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M ore than 2 decades have passed since the report of
familial clustering of diffuse gastric cancer in New
Zealand Maōri families and its linkage with germline

CDH1 (OMIM *192090) variants.1 Individuals who carry patho-
genic or likely pathogenic CDH1 variants are at increased risk of
developing gastric and breast cancers. Both clinical experience
and general understanding of hereditary diffuse gastric cancer
(HDGC) syndrome have increased, albeit with modest advances
in our basic understanding of this monogenic disorder. With the
expansion of direct-to-consumer genetic testing and rise in multi-
gene panel testing, it is expected that there will be a concomitant
increase in the diagnosis of germline pathogenic variants in genes
such as CDH1.2 Recognition of these changes underscores the
need for clinical awareness of this heritable cancer syndrome and
its medical management. To date, our understanding of the HDGC
syndrome has resulted from the management of variant carriers
with risk-reducing gastrectomy and surveillance endoscopy. Our
aim was to review current management guidelines, their rationale
and supporting data, and explore the molecular underpinnings of
this hereditary cancer syndrome for which surgery maintains a
central role.

The search terms hereditary diffuse gastric cancer and germline
CDH1 were used to query PubMed for nonreview articles published be-
tween January 1, 2000, and January 1, 2020. Only English-language
articles were assessed for inclusion in this review.

Criteria for Testing and Diagnosis of HDGC

HDGC syndrome is most commonly characterized by an autoso-
mal dominant pattern of inheritance of inactivating mutations in
the CDH1 tumor suppressor gene.1,3-5 Families with pathogenic
CDH1 variants are at increased risk of developing diffuse-type gas-
tric adenocarcinoma, lobular breast cancer in women, and cleft lip
and palate. The International Gastric Cancer Linkage Consortium
has produced consensus management guidelines that include
indications for germline genetic testing in individuals who meet
specific criteria.6 Recent modifications have expanded testing cri-
teria to include a diagnosis of a diffuse-type gastric cancer (DGC)
at any age in an individual with a personal history of invasive lobu-
lar breast cancer (LBC) or DGC in the setting of cleft lip or palate
(Box). Therefore, cleft lip/palate in the setting of DGC and/or
hereditary lobular breast cancer should also raise the suspicion of
germline CDH1 variant carriers. At our institution, we have
observed that 16 of 118 families (14%) have documented cleft lip
or palate.7

Individuals who meet the criteria should be provided genetic
counseling and germline testing that should be performed in a
certified diagnostic laboratory. Any positive test results from
direct-to-consumer kits should be validated in a certified labora-
tory, because those results have been found to generate conflict-
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ing interpretations.8 Furthermore, based on other reports,
genetic testing for CTNNA1 and PALB2 variants also should be
included.5,9,10 Other than CTNNA1 and PALB2, to our knowledge,
no additional genes have been causally linked to diffuse, but not
intestinal-type, gastric cancer.

Lifetime Cancer Risk
Original estimates of cumulative lifetime gastric cancer risk were
as high as 70%; however, these were likely overestimates owing
to ascertainment bias.5 Recent studies have revised gastric cancer
penetrance estimates downward and now range from 37% to
42% for men and 25% to 33% for women.11,12 Comparatively,
women with pathogenic CDH1 variants also carry an estimated
lifetime lobular breast cancer risk of 42% to 55%. The overall
prognosis for advanced gastric cancer due to a germline CDH1
mutation is expected to be similar to sporadic gastric cancer.
Although the risk of gastric cancer will vary among families, to our
knowledge, genotype-phenotype correlations to aid cancer risk
assessment do not yet exist. Therefore, any family history of dif-
fuse gastric cancer should be considered when counseling
patients about their individual cancer risk. There are no convinc-
ing data to link the risk of other gastrointestinal cancers to CDH1
variants, and so adherence to population cancer screening guide-
lines for other cancers is recommended.

Clinical Management
Initial diagnosis of a germline CDH1 variant often precipitates
referral to a surgeon. However, carriers of pathogenic CDH1
variants ideally should receive care from a multidisciplinary team
of dedicated experts that includes a genetic counselor, dietitian,
gastroenterologist, pathologist, and surgical oncologist.
This team should be able to provide the most up-to-date
expert advice with regard to cancer surveillance, prophylactic
gastrectomy, and long-term care for both the patient and affected
family members. Because of the elevated risk of gastric cancer
and the inherent limitations of endoscopic surveillance, which are
discussed in the Gastric Cancer Surveillance section, asymptom-
atic CDH1 variant carriers are advised to undergo prophylactic
total gastrectomy (PTG). This should occur only after detailed
preoperative assessment and counseling of surveillance as an
alternative to surgery. Individuals who choose to forego PTG
should have annual upper endoscopy for surveillance of early gas-
tric cancer.13 The primary goal of surveillance endoscopy is to
assess for gastric mucosal changes that may signal progression of
early cancer foci and exclude more infiltrative (>T1a) lesions. In
addition, results of surveillance endoscopy can provide patients
the opportunity to make more informed decisions about
gastrectomy.14 Women with pathogenic CDH1 variants are also
advised to begin breast cancer surveillance with annual magnetic
resonance imaging at age 30 years.6 Even though lifetime breast
cancer risk in this population ranges from 42% to 55%, expert
consensus supports both breast-conserving therapy in the pres-
ence of invasive cancer as well as the option for bilateral risk-
reducing mastectomy.

Prophylactic Total Gastrectomy

Preoperative consultation is multifaceted and should include dis-
cussion of operative risk along with long-term sequelae of total
gastrectomy. This discussion addresses the operative approach,
the individual surgeon’s expected outcomes, and plans for longi-
tudinal care. Careful assessment and acknowledgment of com-
peting medical risks is necessary, with special attention to
untreated drug, tobacco, and alcohol addiction, and eating disor-
ders. Evaluation of preoperative nutrition and education regard-
ing postgastrectomy dietary changes is of utmost importance,
and all patients proceeding to PTG should have a baseline endos-
copy before surgery to verify that there is no presence of
advanced cancer.

Total gastrectomy is recommended in carriers as young as 20
years and is generally not advocated in patients older than 70 years.
Even in the setting of an endoscopic gastric biopsy demonstrating
a focus of signet ring cells (SRCs), to our knowledge, there are no
data suggesting a hurried decision for surgery is warranted. The
pathognomonic SRC foci of HDGC are present in nearly all asymp-
tomatic CDH1 variant carriers and have been found in adolescent
individuals.15 Total gastrectomy is an infrequent operation and should
be performed at high-volume gastric cancer centers, preferably with
added expertise in the longitudinal care of patients and families with
HDGC.16

Gastric cancer risk reduction can be achieved only with com-
plete removal of the stomach. Operative approach (open or lapa-
roscopic) should be chosen by the surgeon based on their own
outcomes, as neither approach has demonstrated superiority to
the other.17 Esophageal and duodenal margins should be assessed
intraoperatively via frozen section to ensure complete removal of

Box. Hereditary Diffuse Gastric Cancer Syndrome Genetic
Testing Criteria

CDH1 and CTNNA1 testing is recommended in the following
situations
Individual criteria
DGC in individuals aged <50 ya

DGC at any age in individuals with a personal or family history of
cleft lip/cleft palate

History of DGC and LBC in individuals aged <70 y

Bilateral LBC/LCIS in individuals aged <70 y

Gastric biopsy with in situ signet ring cells and/or pagetoid spread
of signet ring cells in individuals aged <50 y

Family criteriab

�2 Cases of gastric cancer in family (any age), with at least 1 con-
firmed DGC

�2 Cases of LBC in family members aged <50 y

�1 Case of DGC any age and �1 case of LBC in different family
members aged <70 y

Abbreviations: DGC, diffuse gastric cancer; LBC, lobular breast cancer.

a All diagnoses of DGC and LBC must be histologically confirmed.

b Family members must be first- or second-degree blood relatives of each
other.
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gastric mucosa.18 Perigastric (D1) lymphadenectomy is sufficient,
because lymph node metastasis is an uncommon finding in
asymptomatic patients who typically harbor T1a or in situ SRCs.
Reconstruction with esophagojejunostomy and a 40- to 50-cm
Roux limb is most common. A thorough histopathologic evalua-
tion of gastrectomy explants is essential to ensure the most
advanced lesions are identified because there are frequently mul-
tiple clusters. The new consensus guidelines have proposed a
3-level protocol that uses both World Health Organization and
Laurén classifications; this total-embedding protocol ensures
examination of the gastric mucosa in entirety and is expected to
increase the number of cancer lesions identified.6,19

Although early and late morbidity of PTG have been reported,
long-term outcomes specific to patients with HDGC are not well
established.20,21 Perioperative morbidity is low with infrequent se-
vere adverse events, such as anastomotic leak (4%) and intra-
abdominal abscess (4%-7%). Long-term complications of gastrec-
tomy include internal hernia and anastomotic stricture, which are
also infrequent (1%-5%), likely because this population is generally
younger and healthier than patients with sporadic gastric cancer un-
dergoing the same operation.18,20-23

Patient-reported outcomes regarding quality of life and satis-
faction with the decision to undergo prophylactic surgery have been
evaluated. A frequent and expected symptom is the inability to tol-
erate large meals and overall intolerance of certain foods, which of-
ten can return to baseline by 12 months after surgery.21 In addition,
although many patients notice an increase in anxiety or depres-
sion, the incidence is similar to that of the general public through-
out the course of recovery.23 Thus far, studies have found that pa-
tients’ satisfaction with their decision to undergo PTG is high
(around 90%).23,24

Postgastrectomy care should include easy access to a regis-
tered dietitian, with regular evaluation of macronutrient and
micronutrient blood levels, as common chronic sequelae also
include esophageal dysmotility, dumping syndrome, osteopenia/
osteoporosis, nephrolithiasis, and cholelithiasis. Weight loss
nadirs at approximately 6 months postgastrectomy and ranges
between 12% and 18%; weight loss 1 year after surgery approxi-
mates 20% of baseline body weight.18,21,25,26 The most common
chronic symptoms include bile reflux (as many as 50% of the
patients), dry mouth, inability to tolerate water, and dumping
syndrome, which have been reported to occur more frequently at
1 year post surgery compared with 3 months.18 Total gastrectomy
results in the loss of intrinsic factor secretion and consequently
impaired vitamin B12 absorption. Intramuscular supplementation
of the vitamin is not necessary because oral formulations are
adequate to maintain normal B12 levels. In addition, altered cal-
cium absorption and resulting osteoporosis are possible, but we
have observed in our institution that adherence to dietary supple-
ments may negate these risks.

Micronutrient deficiencies are of particular concern for women
of childbearing age. A case series of 6 pregnant women after PTG
reported healthy neonates when nutritional counseling and di-
etary supplementation were implemented.27 Access to a clinical
pharmacist for drug level monitoring may be required because oral
medication absorption can be altered after gastrectomy, such as with
commonly prescribed antidepressants, antibiotics, and oral
contraceptives.

Gastric Cancer Surveillance

Patients who do not choose PTG should receive annual cancer sur-
veillance via upper gastrointestinal endoscopy. The consensus ap-
proach to gastric biopsy, the Cambridge method, incorporates ex-
tensive white-light examination followed by a minimum of 30
nontargeted (random) gastric biopsies from 5 separate areas of the
stomach.28 This method of surveillance is reported to detect oc-
cult SRC foci in 20% to 63% of patients.13,20,25 CDH1 gastrectomy
explants have been reported to demonstrate SRCs in 80% to 100%
of specimens; therefore, the Cambridge method of surveillance car-
ries a high false-negative rate.15,29,30 Given its poor reproducibility
and concern for high false-negative rates, techniques of early gas-
tric cancer surveillance other than the Cambridge method have been
explored. Endoscopic ultrasonography combined with the Cam-
bridge method failed to demonstrate an improvement in the sen-
sitivity of detection.31,32 Chromoendoscopy, which aids in identify-
ing mucosal pale areas, was reported to improve SRC detection rates;
however, this technique is limited to detecting only larger cancer
lesions.32 Similarly, autofluorescence and narrow-band imaging as
adjuncts to white light endoscopy and random biopsy do not ap-
pear to improve occult cancer detection.33 Confocal endomicros-
copy uses a fiberoptic probe during endoscopy to visualize the mi-
crostructure of the gastric mucosa, and results of an early-phase
clinical trial have demonstrated low SRC detection rates as a soli-
tary surveillance method.34 Specific attention to targeting pale areas
has been suggested to improve SRC foci detection; however, other
investigators have reported that these areas are nonspecific for SRC
pathologic factors.33,35-37 Another approach to surveillance fo-
cuses on locations within the stomach, but use of this approach is
reportedly variable across geographic regions despite no differ-
ences in genotypes.14,38-40 Given that most of these early gastric can-
cer lesions measure less than 1 mm in diameter and are not visible
with standard endoscopy, one approach is to obtain more gastric
biopsies.41 Curtin et al42 refined and trialed a systematic biopsy tech-
nique that obtains 88 nontargeted biopsies and reported a substan-
tially lower false-negative cancer detection rate compared with the
consensus method (38% vs 80%).43

Lobular Breast Cancer
In addition to an increased risk of gastric cancer, women with patho-
genic CDH1 variants also carry an elevated lifetime risk of invasive
lobular breast cancer (LBC). Hereditary LBC is defined by a CDH1 vari-
ant carrier with LBC and/or a positive family history of LBC with no
family history of DGC. Similar to linitis plastica of the stomach, E-
cadherin–deficient invasive lobular carcinoma does not form a well-
defined mass, but rather invades surrounding tissue in single-file
sheets/cords. When LBC metastasizes to the peritoneum, the his-
topathologic characteristics are analogous to the morphologic char-
acteristics of diffuse-type gastric cancer, likely owing to the shared
genetic precursor. This observation of shared histopathologic char-
acteristics is also supported by the observation that 87% of fami-
lies with CDH1 hereditary LBC demonstrate SRCs on gastrectomy
explant.44 The observed peritoneal tropism of LBC is not well un-
derstood. Because LBC does not form a discrete mass and does not
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reliably produce microcalcifications, mammography has been es-
tablished to be a poor instrument for detection with sensitivities cal-
culated as low as 34%.45 Therefore, annual surveillance magnetic
resonance imaging in women between age 30 and 50 years is
recommended.6 The addition of ultrasonography for screening of
dense breast tissue remains controversial. Most recent consensus
guidelines, such as those of Blair et al,6 state that bilateral risk-
reducing mastectomy can be considered, but that breast-
conserving therapy for LBC can be adequate. To our knowledge,
there is currently no compelling evidence on the incidence of lobu-
lar carcinoma in situ or invasive lobular carcinoma from prophylac-
tic mastectomy after a negative surveillance magnetic resonance
imaging.46 The general risks of surgical treatment, both partial or
complete mastectomy, are low; therefore, the decision between
breast-conserving therapy and bilateral mastectomy should be based
on ipsilateral cancer recurrence and lifetime cancer risk. The CDH1
variant carriers’ lifetime risk of developing invasive breast cancer is
similar to that of BRCA mutation carriers.

The Role of CDH1 in HDGC
The CDH1 gene is located on chromosome 16q22.1 and encodes E-
cadherin, a transmembrane glycoprotein located at the adherens junc-
tions in epithelial tissues and has cell-cell adhesion and signal trans-
duction functions.47 E-cadherin has 3 structural domains: extracellular,
transmembrane, and cytoplasmic. The cytoplasmic domain con-
nects to the actin cytoskeleton through various catenins (eg, α, β, and
p120) and also regulates basic cellular processes, such as cell signal-
ing, migration, apoptosis, and invasion.48-50 There are an estimated
155 pathogenic variants in CDH1, which range from complete gene de-
letions to single-nucleotide alterations and occur throughout the en-

tire gene.28 It follows that loss of normal E-cadherin expression could
disrupt gastric epithelial tissue homeostasis ultimately leading to SRC
carcinoma (Figure 1). It is hypothesized that stochastic and somatic epi-
genetic and genetic events result in E-cadherin inactivation and the de-
velopment of multiple (sometimes >100) foci of intramucosal SRC car-
cinomas (Figure 2). It is, however, generally accepted that these early-
stage (T1a) SRC cancer foci will remain indolent until the acquisition of
a second hit, which may be due to epigenetic (promoter hypermeth-
ylation) or genetic (somatic mutation or deletion) phenomena, and re-
sults in loss of heterozygosity.51-53 The specific molecular alterations
that foster subsequent progression of these SRC foci to more ad-
vancedgastriccancerremaintobeproven.Inmurinemodelsit isknown
that combined loss of E-cadherin and p53 expression in the gastric epi-
thelium induces diffuse gastric cancer invasion and metastasis.54 How-
ever, it may not be the case that CDH1 loss of heterozygosity is always
necessaryfordevelopmentofinvasive,diffuse-typegastriccancer.Park
et al55 found that conditional knockout of classic tumor suppressors
TP53 and SMAD4 with maintenance of CDH1 heterozygosity in mu-
rinegastricepitheliumresultedinmetastaticgastrictumors.Manyfami-
lies who meet criteria for genetic testing in the setting of HDGC will not
have a CDH1 variant identified. In a few of those families, the CTNNA1
gene, which encodes α-catenin (another adherens junction protein),
has been causally linked to HDGC.9 Loss of α-catenin may mimic CDH1
inactivationinthesepatientsthroughsimilardownstreameffectorsand
acquisition of anchorage-independent growth.56

Active Research
Multiple areas of basic and translational research are underway to
answer outstanding questions related to the early molecular and cel-
lular changes leading to invasive gastric cancer in CDH1-variant car-

Figure 1. A Model for Stepwise Progression of CDH1-Associated Gastric Carcinogenesis
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riers. Although the germline CDH1 mutation is thought to be neces-
sary for cancer initiation, it is likely not sufficient for development
of invasive gastric cancer. Therefore, it is necessary to identify the
genetic or epigenetic perturbations that cause isolated SRC foci to
progress and metastasize. Furthermore, identification of biomark-
ers of early carcinogenesis may lead to more timely and accurate can-
cer diagnosis and development of cancer chemoprevention and
therapeutic strategies. Clinical research must also include patient-
specific risk stratification with more accurate disease penetrance cal-
culations to better guide cancer surveillance and risk-reducing sur-
gery guidelines.

Conclusions

Hereditary diffuse gastric cancer syndrome is a rare genetic disor-
der that increases lifetime risk of both gastric and breast cancers.
Current practice guidelines recommend prophylactic total gastrec-
tomy for CDH1-variant carriers because surveillance methods are un-
reliable and early-stage SRC cancers are commonly identified in gas-
trectomy explants. Better understanding of the molecular basis of
this disease is essential for improving treatment and offering can-
cer prevention strategies.
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