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Simple Summary: Some patients carry a mutated copy of the CDH1 gene that can lead to a very
rare form of hereditary gastric cancer called signet-ring cell adenocarcinoma (SRCC). SRCCs rarely
form visible tumors prior to spreading. Hence, patients are recommended to have prophylactic
gastrectomies at a young age. Many patients wish to avoid surgery and thus have regular checks
with upper endoscopy with biopsies to rule out cancer. Further, these patients may also be at risk of
other cancers beyond the already known breast cancer risks, but this is not known. In this study, we
show that despite systematic biopsy protocols, many early cancers might be missed on endoscopy.
Therefore, patients should not rely on endoscopy to delay surgery. These patients may also be at
increased risk of colorectal SRCC, which has very poor survival outcomes. To confirm this, we need
a central database that captures outcomes for this patient population.

Abstract: Hereditary diffuse gastric cancer (HDGC) is a rare signet-ring cell adenocarcinoma (SRCC)
linked to CDH1 (E-cadherin) inactivating germline mutations, and increasingly other gene mutations.
Female CDH1 mutation carriers have additional risk of lobular breast cancer. Risk management in-
cludes prophylactic total gastrectomy (PTG). The utility of endoscopic surveillance is unclear, as early
disease lacks macroscopic lesions. The current systematic biopsy protocols have unknown efficacy,
and other secondary cancer risks are postulated. We conducted a retrospective study of consecutive
asymptomatic HDGC patients undergoing PTG, detailing endoscopic, pathologic, and outcome
results. A systematic review compared endoscopic biopsy foci detection via random sampling versus
Cambridge Protocol against PTG findings. A population-level secondary-cancer-risk postulation
among sporadic gastric SRCC patients was completed using the Surveillance, Epidemiology, and
End Results database. Of 97 patients, 67 underwent PTG, with 25% having foci detection on random
endoscopic biopsy despite 75% having foci on final pathology. There was no improvement in the
endoscopic detection rate by Cambridge Protocol. The postulated hazard ratio among sporadic
gastric SRCC patients for a secondary colorectal SRCC was three-fold higher, relative to conventional
adenocarcinoma patients. Overall, HDGC patients should not rely on endoscopic surveillance to
delay PTG, and may have secondary SRCC risks. A definitive determination of actual risk requires
collaborative patient outcome data banking.

Keywords: CDH1; E-cadherin; mutation; gastric cancer; lobular breast cancer; Cambridge Protocol;
cancer risk
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1. Introduction

Hereditary diffuse gastric cancer (HDGC) accounts for 1–3% of all gastric cancer
diagnoses [1]. It is an autosomal dominant condition with incomplete penetrance primarily
associated with inactivating mutations in CDH1 (E-cadherin). This germline gene mutation
was first described in 1994 and was confirmed to be responsible for HDGC in 1998 [2].
These patients have a 70% lifetime risk of gastric cancer in males and 56% in females with a
median diagnosis age of 38 years (range 14–69 years) [3,4]. Women additionally have a 42%
lifetime risk of lobular breast cancer [3]. The current management for identified carriers
includes prophylactic total gastrectomy (PTG) between the ages of 20–40 years, and the
initiation of high-risk breast cancer screening with annual mammography and MRI at age
30–35 years for female carriers [5].

The genetic counseling and testing criteria for CDH1 mutations were updated in 2019,
with full criteria indications for patients with two or more documented cases of gastric
cancer at any age in first- or second-degree relatives with at least once confirmed DGC,
personal history of DGC before age 40 years, or personal or family history (first- or second-
degree relatives) of DGC and lobular breast cancer with at least one diagnosed before the
age of 50 years [6,7]. Additionally, testing for the CDH1 mutation is supported in families
with bilateral or multiple cases of lobular breast cancer before the age of 50 years, families
with a clustering of DGC and cleft lip/cleft palate, or any patient diagnosed with gastric in
situ signet-ring cells and/or pagetoid spread of signet-ring cells [6,7]. Associations between
HDGC and other genes are now being discovered, which may explain why 11% of HDGC
cases arise in patients who are negative for CDH1 mutations [3]. These patients instead
may have mutations in possibly associated genes CTNNA1, BRCA2, STK11, SDHB, PRSS1,
ATM, MSR1, and PALB2 [3]. In even more recently revised clinical practice guidelines
by Blair et al., HDGC is now defined by the presence of a pathogenic germline CDH1 or
CTNNA1 variant [8]. CTNNA1 encodes for another adherens junction protein, αE-catenin,
that is also found in a small minority of HDGC cases [9]. For patients that meet the criteria
indications for genetic testing, consideration for CTNNA1 analysis is warranted if no CDH1
pathological variant is found [8]. Further work on the penetrance of CTNNA1 is required,
as well as its implication in lobular breast cancer risk [8].

Physiologically, E-cadherin as a transmembrane glycoprotein has numerous signaling
pathway roles, including mediating cell adhesions and polarity [10]. As a tumor sup-
pressor, it is downregulated among the initiating steps of the epithelial-mesenchymal
transition resulting in cellular plasticity and a migratory phenotype required for metastatic
disease [10]. Many described mutations result in protein truncation leading to protein
nonfunction, not all of which have an appreciated clinical significance [3,11,12]. Upwards
of 20% of now known pathologic CDH1 mutations are missense [11–13]. The functional
relevance of these mutations is an active area of investigation, because in these mutations,
normal protein length and expression levels are typically observed [11]. Because CDH1
is a tumor suppressor gene, usually a second somatic hit is required for tumor initiation,
which typically involves promoter methylation [14].

CDH1 gastric cancers present as signet-ring cell adenocarcinomas (SRCCs) with abun-
dant intracellular mucin, and readily metastasize before forming significant macroscopic
primary lesions, accounting for their typical late stage at detection [15]. It is not clear either
why CDH1 mutations are linked primarily with gastric cancer and an increased risk of
lobular breast cancer, although case reports document the co-existence of CDH1 gastric
SRCC with colorectal, appendiceal, and pancreatic cancers [16–18]. Overall, the evidence
is lacking to support routine enhanced cancer screening, especially colorectal, in CDH1
mutation families [8,19], unless there is a family history of first- and second-degree rela-
tives with a colorectal histopathology showing a mucinous component and/or signet-ring
cells [6].

The decision to proceed to PTG should be careful and deliberate. The optimized
timing for a PTG from cancer risk and quality-of-life perspectives has been studied over
the past decade. Using quality-adjusted life-years (QALYs) as a primary outcome, the
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optimal age of resection is 39 years in men and 30 years in women [20]. Health-related
quality-of-life parameters often decrease immediately after surgery, which slowly recover
and often remain below preoperative baseline levels [21]. Patients have on average 19%
weight loss after surgery that does not recover, and they require lifelong management
of micronutrient deficiencies [22]. In addition, there are now over 100 clinically relevant
CDH1 mutations with varying penetrance rates [23], all of which are factors that contribute
to personal decision-making surrounding the timing of surgery. Unfortunately, given the
microscopic nature of diffuse cancer foci, there are no good surveillance tests, but patients
wishing to delay surgery are recommended to undergo regular endoscopic surveillance
with biopsies [6,8]. Unfortunately, a comprehensive review of 174 patients undergoing
random biopsies had a detection rate of only 28.3%, despite cancer foci being found in
87.4% of these patients after PTG [24]. Additional adjuncts including chromoendoscopy
and endoscopic ultrasound have been investigated to improve detection rates with no ad-
ditional utility [25,26]. The current consensus recommendation for endoscopic surveillance
is the Cambridge Protocol that employs a systematic examination of the stomach with
30 biopsies with five each from the prepyloric area, antrum, transition zone, body, fundus,
and cardia, in addition to any targeted biopsies of suspicious gastric abnormalities [1,6]. It
is not known if this protocol improves foci detection rates in asymptomatic patients over
random biopsies, as there have been no direct comparisons between the two protocols.

The province of Newfoundland and Labrador in eastern Canada has one of the
largest known cohorts of CDH1 germline mutation carriers in the world. This cohort
was first described in 2009 after the first 23 PTGs were completed [27]. In this paper,
we present findings from three aims of investigation. First, we provide an update to
the endoscopic, surgical, and surveillance outcomes of an expanded cohort of 97 eligible
patients in the Newfoundland and Labrador cohort. Second, we perform a systematic
review comparing the detection rate of cancer foci via endoscopy with random biopsies
against the standardized Cambridge Protocol in asymptomatic patients with a documented
CDH1 mutation. Third, in lieu of any comprehensive database that tracks outcomes of
CDH1 mutation carriers, we calculate an estimated secondary cancer risk among patients
with sporadic gastric SRCCs, using the Surveillance, Epidemiology, and End Results (SEER)
database. This aim is conducted to postulate whether our findings of unusual secondary
cancers in CDH1 mutation patients in Newfoundland and Labrador might warrant careful
consideration of other secondary cancer risks in other CDH1 mutation cohorts.

2. Materials and Methods
2.1. Newfoundland and Labrador Cohort Design

We identified all patients with a genetically confirmed CDH1 mutation in Newfound-
land and Labrador from 2002 to January 2019 via our local Provincial Medical Genetics
Program and included all patients who were either clinically asymptomatic at the time of
their PTG or otherwise under active surveillance through to August 2020. Board-certified
gastroenterologists or general surgeons performed all endoscopies. General surgeons in
Newfoundland and Labrador, Ontario, or Alberta (Canada) performed all PTGs. All biop-
sies and pathological specimens were prepared and examined by Canadian board-certified
pathologists with expertise in gastrointestinal malignancies. Medical charts were reviewed
using a standardized data extraction form.

Ethics approval for this aim was obtained from the Memorial University of Newfound-
land Health Research Ethics Board (HREB #2018.215) prior to the commencement of this
study. Because data was collected from patient charts for secondary use under an ethics
board approval, explicit individual patient consent was not required.

2.2. Systematic Review of Random Endoscopic Biopsies versus the Cambridge Protocol Approach

MEDLINE and Embase were searched from inception to 31 August 2020 (Table S1)
without language restriction using a prospectively registered PROSPERO protocol
(CRD42020184631). We identified studies (including conference abstracts) correlating
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endoscopic biopsy results (cancer positive or negative) obtained randomly (no systematic
methodology employed or described) or via the Cambridge Protocol to final pathology re-
sults (cancer positive or negative) in asymptomatic patients with a known CDH1 mutation.

Two reviewers independently assessed all citations for eligibility, based on our pro-
tocol criteria (Table S2) and disagreements were resolved by discussion. If patients were
presented in multiple publications, the most recent publication was included in the analysis.
Case series were assessed using the Institute of Health Economics Quality Appraisal Check-
list for Case Series Studies [28], and case reports using the JBI Critical Appraisal Checklist
for Case Reports [29] (Table S3). Studies were considered to have a low risk of bias if at
least 80% of criteria were met, moderate risk if at least 60% of criteria were met, and high
risk if less than 60% of criteria were met. Two reviewers, who both independently assessed
studies for methodological quality, used standardized data extraction forms to capture
relevant data (Table S4). To determine a literature estimate of the endoscopic detection
rate from random biopsies and Cambridge Protocol, we then correlated the biopsy and
final pathology results (cancer positive/negative) from all studies that detailed individual
patient information rather than aggregate summaries.

2.3. Estimated Secondary Cancer Risk for Patients with a Sporadic Gastric SRCC via the
SEER Database

All data from the 18 SEER cancer registries (1975–2016) were used as previously
described [15]. Data released from the SEER database do not require informed patient
consent. Permission to obtain the SEER database was obtained with the ID number
10095-Nov2018 via signed agreements [30]. Variable definition and data management are
described in Tables S5 and S6. Patients with secondary cancers were identified on the basis
of the same identification number. A competing-risks regression model of hazard risk ratio
of patients with primary SRCC compared to either any other primary cancer or primary
adenocarcinoma of the same site was used to compensate for mortality, according to the
method of Fine and Gray [31]. Risks were corrected for age and gender.

2.4. Statistical Analysis

All statistical calculations were performed using Stata 15.1 (StataCorp LLC, College
Station, TX, USA). For patient characteristics a Mann–Whitney U-test was used to compare
two independent variables with a non-normal distribution, and a χ2 test and Fisher’s exact
test for nominal variables, as appropriate. All hazard risk ratios were calculated with 95%
confidence intervals. All p-values were two-sided, and the threshold of 0.05 was used to
determine statistical significance.

3. Results

We present our results according to the three aims outlined at the end of the Introduction.

3.1. Endoscopic, Pathologic, and Outcome Results in the Newfoundland and Labrador Cohort
3.1.1. Characterization of PTG versus No-PTG Patients

All patients in our cohort were seen and counseled by Medical Genetics at Memo-
rial University of Newfoundland and underwent CDH1 mutation testing, based on the
current genetic testing criteria at the time of presentation from 2002 to 2017. In total, we
identified 97 consecutive asymptomatic patients diagnosed with a CDH1 gene mutation in
Newfoundland and Labrador. From 2002 to August 2020, 67 patients have undergone PTG
(Table 1). There was no statistically significant gender difference between the two groups,
but those not having had a PTG had a median age at genetic testing of 51.1 years versus
42.6 years. This no-PTG group also had significantly less follow-up time from genetic test-
ing (4.7 years versus 11.8 years). While the rate of uptake of endoscopic surveillance was
equivalent in both groups (80–90%), median endoscopic surveillance time was 1.2 years for
PTG patients compared to 4.7 years for no-PTG patients. Of the 67 gastrectomies, 9 had no
cancer foci found, 1 had in situ disease, 56 had a T1a cancer, and 1 had a T2a cancer. All
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perigastric lymph nodes removed via D1 lymphadenectomy were negative. No women in
the no-PTG group underwent prophylactic mastectomy, while 44% of women have done so
in the PTG group. Overall, three PTG patients have died each from breast, colon SRCC, and
pancreatic adenocarcinoma, and two no-PTG patients from rectal cancer and melanoma
(Table 1). A total of 17 secondary cancers were observed in our cohort, 9 of which were
lobular breast cancers (Table S7).

Table 1. Demographics of patients in Newfoundland and Labrador on basis of PTG.

Surgical Status PTG No PTG p-Value

n (%) 67 (69) 30 (31)

Gender (%)
Male 28 (42) 16 (53)

0.29Female 39 (58) 14 (47)

Age at Genetic Testing (Years)
Mean (Range) 42.2 (18.1–64.3) 48.8 (17.4–90.0)

0.048Median 42.6 51.1

Follow-up Time (Years)
Mean (Range) 10.5 (2.4–16.2) 7.5 (2.0–17.3)

0.003Median 11.8 4.7

CDH1 (HGVS) Mutation (n) (%)

0.17

NM_004360.4(CDH1):c.2398delC 59 (88) 28 (93)
(p.Arg800Alafs)

NM_004360.5(CDH1):c.1189A>T 2 (3) 0 (0)
(p.Lys397Ter)

NM_004360.5(CDH1):c.447_453 1 (1) 2 (7)
CAGAAGA [1] (p.Gln152fs)

Unknown 5 (7) 0 (0)

Endoscopy
No 7 (10) 6 (20)

0.20Yes 60 (90) 24 (80)
Number of Scopes

Mean (Range) 2.7 (1–19) 5.9 (1–21)
0.002Median 1 4

Surveillance Time (Years)
Mean (Range) 1.9 (0.1–10.3) 7.2 (2.0–17.3)

<0.001Median 1.2 4.7

Prophylactic Mastectomy (n) (%)
Yes 17 (44) 0 (0)

0.003No 22 (56) 14 (100)

Death (n) (%)
No 62 (93) 25 (83)

0.17Yes 5 (7) 5 (17)
Mean Age (Range) 59.9 (49.2–72.2) 78.1 (52.9–90.1)

0.07Median 59.9 88.6
Cause Natural causes (×1), postoperative complications (×1),

pancreatic adenoCa (×1),
Breast lobular (SRCC) (×1), colon adenoCa (SRCC) (×1)

Natural causes (×3),
melanoma (×1),

rectal cancer (×1)

HGVS (Human Genome Variation Society), adenoCa (adenocarcinoma).

3.1.2. Characterization of Prophylactic Mastectomy Patients

A total of 17 out of 53 female patients in our Newfoundland and Labrador cohort
underwent prophylactic mastectomy for which 16 records were available for review
(Table 2). The remaining 36 female patients have either chosen to continue with high-risk
breast cancer screening or have discontinued screening due to age or other comorbidities.
Nine of these patients elected for bilateral mastectomies with a median age of 41.3 years,



Cancers 2021, 13, 2622 6 of 18

compared to 55.2 years for completion mastectomies, at a median time of 10 months fol-
lowing initial breast cancer diagnosis. While not statistically different, patients underwent
bilateral mastectomies about 5.9 years after CDH1 gene mutation diagnosis, but only
2.5 years for completion mastectomies. The final pathology was varied, but lobular breast
cancer was found in one patient, and lobular carcinoma in situ (LCIS) in four specimens.

Table 2. Overview of female CDH1 mutation patients undergoing prophylactic mastectomy (16 out of 17 patients) in
Newfoundland and Labrador.

Mastectomy Type Prophylactic Bilateral Mastectomy Completion Mastectomy p-Value

n 9 7

Age (Years)
0.007Mean (Range) 42.3 (30.6–55.6) 53.6 (40.4–60.5)

Median 41.3 55.2

Time from CDH1 Genetic Testing (Years)
0.06Mean (Range) 6.2 (1.6–10.5) 3.3 (0.2–9.2)

Median 5.9 2.5

Time from Initial Breast Cancer (Months)
N/A N/AMean (Range) 20.7 (1.4–57.3)

Median 10.0

Findings (n) (%)

N/A

Normal 1 (11) 2 (29)
ALH 4 (44) 2 (29)
ADH - 1 (14)
PASH 1 (11) -
LCIS 3 (33) 1 (14)
DCIS 1 (11) 1 (14)

Intraductal Papilloma 1 (11) -
Lobular Metaplasia - 1 (14)

Lobular Breast Cancer - 1 (14)

Prophylactic bilateral mastectomy refers to patients with no known breast cancer diagnosis who underwent removal of both breasts in the
same procedure. Completion mastectomy refers to patients with a previous breast cancer diagnosis who then had subsequent surgery to
remove the contralateral breast and/or any remaining ipsilateral breast tissue if the initial surgery was a lumpectomy. N/A (not applicable),
ALH (atypical lobular hyperplasia), ADH (atypical ductal hyperplasia), PASH (pseudoangiomatous stromal hyperplasia), LCIS (lobular
carcinoma in situ), DCIS (ductal carcinoma in situ).

3.1.3. Characterization of Endoscopic Biopsy Results Compared to Final Pathology

Of the 67 patients having undergone PTG, 59 had at least one documented endoscopic
examination with biopsy (Table 3). In the biopsy positive group, 93% had cancer on final
pathology, and 82% in the biopsy negative group, but this result was not statistically
different. A difference in biopsy result did not correlate with gender or mutation type,
but patients with a positive biopsy had a median age of 32.3 years compared to 46.8 years
for negative biopsies. It took a median of three endoscopes to acquire a positive biopsy
diagnosis. The number of biopsies was significantly higher for a positive diagnosis at a
median of 18 compared to 13 for the negative diagnosis group. The calculated sensitivity
of endoscopic biopsies was 28.0% with a negative predictive value of 18.2%. The total
number of foci discovered on final pathology and the method by which specimens were
processed (total embedding protocol or representative sampling) were equivalent between
the two groups.
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Table 3. Overview of correlation of endoscopic biopsy results to final PTG specimen results in the Newfoundland and
Labrador cohort.

Endoscopic Biopsy Result Cancer Positive Cancer Negative p-Value

n (%) 15 44

Cancer on Pathology (n) (%)

0.28

Yes 14 (93) 36 (82)
Tis 0 (0) 1 (2)
T1a 13 (87) 35 (80)
T2 1 (7) 0 (0)
No 1 (7) 8 (18)

Gender (n) (%)
0.70Male 7 (47) 18 (41)

Female 8 (53) 26 (59)

CDH1 (HGVS) Mutation (n) (%)

0.49
NM_004360.4(CDH1):c.2398delC

(p.Arg800Alafs) 14 (93) 38 (86)

NM_004360.5(CDH1):c.1189A>T
(p.Lys397Ter) 1 (7) 1 (2)

NM_004360.5(CDH1):c.447_453
CAGAAGA [1] (p.Gln152fs) 0 (0) 1 (2)

Unknown 0 (0) 4 (9)

Age at Genetic Testing (Years)
0.003Mean (Range) 34.0 (18.1–64.3) 44.3 (20.6–63.4)

Median 32.3 46.8

Age at Surgery (Years)
0.015Mean (Range) 37.4 (21.7–72.6) 45.7 (22.9–63.7)

Median 35.9 47.8

Number of Endoscopies (n)
<0.001Mean (Range) 5.4 (1–19) 1.8 (1–6)

Median 3 1

Time from Genetic Testing to Surgery (Years)
0.006Mean (Range) 3.3 (0.1–10.3) 1.5 (0.1–9.1)

Median 1.9 0.8

Time from Last Endoscopy to Surgery (Months)
0.20Mean (Range) 7.6 (2.25–19.2) 12.3 (0.7–59.8)

Median 5.7 8.7

Number of Biopsies (Last Scope)
0.02Mean (Range) 16.9 (10–22) 12.2 (1–30)

Median 18 13

Helicobacter Pylori (n) (%)

0.91
Yes 11 (73) 33 (75)
No 1 (7) 4 (9)

Unknown 3 (20) 7 (16)

Foci Count (n) (%)
0.71<3 6 (40) 20 (45)

≥3 9 (60) 24 (55)

Embedding Protocol (Slides)

0.07

Total (n) (%) 10 (67) 39 (89)
Mean (Range) 53 (70–197) 147 (79–325)

Median 99 128
Representative (n) (%) 5 (33) 4 (9)

Mean (Range) 29 (19–49) 40 (14–57)
Median 27 45

Unknown (n) (%) 0 (0) 1 (2)

Tis (in situ disease).
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3.2. Systematic Review Comparing Random to Cambridge Protocol Endoscopic Biopsies

Figure 1 presents a PRISMA flow diagram of our literature search summary. We
identified 430 records in MEDLINE and Embase and another 20 through checking citations
in retrieved results. After the removal of duplicates, 315 records were screened by title
and abstracts, with 81 records for a full text review. Forty-four articles were then excluded
as indicated (Figure 1). Thirty-seven case reports and case series were included after
meeting all inclusion criteria (Table S2) for subsequent bias assessment [16,25,26,32–65]
(Table S3). Our systematic review results are presented in Table S4, with 34 articles eligible
for calculating a literature estimate of the endoscopic detection rate of random biopsies
and Cambridge Protocol using individual patient data.
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Figure 1. PRISMA study selection flow chart.

From our results, we saw no significant difference in the detection rate of cancer foci
by endoscopic biopsy, when compared to the final pathology result after PTG (Table 4). The
estimated test sensitivity and negative predictive value for random biopsies were 20.9%
and 15.2% respectively, while for Cambridge Protocol, these values were 27.1% and 22.1%,
respectively. The median number of biopsies taken in the random group was 14.5, though
the range varied from 1–60, and data was only present from 43% of all patients, while
all Cambridge Protocol patients had a minimum of 30 biopsies per scope. There were no
differences in gender distribution, age at surgery, cancer stage at pathology, total foci count,
or embedding protocol technique between the two groups.
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Table 4. Pooled results from systematic review comparing random biopsies to Cambridge Protocol
biopsies in the surveillance of asymptomatic CDH1 mutation carriers.

Endoscopy Biopsy Protocol Random Cambridge p-Value

n 154 112

Endoscopic Result
(Positive Pathology) (n) (%)

0.27Negative 106 (79) 67 (73)
Positive 28 (21) 25 (27)

Endoscopic Result
(Negative Pathology) (n) (%)

1.00Negative 19 (95) 19 (95)
Positive 1 (5) 1 (5)

Number of Biopsies (Last Scope)
minimum 30 N/AMean (Range) (n = 66 for Random) 14.8 (1–60)

Median 14.5

Gender (n) (%)

0.81
Male 58 22

Female 88 36
Unknown 8 54

Age at Surgery (Years)
0.37Mean (Range) (n = 153/71) 40.4 (14–73) 42.0 (14–68)

Median 41 41

Cancer on Pathology (n) (%)

0.25

Yes 134 (87.0) 92 (82.0)
Tis 4 (2.6) 3 (2.7)
T1a 128 (83.1) 83 (74.1)
T1b 1 (0.6) 2 (1.8)
T2 1 (0.6) 1 (0.9)
T3 0 (0) 3 (2.7)
No 20 (13.0) 20 (17.9)

Foci Count (n) (%)

0.47

0 21 (13.6) 21 (18.8)
1–2 26 (16.9) 13 (11.6)

3–10 30 (19.5) 20 (17.9)
11–50 29 (18.8) 21 (18.8)

51–100 3 (1.9) 4 (3.6)
>101 5 (3.2) 1 (0.9)

Unknown 40 (26.0) 32 (28.6)

Embedding Protocol (n) (%)

0.20
Total 114 (74) 74 (66)

Representative 12 (8) 16 (14)
Unknown 28 (18) 22 (20)

N/A, not applicable.

3.3. Estimation of Secondary Cancer Risk for Patients with a Sporadic Gastric SRCC via the
SEER Database

Unfortunately, there is no central database tracking the outcomes of CDH1-mutation
patients, and therefore counseling patients on secondary cancer risks beyond lobular
breast cancer is difficult. Given that all CDH1-mutation driven HDGC are SRCCs, and the
presence of gastric SRCC is a criterion for CDH1 testing, we employed the SEER database
to estimate a postulated risk of secondary cancers among those with sporadic gastric SRCC
relative to patients with either any other type of gastric cancer or conventional gastric
adenocarcinomas (Table 5). In total, 172,375 patients, of which 24,226 have SRCC, and
109,397 conventional adenocarcinomas, were eligible for analysis. After competing risk
adjustments for death from gastric cancer and adjustments for age and gender, patients
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with an SRCC were not at overall increased risk for any subsequent cancer diagnosis. We
did though confirm an increased risk in lobular breast cancer (1.7-fold), but not ductal,
consistent with the literature for CDH1 patients. These patients were at a 3-fold increased
risk of a secondary SRCC cancer, with most cases arising in the colon or rectum.

Table 5. Estimated hazard risk ratios (HR) with 95% confidence intervals (CI) for secondary cancers among patients with
a primary sporadic gastric SRCC compared to other patients with any other gastric cancer type and conventional gastric
adenocarcinoma from SEER.

Secondary Cancers following
Primary Gastric Cancer

Gastric SRCC vs.
Any Gastric Cancer

HR (95% CI)

Gastric SRCC vs.
Conventional Gastric Adenocarcinoma

HR (95% CI)

Any Cancer (32,056) 0.96 (0.93–0.99) 1.05 (1.01–1.09)
Male (20,686) 0.94 (0.89–0.99) 1.01 (0.96–1.06)

Female (11,370) 0.95 (0.90–1.00) 1.06 (1.00–1.12)

Any SRCC (115) 3.38 (2.25–5.06) 3.84 (2.48–5.96)
Male (76) 2.71 (1.59–4.62) 2.95 (1.68–5.19)

Female (39) 4.68 (2.33–9.40) 6.27 (2.68–14.7)

Any Breast Cancer (Female) (3656) 1.18 (1.08–1.29) 1.25 (1.13–1.37)
Lobular Breast Cancer (Female) (801) 1.68 (1.41–2.00) 1.72 (1.43–2.07)
Ductal Breast Cancer (Female) (2353) 1.04 (0.93–1.17) 1.12 (0.99–1.26)

Any Colorectal Cancer (5304) 0.94 (0.86–1.03) 0.99 (0.90–1.08)
Male (3358) 0.99 (0.88–1.11) 1.03 (0.91–1.16)

Female (1946) 0.86 (0.75–0.99) 0.91 (0.78–1.05)

Colorectal SRCC (52) 3.27 (1.81–5.91) 3.90 (2.04–7.44)
Male (30) 2.97 (1.30–6.79) 3.28 (1.37–7.83)

Female (22) 3.56 (1.46–8.65) 4.87 (1.64–14.4)

Conventional Colorectal
Adenocarcinoma (3077) 0.89 (0.79–1.01) 0.91 (0.80–1.04)

Male (1934) 0.94 (0.81–1.10) 0.96 (0.82–1.13)
Female (1143) 0.81 (0.67–1.04) 0.82 (0.68–1.01)

There was a total of 172,375 cases of primary gastric cancer, of which 24,226 were sporadic (assumed) gastric SRCCs and 109,397 were
conventional gastric adenocarcinomas. Total numbers of patients (n) within each secondary cancer category are indicated. All results had a
competing risk adjustment for death from primary gastric cancer, and were both age and gender adjusted. Bolded results indicate p < 0.05.

This analysis was repeated with patients having a primary colorectal cancer diag-
nosis to examine if this relationship between sporadic gastric and colorectal SRCC was
reciprocal (Table 6). Again patients with a primary sporadic colorectal SRCC were still at
increased risk of lobular breast cancer (~1.4-fold), and 5-fold increased risk of a secondary
gastric SRCC. Finally, we conducted a similar analysis for patients with a sporadic pri-
mary lobular breast cancer compared to all other breast cancers and ductal breast cancers
(Table 7). Patients with a primary lobular breast cancer were at about 2-fold increased risk
of sporadic gastric SRCC and ~1.4-fold of sporadic colorectal SRCC compared to patients
with ductal breast cancer.
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Table 6. Estimated hazard risk ratios (HR) with 95% confidence intervals (CI) for secondary cancers among patients with
a primary sporadic colorectal SRCC compared to other patients with any other colorectal cancer type and conventional
colorectal adenocarcinoma from SEER.

Secondary Cancers following
Primary Colorectal Cancer

Colorectal SRCC vs.
Any Colorectal Cancer

HR (95% CI)

Colorectal SRCC vs.
Conventional Colorectal Adenocarcinoma

HR (95% CI)

Any Cancer (227,305) 0.97 (0.92–1.02) 1.06 (1.01–1.12)
Male (127,582) 0.93 (0.86–1.00) 1.03 (0.96–1.10)
Female (99,723) 1.04 (0.96–1.02) 1.12 (1.03–1.21)

Any SRCC (797) 6.61 (4.71–9.27) 7.91 (5.61–11.2)
Male (462) 5.82 (3.63–9.32) 6.99 (4.34–11.3)

Female (335) 7.79 (4.79–12.7) 9.21 (5.61–15.1)

Any Breast Cancer (Female) (35,515) 0.99 (0.87–1.13) 1.05 (0.93–1.20)
Lobular Breast Cancer (Female) (6576) 1.23 (0.94–1.61) 1.38 (1.05–1.81)
Ductal Breast Cancer (Female) (24,314) 0.91 (0.77–1.07) 0.95 (0.81–1.12)

Any Gastric Cancer (5210) 1.47 (1.12–1.95) 1.60 (1.21–2.12)
Male (3294) 1.31 (0.91–1.91) 1.45 (1.00–2.11)

Female (1916) 1.75 (1.15–2.67) 1.87 (1.23–2.85)

Gastric SRCC (574) 4.67 (2.93–7.46) 5.47 (3.41–8.77)
Male (328) 3.58 (1.77–7.22) 4.23 (2.09–8.57)

Female (246) 6.24 (3.32–11.7) 7.17 (3.79–13.6)

Conventional Gastric Adenocarcinoma (3336) 0.97 (0.63–1.49) 1.04 (0.67–1.59)
Male (2223) 1.05 (0.63–1.75) 1.13 (0.68–1.89)

Female (1113) 0.82 (0.37–1.83) 0.82 (0.38–1.90)

There was a total of 1,068,086 cases of primary colorectal cancer, of which 9254 were sporadic (assumed) colorectal SRCCs and 666,362 were
conventional colorectal adenocarcinomas. Total number of patients (n) within each secondary cancer category are indicated. All results had
a competing risk adjustment for death from primary colorectal cancer, and were both age and gender adjusted. Bolded results indicate
p < 0.05.

Table 7. Estimated hazard risk ratios (HR) with 95% confidence intervals (CI) for secondary cancers among patients with
a primary sporadic lobular breast cancer compared to other patients with any other breast cancer type and ductal breast
cancer in SEER.

Secondary Cancers following
Primary Lobular Breast Cancer

Lobular Breast Cancer vs.
Any Breast Cancer

HR (95% CI)

Lobular Breast Cancer vs.
Ductal Breast Cancer

HR (95% CI)

Any Cancer (235,984) 1.14 (1.13–1.15) 1.12 (1.11–1.13)
Any SRCC (1140) 1.73 (1.52–1.97) 1.78 (1.56–2.04)

Any Gastric Cancer (3612) 1.28 (1.18–1.39) 1.29 (1.19–1.40)
Gastric SRCC (667) 1.97 (1.67–2.32) 2.00 (1.68–2.34)

Conventional Gastric Adenocarcinoma
(1950) 1.16 (1.03–1.29) 1.17 (1.05–1.32)

Any Colorectal Cancer (35,343) 1.06 (1.03–1.09) 1.04 (1.01–1.07)
Colorectal SRCC (258) 1.34 (1.01–1.80) 1.42 (1.05–1.91)

Conventional Colorectal
Adenocarcinoma (20,993) 1.00 (0.96–1.03) 0.97 (0.94–1.01)

There was a total of 1,703,071 cases of primary breast cancer in females, of which 340,930 were sporadic (assumed) lobular breast cancers
and 1,157,464 were ductal breast cancers. Total number of patients (n) within each secondary cancer category are indicated. All results had
a competing risk adjustment for death from primary breast cancer, and were age adjusted. Bolded results indicate p < 0.05.

4. Discussion

In this paper we examined the endoscopic, surgical, and surveillance outcomes over
nearly 20 years in one of the largest asymptomatic CDH1 mutation carrier cohorts and
highlighted patient management considerations that need further investigation. In par-
ticular, we observed that despite the standard of care recommendation for PTG, nearly
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one-third of our patients have declined PTG. The primary reasons were usually older age
at mutation carrier status discovery, which these patients have been genetically fortunate
to escape symptomatic disease, and hesitancy regarding proceeding forward with PTG. In
our practice, these patients, in accordance with consensus guidelines, underwent at least
annual endoscopic surveillance and biopsies [66]. For many of them, a negative biopsy
result tended to defer their decision on PTG, whereas a positive biopsy was usually the
triggering event for consenting to the procedure. However, it is well known that biopsy
effectiveness is poor [24,67], and the lag time between cancer foci development and the
risk of symptomatic and potentially incurable disease is not known. Also, in addition to
the known lobular breast cancer risk, we observed other secondary cancers including a
colorectal SRCC in a 46-year-old patient. Thus, our experiences generated the additional
aims of this research, whereby we compared endoscopic effectiveness between historically
random biopsies and the now consensus Cambridge Protocol, and estimated potential
secondary cancer risks in these patients.

PTG for CDH1 mutation carriers is a potentially lifesaving intervention, however this
surgery and its sequelae are not without morbidity or effects on quality of life [23,68]. Post-
operative complications, including anastomotic leaks and strictures, have been reported in
up to 46% of patients [22,69]. Quality of life has been routinely correlated to postsurgical
outcomes, with up to half of patients expressing decisional regret in the first four weeks
following surgery, with slow resolution [21,70]. The advent of multigene panel testing
has also led to the discovery of a myriad of CDH1 mutations, for many of which clinical
significance has not been established [71–74]. Patient counseling requires a multidisci-
plinary team approach to manage the host of genetic, surveillance, surgical, nutritional,
and psychosomatic considerations of this unique population.

Despite CDH1-mutation driven HDGC being autosomal dominant in nature, the
myriad of mutation types poses two problematic patient counseling concerns. The first is
that not all mutations appear to have the same disease penetrance, as some studies report
up to 20–30% of patients will not develop gastric cancer [62]. However, these numbers
arise from very small cohorts. In a recent large cohort of 95 patients with CDH1 mutations
and a family history of HDGC having undergone PTG, cancer foci were found in 89% of
specimens, consistent with our detection rate of 85% [75]. Second, there are large temporal
differences in the timing of disease onset, for which some patients would seek a surveillance
option to delay surgery for as long as possible. In our cohort of asymptomatic patients,
patients choosing to not undergo PTG tended to be older at the time of genetic testing, often
being identified on family history following the discovery of the mutation in a younger
proband. However, these patients represent a self-selected group that have fortunately
not had earlier disease onset. This is also reflected in that those patients with negative
pathology on their PTG tended to be older than patients with a positive result (44 versus
34 years old).

Patients choosing not to undergo PTG are recommended to undergo a surveillance
endoscopy every 6–12 months. The intention is to detect disease at early stages to maximize
the chances of curative surgery. This option is however suboptimal as cancer foci are
microscopic with a low endoscopic detection rate, and given the diffuse nature of this
cancer, macroscopic tumor formation is rarely appreciated before regional and metastatic
spread has occurred. It is estimated that reliable detection of a single cancer foci may require
at least 300 biopsies [37]. The natural time course of progression from mucosal cancer foci
to fulminant disease is also not known, and given the extremely rare nature of this disease,
it is unlikely these kinds of questions can ever be answered. This uncertainty is why
patients are recommended to undergo PTG early in adulthood upon genetic confirmation
of the mutation [6–8].

Consistent with the literature, our large cohort undergoing random surveillance
biopsies had a test sensitivity of under 20%. Endoscopic adjuvants to facilitate random
biopsy selection have not improved diagnostic yield [25,26]. Attempts to improve this yield
through systematic sampling via the Cambridge Protocol have become a new standard
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by consensus over the last five years. However, in this first systematic review of its kind,
we have shown that diagnostic yield is not significantly improved over random biopsies.
Therefore, patients choosing surveillance over PTG must be fully informed of the poor
and unreliable nature of this test. Systematic biopsy protocols are unlikely to adequately
compensate for the inherent inferiority of this surveillance procedure.

The secondary cancer risk beyond lobular breast cancer has long been suspected [76],
but establishing its incidence is limited by the rarity of CDH1 mutation prevalence. Case
reports have noted secondary SRCCs in CDH1 mutation patients in the colon and ap-
pendix [16]. One study has noted an increased risk of colorectal cancer in a family with a
CDH1 missense germline mutation [77,78]. We have therefore used cases of sporadic gastric
SRCCs in SEER to crudely estimate possible secondary cancer risks in our CDH1 mutation
patients, recognizing that SRCCs comprise 10–18% of all gastric cancer cases whereas
HDGC are fewer at 1–3% [15]. However, our SEER results reproduced the increased lobular
breast cancer risk already known in HDGC patients. This is also a particularly novel result
as this would suggest that the mechanisms behind gastric SRCC, regardless of mutation
status, might also confer an increased lobular breast cancer risk. This warrants further
investigation. Our results also additionally uncover an increased risk of colorectal SRCC.
The reciprocal risk of gastric SRCC among colorectal SRCC patients suggests that these
two groups may share similar genetic risk factors, which could include CDH1 and other
related mutations. There is currently no consensus regarding the overall utility of increased
colorectal cancer screening on the basis of CDH1 mutation status alone [6]. If the link
between colorectal SRCCs and CDH1 mutations can be more directly established, high-
risk endoscopic colorectal screening may be an important management strategy for these
patients. Finally, the increased risk of sporadic secondary gastric and colorectal SRCCs is
seen for lobular breast cancer patients over ductal breast cancer patients. These results
overall can lead to a conjecture of an overarching signet-ring cell syndrome between gastric,
colorectal, and lobular breastcancers (Figure 2).
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Figure 2. Postulated interrelationship between gastric, colorectal, and lobular breast cancers. The
link between gastric SRCC and lobular breast cancer is recognized in CDH1 germline mutation
patients. Our speculative results from sporadic gastric, colorectal, and lobular breast cancer patients
(Tables 5–7) postulate the existence of bidirectional relationships across all three cancer subtypes that
warrant further investigations.

The results of our study are not without limitations. Overall, the study of the manage-
ment CDH1-mutation driven HDGC is fragmented to small case studies that are further
undermined by an under appreciation that not all CDH1 mutations carry an equivalent
disease burden potential [79–81]. Our own cohort represents one of the largest known, but
numbers only about 100 patients. Despite this, our results regarding endoscopic, pathologic,
and secondary cancers are among the largest to date. As most studies involving CDH1
mutation patients are either case reports or very small case series, there are no studies
designed to directly compare endoscopic sampling techniques. This precludes conduct
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of a formalized meta-analysis. Nevertheless, we have demonstrated that the diagnostic
yield of random biopsies in the literature is consistent with our results, and the estimate
of the diagnostic yield from the Cambridge Protocol is likely a reasonable representation
of the real-world reliability of this test. It is unlikely that the lack of improvement with
Cambridge Protocol is due to publication bias, as we can demonstrate that that there are
no significant differences in gender, age at surgery, cancer stage, or number of foci found
on final pathology in the two groups.

We wish to explicitly acknowledge that our findings presented in Section 3.3 from the
SEER database relate only to presumed sporadic cases of gastric, colorectal, and lobular
breast cancer. Any applicability to HDGC is a postulation that requires further investigation
from the amalgamation of patient outcomes across cohorts worldwide, given the rarity
of this disease. A major limitation of SEER is that no genetic information is available
in this database. Our motivation for conducting this aim of our study arose from our
findings of secondary cancers in our CDH1 cohort, and large databases like SEER serve
as the only currently available patient data repositories to explore potential additional
cancer risks among populations with rare cancers. As most of our patients have a single
CDH1 mutation [NM_004360.4(CDH1):c.2398delC (p.Arg800Alafs)], it is possible that our
findings of secondary cancers will not translate across other CDH1 germline mutations.
However, the strength of our study is that we have among the largest CDH1 germline
mutation cohorts with up to nearly 20 years of follow-up data, which may explain our
findings of other secondary cancers.

5. Conclusions

Overall, while patients are contemplating PTG, systematic endoscopic examination
and biopsy protocols should be employed to rule out active early disease. However,
clinicians must be explicit with patients that these exams have extremely poor performance
rates and should not be used as a reassuring surrogate for delaying surgery in the context of
negative biopsy results. In order to better counsel patients at risk of HDGC, CDH1 mutation
epidemiology must be more comprehensively characterized. Therefore, a centralized
repository of patient outcomes is necessary, given the rarity of these mutations in the
general population. Such data would provide both patients and clinicians with more
effective data to manage risk in those delaying or refusing PTG, and for uncovering new
challenges patients may face after their natural clinical course changes following PTG,
including other secondary cancers.
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