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Abstract

Background Hereditary diffuse gastric cancer (HDGC) is

a familial cancer syndrome specifically associated with

germline mutations to the E-cadherin (CDH1) gene. HDGC

is characterized by autosomal dominance and high pene-

trance and a high cumulative risk for advanced gastric

cancer. Our purpose in this study was to identify and

synthesize findings from all articles on: (1) current rec-

ommendations for CDH1 screening and prophylactic gas-

trectomy; (2) CDH1 testing results in HDGC patients; and

(3) prophylactic gastrectomy results in HDGC patients.

Methods Systematic electronic literature searches were

conducted using Medline, Embase, and the Cochrane

Central Register of Controlled Trials from 1985 to 2009.

Results Seventy articles were included in this review.

Among patients with a positive family history of gastric

cancer, 1085 were screened from 454 families, and 38.4%

tested positive. Mutation-positive families also had a con-

siderable family history of breast and colon cancer. Of the

322 patients screened for CDH1 mutations by current

HDGC screening criteria, 29.2% tested positive. Among

the 76.8% of patients who underwent prophylactic gas-

trectomy following positive CDH1 test results, 87.0% had

positive final histopathology results and 64.6% had signet

ring cells identified. Some of the patients with negative

final histopathology results had opted to undergo prophy-

lactic gastrectomy prior to CDH1 testing, and were

ultimately found to be negative for CDH1 mutations.

Conclusion CDH1 mutation testing in families with a

history of gastric cancer and prophylactic gastrectomy

in mutation-positive patients are recommended for the

management of HDGC.

Keywords Hereditary diffuse gastric cancer � CDH1

screening � Prophylactic gastrectomy � Genetic testing �
Clinical management

Introduction

Gastric cancer (GC) is one of the most common forms of

cancer and causes of cancer death worldwide [1]. The

majority of cases are sporadic in nature; however, familial

clustering is observed in about 10% of the cases [2]. Of

those with familial aggregation, 1–3% are diagnosed with

hereditary diffuse gastric cancer (HDGC) [2]. According to

the International Gastric Cancer Linkage Consortium (IG-

CLC), the following criteria must be met for a diagnosis of

HDGC: (1) two or more documented cases of diffuse

gastric cancer (DGC) in first- or second-degree relatives,

with at least one diagnosed before the age of 50, or (2)

Electronic supplementary material The online version of this
article (doi:10.1007/s10120-011-0116-3) contains supplementary
material, which is available to authorized users.

R. Seevaratnam � N. Coburn (&) � R. Cardoso � M. Dixon �
A. Bocicariu

Sunnybrook Research Institute, Sunnybrook Health Sciences

Centre, Toronto, Canada

e-mail: natalie.coburn@sunnybrook.ca

N. Coburn

Division of Surgical Oncology, Sunnybrook Health Sciences

Centre and Odette Cancer Centre, Suite T2-60, 2075 Bayview

Ave, M4N 3M5 Toronto, ON, Canada

M. Dixon

Department of Surgery, Maimonides Medical Center,

Brooklyn, USA

L. Helyer

Division of General Surgery, Department of Surgery,

Dalhousie University, Halifax, Canada

123

Gastric Cancer (2012) 15 (Suppl 1):S153–S163

DOI 10.1007/s10120-011-0116-3

http://dx.doi.org/10.1007/s10120-011-0116-3


three or more cases of documented DGC in first- or second-

degree relatives, independent of age of onset [3, 4]. Fam-

ilies with an aggregation of GC and an index case with

DGC but not fulfilling the IGCLC criteria for HDGC are

categorized as having familial diffuse gastric cancer

(FDGC), whereas familial clustering of GC in which the

histopathology of the tumor is unknown is designated as

familial gastric cancer (FGC) [2, 3, 5]. A family history of

intestinal carcinoma can also be present and families with

this type of aggregation are classified as having familial

intestinal gastric cancer (FIGC) [2, 3, 5]. In this review we

will focus only on HDGC.

HDGC is an autosomal dominant cancer syndrome

caused by germline mutations to the CDH1 gene that

encodes for the cell-to-cell adhesion protein E-cadherin [6–

8]. Genetic linkage between CDH1 mutations and HDGC

was first described by Guilford et al. [9, 10], who identified

germline truncating E-cadherin mutations in three New

Zealand Maori families in 1998. Currently about 100

inactivating germline mutations in the CDH1 gene have

been published, with the most common types being small

insertions or deletions (35%) and missense mutations

(28%) [6]. Other mutation types (nonsense, splice site, and

large exonic deletions) have also been identified [6].

Regardless of mutation type, the majority (75%) result in a

truncated loss-of-function protein [11]. CDH1 mutations

are found among all ethnicities, with large clusters being

identified in New Zealand and Canada [11–13]. A paradox

is noted for Asian countries, where a high incidence of

sporadic GC is present, but a low incidence of CDH1

mutations has been found. The reason for this is unknown

[2, 5, 7].

The penetrance of CDH1 germline mutations in HDGC

is relatively high. The estimated lifetime cumulative risk of

developing GC is 67% in men and 83% in women, with a

mean age at diagnosis of 38–40 years (range: 14–85 years)

[14]. The presence of a CDH1 mutation has also been

linked to an increased risk of lobular breast cancer among

women, with one study estimating a cumulative lifetime

risk of 39% [14]. However, another recent publication by

the IGCLC suggests that the risk of gastric cancer is over

80% for both men and women, and the risk of lobular

breast cancer is 60% for women [4]. This high rate of

penetrance highlights the importance of identifying CDH1

mutation carriers. More importantly, an early diagnosis of

HDGC may translate to improved prognosis and longer

survival rates for these patients. Therefore, the purpose of

this review is to identify and synthesize findings from all

articles on: (1) current recommendations for CDH1

screening and prophylactic gastrectomy; (2) CDH1 testing

results in patients with a family history of GC, as well as

those with HDGC; and (3) prophylactic gastrectomy results

in HDGC patients.

Methods

Data sources

Electronic literature searches were conducted using Medline

and Embase from 1 January 1985 to 31 December 2009

according to the search algorithm presented in Appendix A.

Search terms included: [exp Stomach Cancer/or (((gastric or

stomach) adj1 cancer$) or ((gastric or stomach) adj1 carci-

noma) or ((gastric or stomach) adj1 adenocarcinoma) or

((gastric or stomach) adj1 neoplasm$)).mp.] and [exp

Gastrectomy/or (surgery or surgical).mp. or (prophylaxis or

prophylactic or prevent$).mp.] and [Familial Cancer/

or familial.mp. or ‘‘family history’’.mp. or hereditary.mp. or

cadherin$.mp. or CDH1.mp. or HDGC.mp.]. A separate

search of the Cochrane Central Register of Controlled Trials

(1985–2009) was performed using the search term ‘‘gastric

cancer’’. No attempt was made to locate unpublished material.

Study selection and review process

To be eligible, studies had to meet the following criteria: (1)

provide new or modified recommendations for CDH1

screening and/or prophylactic gastrectomy in HDGC patients;

(2) report CDH1 testing results in HDGC patients or families;

(3) provide prophylactic gastrectomy results in HDGC

patients or families; (4) include patients with a diagnosis of

HDGC or a family history of HDGC; and (5) be published in

peer-reviewed journals in English. Studies were excluded

according to the following criteria: (1) involved animals and/

or ex vivo samples; (2) included patients without HDGC; and

(3) did not provide new data. No study design restriction was

used. All electronic search titles, selected abstracts, and full-

text articles were independently reviewed by a minimum of

two reviewers (NC, LH, RS, AB). Disagreements on study

inclusion/exclusion were resolved with a consensus meeting.

Data extraction

A systematic approach to data extraction was used to

produce a descriptive summary of participants, interven-

tions, and study findings. The first reviewer (RS) inde-

pendently extracted the data and a second reviewer (RC)

checked the data extraction. No attempt was made to

contact authors for additional information.

Results

Literature search

A total of 561 titles/abstracts were identified from the

electronic searches and reference lists for preliminary
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review. After removal of duplicates and screening for rel-

evant titles and abstracts, a total of 96 articles were sub-

mitted for a full-text review. A total of 70 articles [3, 5–8,

10–74] met our inclusion criteria and were included in this

review (Fig. 1).

Recommendations for CDH1 screening

and prophylactic gastrectomy

In 1999, the IGCLC published the first set of recommen-

dations for CDH1 testing [3], which called for mutation

screening for all patients diagnosed with HDGC according

to two criteria (Table 1). Shortly after, members of the

British Columbia Cancer Agencyand the Stanford Cancer

Center, as well as individual members of the IGCLC

published broader sets of clinical criteria to be used as

indications for CDH1 mutation testing [5, 7, 8, 11, 15–18]

(Table 1). These revised guidelines called for mutation

testing of patients with family histories of only one diag-

nosed case of DGC, lobular breast cancer, colon cancer, or

signet ring cell colon cancer. Isolated individuals with a

diagnosis of DGC either prior to age 35 or 45, as well as

individuals with a diagnosis of both DGC and lobular

breast cancer without any family history, were also inclu-

ded as criteria for CDH1 mutation testing. In 2006, Blair

et al. [11] published the recommendations by The New

Zealand HDGC Group for the diagnosis and management

of HDGC in New Zealand, providing recommendations for

both screening and prophylactic gastrectomy by age. It

recommended patients under 14 years not be tested for

CDH1 mutations, while those over 16 years should be.

Prophylactic gastrectomy was not recommended for

patients aged less than 16 years; however, delaying

prophylactic gastrectomy beyond age 30 years was thought

to carry a significant risk for cancer development.

CDH1 mutation screening results

A total of 46 articles [6, 10, 13–15, 17, 19–58] reporting

CDH1 mutation testing results were included in this

review. Among patients with a positive family history of

GC, 1085 patients from 454 families were screened.

Positive family history in these patients was defined as: (1)

considerable family history of GC (histology unknown)

and documented DGC, (2) breast cancer (histology

unknown), (3) documented lobular breast cancer, and (4)

colon cancer. However, there was only one documented

case for a family history of signet ring cell colon cancer

(Table 2, for full details see Appendix B). Of those

screened, 38.4% were CDH1 mutation-positive (Table 2,

Appendix B). The age of family members diagnosed with

cancer ranged considerably, from 14 to 90 years for GC

(histology unknown), 29 to 67 years for DGC, 30 to

90 years for breast cancer, 49 to 66 years for lobular breast

cancer, and 30 to 82 years for colon cancer (Table 2,

Appendix B). The distribution of cancer among men and

women was nearly equivalent for GC when the histology

was unknown (47 and 53%, respectively); whereas a higher

percentage of women (59%) had documented DGC com-

pared to men (41%) (Appendix B). Among 86 additional

family members screened after a relative tested positive,

62.8% tested positive (data not shown).

A total of 9 articles [13, 15, 17, 24, 42, 45, 46, 51, 56]

reported CDH1 testing results according to HDGC

screening criteria (Table 3). Among those with HDGC, 322

were screened using both the IGCLC and modified IGCLC

CDH1 screening criteria, and 29% tested positive

(Table 3). However, among families with two or more

cases of GC with at least one case of DGC and a diagnosis

prior to 50 years, of the 148 patients screened, 47% tested

positive. In a similar fashion, among families with three or

more cases of GC irrespective of age of onset with at least

one case of DGC, of the 59 screened patients only 10%

tested positive. When both of these criteria, IGCLC and

modified CDH1, were considered, 35% tested positive out

of 229 patients screened. Considering only those isolated

individuals diagnosed with DGC prior to 45 years, of the

19 patients who were screened, 10.5% tested positive;

whereas a diagnosis of DGC prior to 35 years gave an 8%

positive test rate among 37 individuals screened. The

modified CDH1 screening criteria of one family member

diagnosed with DGC and another with lobular breast can-

cer did not result in any positive mutation tests; however,

when families with multiple cases of lobular breast cancer

with or without cases of DGC were considered, 23% tested

positive (three of 13 patients screened). One of two

Articles identified from search = 561 

Articles excluded based on title and abstract = 465 
• Duplicates = 149 

Articles selected for full text review = 96 

Articles excluded = 26 
• Irrelevant Topic/Analysis (no gastrectomy 

specimen pathology results, no genetic testing 
results, no guidelines/recommendations) = 16 

• Molecular genetics focus = 7 
• Comments/Editorial = 3 

Articles included in this systematic review = 70 

Fig. 1 Article selection flow
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individuals tested positive when meeting the criteria of one

family member diagnosed with DGC and another with

colon cancer. When the specific presence of signet ring cell

colon cancer was required along with a case of DGC, 33%

(one of three patients) tested positive.

Prophylactic gastrectomy results

Twenty-eight articles [12, 13, 17, 19, 23, 24, 26, 34, 37, 44,

51, 52, 59–74] reported prophylactic gastrectomy results in

HDGC patients (Fig. 2, for full details see Appendix C). A

Table 1 Current recommendations for CDH1 screening and prophylactic gastrectomy

Reference Recommendations

Caldas [3] IGCLC criteria

1. Two or more documented cases of DGC in first or second degree relatives, with at least one diagnosed before the age of

50; or

2. Three or more cases of documented DGC in first or second degree relatives, independently of age of onset

Modified criteria

Brooks-Wilson

[15]

1. Two or more documented cases of DGC in first degree relatives, with at least one diagnosed before age 50

2. Two or more cases of GC, with at least one DGC diagnosed before age 50

3. Three or more documented cases of DGC in first degree relatives, diagnosed at any age

4. Three or more cases of GC, diagnosed at any age, with at least one documented case of DGC

5. Isolated individual diagnosed with DGC before age 45

6. One family member diagnosed with DGC and another with LBC (no other criteria met); or

7. One family member diagnosed with DGC and another with CC (no other criteria met)

Cisco [8, 16] 1. Families with 2 or more cases of DGC, with at least one case diagnosed before the age of 50 years

2. Families with 3 or more cases of DGC, diagnosed at any age

3. Isolated individuals diagnosed with DGC before the age of 35 years

4. Isolated individuals with both DGC and LBC

5. Families with one member with DGC and another with either LBC or SRCC; or

6. Families with multiple cases of LBC, with or without a case of DGC (i.e., in families with LBC alone)

Genetic testing may be appropriate for isolated patients with pathological features strongly suggestive of HDGC

1. Bland signet ring cells

2. Signet ring cells present in small clusters or as single cells

3. Apparent containment within the superficial gastric mucosa; or

4. Absence of intestinal-type adenocarcinoma or intestinal metaplasia

Lynch [17] 1. Family with 2 or more cases of GC with at least 1 case of DGC diagnosed before the age of 50

2. Family with multiple cases of LBC with or without DGC in first or second degree relatives

3. Isolated individual diagnosed with DGC at less than 35 years from a low-incidence population

4. Personal history of DGC and LBC–no family history

5. Family with 3 or more cases of GC diagnosed at any age, one or more of which is a documented case of DGC, no other

criteria met; or

6. Family with one or more cases of both DGC and SRCC

Blair [11] Management of HDGC—presymptomatic CDH1 mutation testing recommendations by age

\14 years: children should not be tested

14–16 years: consider on a case-by-case basis

[16 years: all family members should be offered testing

Management of HDGC—prophylactic gastrectomy recommendations by age

\16 years: risk of advanced GC is very low; prophylactic gastrectomy not recommended before growth completed

16–20 years: carcinoma risk \1%; surveillance gastroscopy is a more appropriate approach

20–30 years: carcinoma risk 4% by 30 years; prophylactic gastrectomy is recommended. Delaying prophylactic

gastrectomy beyond this age carries significant risk

IGCLC International Gastric Cancer Linkage Consortium, HDGC hereditary diffuse gastric cancer, DGC diffuse gastric cancer, GC gastric

cancer, LBC lobular breast cancer, CC colon cancer, SRCC signet ring cell colon cancer
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total of 357 patients from 60 families were screened for

CDH1 mutations. Nine (2.5%) of these patients presented

with symptoms, whereas 226 (63.3%) of these patients

were asymptomatic. No information was available for 122

patients. Of the 357 patients screened, 220 patients (61.6%)

tested positive for CDH1 mutations. Among those who

tested positive, 51 patients (23.2%) declined to undergo a

prophylactic gastrectomy, whereas 169 patients (76.8%)

underwent a prophylactic gastrectomy. Of these 169

patients, 62.7% (106 patients) had negative preoperative

endoscopic biopsies. The procedure was not preventative in

21 (12.4%) patients as they tested positive for cancer

during preoperative screening. No information was avail-

able for 42 patients. Positive histopathology was defined as

the full spectrum of disease including early lesions (i.e.,

foci of signet ring cells) to advanced lesions (i.e., linitis

plastica). Following prophylactic gastrectomy, 87% (147

patients) had positive histopathology results, while only

10% (17 patients) had negative final pathology results.

Histopathology was not reported in 5 patients (3.0%).

Among the 147 patients with positive final pathology,

64.6% of the positive specimens contained foci of signet

ring cells. CDH1 mutations were not found in 137 patients

(38.4%). However, 11 (8.0%) of these patients decided to

undergo a prophylactic gastrectomy prior to CDH1 testing,

and these patients were ultimately found to be negative for

CDH1 mutations, and all had negative final histopathology

results. Two of these patients had false-positive CDH1

mutation testing results.

Discussion

Accurate diagnosis and classification of HDGC is impor-

tant for the improved prognosis of patients with DGC and

their families. Due to the high penetrance of CDH1

mutations, we performed a systematic review of the liter-

ature to identify the current recommendations for CDH1

mutation screening, the rate of positive test results, and the

rates according to current CDH1 mutation testing recom-

mendations. We also identified the rate of positive

pathology results among patients with a CDH1 mutation

undergoing prophylactic gastrectomy for HDGC. Previous

reviews have been published; however, this analysis differs

from others by including a wider range of reports (such as

case reports), as well as by focusing on the clinical per-

spective as opposed to the molecular genetics.

The first set of guidelines for the management of HDGC

was published by the IGCLC in 1999 [3]. Due to the highly

lethal nature of DGC, the IGCLC advocated for CDH1

mutation testing, pre- and post-test genetic counseling, and

a multi-disciplinary team for patient support [3]. At this

time, 25% of families were predicted to carry anT
a
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inactivating germline CDH1 mutation that fit one of the

two criteria for an HDGC diagnosis [3]. Although lobular

breast cancer, colorectal cancer, and prostate cancer were

documented in mutant gene carriers, the inclusion of these

tumors as diagnostic criteria was premature [3]. Addi-

tionally, the prevalence of mutations in patients without a

family history of GC was unknown; thus, the IGCLC

believed it was premature to offer genetic testing for

Table 3 CDH1 testing results according to HDGC screening criteria

Reference HDGC Criteria N screened by

HDGC criteria

Positive CDH1 tests by

HDGC criteria

Brooks-

Wilson

[15]

2 or more documented cases of DGC in first degree relatives, with at least 1

diagnosed before age 50

15 8 (53.3%)

2 or more cases of GC, with at least 1 DGC diagnosed before age 50 10 4 (40%)

3 or more documented cases of DGC in first degree relatives, diagnosed at any age 1 0

3 or more cases of GC, diagnosed at any age, with at least 1 documented case of

DGC

3 0

Isolated individual diagnosed with DGC at \45 years 9 0

1 family member diagnosed with DGC and another with LBC (no other criteria met) 3 0

1 family member diagnosed with DGC and another with CC (no other criteria met) 1 1 (100%)

Gayther

[24]

An index case of DGC with at least 2 other first degree relatives with confirmed GC 10 3 (30%)

Kaurah

[13]

Single case of DGC diagnosed in a person aged \35 years 6 0

At least 2 GC cases with 1 case diagnosed as DGC in person younger than 50 years 26 14 (53.8%)

At least 3 GC cases at any age, 1 of which was confirmed DGC 5 0

2 confirmed DGC, both diagnosed in people older than 50 years 1 1 (100%)

Lynch

[17]a
Family with 2 or more cases of GC, with at least 1 DGC diagnosed before age 50 83 38 (46%)

Family with 3 or more cases of GC diagnosed at any age, 1 or more of which is a

documented case of DGC (no other criteria met)

30 1 (3%)

Family with multiple cases of LBC with or without DGC in first or second degree

relatives

13 3 (23%)

Isolated individual diagnosed with DGC at \35 years, from a low-incidence

population

31 3 (10%)

Family with 1 or more cases of both DGC and SRCC 3 1 (33%)

Richards

[42]

Two or more cases of GC in first degree relatives with one affected before age 50; or

3 or more cases of GC regardless of age

8 3 (37.5%)

Roviello

[45]

2 or more documented cases of DGC in first or second degree relatives, with at least

1 diagnosed before age 50

8 0

3 or more documented cases of DGC in first or second degree relatives regardless of

age

6 1 (16.7%)

Roviello

[46]

Two or more documented cases of DGC in first or second degree relatives with at

least one affected before age 50; or 3 or more documented cases of DGC in first or

second degree relatives regardless of age

14 2 (14.3%)

Suriano

[51]

2 or more documented cases of DGC diagnosed before age 50 6 2 (33%)

2 or more cases of GC, with at least one DGC before age 50 8 3 (37.5%)

3 or more cases of GC, diagnosed at any age, with at least 1 documented case of

DGC

4 1 (25%)

Isolated individual diagnosed with DGC at \45 years 10 2 (20%)

Isolated individual diagnosed with both DGC and LBC 1 1 (100%)

1 family member diagnosed with DGC and another with LBC 1 0

1 family member diagnosed with DGC and another with CC 1 0

Yoon [56] Presence of at least 2 GC patients within first degree relatives and at least one patient

diagnosed before age 50

5 2 (40%)

Total 322 94 (29%)

HDGC hereditary diffuse gastric cancer, DGC diffuse gastric cancer, GC gastric cancer, LBC lobular breast cancer, CC colon cancer, SRCC
signet ring colon cancer
a Percentage of expected positive results based on the experience of the BCCA (British Columbia Cancer Agency) HDGC program
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sporadic cases [3]. Since then, the prevalence of CDH1

mutations in families with a history of lobular breast cancer

and/or colon cancer, as well as the prevalence of CDH1

mutations among young individuals with GC and no family

history of the disease from low-incidence populations, has

been documented and the criteria for CDH1 testing have

been modified [5, 7, 8, 11, 15–18] (Table 1). We found that

patients with a family history of GC (histology unknown)

and documented DGC who tested positive for CDH1 muta-

tions also had a family history of breast cancer and/or colon

cancer (Table 2). We also found a higher percentage of

women (59%) had documented DGC compared to men

(41%) (Appendix B). Patients fulfilling the modified criteria

have an estimated 30–50% likelihood of harboring CDH1

mutations [8, 16]. Isolated cases of DGC in young individ-

uals from a low-incidence population have a 20% probability

of harboring a CDH1 mutation [18]. We report similar rates

according to CDH1 screening criteria (Table 3). The IGCLC

have recently published updated guidelines adopting these

new modified criteria for CDH1 screening [4]. They also

reported the updated cumulative lifetime risk of DGC

development to be greater than 80% for men and women, as

well as an updated cumulative lifetime risk of lobular breast

cancer development to 60% in women [4]. Members of the

Stanford Cancer Center have expanded the criteria for

referral for genetic testing to include patients with patho-

logical features strongly suggestive of HDGC (Table 1).

They suggest that CDH1 testing be performed in these

individuals to determine the necessity for a total rather than a

subtotal gastrectomy [8, 16].

The identification of CDH1 mutations in HDGC fami-

lies is important to clarify the risk of DGC developing in

the future for family members. A negative test result does

not mean the patient will not develop GC [3]. These

patients should still be followed up with gastric screening

similar to that done in at-risk families, as it is possible a

mutation exists in the CDH1 gene that has not yet been

discovered [7]. Currently, all patients who have undergone

a prophylactic gastrectomy despite a negative test result (or

prior to determining the results of CDH1 screening) have

been deemed negative for cancer upon histological exam-

ination (Fig. 2). On the other hand, a positive test result

implies the patient may face a greater than 80% lifetime

chance of developing GC [4]. Mutation screening is not

Fig. 2 Summary of

prophylactic gastrectomy results

in hereditary diffuse gastric

cancer (HDGC) patients. Eleven

patients underwent prophylactic

gastrectomy prior to CHD1

testing and they were ultimately

found to be negative for CDH1

mutations and pathological

microscopic foci. Two of the

patients had false-positive

preoperative screening results
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recommended for minors under the age of 14, and a case-

by-case analysis is considered for minors aged 14–16 years

[11]. If a CDH1 mutation is identified, it is recommended

that asymptomatic family members proceed to genetic

screening by their early 20s [8, 16]. A positive test result is

the strongest indicator that a prophylactic gastrectomy

should be performed.

Immunoreactive studies of gastric specimens harboring

CDH1 mutations show diminished or absent E-cadherin

expression. This is consistent with a biallelic inactivation

of the CDH1 gene by a 2nd hit mechanism [5]. The most

frequent 2nd hit mechanism in sporadic DGC is promoter

hypermethylation [75, 76]. Loss of hererozygosity at the

CDH1 locus or a second CDH1 mutation is less frequent

[76]. Given CDH1’s high penetration in heterozygotes, the

development of DGC is reasonably expected to be even

higher in those with biallelic inactivation and can therefore

be used as a marker for an even further increase in

susceptibility.

Prophylactic gastrectomy for prevention of HDGC

In 1999, the IGCLC advocated a prophylactic gastrectomy

in CDH1-positive patients as an effective method of pre-

vention of the development of GC [3]. In the young,

healthy population, prophylactic gastrectomy was esti-

mated to be associated with a 1–2% mortality, 10–20%

major acute morbidity (mainly from the esophagojejunos-

tomy), and 100% long-term morbidity related to weight

loss, rapid intestinal transit, dumping syndrome, diarrhea,

and a requirement for lifelong vitamin B supplementation

[3]. Other studies suggest mortality risks may be higher, at

2–4% [8, 16]. Due to the greater risk assumed by patients

undergoing prophylactic gastrectomy, members of the

IGCLC recommended that gastrectomy be offered by

centers performing at least 25 gastrectomies per year with a

surgical mortality of less than 5% [18]. As such, the IG-

CLC suggests that patients undergoing prophylactic gas-

trectomy be assigned a multi-disciplinary team, and this

team should work in a high-volume cancer center with

perioperative mortality rates of less than 1% for fit patients

undergoing total gastrectomy [4].

The largest single-center experience with prophylactic

gastrectomy for CDH1 mutation carriers comes from

Newfoundland, Canada [12, 17]. Hebbard et al. [12]

reported outcomes from 23 patients who underwent pro-

phylactic total gastrectomy. They reported no mortality, a

17% major complication rate, 48% overall complication

rate, and a median length of hospital stay of 11 days

(range: 7–107 days). Microscopic foci of intramucosal

invasive carcinoma were found in 96% of patients (22/23)

despite only 9% (2/23) having positive preoperative

endoscopic biopsies [12]. A subset of surgical data (17 of

the 23 patients) was published by Lynch et al. [17] and

reported an average surgical time of 244 min (range:

120–580 min), and an estimated blood loss of 1000 mL

(range: 400–3000 mL), with 3 patients (18%) requiring

blood transfusion of 1–2 units of red blood cells, these

results being consistent with the proposed morbidity and

mortality risks for prophylactic gastrectomy [17].

The optimal timing of prophylactic gastrectomy remains

unknown. The New Zealand HDGC group recommends the

procedure take place when a patient is in their 20s and

before the age of 30, because delaying prophylactic gas-

trectomy beyond this age carries a cumulative risk estimate

of 4% for advanced disease by age 30 for both men and

women (Table 1). The occurrence of advanced disease at

50 years is 21% in men and 46% in women [11]. The

Stanford group recommends performing prophylactic gas-

trectomy 5 years earlier than the age at which the youngest

family member developed clinically apparent DGC [8, 16],

as this appears to permit surgery when cancers are confined

to the gastric mucosa without lymph node involvement [8,

16]. Timing can have important implications for young

women who have not completed child-bearing. Some

experts say that delay of prophylactic gastrectomy in young

female CDH1 mutation carriers is reasonable, considering

the metabolic consequences of total gastrectomy during

pregnancy [5]. A recent study, however, has demonstrated

that a successful term pregnancy following prophylactic

gastrectomy is possible [77].

The IGCLC emphasized the importance of performing a

prophylactic total gastrectomy and pathologically identi-

fying both the esophageal and duodenal mucosa at the ends

of the surgical specimen [3]. This was based on a finding of

GC after prophylactic subtotal gastrectomy in one gene

carrier [[3], [24]]. Additionally, it is well recognized that

prophylactic gastrectomy specimens commonly have mul-

tiple foci of malignant cells diffusely distributed through-

out the specimen. Therefore, leaving residual stomach

further exposes the at-risk patient to the development of

GC [24, 26]. Although CDH1 mutation carriers who

undergo prophylactic gastrectomy are usually asymptom-

atic (63.3% of cases) and have negative preoperative (i.e.,

endoscopy and radiology imaging) screening results

(62.7% of cases), the final pathology results in 87.0% of

cases displayed positive histology. The majority (64.6%) of

cases displayed foci of signet ring cells and were therefore

considered to have early lesions. The remaining cases

demonstrated linitis plastica.

Not all specimens from CDH1 mutation carriers will

demonstrate positive histology. Approximately 20–30% of

CDH1 mutation carriers will demonstrate incomplete

penetrance of the gene, and would therefore never go on to

develop clinically significant disease [5]. The possibility of

a false-negative pathology result must also be discussed. In
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2005 Gaya et al. [65] reported a case of apparent non-

penetrance of HDGC, as no foci of adenocarcinoma were

found in a prophylactic gastrectomy specimen from a

patient with a truncating CDH1 mutation. However, a

subsequently published analysis of the histology blocks in

this patient, reviewed by a laboratory specializing in

HDGC, identified carcinoma [66]. Consequently, it is rec-

ommended that histopathology of the total surgical speci-

men be performed by clinical laboratories specialized in

HDGC [4].

Conclusion

HDGC is a highly lethal autosomal dominant cancer syn-

drome with high penetrance, and is caused by germline

mutations to the CDH1 gene. We found that 38.4% of

patients with a family history of GC tested positive.

Mutation-positive families also had a history of breast and

colon cancer. Among 86 additional family members

screened after a relative tested positive, 62.8% tested

positive. When patients were screened for CDH1 mutations

by current HDGC screening criteria, 29.2% tested positive.

Among CDH1 mutation carriers, 77% of patients under-

went prophylactic gastrectomy and 87% had positive final

histopathology. CDH1 mutation testing in families with a

history of GC, and prophylactic gastrectomy in mutation-

positive patients are recommended. All patients undergoing

prophylactic gastrectomy prior to CDH1 testing were found

to be CDH1 mutation-negative and had negative final

histopathology. Prophylactic gastrectomy in mutation-

negative patients is not recommended.
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