with a mu-
tation of the 1B APC gene: c.-191T>C. /Z/ Q/
A gastrectomy was recommended but died at 71 breast cancer at 75
has not yet been performed. The father gastric pain died at 80
of the mother’s mother is free of clinical

symptoms, he is a carrier of a mutation
of the 1B APC gene: c.-191T>C. He did
not have an endoscopy because of the
age limitation. The index case’s brother
has no presence of polyps and does not
carry the mutation.

Family 6 (Fig. 6)

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

Family 7 (Fig. 7)

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

[]

©

gastric polyposis
at 65
1B APC mutation
gastrectomy at 66

O

not tested yet

O

not a carrier

] ®

1B APC carrier
gastric polyposis at 36

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

tected, two polyps were detected in the
rectosigmoideum. A 1B APC gene muta-
tion: c-191T>C was detected. Now he is
post gastrectomy, without cancer. The
family history shows no oncological ill-
ness. His mother and two sisters do not
carry the mutation; his father has not
been tested yet.

Family 8 (Fig. 8)
The index case had gastroscopy due to
stomach pain at 34 and multiple stom-

ach polyposis was discovered. He was
found to be a carrier of the 1B APC gene
mutation: c.-191T>C. He has four intes-
tinal polyps. At the age of 44 a gastrec-
tomy was performed with no carcinoma
detected. His one brother is also a carrier
of the mutation, the endoscopy revealed
gastric polyposis, he has no clinical prob-
lems. His father had gastric cancer at the
age of 56, with no polyposis of the stom-
ach described; he does not carry the mu-
tation. The mother tested positive and
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Fig. 7. Pedigree of family no. 7 (Masaryk Memorial Cancer Institute).
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1B APC mutation
gastric polyposis from 34
gastrectomy at 44
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1B APC mutation
gastric polyposis at 39
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Fig. 8. Pedigree of family no. 8 (Masaryk Memorial Cancer Institute).

was diagnosed with gastric polyposis at
the age of 65.

Discussion

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

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

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

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

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

In addition, the geneticist should
recommend predictive family testing
for all relatives at potential risk of carry-
ing the same mutation. For GAPPS syn-
drome, this predictive test is very impor-
tant because a large proportion of the
relatives do not have any clinical prob-
lems for a long time, even though mas-
sive stomach polyposis may have already
developed. Since the transition from dys-
plasia to gastric cancer in GAPPS can be
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very rapid, attempting to prevent stom-
ach cancerin patients with GAPPS is prob-
lematic. This fact is also documented by
our very first prophylactic gastrectomy
with D2 lymphadenectomy performed
at GAPPS at MMCI, when a young woman
29 years of age had a G2 well-to-moder-
ately differentiated tubulopapillary ade-
nocarcinoma of the stomach, with posi-
tive lymphonodes, clinical stage IB, with
invasion into the submucosa and angio-

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

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

. 10. Sanger sequencing: APC NM_001127511.2: c.-191T>C (Masaryk Memorial Cancer Institute).

phadenectomy in this range (first and
second peri-gastric compartment) is the
therapeutic standard in epithelial stom-
ach malignancies and is recommended
in GAPPS due to the relatively high risk
of preoperatively undiagnosed carci-
noma. In workplaces that specialise in
stomach operations, D2 lymphadenec-
tomy does not significantly prolong
surgical time nor significantly increase
postoperative morbidity (Fig. 12).
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Fig. 11. Gastric adenocarcinoma and pro-
ximal polyposis of the stomach - to-
tal gastrectomy with subsequent recon-
struction of the digestive tract (Masaryk
Memorial Cancer Institute).

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

Suggested indications for GAPPS
syndrome testing [1,2]

more than 30 FGP, localisation in the
fundus and body, no presence in the
antrum or duodenum, with or without
dysplasia, the progression of polypo-
sis, autosomal dominant inheritance -
stomach polyposis or stomach cancer
in family history (in 1%, 2" or 3 degree
relatives);

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

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

Differential diagnosis:

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

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

MAP (MUTYH) associated polyposis —
autosomal recessive;

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

- juvenile polyposis - SMAD4, BMPR1A;

- Peutz-Jeghers syndrome - STK11;

- Cowden’s syndrome - PTEN;

- hereditary diffuse gastric cancer - CDHT;

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

Proposed scheme of preventive care

for people with GAPPS syndrome

In GAPPS with massive polyposis:

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

- colonoscopy every 3 years, if polyps,
more frequently;

+ ultrasound of abdominal organs every
year;

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

tory) offer prophylactic gastrectomy
that can prevent death from gastric
cancer;
asaresection,werecommendtotal gas-
trectomy with D2 lymphadenectomy;
if the prophylactic gastrectomy is
refused, then a gastroscopy every
6 months, including endoscopic re-
moval of larger polyps for biopsy spe-
cimen, endosonography, but the risk
of gastric cancer cannot be reduced,
reassessment of gastrectomy in case
of dysplasia;

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

Conclusion

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

cessful without serious postoperative
complications.

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

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