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Abstract Hereditary diffuse gastric cancer is an autosomic
dominant syndrome associated with E-cadherin protein
(CDH1) gene germline mutations. Clinical criteria for genetic
screening were revised in 2010 by the International Gastric
Cancer Linkage Consortium at the Cambridge meeting. About
40 % of families fulfilling clinical criteria for this inherited
disease present deleterious CDH1 germline mutations. Lobu-
lar breast cancer is a neoplastic condition associated with
hereditary diffuse gastric cancer syndrome. E-cadherin con-
stitutional mutations have been described in both settings, in
gastric and breast cancers. The management of CDH1 asymp-
tomatic mutation carriers requires a multidisciplinary ap-
proach; the only life-saving procedure is the prophylactic total
gastrectomy after thorough genetic counselling. Several pro-
phylactic gastrectomies have been performed to date; con-
versely, no prophylactic mastectomies have been described
in CDH1 mutant carriers. However, the recent discovery of
novel germline alterations in pedigree clustering only for
lobular breast cancer opens up a new debate in the
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management of these individuals. In this critical review, we
describe the clinical management of CDH1 germline mutant
carriers providing specific recommendations for genetic
counselling, clinical criteria, surveillance and/ or prophylactic

surgery.
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1 Introduction

Gastric cancer (GC) is a heterogeneous disease and is the
second leading cause of cancer death worldwide [1], with
approximately 930,000 new cases of GC per year leading to
>700,000 deaths. About 90 % of GC cases are sporadic, and
familial clustering is observed in the remaining 10 % of the
patients [2]. Among these, 1-3 % meets the criteria for
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hereditary diffuse gastric cancer (HDGC), an inherited condi-
tion initially described in three Maori families from New
Zealand [3]. This syndrome is an autosomal dominant cancer
predisposition, due—in approximately 30 % of individuals
meeting the diagnostic criteria for HDGC—to pathogenic
germline mutations affecting the gene encoding for the E-
cadherin protein (CDHI1). More than 100 different germline
CDHI mutations have been identified in HDGC families in a
diverse range of ethnic groups [4, 5]. Mutation carriers have a
significant risk (of more than 70 % over their lifetime) of
developing the diffuse histologic type of GC (DGC), together
with a high probability of lobular breast cancer (LBC) in
females [6]. The BC cumulative risk was assessed at around
40 % [6].

Prophylactic surgery, as the total gastrectomy, represents
the only life-saving procedure for asymptomatic E-cad
germline mutation carriers [7—11]. No data are reported on
prophylactic mastectomy in E-cad mutation carriers; however,
this approach is an emerging question since novel E-cad
germline mutations have recently been discovered in the
absence of DGCs [12, 13]. Endoscopic surveillance for
HDGC has been reported previously to be ineffective; in a
series of 23 patients, pre-operative endoscopy failed to detect
itin 21 (91 %) patients, as early foci of HDGC are typically
subtle and underlie normal mucosa [14]. Chromoendoscopy
seems to improve the sensitivity of detection of early HDGC,
allowing for direct inspection and biopsy of suspicious areas,
in spite of a major difficulty in identification of submucosal
lesions as well as sampling bias in a macroscopically normal
gastric mucosa [15]. Endoscopic ultrasound examination is
not believed to be useful in identifying early lesions.

Unaffected mutation carriers from HDGC families face
difficult decisions before prophylactic surgery and should be
assisted by a multidisciplinary team. The clinical approach to
individuals with a suspicious or confirmed inherited cancer
predisposition requires close collaboration between the genet-
icist, surgeon, gastroenterologist, nutritionist and radiologist
for appropriate management.

In this critical review, we aim to provide a multidisciplinary
consensus for CDH1 germline asymptomatic mutation car-
riers, focusing particularly on the clinical and genetic man-
agement of DGC and LBC.

2 Clinical criteria

2.1 Hereditary diffuse gastric cancer

Clinical criteria for the definition of HDGC syndrome were
established in the last International Gastric Cancer Linkage
Consortium (IGCLC) meeting [15]. The Cambridge consen-

sus conference established that E-cad germline mutation
screening should be offered to pedigrees with two DGC cases
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in the family, one confirmed <50 years at onset, and/or three
confirmed DGC cases in first- or second-degree relatives
independent of age.

2.2 Early-onset sporadic diffuse gastric cancer

EOGC is defined as any GC presenting at the age of 45 or
earlier. Germline E-cad mutations are rarely identified in this
subset; the frequency of pathogenic alterations is defined as
around 3 %. It has established that genetic screening is rec-
ommended only in cases with age at onset of less than 35 years
[16].

2.3 Lobular breast cancer

For LBC, the Consortium suggested genetic screening only
for cases with personal or family history of DGC in associa-
tion, one with age at onset <50 years [15]. This criterion
includes patients affected by synchronous and/ or
metachronous DGC and LBC, but excluded cases with spo-
radic LBC. However, novel CDH1 germline mutations have
recently been detected in patients with sporadic and bilateral
setting.

3 Genetic counselling

Today, in the context of clinical oncology and cancer preven-
tion, the entire clinical management has changed profoundly.
One of the most significant novelties is the modern approach
to the risk assessment and counselling of the patient or subject,
which is frequently carried out since the very beginning of the
therapeutic or prevention pathway.

An increasing number of individuals—affected by cancer
or with a significant family history—are referred to cancer
centres for risk assessment, therapy and prevention. A multi-
disciplinary group of specialists should take care of the entire
programme of risk assessment and management in high-risk
subjects: this must include trained clinical oncologists, genet-
icists and genetic counsellors, together with psychologists,
radiologists, surgeons, endoscopists and so on, preferably in
an established high-risk clinic. As the number of risk factors is
always high and their combining effect is often complex to
evaluate, the risk assessment phase of a subject often requires
time, patience, documentation and multiple expertise to be
appropriately carried out. Notoriously, only a fraction of
patients/subjects is then selected for genetic evaluation in
order to investigate their probability of having an inherited
susceptibility to cancer. This accurate selection is essential to
appropriately perform genetic counselling and testing, employ
specialized human and laboratory resources and save costs,
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and should be adequately explained to referring professionals
and candidate counselands.

When deemed appropriate, a genetic assessment may be an
essential tool for providing holistic care to patients and fam-
ilies since a genetic evaluation may reveal that an individual
has a much higher than average risk of developing cancer (not
infrequently multiple and of early onset during lifetime) in
various organs and the same risk may be shared by relatives.
Indeed, a comprehensive risk assessment may be currently
crucial not only for the patients but also for the relatives since
more genetic syndromes have been recently identified and
many correspondent molecular tests are clinically available
[17].

Notably, counselling and testing may have various and
sometimes opposite effects. One remarkable example is the
result of sample testing in the relatives after the identification
of a deleterious germline mutation in the index case: the
biological, clinical and psychological implications of being
positive or negative have strikingly different impacts, the latter
having cancer risks which are equal or much closer to the
general population.

Genetic assessment for HDGC syndrome may help signif-
icantly to determine the likelihood that an individual will
develop gastric and BC. For this, it is required to collect and
evaluate as much information as possible about the personal
and family history, which may also include non-genetic risk
factors (i.e. lifestyle and endocrine and metabolic disorders,
exposure to radiation or potential carcinogens and so on,
together with physical and instrumental examinations when
appropriate). In fact, cancer is always a multifactorial disease,
and even a single deleterious genetic mutation may be not
enough to cause a malignancy [18].

Genetic assessment should start from patient and family
data collection that can facilitate the whole process before the
first genetic consultation. In our work model, there is a pre-
counselling phase during which a purpose-made Family His-
tory Questionnaire (FHQ) is filled out and submitted by the
counseland to the genetic counsellor before the first appoint-
ment. The FHQ provides information about medical and
family history and lifestyle and all the necessary data to draw
the pedigree. The family tree analysis may result in the iden-
tification of inheritance patterns and high-risk individuals
and—importantly—allows the best proband in the family to
be identified.

During the first genetic counselling session, by collecting
and interpreting cancer risk information, healthcare profes-
sionals can help the proband to make a fully informed decision
whether to undergo genetic testing and to cope with all the
post-test implications. It should be emphasized that in the case
of DGC, no specific exogenous risk factors have been recog-
nized so far, and its incidence has not decreased compared to
the intestinal type, which suggests that genetic factors do play
an important role [19, 20] and that approximately 10 % of

GCs present familial clustering but only 1-3 % show an
autosomal dominant inherited trait [21].

Since genetic testing is just one of the tools used for a
comprehensive cancer risk assessment, a good risk estimate
can be important for all subjects, but somehow even more so
for those who decline genetic testing at the time. Decliners too
need to understand their risk of developing cancer and the
inherent strength and weakness associated with tests. Psycho-
social assessment may be also useful here.

The most relevant parameters to address regarding referral
of a subject for genetic counselling and testing are enclosed in
the Brooks-Wilson’s modified criteria [22]:

1. Family history with two or more first-degree relatives
with GC, with at least one documented DGC diagnosed
before age 50;

2. Family history with three or more first/second-degree
relatives with GC, diagnosed at any age, with at least
one documented case of DGC;

3. One individual diagnosed with DGC <45 years of age,
regardless of family history;

4. Family history with two or more first/second-degree rel-
atives with LBC, with or without DGC.

In families without living affected members, the indication
to perform genetic test is still controversial and should be
decided case by case. Testing from paraffin-embedded sam-
ples may be discussed in very selected cases.

Basically, after verifying the cancer subtype (DGC or sig-
net ring cell carcinoma for GC or lobular histotype for BC),
genetic testing for CDH1 is considered first. It should be made
clear that the reported detection rate of CDH1 mutations is 25—
50 %, even when using CDH 1-expert laboratories [4, 15, 23].

High incidence of GC may also be the clinical expression
of a few other autosomal dominant inherited disease syn-
dromes: the Li-Fraumeni syndrome, associated with TP53
mutations [24], but the GC incidence in such families is very
low (<3 % lifetime risk) [25]; the Lynch syndrome, associated
with mismatch repair (MMR) mutations (10 % lifetime risk)
[26], and the Peutz-Jeghers syndrome, associated with STK 11
mutations [27] (risk at 65 years is 47 %). GC may also be
present in hereditary breast and ovarian cancer (HBOC) syn-
drome (when BRCA2 gene mutations occur); familial adeno-
matous polyposis (FAP) associated with APC mutations;
MUTYH-associated polyposis (MAP); juvenile polyposis
(APC associated); and Cowden syndrome (PTEN associated).

Genetic counselling and testing should be initiated in an
affected proband, if available. Very rare cases of clinically
significant diffuse GC have been reported before the age of
18 years old, and the overall risk of diffuse GC before the age
of 20 is still very low [6, 28]. It has been agreed that genetic
testing should be mostly performed after the age of 18 years
old. The indications to perform genetic test when all affected
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members are not alive is controversial, but testing from
paraffin-embedded samples may be discussed in very selected
cases.

The results are then discussed with the proband during the
second genetic counselling session. There are three possibili-
ties: a deleterious mutation, an unknown variant mutation, and
wild type. With a deleterious mutation, the risk category is
well defined and it is advised to test all the relatives beginning
with the first degree. Sample tests of variants of unknown
clinical significance (where the risk level cannot be
clearly set) may be carried out only for research pur-
poses, while for those resulting wild type, the testing is
not proposed to the relatives. Only occasionally based
on the family tree, a new genetic test can be offered to
a second proband within the family.

Once the risk level is categorized, different strategies can
be offered to manage the risk. The strategies range from an
adequate annual endoscopic surveillance programme for the
best possible early detection to healthy lifestyle programmes,
chemoprevention research protocols, up to prophylactic sur-
gery. It should be made clear to CDH1 mutation carriers that
the most effective preventive strategy at the moment remains
prophylactic total gastrectomy (PTG). In non-PTG declining
subjects, the decision should always be extensively discussed
involving all the members of the multidisciplinary panel,
including the psychologist and the dietician.

A coherent surveillance programme based on age and sex
should be planned for the proband who results as a carrier of a
CDHI1 mutation. For the healthy relatives who result as car-
riers, individualized counselling is also recommended, follow-
ed again by an extensive discussion with the multidisciplinary
team to coordinate all the different prevention aspects.

Thus, the management options usually discussed with mu-
tation carriers are the following:

—  Qastric endoscopic surveillance, according to the “Cam-
bridge Protocol” (in CDHI1 mutation carriers from
20 years until prophylactic gastrectomy is performed);

—  Prophylactic gastrectomy, to be suggested according to
the age at onset in the affected family members [29];

— Breast surveillance, starting at age 35 or earlier based on
the family history, with breast MRI, mammography and
clinical examination every 12 months, while breast US
can be recommended every 6 months.

There is no clear evidence for efficacy, but the family
history could be sometimes useful to consider surveillance
of other organs (such as ovaries).

In conclusion, in presence of the HDGC syndrome,
counsellors should clearly explain the lack of reliable
methods to find cancer precursors and to ensure very early
stage detection. Chemopreventive strategies are still not
validated. Endoscopic surveillance for high-risk families
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should always be performed in specialized centres with
access to, and expertise of, new endoscopic techniques
(e.g. HD, chromoendoscopy).

A consistent approach for referral to genetic counselling,
DNA testing, tailored surveillance and prophylactic surgery
may help in optimizing medical care for these very high-risk
individuals.

4 Managing CDH1 missense mutations

HDGC is an autosomal dominant cancer disease [30-32]. The
direct proof of a molecular basis for this type of GC was
demonstrated in 1998, when germline mutations of the
CDHI gene were described in Maori families from New
Zealand. In one of these families, several patients showed
early-onset diffuse gastric, some of them in the second decade
of life [3]. Since then, a large number of germline mutations
have been identified in families with different ethnic back-
grounds [4, 33, 34].

Until now, germline loss-of-function mutations in the
CDHI gene are the only genetic causative events described
and occur in approximately 30 % of all HDGC families [3, 31,
32]. The most common CDHI1 germline mutations include
frameshift (28.7 %), splice-site (27.0 %) and non-sense muta-
tions (19.7 %), which result in a loss of E-cadherin expression
[35]. In about 18 % of the families, germline CDH1 mutations
are of the missense type and retain aberrant E-cadherin ex-
pression with functional impact [4, 35-37]. These types of
CDHI1 germline variants represent a problem for genetic
counselling and clinical surveillance of the mutant carriers
and their families since their pathogenic relevance is not
simple to determine [36]. Thus, evaluating the impact of the
variants on protein regulation, conformation, localization and
function is a laboratory and a clinical challenge.

In recent years, increasing efforts have been made to im-
prove the classification of E-cadherin germline missense var-
iants [36, 38—41]. A multidisciplinary approach that combines
familial and population data, in silico and in vitro analyses, is
currently available [34, 36, 39].

Regarding population and familial evaluation, it is recom-
mended that one takes into account parameters such as muta-
tion frequency in healthy control population, co-segregation
of the mutation within the pedigree and recurrence of the
mutation in independent families [38, 39]. Unfortunately, in
most cases, it is not possible to perform these studies due to
the lack of biological material or to the small size of the
pedigree.

The in silico predictions may be performed rapidly, and the
results estimate the degree of conservation of that nucleotide
within species, the effect of those missense mutations on
splicing and also their putative impact on protein structure
[39]. The Sorting Intolerant from Tolerant (SIFT) software
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uses sequence homology to predict whether an amino acid
substitution will affect protein function, assuming that essen-
tial amino acids will be conserved among species [39]. Still,
this approach does not take into account the possible compen-
satory effects of neighbouring positions because the degree of
conservation among species of each amino acid position is
considered separately. To evaluate the effect of CDHI mis-
sense variants on protein conformation, structural modelling
has become an imperative tool and presently it covers the
major part of E-cadherin structure [39, 40].

The biochemical and the in vitro functional assays reflect
the impact of CDH1 missense alterations in protein structure,
trafficking, signalling and, consequently, in E-cadherin func-
tion. The CHO (Chinese hamster ovary) cell line, that is
negative for E-cadherin expression, is used as a “test tube”
to evaluate the two main functions of E-cadherin: cell-cell
adhesion and invasion suppression [36]. Upon transfection
with wild-type E-cadherin or its mutant forms, slow aggrega-
tion on soft agar and cell invasion into matrigel matrix have
been performed to assess the functional impact of CDHI
germline missense mutations [4, 23, 29, 36, 37, 42—48].
Recently, and in an attempt to offer a more accurate evalua-
tion, Figueiredo et al. proposed, as a complementary ap-
proach, the use of proximity ligation assays (PLA) to study
how a mutant protein binds to crucial regulators and
interactors of E-cadherin, namely p120, {3-catenin, PIPKIy
and Hakai [41].

So far, 49 germline CDH1 missense mutations have been
reported to IPATIMUP (Porto), a reference laboratory of
IGCLC, to be functionally analysed. The vast majority of
them was classified as pathogenic since they remain unable
to induce cell-cell adhesion and to suppress invasion [4, 23,
29, 36, 37, 42-48], reinforcing the potential of these function-
al approaches in predicting the pathogenic relevance of un-
classified variants.

As a tumour invasion suppressor gene, E-cadherin not only
provides a physical link within tissues but also orchestrates
proper adhesion, cell division and the maintenance of a dif-
ferentiation epithelial programme, implicating it as a compo-
nent of the cellular signalling network [49]. One important
pathway, relevant in cell motility, which is abnormally acti-
vated in the presence of HDGC-related E-cadherin mutations,
is EGF-EGFR signalling. It was demonstrated that mutations
affecting the extracellular domain of E-cadherin lead to the
activation of EGFR upon EGF stimulation as well as its
downstream effectors (RhoA, Src kinase and p38 MAPK)
[50-52]. Importantly, this subset of HDGC patients may ben-
efit from treatment with EGFR inhibitors [50]. Another inter-
esting therapeutic target of E-cadherin loss of function, in the
subset of germline missense mutations, is the aberrant
activation of Notch signalling and upregulation of Bcl-2
that renders mutant cells more resistant to apoptotic
stimuli (Fig. 1) [53, 54].

Recently, Simdes-Correia and colleagues demonstrated
that E-cadherin mutants are critically modulated by mecha-
nisms of protein quality control (PQC) leading to protein
destabilization [40, 46]. These events are likely to result from
the presence of misfolded mutant proteins that are recognized
by the endoplasmic reticulum-associated degradation (ERAD)
system and lead to loss of E-cadherin expression and function
[40]. The identification of this molecular mechanism of regu-
lation represents a new therapeutic option for cancers
harbouring destabilizing E-cadherin mutations. In fact, by
treating the E-cadherin mutant cells with chemical chaperones
(CCs), it was possible to restore E-cadherin expression, regu-
lar localization and function reversing their pathogenic behav-
iour [46, 55]. The mechanism underlying this effect involves
the modulation of key trafficking molecules such as Arf6 and
PIPKIy [55]. Arf6 downregulation leads to a significant ac-
cumulation of the protein at the plasma membrane, inhibiting
E-cadherin endocytosis, recycling and degradation. In turn,
PIPKIy binding is responsible for the improvement of E-
cadherin exocytosis, transport and stabilization [55].

Altogether, these findings demonstrate that, despite the
subtle nature of missense mutations, these single amino acid
changes can dramatically compromise E-cadherin function,
expression and localization, supporting its pathogenic role in
HDGC. Therefore, identifying the molecular mechanism of
cadherin-dependent signalling and the key molecules
interacting with E-cadherin for cancer cell invasion are of
crucial importance in developing new approaches for the
clinical management of HDGC patients.

5 Prophylactic total gastrectomy

Because of the lack of effective endoscopic screening and
surveillance programmes, PTG is now strongly recommended
for carriers of CDH1 germline mutations [15]. In total, there
have been roughly 100 patients with CDH1 mutation who
have undergone PTG and for whom results have been reported
in the English language literature, due to the rarity of this
germline mutation and the magnitude of proposed surgery. In
accordance with recent investigations, PTG should be recom-
mended in each case of an “asymptomatic” CDH1 mutation
carrier, as a significant difference in prognosis between
asymptomatic and symptomatic patients was demonstrated
in a prospective study of PTG for CDH1-positive HDGC
[56]. All asymptomatic patients were cured of GC after PTG
in this study, while four of five symptomatic patients had
tumour recurrence or metastases, and three (60 %) died within
2 years, thus stressing the importance of early PTG, whereby
the gastric mucosa is removed before the further development
of carcinoma foci. It is estimated that the risk of advanced
HDGC is less than 1 % at age 20, and some authors have
proposed PTG during the second decade of life [57], when
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Fig. 1 Illustration of the development of diffuse gastric cancer in E-
cadherin mutation carriers and its signalling associated pathways. a
Normal gastric glands (left panel). In situ signet ring cell carcinoma:
glands with intact basement membrane lined by signet ring cells with
depolarized nuclei (middle panel). Pagetoid spread of signet ring cells
below the preserved epithelium of the glands (middle panel). Invasive
intramucosal carcinoma constituted by signet ring cells (right panel). b In
a homeostatic situation, E-cadherin is expressed at the adherens junctions
playing a crucial role in cell-cell adhesion and in the polarized

cancer foci are hopefully small and confined to gastric muco-
sa. This period of T1 NO signet ring cell cancer may have a
long latency, and the tumour may require another trigger
before it progresses to a symptomatic, more aggressive dis-
case. Although the majority of patients have normal endos-
copies before surgery, more than 90 % have intramucosal or
superficially invasive carcinoma identified in the gastrectomy
specimen, with more than 80 % of multifocal disease. The
entire stomach has to be fixed and the entire mucosa mapped
and examined microscopically; this may require up to 600
sections. In addition, it is essential to document the complete
removal of gastric mucosa by pathologically identifying rims
of oesophageal and duodenal mucosa at the two ends of the
surgical specimen. This may be quite easily obtained by
intraoperative frozen sections of the proximal and distal mar-
gins or by intraoperative oesophagoscopy. However, in some
cases the exact location of the cardio-esophageal junction
being the problem to be solved by the surgeon.

Although no formal lymph node dissection is usually per-
formed, D1 stations (1 to 6) are routinely removed in the vast
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architecture of the tissue. ¢ CDHI mutations can, however, induce loss
of E-cadherin function and abnormally activate a number of mechanisms
and signalling pathways. Mutated proteins present severe structural ab-
normalities, resulting in protein misfolding that is recognized and degrad-
ed by ERAD. At the plasma membrane, mutant proteins cannot establish
the cytoplasmic catenin complex, allowing its rapid internalization and
degradation. E-cadherin loss results in abnormal activation of EGFR and
Notch pathways, with consequences on cell motility, invasion and resis-
tance to apoptotic stimuli

majority of treated cases as part of the gastrectomy specimen,
with the number of removed nodes usually ranging from 10 to
25. Almost all nodes of asymptomatic patients submitted to a
“real” PTG do not show any metastatic involvement. The
potential need for any lymphadenectomy which is more ex-
tensive than a D1 procedure can be inferred from the Japanese
data documenting the frequency of nodal metastases in early
GC treated with D2 procedures. The prevalence of nodal
involvement in cases of GC limited to the organ mucosa is
5 % instead of 16 % in cases of submucosal infiltration.
Western series of early GC document up to 28 % of lymph
node metastases, thus underlining the role of an adequate N
dissection and limiting the application of sentinel node map-
ping [58]. Sentinel node mapping for the staging of nodal
disease has been described using radiotracer with gamma
probe localisation in patients with TINO or T2NO GC. A
sentinel node was present in 95.2 % of the cases with metas-
tases documented in 7.8 % of the patients [59]. Non-sentinel
node metastases were detected in only 0.3 % of the cases. A
similar report using blue dye and radionucleotide tracer
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demonstrated that a sentinel node could be identified in nearly
100 % of the patients [60].

Apart from complications associated with all elective GI
surgical resections, such as bleeding or infection, the most
significant side effect of a PTG results from a potential leak at
the oesophago-jejunal anastomosis. There is sufficient evi-
dence from randomized controlled trials that the incidence of
an anastomotic leak, operative mortality, overall morbidity
and length of hospital stay are not statistically different when
a stapled versus a hand-sewn anastomosis is performed.
Pooled data coming from 14 controlled randomized trials of
gastric reconstruction after total gastrectomy confirm a mor-
tality rate ranging from 0 to 22 % [61], even though the
majority of current investigations from high-volume centres
report mortality figures less than 3 %. Moreover, since all
documented CDHI1 carriers are likely to be young—and oth-
erwise healthy candidates—morbidity and mortality figures
are expected significantly lower when compared to gastrecto-
my for sporadic, invasive disease. Other relevant conse-
quences of the operation include decrease in vitamin B12
and protein absorption, bacterial overgrowth due to loss of
parietal and chief cells of the stomach, reflux, dumping and
weight loss. This nadirs after 3—6 months and averages about
20 % of pre-operative weight. Attempts to limit these prob-
lems have produced a number of proposed reconstructive
procedures to establish intestinal continuity after PTG [62].
Many technical variations for interposition have been report-
ed, and none appear more effective than the traditional Roux-
en-Y oesophagojejunostomy in eliminating the above-
mentioned quality of life issues. Nearly all available variations
in reconstructive techniques involve the efficacy and the
length of a side-to-side-stapled jejunal pouch. These ap-
proaches were proposed under the idea that loss of the gastric
reservoir is responsible for the majority of post-operative
consequences. Unfortunately, almost all randomized trials
comparing total gastrectomy with and without a pouch for
interposition did not account for expected variations in caloric
intake after surgical procedure, and little can be therefore
concluded about the impact of the pouch in restoring nutri-
tional failures. A small benefit of jejunal pouches in terms of
early food intake, which diminishes over time, was detected in
some studies and denied in others [63]. Even less conclusive
evidence can be drawn about the influence of minimal chang-
es in pouch length, length of the R—Y limb and potential
inclusion of the duodenum from the reconstructed alimentary
route. In fact, reconstruction is generally performed with a
Roux-en-Y technique with at least a 50-cm Roux limb to
prevent bile reflux.

Another possible issue—so far poorly investigated—is the
vagal-sparing technique, which can be associated with PTG,
maintaining the vagal fibres intact, which are not directed to
the stomach wall. The length of hospital stay and the incidence
of major complications was significantly reduced with a

vagal-sparing oesophagectomy, compared with a transhiatal
or en bloc resection, in a retrospectively investigated large
series of patients with intramucosal adenocarcinoma. Further-
more, post-vagotomy dumping and diarrhoea symptoms were
significantly less common, and weight was better maintained
post-operatively with a vagal-sparing oesophagectomy [64].
These preliminary findings merit further investigation, espe-
cially if the application of a vagal-sparing technique could be
able to limit the extent of a due lymphadenectomy.

Laparoscopic- or robot-assisted total gastrectomy has been
initiated recently in cases of early GC or HDGC [65, 66]. With
regard to the laparoscopic/robot-assisted versus open tech-
nique, definite conclusions cannot be drawn from isolated
phase II clinical series or very small controlled randomized
trials. Nevertheless, most reports support the fact that early
outcomes, like time to first flatus, time to initial oral intake and
post-operative hospital stay, were significantly shorter in
laparoscopic/ robot-assisted total gastrectomy compared to
open procedures, with no additional advantages so far identi-
fied for robot-assisted vs laparoscopic procedures. A recent
meta-analysis—including nine studies with 1221 partici-
pants—concluded that laparoscopic-assisted total gastrectomy
is suitable and feasible for early GC and that the main advan-
tage is a shorter recovery time [67].

6 Health-related quality of life after prophylactic total
gastrectomy

The effect of PTG on the health-related quality of life of
healthy individuals is so far undocumented, although it is well
known that recovery of cancer patients from therapeutic gas-
trectomy leads to a significant comorbidity of up to 100 %,
including diarrhoea, dumping syndrome and loss of approxi-
mately 10 to 20 % of'the original body weight. The University
of Cambridge (UK) [68] has recently published a large pro-
spective cohort study on this topic. A total of 32 individuals
fulfilling HFGC criteria underwent PTG. Questionnaires, in-
cluding the European Organization for Research and Treat-
ment for Cancer Quality-of-Life Questionnaire (EORTC QLQ
C30), the GC specific module (EORTC QLQ STO22) and the
36-item short form health survey version 2.0 were completed
before surgery and at regular intervals after surgery. At base-
line, there was no significant difference in mental health
depending on CDH1 mutation status and treatment preference
(6 patients out of 38 had a CDH1 mutation, but refused PTG).
Physical functioning reduced in the first month after surgery
but recovered to baseline by 12 months. Similarly, mental
functioning reduced in the first month after surgery, but re-
covered by 3 to 9 months. Specific symptoms were identified,
such as diarrhoea (70 %), fatigue (63 %), discomfort when
eating (81 %), reflux (63 %), eating restriction (45 %) and
body image change (44 %), which persisted after PTG. The
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authors’ main conclusion was that patients contemplating
PTG can be reassured about the long-term health-related
quality of life outcomes, but some residual symptoms require
adjustment. Challenges remain, however, including life-long
follow-up of PTG patients, which may reveal more negative
effects, given the inability to carry out a full comparison over
time of the health-related quality of life issues between those
who opted for surveillance and those who undertook PTG.

In conclusion, until there is a breakthrough in gene therapy,
PTG will continue to offer the only potential cure for GC in
CDH1 mutation carriers, and it is essential that we optimize
the quality of life for patients undergoing PTG.

7 CDH1 germline mutation and lobular breast cancer

Apart from the well-documented association between LBC
and HDGC syndrome, novel E-cadherin germline mutations
have recently been discovered in women affected by LBCs
without a history of DGC. The IGCLC criteria suggest E-cad
screening in LBC cases associated with a personal or family
history of DGC (one with age <50 years) [15]. However,
recent studies have provided evidence that early-onset LBC
might be the first manifestation of HDGC; Benusiglio et al.
[12] identified E-cad germline deleterious mutations in three
bilateral LBC cases (age at onset <50 years) not fulfilling the
IGCLC criteria, negative for DGC in first- and second-degree
relatives and without BRCA1 and BRCA2 alterations. More-
over, E-cad mutations have been identified in four bilateral
early-onset LBCs (age at onset <51 years) with no family
history for DGC [13]. These results suggest that germline E-
cad screening should also be offered in cases with sporadic
early-onset LBCs without family history of DGCs, with par-
ticular attention for cases with bilateral manifestation.

In detail, 482 cases of LBCs have been screened for CDH1
constitutional mutations and 14 novel alterations (2.9 %) have
been reported. Although the overall frequency of E-cadherin
germline mutation is a rare event, genetic testing should be
suggested in these cases in order to clarify the impact of
CDHLI in the familial LB carcinogenesis. No prophylactic
mastectomies have been described in CDH1 mutation carriers.

8 Endoscopic surveillance

The management of hereditary diffuse-type GC revolves
around surveillance biopsies and the timing of prophylactic
gastrectomy. In the absence of a validated surveillance biopsy
protocol, and clinical trials on which to base recommendations
for surveillance or screening in HDGC, consensus guidelines
for clinical management were published in 2010 [15].

The consensus reached at the workshop was that individ-
uals who resulted positive for a CDHI mutation should be
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advised to consider prophylactic gastrectomy regardless of
any endoscopic findings, whereas the management for those
with clinical features suggestive of HDGD or those without
CDH mutation should have screening. Moreover, consensus
recommended that yearly endoscopic surveillance should also
be offered to families who fulfil the criteria for HDGC. How-
ever, all patients should be advised that in view of the very
focal nature of these endoscopically invisible lesions, it is
quite possible that they will not be detected by random biop-
sies. For this reasons, the clinical benefit of endoscopic sur-
veillance is not fully established.

Individuals should be offered an annual endoscopy, which
should ideally be performed in a centre with expertise in this
condition. The endoscopy should be performed using a white-
light high-definition endoscope in a dedicated session to allow
for a careful inspection taking at least 30 min and to allow time
for multiple biopsies to be taken [15].

The role of gastroscopy in HDGC is somewhat problematic
because of the inherent limitations of trying to reliably detect
early DGC, which typically infiltrates beneath an intact sur-
face epithelium without producing ulceration or elevation of
the mucosa. In keeping with this, in nearly all prophylactic
gastrectomies, despite normal pre-operative gastroscopy, mi-
croscopic foci of early HDGC are found, even though in the
majority of cases the foci are smaller than 3 mm [69].

Due to the tiny microscopic foci of signet ring cells, mul-
tiple biopsies are required to maximize the likelihood of
diagnosing them [70]. During surveillance gastroscopy, an
accurate bioptic mapping of the transitional zone of the stom-
ach between the body and antrum has been suggested to
increase the diagnostic yield since in New Zealand Maori
families, the neoplasia has been reported to occur in this area
of the stomach [28, 71]. By contrast, in North American and
European families, early invasive carcinoma was identified
throughout the stomach, without evidence of clustering in a
specific region [7-9, 70, 72]. Rogers et al. reported in a case
series that 70 % of the total foci were localized in the proximal
third of the stomach [73]. In a UK series, the highest number
of foci was again observed in the fundus (44.7 %) and the
body (40.2 %) [70]. Therefore, it is recommended that any
endoscopically visible lesions are targeted and in addi-
tion that at least six random biopsies be taken for each
of the following gastric zones: antrum, transitional zone,
body, fundus and cardia. Thus, a minimum of 30 biop-
sies in all are recommended [15].

Recently, two studies contributed to further knowledge on
gastroscopic surveillance. In the first study, calculations were
made on bioptic diagnostic yield on the basis of the topo-
graphic distribution of cancer foci in a series of 10 gastrecto-
mies in CDH1-mutation carriers: 1817 slides were evaluated
for the presence of in situ, intramucosal or submucosal
diffuse-type carcinoma, and detailed maps determined the
density of cancer foci on the basis of the number of sampled
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glands per biopsy in routine surveillance pre-operative endos-
copy. Based on the number of glands per stomach and the
average number of glands sampled during surveillance biopsy
(28.7£1.7; range, 0 to 79; n=112), the theoretical number of
biopsies necessary to capture at least one cancer focus was
estimated to be 1768 (range, 50 to 5832) to assure a 90 %
detection rate. The highest density of cancer foci was shown in
the proximal fundus (64 %) [74].

The second study is a prospective, observational cohort
study with the aim of determining the natural history and
outcomes of patients with HDGC undergoing endoscopy. A
surveillance programme using high-resolution white-light en-
doscopy with autofluorescence and narrow-band imaging
(NBI) combined with targeted and multiple random biopsies
assessed by an expert histopathologist was undertaken. A total
of 29 patients from 17 families underwent 70 surveillance
endoscopies with the primary endpoint to determine the en-
doscopic yield of microscopic signet ring cell carcinoma
according to patient mutation status and subsequent decision
to undergo surgery. The secondary endpoint was the addition-
al yield of targeted biopsies compared with random biopsies.
Signet ring cell carcinoma foci were identified in 14 of 22
(63.6 %) patients with confirmed CDH/ mutations and 2 of 7
(28.6 %) with no pathogenic mutation identified. Eleven of 16
(9 CDHI-positive) patients proceeded to gastrectomy in a
median of 5.7 months. In one patient, advanced GC developed
40.2 months after the first endoscopic findings. The authors
concluded that careful white-light examination with targeted
and random biopsies combined with detailed histopathology
can identify early lesions and help to inform decision-making
with regard to gastrectomy. Autofluorescence and narrow-
band imaging are of limited utility [75].

Summarizing the updated consensus and the findings from
above studies, gastroscopic surveillance is obligatory in fam-
ily members of HDGC. Endoscopic surveillance is not fully
consistent, even with accurate stomach mapping in a dedicat-
ed centre and with more advanced endoscopic techniques, i.e.
NBI, thus calling into question the validity of endoscopic
surveillance as an alternative to prophylactic gastrectomy.

9 Breast surveillance

Lobular lesions have, in most cases, an atypical imaging
presentation related to their histological features.

“Classical” ILC (invasive lobular carcinoma) typically
comprises small bland cells that infiltrate along and around
ducts in single file without destroying the underlying archi-
tecture. In most ILCs (90 %), the expression of E-cadherin is
lost contributing to the lack of tumour cell cohesion and to the
diffuse growth pattern [76, 77].

The loss of E-cadherin in most ILCs results in fewer cancer
cells and more low-density fat per unit volume of tumour,

compared with IDCs, which are a compact, dense cancer and
are therefore relatively opaque to X-rays, and possibly more
easily palpable [76].

Detection is also compromised because ILC often has a
density less than or equal to normal fibroglandular breast
tissue on mammography due to its diffuse growth pattern,
leaving the pre-existing breast architecture largely intact, and
a low tendency to induce a desmoplastic reaction [78—80].

Conventional imaging such as mammographic screening
may present some difficulties in the identification of lobular
lesions; consequently at diagnosis, the mean tumour size of
ILC is slightly larger than that in patients with IDC [78].

The sensitivity of mammography for ILC is correlated to
breast density and ranges between 64 and 92 % [81, 82].

On mammograms, the commonest abnormal findings were
localized spiculated mass (42—53 %), architectural distortion
(14-16 %); discrete non-spiculated mass (about 7 %) or
asymmetrical density (about 4 %), which is sometimes diffi-
cult to see in the absence of previous mammograms [76, 83].

Microcalcifications are not a feature of pure ILC (presents
only in 3—13 % of cases) but may be present in mixed
tumours, in an associated component of DCIS or in pleomor-
phic lobular carcinoma in situ. Microcalcifications are also
mostly observed around areas of sclerosing adenosis and
apocrine metaplasia juxtaposed to tumour areas, and they
facilitate diagnosis of lobular neoplasia by radiology [84, 85].

Because of the low rate or the absence of suspicious calci-
fication and its tendency to be of low opacity, the mammog-
raphy may be normal in about 30 % of cases with a false-
negative rate ranging from 19 to 66 % [79, 86].

Ultrasound imaging is more sensitive than mammography
in the visualization of ILC; with this tool, the sensitivity grows
to 98 % (range 86-98 %) [82, 87].

Lobular lesions may appear at ultrasound as an irregular
hypoechoic mass with posterior shadowing (68—-84 %) or
without shadowing (about 20 %), shadowing only (13—
17.5 %), well-circumscribed mass (about 4 %), infiltrative
pattern (about 4 %), focal hyperechoic lesion (1-5 %) or no
abnormality (2—4 %) [76, 88]. Infiltrative pattern is due to the
extension of ILC into Cooper’s ligaments creating bizarre us-
images called “Golden Gate sign”, “gloved hand” or “cactus”.

Ultrasound is moreover the guidance method of choice in
the case of fine needle aspiration cytology (FNAC) or biopsy.
The positivity of FNAC may be lower than expectations: in
the literature, 60—-80 % is reported, this being due to the sparse
cellularity and the presence of small relatively normal-
appearing cells [76, 79, 89].

Both mammography and ultrasound tend to underestimate
lesion size and are therefore not optimal for staging purposes
[81, 90].

Tomosynthesis is a new technique that seems to have a
higher sensitivity and specificity than digital mammography
in the detection of lesions in dense breast parenchyma
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according to the reduced or eliminated overlapping breast
tissue [91, 92]. It seems to be a promising tool; however, there
is no significant published data in the literature and further
studies are needed.

Compared to conventional imaging, MRI seems to be the
modality of choice for the evaluation of ILC. It is more
sensitive in detecting ILC and determining the size extent
and presence of multiple or contralateral foci [81, 93].

A recent meta-analysis conducted on 21 studies shows
sensitivity ranging from 83 to 100 % (mean 93.3 %), equal
to the overall sensitivity of MRI for malignant lesion of the
breast [81].

At MRI evaluation, ILC appears as a mass-like lesion (with
irregular or spiculated margins) more frequently than as a non-
mass lesion (with abnormal enhancement such as regional,
ductal, segmental or diffuse enhancement) [81].

There is data to support how MRI changes surgical man-
agement in 28.3 % of cases; however, there is no evidence
suggesting an increase in survival for patients with ILC due to
the performance of MRI [81, 94].

Recommendations from the European Society of Breast
Cancer Specialists (EUSOMA) working group for the staging
before treatment planning suggest that MRI should be per-
formed in the pre-operative assessment of patients with
biopsy-proven ILC [95]. Similarly, in the UK, the National
Institute for Health and Care Excellence (NICE) published
clinical guidelines recommending MRI in this group of pa-
tients if breast-conserving surgery is being considered [96].

MRI is routinely used for breast screening in high-risk
women with BRCA1 or BRCA2 gene mutations. As yet, there
are no guidelines regarding MRI use in women with CDH1
mutations.

Breast screening in CDH1-mutated patients should be per-
formed periodically using digital mammography, ultrasound
and MRI.

10 Prophylactic mastectomy

BC is the most frequent cancer among women with an esti-
mated 1.38 million new cancer cases diagnosed in 2008 (23 %
of all cancers) and ranks second overall (10.9 % of all can-
cers). About 690,000 new cases are diagnosed every year, and
it ranks as the fifth cause of death from cancer overall
(458,000 deaths) [1]. Genetic predisposition accounts for only
5to 10 % of BC, and younger women diagnosed with BC are
at a higher risk for a genetic aetiology [97]. In 1998, the
National Comprehensive Cancer Network (NCCN)
established that genetic counselling should be proposed in
the following BC cases: women with age at onset 50 years
or younger, triple-negative, two or more events in one indi-
vidual, male, woman of Ashkenazi Jewish descent and tu-
mours at any age with a family history of breast and/or ovarian
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cancer [98]. BRCA 1/2 germline mutant carriers are eligible
for prophylactic “nipple-sparing mastectomy” (NSM) with
immediate plastic reconstruction. This surgical procedure en-
tails nipple-areola complex (NAC) preservation [99]. NSM
requires a double-time approach, gland dissection and the
reconstructive surgery. The gland is dissected very close to
the dermis, retaining a thin layer of subcutaneous fat to pre-
serve the subdermal vascularization [100, 101]. Lateral or
inframammary skin surgical incision (4—5 cm) provides a
better view during the subcutaneous dissection, and this ap-
proach offers an opportunity to check the retroareolar histol-
ogy. Glandular tissue is removed bordering the retroareolar
area to avoid any gland residual tissue [99]. Currently, there is
no indication for prophylactic NSM in CDHI1 germline
asymptomatic mutant carriers. Further studies will clarify the
CDHI1 genetic penetrance and the LBC risk development, and
NSM could be considered in selected patients.

11 Concluding remarks

The clinical approach to individuals with a suspicious
inherited predisposition for gastric and breast tumours re-
quires, for targeted management, close collaboration between
the geneticist for testing, the surgeon, the gastroenterologist
and the pathologist.

The first approach requires the description of a detailed
pedigree, providing information about affected members, gen-
der and age at onset, cancer diagnosis, histotype features,
outcome and lifestyle. The Cambridge clinical criteria help
to understand when GC is sporadic or hereditary; in particular,
management of GC with suspicious familial or hereditary
firstly requires a pedigree with at least knowledge of three
member generations, and when analysed pedigree overlaps
the clinical criteria, genetic testing is mandatory. The identifi-
cation of a germline alteration requires a specific treatment in
asymptomatic patients, in particular in CDH1 mutation car-
riers in the HDGC syndrome. Unfortunately, cases with fa-
milial aggregation and without specific gene involvement are
the majority and represent an urgent clinical burden consider-
ing that familial GC, unlike its sporadic form, shows an
increasing trend, in particular, in cases with diffuse gastric
carcinoma.

The IGCLC in 2010 recommended PTG for the treatment
of asymptomatic truncating CDH/ mutation carriers [15]. To
date, more than 100 gastrectomies have been performed in
deleterious E-cadherin mutation carriers. The choice of pro-
phylactic surgery or endoscopic surveillance in pathogenic
missense mutation carriers is still a subject of ongoing debate.
The number of cases with missense mutations treated with
prophylactic surgery is rather low to reach a definitive con-
clusion. However, additional genetic tests, such as in vitro and
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in silico analyses, are required to assess the pathogenicity of
CDH|1 germline missense mutations.

With this novel clinical review, we would introduce a new
concept of “hereditary breast cancer” associated with the E-
cadherin germline mutations, never defined so far. In particu-
lar, LBC is a CDH1-associated cancer disease, forming part of
the HDGC syndrome. However, recent studies have led to the
discovery of novel CDH1 germline mutations in LBC patients
in the absence of family history for GC. Further genetic
studies should define whether LBC represents an independent
cancer syndrome, offer a definitive treatment for these patients
and define the BC risk in unaffected young women. At pres-
ent, in CDH1 germline mutation carriers, there is no indication
for prophylactic mastectomy. Nonetheless, we have strongly
suggested clinical and instrumental follow-up of the breast.
Firstly, this report described in detail the clinical management
for asymptomatic CDHI1 germline mutation carriers with the
only family history for LBC.
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